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ABSTRACT

Aponmu, in Akure South Local Government Area of Ondo State, Nigeria,
is a typical village, which since historic times was sited near perennial springs,
characteristic of most rural settlements. The water supply to the village from the
State Water Corporation has stopped functioning after a new pipeline
transmilling water from Owena Water Works to Akure was reconstructed along
the express road cutting ofT the village.

Ficld survey ol waters sources, requirements and uses were carried out at
Aponmu village. The major water sourccs were identified as spring, hand- dug
wells, rainwater and stream, which could be combined on a conmjunclive use
basis. This study was therefore directed towards the arca ol improvement of
water supply that will meet all year requirements of the community in the next 10
YEars,

With a population growth rate of 3% ' Ondo Stale (small areas), the
design of water supply systems was projected for a 10 year. The identified spring
souree wis found 1o be adequate for the water supply. A treatment plant was
designed 1o discharge the total daily demand (265m /day ) within the normal
eight working hours, Designed parameters were evalualed from the chemical and
bivlogical analysis of the raw water samples obtained from the spring, hand dug
wells and rain water, Results obtained, were compared with EEC (European

I comomie Commission) and WHO (World Health Organization) water quality
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puidelines. The resulls were found to be desirable, requiring only a simple
physical and chemical treatment and disinfections, using rapid sand filter,
Sodium  hypochlonite, and Aluminum sulphate. Analysis showed that the
estimated discharge of 330m’/day of the spring source would meet the present
and future water requirement of the communily {Aponmu),

The protection of the sprng required the construclion of a protective
structure around the catchments, consisting of sanderete block fence at the base
with a height of 600mm above ground surface super imposed by wire-mesh,
1 500mm high. From the topography and geographical condition of the spring, a
maximum distance of 5metres from lhe source was recommended lor the
catchments tank.

The economic analysis of the project was also carried out based on the

current market prices. The project was found to viable and benelicial,
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CHAPTER 1
INTRODUCTION
1.1 General Background

Water i5 used for a wide vanetly of purposes among which are domestic,
industrial (including mineral extraction and processing), irrigation, hydroelectric
power generation, navigation, recreation and fishery development. The extent of
whler use lor any single purpose varies from one country to another, and is dependent
on a varicty of factors such as the state of cconomie development, standard of living,
extent and level of industrial and agricultural development. This is also influenced by
the efficiency of water use, socio - culturnl practices etc. For example, for two
ndustrially advanced countnies namely Jlapan and U.S.A, industrial waler use
terms of per capital per day are 4,500L to 9,600L respectively (Azit, 1983}, The total
agricultural and industrial water demands are somewhat similar, being approximately
40% of the total water requirements with that of LIS being about twice the usage of
lapan, Agriculture is the largest user of water and nceount for nearly 80% of total
consumplion (Azit, [983). In Nigeria, the above consumption figures are not casily
cstimated both for urban and rural water supply.

Water 15 a renewable resource and unlike nonrenewable resources such as oil
or natural gas, there 15 no danger that the total world is gowg to run oul of water, if
properly managed, The major problem with water is that its distribution varies widely
both with respect to time and space, and accordingly its rational management 15 of

pasamount niportance for the welfare of nankind,



Unlike many other raw materials, there is no substitute for water in many of

M5 uses. Water plays a vital role in the development of communities since a reliable
upply of water 15 an cssential prerequisite for the establishment of a permanent
:::ummunilf, Hence, the development of water sources is to provide an ample supply
of water of wholesome quantity, i.e., water {ree from visible suspended matter, taste
and odour, excessive colour, objectionable dissolved matter, aggressive constituents
- und bactena indicative of faecal pollution. For drinking water supply, the water must
obviously be it for human consumption e potable, and it should also be
acsthetically attractive. In addition, as far as is feasible, it should be suitable for other
domestic uses.

With increasing global population, more and more water will be required for
different purposes. Furthermore, currenl evidence indicates that water per capita
requirement increases with improvements in the standard of living, It is however;
extremely  difficult to make meaningful projections for future global water
requirement since efficiency of use is the most important consideration. The level of
water consumption 15 on the increase with the mcrease in population and
develepment of new buildings in both urban and rural communitics. Without major
improvement in efficiency for water use, a larger quantity will be required to sustain
and improve present rte of growth in the population.

1.2 Objectives of the Study

The general objective of this research work is to develop appropriate method

lor hamessing the water resources within the rural community of Aponmu village,

for its water supply,



The Sp:ﬂjﬁﬂ objectives are to:

determine the water resource potential of the area and establish the possibility
of using them for water supply for the community;

identify the appropriate water source that will meet the demand of the
‘community on conjunctive use basis,

i) determine the quality and quantity of sourced water and use the data to
design suitable storage and conveyance facilities; and

access the economic viability of the proposed water supply system.

Scope of the Project

The work was carried out in phases, Phase | involves reconnmissance survey

of the existing water supply sources to the village and the de: of a spring system
and associated storage facilities, based on water quality do - obtained from samples
collected.  Phase 1l deals with detail design of each components identified, and
preparation of approprate tender documents for expericnced contractors in water

wiorks:



- § CHAPTER 2
LITERATURE REVIEW

Historical Background

The entire history of mankind could be written in lerms of the need for water.

From the very beginning, man realized that waler was essential for survival, J.Imr.J
hence carly civilization flourished on lands made productive by the great rivers of
Tigris and Euphrates in Mesopotamia, the Nile in Egypt, the Hindus in India, and the
Huangho in China, By 3200 B.C, the Egyptians had already developed intricate water
resources networks, For example, the historian Herodotus mentioned that king
Menes, the first king ol Egypt, dammed the Nile and diverted its course, He also
mentioned that during the middle kingdom (2160 — 1788 B.C) artificial lakes were
used to store and control the high flood waters of the Nile. Later, the Persians used
karmil systems extensively to develop their underground channel that carries water
over @ long distance cither {rom a spring or from water — bearing struta, During the
Roman civilization, the Romans built magnificent agueducts to supply their capital
city with millions of litres of water daily. (Resources Development Consultant,
1986},

The truly remarkable aspect of the water resource development works is that
they were built on very little theoretical knowledge of hydravhes and hydrology, For
example, Scxtus Julins Frontinus (AL 35 — 104), the [amous Commissioner of
Water Works of Rome, considered that discharge was equal to the cross- sectional
area ol a stream, wrespeclive of its velocity. The Roman Engincers were practical,

and used empirical methods for construction, without much understanding of the



physical principles invelved, However, when we consider that not only did these
stuctures admirably serve the purposes for which they were built but that some of
them are also stll in use, these are undoubledly very remarkable achievements
(Biswas, 1980)

The science of hydrology which 15 concerned with the mnnngf:mcntlt}f the
hydrological cycle and its water resources plays an important role in satisfying ever
mereasing demands for water throughout the developing world, It must therefore be
appreciated that in considerations of water resources, 1t is essential o asses both the
quality and the quantity of the source,

Having provided a suitable quality and quantity ol water by development of a
source and construction of treatment processes, the treated water must be delivered to

the consumer via a distribution system. The transmission of water from the source up

to disposal s schematically tllustrated in fgure 2.1 below,

= =
Water Waler Community [hsposal
Souree treatment distribution unit
Plunt system
Fig. 2.1 Basic clemend of 1 waler resources systeni

3.1, Small Community Water Storage And Supply

When people began to establish settled communities, they nearly always chose
4 Jocation near to o water source, usually a river, but sometimes a spring, well, oasis
or lake. For a small population, a river is capable of supplying fresh water for

drinking, cooking, washing and irrigation and at the same time removing waste from

3



the neighbourhood, [T washing was practiced downstream ol the watening place,
added 1mpurities would not interfere with drinking supply but would be slowly
removed by the natural punification process in the nver, These ime processes depend
primarily on the presence of cerlan orgamisms (such as bacteria) together with a
sufficiemt supply of dissolved exvgen. As long as there was no one in close
proximity downstream who reguired clean water, this biological self-purification by
the river was accomplished without hazard to health. With o simple water system
such as this, there 1s often little necessity to pre-treat drinking water or 1o spend time
and energy purilying water, Once the settlement has become well uslubliﬁlmd, its
water demand tended 10 rise and might exceed the natural supply, which must
therefore be artificially augmented, This vsually came through o pipe hoe [rom a
large source or streams. |t was important to note that as communities expanded
towards one another, a town's water supply quickly become at least a part of the
supply for its downstream neighbour, 1 the distance between the towns is insufficient
for the natural processes to render the waters innocuous during the time of their
Journey, then the health and safety of the second town may be in jeopardy unless
sulficient precautions were taken. Treatment of the water is then necessary (o
eliminate waterborne discases such as typhoid, poliomyelitis, dysentery eic
(Community water supply (WHO) 1987).
2.3 Water Requirement and Uses

Water is supplied to o community for many purposes, including;
(1) domestic uses:

(1)  heating;



waléring lawn and garden;
sprinkling and cleaning streets;
filling swinmmuing and wading pools;

displaying in fountains and cascades;

{vit) producing hydraulic and stream power;

{(viii) employment in numerous and varied industrial processes; and

{ix) protecting lific and property against fire and hazardous waste from houschold
(sewage) and industry (indusirial wastewater),

Table 2.1 summarizes the quantity of the uses in hot climate. To provide for the

various domestic uses, the supply of water must be satisfactory i quality and

adequate 1o quantity, readily available to the user, relatively cheap, and easily

disposed off after it had served its many purposes (Gordon and John , 1983).

Table 2.1 = Net domest ¢ demand in hot climates

Usage Mean measured consumption in 63

households in a hot climate (led).

a | Sanitalion use "-l.;lf;h.'i.llg toilets plus anal cleaning | 28

b Dlis.{ki'tiﬁnl'nnd preparation and cooking I4
¢ | Dish- washing cleaning house elc. 13
d | Ablution, by showers and under running taps 58
¢ | Clothes » nshing a5

[ | Miscellaneous :yard washing car cleaning, plant Included above

watering

Total 175

Source {Tworl ¢l al; [185)

Table 2.1 “hows the proportion of the various domestic waler uscs,
7



231 Total water consumption: Total water consumption for all purposes vary
widely, and there is no discernible relationship belween size of population served and
consumption per capita (Twort, et al: 1985). The range of total water demand 15 given
in table 2.2

Table 2.2 IRange of total water demand

Location Typical total daily demand per capita
{Lepd) '

() Small twwns with Title mdustral
demand areas with low standards of o - 150

housing setilement area,

(b} Low standard housing and a high

proportion of stand pipe supplies 70 - 90

- — o TEr——— o ———r— R ——

(¢) Rural areas with mainly stand pipe

supplics 20 - 6

Source: Twort, el al- {1985)

Standpipe demand depends upon the number of standpipe provided, the
distance over which consumers must fetch water, the wsages permitted [rom the
standpipe and the daily hours of supply allowed. At a WHO. Conference in 1978,
(Developmge World Water, 1978) standpipe consumption of 20 10 60 Lepd was

reparted Trom various parts of the world.

When water has been “consumed”, the end product mply dirty water. It is
possible to remove the waste from this; resulting in re Iy clean water. Water
constnption  therefore imphies  temporary  removal of woer from its natural

{hydrological) eyele, This is the eyele in which rainwater flows down the hill in
streams and river to the sea. Evaporation permits water 1o enter the atmosphere,

condense as clouds and eventually returns as rain, thus completing the cycle.



I the toral amount of waler used by a population is divided by the number of
people responsible Tor its use, then we can derive some idea of the amount of water
consumed, on average, by each person (that is, per head). This is known as the per
capita consumption. (Twort et al;, 1985). If this caleulation is done for the total
amount of water used in the home, then the domestic per capita consumption resulls.

Figure 2.2 gives the daily consumption per capital under various calegones.

333 32.3
17

13.5 2 |
TOILET DRINKING WASHING WASHING CAR/
FLUSHING AND SELF CLOTHING (ARDEN

WASHING
L
Fig. 2.2 The average daily por capita water consumption (litres)

(Source Twort, el al: 1985.)
2.3.1 Water Demand

A person's basic physiological requirement for water is about 2.5 Vday,
although work load and climate condition scan greatly increase this figure mainly
because of the need w replace water lost by perspivation. As the standard of living
merease 50 does the need for water,

In addition to the water requirement for survival, other domestic uses of water
are highly desirable: e.g. for personal hygiene, washing of utensils and clothes, etc.
I'he amount of water used for these other domestic purposes will be governed by the

availability of water in the community. In a typical local village water demand of



about 2.5 Vpersonfiay has been recorded based on the total volume of water and cost
of production; bul as life style develop pipe water supply from longer distances
increase the demand. The provision of a central standpipe supply in a community
wolld probably increase the water demand to aboul 25L/person/day and the demand
with :u; individual house tap in a low community was likely to be 50L/person/day. In
developed countrics and the high-valued urban housing arca of developing countrics,
the provision of multiple taps, flush toilets, washing machines and dish washers
would greatly increase water demand [or domestic purposes up to several hundred
litres per person per day as indicated for a country such as UK, in Table 2.3 and
Table 2.4,

Livestock also demanded a considerable amount of water in developed
countries {table 2.4). This must also be considered in the total demand for a

comimuniLy

Table 2.3 T'ypical water usage in the U, K.

Use Consumption I/d
Toilet Mushing. 32
Dirinking, cookimg and washing k!

Baths and showers 7
Cloth washing 12
Crarden walering 1
Car washing I
Total 96

{Source; Tebbutt , 1933)
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Table 2.4:  Typical Agricaltural water usage

Livestock Consumption Units
Dairy Farming I 50 Veow/day
[ Pig farming | 15 Vpig/day
Poultry furmung 18 03 |bivd/day

~ (Source: Tebhutt, 1983)
.33 Wiler Consumption

In modern settings, service pipes supply water to dwellings, commereial
properties, industrial establishments and public buildings., Table 2.5 shows the
normal water consumption in modern setting (UK).

Table 2.5  Normal water consumption in UK.

Class of consumption Quantity *lped

Mormal range Average
Lhimestic G0 - 280 230
Commercial and industrial 45 - 450 300
Public 20.- 90 45
Water unaccounted for 45 - 180 120
| Total (80 - 1035 F00

*lped = Lilre per capita per day
source { Gordon and John, 1983)

The guantities delivered in communities tend towards values shown in table 2.5 but
with wide vanations, because of differences mn:

(1} climate;

(2} standard of Tiving,

1) extent of sewernge;

11



(4)  type of mercantile;

(5)  cost of waler;

(h)  availability of private water supply;

(7)  quantity of properties of water for domestie, industrial and other usages;
(8)  distribution system pressures,

(%) completeness of meterage; tnd

(10} system management.

Water raies are generally classified asccording to annual consumption per
services, The domestic rate permits about 16 persons to draw water at a raie of 200
Iped through a smgle service.

A breakdown of domestic water consumption according to Gordon and John
(1983) i as follows:

1% 1o [Mushing lotlets;

37% 1o washing and bathing

6% Lo kitchen use;

5% 1o drnking water;

4% to washing clothes;

% to peneral houschold cleaning;

2% to watering the garden;

1 5% to washing the family car,

{Gordon, et, al; 1983)

12



234 Normal Variations
The smaller the community, the more variable is the demand, the shorter the

period of flow, the wider is the departure from the mean. Variations are conveniently

expressed os ratios to the mean. There are large differences belween communities;

cotnmon values are summarized in Table 2.6.

~ Table 2.6 Normal Variation Ratios

Ratio MNormal range Averape
| Maximum day: average day | (from 1.2 t0 2.0) : | 1.5.1
Maximum hour! averny ¢ hour | (from 2.010 3.0) : 1 s T

[Source: Gordon and Julin, 1983)

Community waler consumption takes on seasonal pattern, heavy in the “dry” season
when home gardeming plots are watered wiath occastoned high leaks, resulting in
mereased flows (Waterhouse, 1982),

Mcan drawn off from the system by consumers varies in rate throughout a
day. Tighe, in 1967 remarked that ** the daily patterm of water consumption in rural
areas differs {rom that of urban area in the absence of any pronounced peak at mid-
day. The rural peaks occur al morning and evening times”. (Waterhouse, 1982),

24 Small Community Water Supplies in Doveloping Countries

In the wrban centres of developing countries, cormunity water supply systems ol the
' developed i the industrialized countries can be suitable, with appropriate
o ooptions. In most small towns and rural communities in developing countries, the
prevailing water conditions are very different from urban installations. Usually the

number of people o be served by such a water supply scheme is small and the low

13




ation densily maokes piped distnbution of the water costly, The rural population

is very low and, patticularly in subsistence farming communities, little money
ean be raised. Funds are hardly available to pay for the operation and maintenance of
the water supply scheme,

One important factor 15 the requircment to use a technology that 13 appropriate
for the local conditions. This technology will differ from the conventional one v.:'hi::]l
was mainly developed for the larger water supply syslieims of cities and towns of
developed countries.

15 Rural Water Supply in Nigeria

In Nigeria, as much as 59.9% of the households in the rural areas depend on
steeam ond 30.4% on private wells. In addition 2% draw their water from boreholes.
The stiv s and private wells particularly stand the danger of being contaminated
gspecial - during the raining scason and this exposes a very large proporiion of the
rural po wlation to diseases which quite often reduce their effective time available for
work aod in turn affect their productivity. The situation is quite desperate in the
nverie areas where the proportion of household that are dependant on stream even
exceed 90%. For instance, in Anambra and Cross River Stale the percentage of
houscholds that depend on streams is Ogun 88%, Benue 80.3%, Plateau 76.7%,
Niger 74.6%, Imo 72.8%, Oyo 72.9% and Kwara 71.4% (“Federal Office of Social
Slahistics i Nigera, [YET).

Lo Rural Water Consumption and Sources of Water Supply
This is made up of the quantity of water required by the populace for drinking,

cooking, washing and for livestock which is usually small, The quantity of water

L



fequired [or domestic use m rural areas depends mainly on habits, social status and

climate considerations.
Table 2.7 ndicates the average domestic consumption 1n some  selected
qegionscounines,

Table 2.7 Domestic consumption in some selected regions/countries,

E{IHE}I.'_ a - T"J.reruge consumption under normal
condition (led)

India 123

Evropean countrics 300

Zimbabwe 20

Nigeria 200 - 25
| — : —]
(Source: Hofkes, 1988)

L.6.1 Rain Walter

Rain water is collected from roofs through roof-gutters and stored in cisterns
for small individual supplies. For large community water supply, catches are
prepared and the water 15 stored in reservoirs during the raining season for use in the
period of drought. The practice of tain water harvesting is still limited to domestic
collection and use in the wet season only.

In several parts of the world, rainwater catchments and storage reservation
have been constructed since ancient tmes and have been preserved to this day.
Rainwater 15 harvested az it runs off rool, or over natural ground, roads, yards, or
specially prepared catchment areas. Historical sources mention the use of rainwater

for domeste water supply some 4000 years go in the Mediterrancan region, Roman
15




villages and cities wére planned to take advantage of rainwater for drinking water
supply. In many countries in Europe and Asia, rmnwater harvesting was used widely
for provision of doinking water, particularly in rural areas.

On some tropical islands, rainwater continues to be the only source of
domestic waler supply. In arid and semi — anid areas where people mostly live i
scatlered or nomadic settlements, rainwater harvesting can be a necessary means of
providing waler for domestic purposes. This 1s especially the case where ground
waler resources are unmavailable or costly to develop. In developing countries,
rainwaler is sometimes used o supplement the piped water supply. (Hofkes, 1988).
1.6.2 Surface Water

The surface water in rural communities exist i different forms as dictated by
their various sources. It can come from natural ponds and lakes ol sulficient size by
contimuous draft, Water 15 obtwned from stream with low dry weather flows but
suflficient annual discharge by continuous draft through storage or necessary flow in
excess of daily use in one or more reservoirs impounded by dams constructed across
the stream valleys, Surface water 15 generally conlnminated and poiluted during the
wet season. It is seasonal mflow and usually located lar from the rural communities,
The cost of treatment, conveyance as well as the aforementioned limiting factors

militate against the use of surface water as source for the rural community. (Hofkes,

1988,
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303 Coround Water

Ground water comes from varous outlets including

i) Wells;
1) Infiltration galleries, basins or cribs
) Spring with flows avgmented from some other sources:

{a)  spread on the surface of the gathering ground

(b}  carned wto changing basins or ditches or

(¢} led o diffusion galleries or wells,

Water Gt Lor donking exist in the ground in some form at some depth nearly
every where on earth, Even the Sahara desert is underlaim by water, Water comes into
the soil as the inliltrated part of the rainwater that falls on the carth surface. The
proportion of water that sinks into the ground varies with the character of the seil, If
the soil 15 dry and porous, large amount will seep . If sudden downpour fall on a
slopping surface of less permeable soil, most of the rainwater will run off and be losi
to the nearby strem,

The ground waler itself, occwrs in pores and voids in the ground matenals,
Coround water is stored inside the aquifer which may be hundreds of meters thick and
e qust under the surface or hundreds of meters down. Water is conveyed to the earth
surface by digging through the aguiler either by means of hand tools or bore hole
equipment. ( Hofkes, 198%).

164 Spring Water Development
Springs are found mainly m mountains or hilly terrain. A spring may be

defined as a place where a natural outfllow of groundwater occurs,
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Spring water is usually fed from a sand or gravel water bearmg ground

tion (aguifer), or a water flow through fissured rock. Where solid or clay layers

the underground flow of water, it is forced upward and can come to the
¢, The water may emerge either in the open as a spring, or mvisibly as an
tflow into a river, stream, lake or the sea. Where the water emerges in the form of a
ing, the water can casily be tapped. The oldest community waler supplies Wr.::nl:. in
.TWT" pften based on spring. (Holkes, 1988).

In catching the spring water, pollution must be prevented, In some cases, it
-may be possible to catch the water directly at source without allowing it to run on the
‘Z'surl"m:u In most cases, due (o the pature of the spring sowce and the terram, the
spring water can be caught without damage to the environment only after it has
moved some distance away from the source. As a result of this contact with the
surface 1n the small reach, the spring water which had been paturally filtered by the
layers of the rock and soil gets contaminated. Other sources of contamination include
exposure 1o surface run-off, biological interaction with the spring water source, and
the geological conditions at the spring source.

There is an observed positive correction between the distance from spring
source and the degree of spring waler pollution. The longer the spring waler stays on
the surface the greater the tendency to interact with surface contaminants such as
decayed leaves, bacteria, ete. In order to forestall pollution, the spring catchments
should be as close to the spring source as possible. However, this shou!d not be too

close 50 as not to tamper i anyway with the natural hydrological conditions at the



gurce which may disrupt the spring’s natural flow rate. A minimum distance of
ghout 5 metres from the spring source 15 recommended for the catchment tank. The
sctual distance, however, depends on the geological conditions of site.

The spring water usually [Mows along valleys, which also receives direct
minlall and surface run-off. A temporary but heavy pollution of the Howing water, as
well as erosion of the channel, occurs at this time. Not only does such I.‘IWIUS'IUI]
damage the channel, 1t 15 also capable of altermg the natural tow equilibrivm.

The proposed solution aceording o Hofkes 1998 to this problem 15 1o
construct a protective structure around the spring catchment, (Holkes, 1998).

2.7 Water Quality Consideration

R water, highlund stream water and some ground water are penerally good
m guality, requining little or no treatment, Water from village ponds, lowland stream
and some underground sources may contain a variety of impuritics which must be
removed to make the water acceptable. The water into ponds and streams, which
have passed through inhabited places 15 often contaminated by human and aniinal
wasle and may contain disease- causing organisms.

Surface water as compared with others usually has turbidity which may be in
excess of the acceptable hmits, Treatment plants are required for surface water from
rivers, ponds and lake, and they can reduce the wrbidity, which ranges from few
plvs in dry session. o lew hundreds of pTvs in rainy season, The turbidity is mostly
morganic and its removal, which are of the main functions of many treatment plants,
i5 achieved through chemical precipitation processes and sand filter operations,

Algae might contribute to the presence of turbidity especially during the dry session,

i



they fourish in waters of low turbidity and high mineral contents when

ed 1o light.  In water treatment plants, algae are recognized for the odour and

luste problems, and caused clogging of sand filters. Also, algae oflen contribute large

quantity of organic materials to the water, which changes the pH, alkalinity, colour

_-.unrl turbiditly. (Twort, et, al. 1983).
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CHAPTER 3
METHODOLOGY

31 Description of the Study Area
L1 Location

Aponmu is o rural community in Akure South Local Government Area of
Ondo State (figures 3.1 - 3.3). It is a farm settlement located along Akure - Ondo
road, about 12kms south of Akure town. 1t is located between Latitude 7° 20"Nand 7°
24'N and Longitude 5* 12°E and 57 14°E.
312 Climate

The elimnte is characterized by two distinet seasons- the dry scason of about 5
months, from November to March and rainy season of about 7 months from April to
October it has a mean total annual rainfall of approximately 2386mm, and mean daily
minimum temperature of about 24.5°C. The relative hunudity v the community
varies from 60% i January to about 70% i July. (Appendix [3).
.13 Yegetation

Aponmu ares has very thick vegetation with big tall and tap rooted trees
particularly where duelorestation has not taken place, The pevennial river valleys and

nps are easily identifioble with their luxoriant cvergreen thick vegetations that

remain green throughout the wet and dry seasons.
314 Geological Sciting of the Study Site (Aponmu)

From previous studies{Odevemn and  hunfarasin, 1997) the study site 15
underlam by the magmatite Genesis complex rocks of pre Cambrian age. The rocks

are composed of two parts: a mefic melanocratic and gneissic paleosomatic portion,
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made up cssontially of blolted, hornblende and opaque are; and a leucocratie, lelsic,
neosomatic  portion which s largely  quartzofeldpathic. The melanocratic s
tharaclerized by a biotite-hormblende assemblage with biotite impacting a typical
lepicloblastic schistosity on the rock.
3.1.5 Existing Water Supply

The main water supply in Aponmu community is from Aponmu Stream. The
stream which 15 located 500m away from the community 15 scasonal in fow, It is
highly polluted by mun and animal. Another source of water for the community is
the Omifunfun Spring, 1t i1s observed to be highly productive bemng a perennial
spring, However, it 5 not protecied from contamination by man and animal, Survey
showed that it has a greater potential of serving the entire community if properly
developed and managed.
32  Field Work

A reconnassance field survey of the existing source of water supply for the
village and the physical facilities for harnessing them was carried out by
administering suitable questionnaires to the villagers. Water consumption pattern and
other pertinent imformation were obtained and analyzed.
Evaluation of the present and the projected population of the village were estimated
from the 1991 census figure. The population was, used to evaluate the future water
demand.

spod levels were tuken for the village to determine the . ol topography and
the slopiest of the route from the spring — source of water o be developed, to

the village and the location of (¢ storage tank.
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33 Water Quality Sampling and Laboratory Analysis
Water samples were collected ot vanious sources dunng dry and riny sessions, The
lests Tor water qualit - which were centred on chemical and microbiological analysis
were determined at FUTA laboratories. The water sampling and analysis were
conducted according to a recogmsed procedure e.g APHA and AWWA (1980).
34 System Design and Cost Estimation

Based on the data obtained, a water supply system consisting of source,
transmis aon, and storage was designed, Cost estimates of the designed facilities were

obtained 1o evaluate the economic feasibihity of the system.
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Plate 3: Omifunfun Spring Source

Plate 2: Roof Structure/Storage

Pig. 3.4 : The Village Setting at Aponmu
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CHAPTER 4

ASSESSMENT OF VARIOUS SOURCES OF WATER AND DESIGN
PROCEDURE

41  Rainfall Assessment and Harvesting

The 15-year monthly data of rainfall gives a mean annual value of 2.386mm
Appendix D, Rainfall is highly seasonal with well-marked wet and dry seasons,

The comparative seasonal use of water as shown in Appendix C shows that
water supply situation is not critical during raining season, Results from the
questionnaires (Appendix C) indicate the amount ol water used per houschold per
day during raining season as 150 litres for more than 55% of the population. Due to
abundance of water in the rainy season, the household uses more water than in the
dry scason.

The average area of a roof in the village is 102.5m’, for mean annual rainfall
of 2,386mm, expected volume from each roof is 2.45 x 10°L per year.{ Appendix C)
The catchments from the roofs are not well developed, and there are no storage
facilitic ; for the rain water, hence most of it is lost as surface runoff.

4.2 Assessing Water from Hand Dug Wells

I un the guestionnaire carried out in the village, less than 30% of the houses
have hand dug wells. In this village, the depth of the hand dug wells ranges from 3m
to 6.5m. The wells have more yields during rain season and inuch less in the dry
season, Most ol them are dry i the cnitical part of the scason. Measurement shows
that in the dry scason water, column in shallow well ranges from 0 to (.%m. At an

average depth of 0.45m the volume of water available in a Im diameter well is
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1353m” . This is to be shared daily by 16 houses each with an average of 8 people,
In the rainy season, the shallow well water column is approximately 1.5m yielding
18.85m" of water for the same number of people. For deep wells with a column of
6.5m, the vield is 81.68m’

From the above, the daily amount of water available for the village ranges
form 2 litres per capita in the dry season to less than 40 litres per capita in thEi rainy
season, These values underscore the fact that well water is grossly inadequate for the
people in Aponmu village,

4.3 Spring and Protective Structure

Omifunfun spring has been the main source of potable water supply in the
village, although this spring has not been properly hamessed. The spring is perennial
in nature. The yield from this spring is 330m’ /day (see Appendix F). This yield is
sufficient to serve the projecied population of the village il properly hamessed,

Based on this finding, the spring water therefore recommended for
development as the main souwrce of water o the wvillage. Although the rate of
discharge of most springs fluctuates according to the infiltration replenishment, the
yield from the springs compare favourably with those of bore holes which are more
expensive Lo develop,

The plan view of the protected spring is shown in Figure 4.1 This structure is
made of concrete block fence at the base, with a height of 60cm above the ground
surface. Care must be taken to ensure that in the process of digging, the foundation
for the fence is sufficiently large to prevent the intersection of the foundation with the

subsurface lractures through which the spring water {lows. On top of this block fence
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should he another fence layer made of wire gauze, with a height of 150¢m. The entire
structure should be roofed with zine metal sheet or bamboo to prevent dead leaves
and direct precipitation from falling into the channel,

The function of the wire gauze is to:
(1) allow illumination and adequate ventilation for the spring catchment, and

(i)  prevent man and other animals from direct access to the spring source.



standard

Daily Water Requirement Estimates

The « timate of daily water requirement is based on actual data collected from
ppormu. One household consists of an average of 8§ people, and uses 150 litres of
water per day during rainy season when cnough water is available. Per capital daily
weuirement 15 thus 18.75lires or approximately 20 litres. The amount 1s used for
domestic purposes, washing cars, motor cycles and cleansing. This is far too 51.l1i1|l

compared with the recommended 150 litres per capita per day (lepd) by WHO

V' oater for livestock is estimated based on the fact that most of the hivesiock in

the vill:ge are left loose i.c., open rearing. Henee their water need is based on table

48, The total water required for livestock is 310 litres per day (0.3m%d).

Table 4.4 Water for livestocks (litres per day including drinking and minor washing)

Species Recprement {lda) Mumber of Water demand

Litre / day / animal animals {led)

{ Source Water housd ( from

| 982 ) Juestionnaire)

Poultry (1.6 100 i)
Piggery 1] 10 100
Rabbittry 1.0 30 S0
Goals and sheep 5 20 1)

Total water requured = 310 litves per day

(1id)

In the agricultural setting, water 15 required for the various farm crops such as yams,

cocoa  yam, cassava and vegetables, From the questionnaire, estimate of the

requirement is 250 litres per day. Since in any water supply scheme, losses of water
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cannot be totally eliminated, but can be reduced, hence the total allowed losses %

assumed to be 5 litres per capita per day.

In the rural areas, without any factories or industries, occurrence of major fires is
very rare, 1t may be unrealistic i this case to include fire service a major water user.
however for emergeney, a small amount of 1,2501/d is allowed for fire services,
4.5 Water Demand Projection

The annual population growth rate for the rural areas of Ondo State 15 given as
5% (Olayide 1986). The population in 10 years will have increased by a factor of
(1.05)"" = 1.63, in order words, by about 63%. So for a design lifetime of 10 years,
the population will be equal to 1488 x 1.63 =2.425; Say 2,500 people.

Hence for a population of 2,500, the net domestic water demand is
200% 2500+ 5 x 2500 + 310+ 250 + 1,250
64,310 litres / day

64.3 10m {duy, or approximately 65m” /day

Therefore, the total water demand, Q Tor Aponmu Village is 65m™/day

The discharge from the spring is 330.912m"/day which is adequate for the village.
Hence the Omifunfun spring is suitable as main source of water supply to Aponmu
village,

There has been a plan by the Ondo State Government to establish two
beverage processing fuctorics near Aponmu village. In view of this, il is economical
lo source much of the available water from the sprin,  ince only 20%% of the
estimated amount is o tually needed for domestic purposes,

From the constant supply 80% of the spring can be abstracted for treatment that is
265m’/day out which 200m’/day is earmarked for the industrial use. The other 20%

is allowed for watershed runoff for ecological purposes.
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4.6  Design of Intake Reservoir

The required amount of water is to be treated within an 8-hr working day. The
265m" volume must be abstracted at a rate of 33.13m/hr or 9.2 Lfs, from a spring
supply of 330m” day or 13.75m"/hr lowing continuously. Hence an intake reservoir
15 reguirl.

A simple fluid balance as shown in fig. 4.6 indicates that diflerence of

149.375m"hr must be augmented from the intake reservoir in the 8hr pumping period.

inflow
Hﬂ.lrr"fca'f:_:-'
conbinmicns
W
Sl tge velliitnne
el etion Eﬁ."TJfr'l.-"n'u" 155m’
for 8 hirs
ot flenw
mtermiient
b

Fig, 4.6: Flow balance lor intake reservoir
A tank of 155m’” is required together with the abstraction uppurtenances, An optimal
dimension ol) 8.5m (length) x 2.5m (depth) x 7.5m (width) is suggested.
4.7 Pumping: Low — Lift Pump

Allowing for an internal diameter of 120mm for the suction pipe, the velocity

af water al the intake 13 =0.581m/s. The Hazei — Williams formula is used 1o
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calculated the head losses on the suction and also on delivery sides (see appendix H),
The head loss in the suction sides and bends is 0.043m while the loss and the delivery
5 (.52,
Considering also other losses (gate valve, tee's and elbows to raise the water 1o a
maximum height of 10m, a total head (gross hift) of 12.25m must be supplied by the
lift pumps. Two low lift pumps of which one will serve as standby are 1.{: be
provided.
48 Design of Trestment Plant

A simple treatment plant, affordable by the community is recommended for
the spring water. The process consists of coagulation, filtration and disinfection prior
1o chstribution.
4.8.1 Coapulation

A separate chamber within part of the intake reservoir is to be used for
coagulation, using aluminium sulphate (Al;SO,)3.14H20 or Alum containing 20%

AlLOy. The required dosage required js 0.265kg/day.

4.8.2 Filtration

Twao filter beds of (2m x 3m x 3m) were designed to filter the quantity
(33.13m3/ L) of water required for the community using Rand sand filter. The filter
bed is to be backwashed for 10min once in a month, Det: o designed of the filter

bed are in Appendix H.
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48.3 D isinfection

From the water quality analysis, the water requires simple disinfection to
guide against bacterial contammation and any future sudden pollution, Calcum
hvpochloride (H.T.H) comaining 70% of chlorine and 4% lime is o be sued as
disinfv  ant. The dosage required 1s 0.53kg/day, -
4.9 torage and Service Reservoir

slorage capacity for two days use was designed for, to take care of

breakdown in the upstream system, and any other emergency. A storage volume of
530m” reyuires a reinforced concrete tank of 14mn (length), 14m (width) and 3m
(depth). A manhole (0.8m x 0.0m) is to be provided on top of the storage reservolr
for general maintenance and where chemicals can be dosed manuvally (Appendix H)

A storage capacity for 2 days use is designed to take care of breakdown in the
system and other emergency. A storage volume of 530m3 requires a tank uf{lI.Sm
X 12.5mx B.Sml. {Appendix H).
4.10 High — Lilt Pump

Hazen — Willinms formula was used to caleulate the head losses in the suction
and delivery side of the pump to be 0.035m and 6.774m respectively to raise the
water to a maximum height ol 50m. A total head (gross lift) of 66.82m must be
supplicd by the lilt pump. Hence, two lift pump (12kw 0 1) of which one is a

standby are to be provided { Appendix H).
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4.11  The Distribution system

The distribution pipes were designed based on the topography survey carried

oul to determine the size of various pipes as shown in Appendix H,

4.1 Summary of Design Parameters

The Design Parameter, discussed above, are summarized in table 4.13.

Table 4.13: Design Parameters

e ==

Parameter

Yalue

Population

Design period

Total water requirement
Desipn flow rate

Intake reservoir

Low hift pump

Rapid sand filter

Backwashing, quantity of water needed
lor buckwashing disinfections

Caleium hypochlovide (H.T.H}

Coagulant: Alumumium  sulphate  alum
containing 20% Al O

Storage rescrvoir
High — Iift pump

Service Reservoir

12kw (lwo numbers, one as standby)

2500 people

10 vears

265m3/day

9.2 x 10-3/s

EASmx 7.5mx 2.5m

4.5kw (two numbers, one as standby)
two filter beds (Im x Tm)

1.36m3/ mnule

0.53kg/day

0.27kg/day

ldm x 1dm x 3m

12.5mx 125 %x3.5m




CHAFPTERS

ECONOMIC ANALYSIS
5.1 Current Cost of Materials

I e markel cost survey, was carmied out in the month of November, 2003, to
deternune the current prices ol materials lor the water scheme.

The range of life of components in a water supply scheme for purposes of
depreciations iz given in Table 5.1, which can be applied to the local conditions in
Migeria, in the absence of any current data,

Table 5.1: Range of life for water supply scheme components

Range Allowable | Depreciation
{ year) { year) o {year)

Permanent building 40— Gl 50 2

Water reservoirs 20— 40 30 3'

Pump and associated

Machinery I15-25 20 5

Water mains up to

A00m dinmeter 25.=125 30 3'-5

(Source: Waterhouse, 1982)

Table 5.2 provides The Cost of Materials used i the evaluation of the proposed
waler supply scheme.
Table 5.2: Current costs ol the materials for the proposed water scheme

{a)  Prices for intake o service reservoir

Type | Diameter | Total Uniit Cost of unit | Number | Total
{mm) length length | length (m) of unit cost ()
(1m) (m) ' pipe
required
lintake 1o | 102 |5 6.1 | 2,500 32 | §0,000
service- |60 |60 |61 | 650 | 630
Reservoir | 11H) 310 (.1 2,500 51 127,500
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(b)

Main Trunk Pipes

BA ) 150 .1 1,800 25 45 000)
AB 75 150) .1 1,800 25 45,0100
BC 65 150 6. 1,500 25 37.500
CD ) 150) 0.1 1,200 25 30,000
AA 50 300 0.1 1200 |50 | 60,000
AA, 45 g1 o0 [ 20H) &) G000 -
BB, 40 3000 i, 1 121H) 500 IR
BB; 12 300 B6.1 T 50 30,000
e, o) 300 6.1 1500 50 75,000
DD, 12 300 6.1 1000 50 50,000
DD, 25 300 . | 800 50) 40,000
Total 761,650

{e) ' ealvanized (Pipe Fitting)
TYPE DIAMETER |[NUMBER | _.UT CosT[TOTAL

(i) REQUIRED | (M) COST (M)
Elbows 120 8 150} 2000
gy 6l 4 100 4iM)

100 4 150 600
REDUCERS | ™= 0.5 2 50 100
iﬁl.l'!'Lt-'rﬂE -S-ﬁ.'fg": U..l-" | S0 al)
BB,/AB Wie=05 T 50) 50)
CC,/BC W =00 1 50 50)
DD,/CD o =0.8 1 50 50
TOTAL a 1,300
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(d)

‘ontrol Valves

TYPE DIAMETER | NUMBER LUNIT COST | TOTAL
(mm) REQUIRED (M) COST ()
GATEVALUE | 120 7 250 1750
(BRASS) 100 4 250 I CHIG
' TOTAL 2750
(¢} Pump
TYPE | Nowol | Power | Electrical | Warking | Unit cost | Total Towl | Total
s required | unitcost | hours of pump | cost of Encrgy | cost
required | kw 3- phase | (hrs) i) pump (M) | cost ()
ikwh} Mivear
L 2 4.5 50 0g 503,01 [ 33, LRI T5,000 | 225000
lill
High 2 11 a0 ) 75,000 [S0000 | 250,000 | 475,040
lift
Back | 4.5 50 I 50000 50,00 1750 101,750
wish
T'otal 175,000 | 300000 | 326,750 | 801,750
n Chemicals
Type Wi'kg Amount Cost N/ | No of bags | Total cost
needed/ bag Required N (year)
; day kg/day per year
HTH kg 1.2 830 4410 374, (00
Alum | S0kg 0.6 S00 219 109,500
i Total 483,500
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3.2

Table 5.3 is a summary of the initial investment required to get the rural water supply

IO commission.

Initial Investment and Operation

Initial Investment ltems ™
Structure construction & Installation 1, S04, 0HH)
Treatment plants (2 filter beds) R RRYEE
Pumps EILIRUE
Electn  cosl 362.750
Pipe liltings 3,300
Giate values 2,700)
Pipes 760,059

Total 2,991,570

Al a current interest of 20%, this amount can be armotized to MN3,589.884 for

operation, the salaries for the personnel for the project is summarized in Table 5.4

while table 5.5 provides the estimate of annual expenditure.

Table 5.4: Salaries

Type

I Duration of

Daily pay (M)

Amount needed

| {sKilled worker)
| semi- killed

I watch night

working (hrs) per year (M)
] 450 162,000
B 1540 126,000
12 200 72,000
- Total 360.000
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Table 5.5: Anuual expenditure (Working Capital per annum)

Ttems ™
Chemicals 483,000
Maintenance {allow 2% of initial mvestment) 59.831.40
Salary 360,000
Energy ( Electncity) 372,000
Total 1,274,831.40

The total unnual cost of the scheme is N4266401.40 which has to be borne by the

community, Fora population of 2500, per capital annual lost 15 81,800, Thiz appears
o be reasonable and alfordable by the government lor provision of save drmking

waler and indirectly, adequate sanitation for the rural populace.
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CHAPTER o
CONCLUSION AND RECOMMENDATION
il Conclusion

Aponmu village, the study area has access to four main source of water supply
— rpinwater, stream, hand dug well and spring. The promient water sources are the
lirst three, and are seasonal, hence the need to hamess properly the Ewailablel spring
in the village. Detenmination of water requirements and consumption patterns were
based on reconnaissance field survey and questionnaire served in the village.

The study arca has an initial population of 1488 which was projected to be 2500 in
the next 10 vears lor planning and design purposes

The study showed that moest of the rainfall during the rainy season ended up as
il chirectly o the Aponmm river,  Good min harvesting facilities are not in
existence in the villare, The study also reveanled that most of the hand dug wells
were shallow with depth less than 6.7m. They were predominantly seasonal with
scanty wiler during the dry scason when the water table is low.

"l total water requircment of the village was 65m’/day and could be from the
estim | discharge of 33 1m*day of the spring which was perennial. The spring was
thus identificd as the best option of water supply to Aponmu village. The quality of
the sprine water was such that it required a simple treatment plant {or portability to
meet the WHO standard.

Based on the current markel prices of materials, the capital investment needed
to starl he project is approximately 3.6 million while the actuwal operation and

mainbined cosl 15 estimated to be approximately 1,29 million.
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Feonomic analysis shows that the project is viable and beneficial to the
community, It 18 not necessary to rely on the long distance water supply from the
state waler corporation, which has hitterto proved unreliable.

The protective measures recommended around the spring source would

prevent pollution from human and antmal activities,

6.2  Recommendations

Based on the findines of this study, the following policy recommendation are
suggesled:
a) A well protective structure should be constructed around the spring catchments to
prevent snimal and human intruders and other sources of pollutants into the spring.
b) Bi — monthly water quality analysis should be carried oul, in order to detect any
waler polintion, both at the source and  the consumer’s outlets.
¢) Adequate maintenance would be required for the village water supply scheme to
be sustninable.
d) Selection of high quality materials, such as UDVC pressure pipes is important o
prevent meting, pipe burst ind water leakage.
e) The Stale Water Corporation should be encournged to assist the community in the
development of the spring water, construct the reservoirs, treatment plants and
service pinclines and arrange for the communily  participate in paying water rales
o matninin the scheme.
[) For future conjunctive use ol all the walter resources in the village, the method of

hamessine: v water should be improved o last into the early part of the dry season.
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The roof gutters should be designed to facilitate collecuon of rain waler o a central
storage reservoir for future use. Well owners should be encouraged to line their hand
dug wells wi.i concrete rings as against the present arrangement whereby most of the

wells just have block walls built around them at the ground level.
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Losses in pipeline

Table 14 Minor losses in pipelines.

(a) Enlargements {b) Abrupt contraction
(values of ky in ky =K lfil_—j{ala (values of ky in by = kL")
9
|
& Dy =3 Bi= L5 D, kp
D| Dt Dl
10 Ly 017 L (5
20 (h40} (40 0.4 0.4
45 0.86 1.06 0.6 0.3
o0 1.02 1.21 0.8 .2
al 106 1.14 .0 i1
120 1.04 L.O7 mpe entrance from reserve
180 100 1.00
= The angle & is the angle in Bellmouth hl = (1,04"*
degrees between the side of Tix ’
the tapéring section Square cdge hl = U.S:'
it
(d) Benus

(values of Ky inhy =K ﬂa'_-u. the head loss in exeess of that in a-straight pipe of

equal length)

Hadius of bend Deletion angle of bend
Pipe diameter )" 45" 225
1 (.50 037 (125
2 030 0.22 0.15
4 0.25 0.19 (.12
6 015 .l 0.08
B 015 0.11 0.08
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(e} values and fMtings

(vilueof Ky inhy, = K V*

e it

Giabe valve (wide open) 10
Swing chucki valve (wide open) 2.5
Gute valve (wide open) 0.2
Retum band 2.2
Standard tee |8
Standard 90" elbow 0.9

From flow of fluid, Tech paper 410,
Crane Co 1963
SOURCE:  Escntt, 1972 pg 282

Table 15 Pressure through service pipe fittings.

Fitting Value of k in kv¥/2g
Elbows 10
Short radius bends 0.75
Long radius bends 0.7
Fully open gate valve 0.15
Fully open screwdown valve fig. 13.0 8.2
Tee flow to branch 1.3
Sudden contraction 2.1 0.3
Sudden contraction 4.1 4
Sudden Enlargement 2.1 4
Sudden enlargenent 4.1 0.7
Joints in 13mn: diameter pipe }.2
Joints in 23mm diameter pipe 0.8

at)



Note: The figures for joint losses ure for service piping as laid without special

attention to jointing.

Source: Twort et al 1985 Pg 523,
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APPR/ 'SAL OF WATEK DEMAND IN APONMU COMMUNITY
QUESTIONNAIRES

Name .f Town and State.

Sex of espondent:- Male

Age: 220

APPENDIX B

20—

Female

=50

Positic  of respondent in the family, town/quarters

Head

Tenant

A

Type ¢  house:- (one, two, three, four) flats

MNumb:  of families living in the housc:- one

Three

Others

! Chief

Two

Number of people living in the house:- < 10

>20 |

Adultr- Male

Soure: of water

Female

11-20

From 'where do you get your water for domestic use during.

Water >ooperatica

Wells

Borehales

Streams/Rivers/Spring

Others

Raining Scason?

]

52

Dry Scason?!

W
]




10

12

13

14

Comb: nation E

None

If wa'zr corporation

How often do you get water?

24 Hurs 18 Hours Other Mone [ ]

Doy “u community/ Tovn has a private mini dam/intake serving it alone?

Yes No

If yve: who runs it:  Commiunity | Water corporation

Priv: c Body __-| Others

Whe period of the vear do you usually get water:-

Usesily Moming Usually Alternoon Usually MNight

Othe s

How can you describe the water supply situation in vour area during:-
Dryeason Raining Season

Good  Critical  Very Critical Good Critical Very Critical

Do i ou obtain water from any other source:-  Yes No

If ys, specify during;:-

iLaining Season Dry Scason

Borenole

Wall —___; :l
Stream :!

Wi 2r Vendor
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15

16,

17.

1 8.

19.

20,

21.

22,

Rain Water Harvesting |

How -nuch water do you household uses per day

Raining Season Dry Season
50 litres
100 1 ires
150 " ires
200 1ires
Othe s j

Do » i have any River/Stream/Spring that can be developed for as source of
wals  for your village  Yes/No.

If yes, what 15 the name and the nature,

Mature: Perenmal/ Annual

Will your community allow this river/Stream/Spring to be developed?

Yes No

Is tt *re any Shnine or taboo that can work agamst using this

rive*/Stream/Spring? Yes i No

Do '“ou have public/private borehole in your community?

Ye: | | No | | __J With hand pump/motorized pump

If y -5, what are their conditions?

Fun tioning Not functioning

Do you pay when you leich water from such borchole? YesMNo

Puk ic Privale
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23:

4.

23,

20,

a1,

28,

29,

30,

3l

32,

33,

34,

35,

36,

37,

38.

If yes, ow much do you pay?

Do ye - have a well in your house? Yes

If yee. is the well serving you throughout the year? Yes

Mo

How deep 15 the well?............. Any concrete rnings? Yes

If No, when does it usually dry/have no water?
From OIober, NOVemMbBEr. .ovvveiivismasiirnsssiss

Do yeu have a water closel in your house? Yes

If Yer, how many units?

Do ¥ -u get water oflen to run them?

Yes

March/April......coo0ye

- o

No

If we 2r is made available regulacly, will you be willing to pay your wale

rate?

How many times did you take your bath daily? Onc

Thre+ and above |

Two :

If a spring / river in your village is developed to supply water for your

community, will you like it? Yes

Do vou have any industry in vour community? Yes

No

T

How many primary schools are in your community? One Tw ‘C
Threz Orhers

Hov many secondary schools are in your community? One Tvo
Three Others

If y-ur community is given the opportunity to run this scheme to ensure

regt lar water supply, will vou be willing?  Yes | _

If yes will you like to form water users Association? Yes

53
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Will you be willing o contribute towards the finance of the of the water

scheme” Yes Mo

Finally, what do vou think should be done 1o improve water supply in

your community?

Private Facility that can sell water

Build scparate water — works for your community

a. By Government
b. The Communily
e, Private Organization

Drill v .ore borcholes D

Dig more wells | H

Others |
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APPENDIX C

STATISTICAL ANALYSIS OF THE QUESTIONNAIRE

FREQUENCIES
Statistics
v3-position in | v&-Type of
v2a-Sex | vib-Age | the family house (flats)
N Valid St 50 50 S0
Missing ] 0 ] 0
Mean 1.34 2.22 1.82 1.04
Std. Error of mean 6.77E-02 | 5.92E-02 TA9E-02 2.80E-02
Mode | 2 2 |
Std. Deviation 48 42 52 20
Minimum l 2 1 |
maximum 2 3 3 2
Sum 07 111 9] a2
|
Statistics
vi-Number | vi- vib-
of families | Number of Mumber
in the People v7a- of adult
house hiving n Number of | female
the House | adults male
N Vahd 50 Sl 30 a0
Missing | 0 0 0 0
Mean 1.20 1.14 4.68 3.32
atd. Error of Mean 6.39E-02 4.96E-02 39 29
Mode I | 4 |
Std. Deviation A5 35 2.79 2.08
Minimum | | () ()
Maximum 3 2 14 8
Sum ) 57 234 16y |
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Statistics

Vida-How
can you des-
V10-Do your | cribe water
VEBa-Sources of | VBb-Source | Community supply in
waler during of water has a privale | your area
raining season | during dry | mini dam during dry
SEa500 SEAS0. :
N Vaud 50 50 50 3G
Missing { 0 0 0
Mean 4.9% 3,78 - 2.00 1.90
Std, Error of !Jdean 2.00E-02 15 00 4.29E-(02
Maode 5 4 2
Std. Deviatio . 14 1.04 i 3
Minimum 4 1] 2 |
Maximum 5 5 2 Z
Sum 249 18Y 100 95
Statistics
v14bi-If
vl3ib-How yes, where
can you vlda-Do o you vidbii-If yes
describe water | you obtain | obtain waler | where do you
supply in your | water from | during the | obtain water
arca during any olher raining during the di .
raining season | sources season season.
N Valid 50 50 50 | 50
" Missing 0 0 0 (0
Mean 3.00 1.06 6.08 | 2.80
Std. Error of Mean 00 | 3.39E-02 23| 2%
Mode 3 | G |3
Std. Deviation 00 24 1.61 | 2.06
Minimum 3 | 00
Maximum 3 2 918
Sum 150 53 334 | 143
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Statistics

viSa-How vl 5h-How v] 5b-Do you
much waler much waler | have any nver
do your do your of water that v16-11 yes,
houschold houschold can be what is the
uses per day uses per day | developed to nature of
during raming | duning dry | source of water | the river. |
SEason 5CA500 for your village
N WValid S0 30 50 50
Missing |0 ] 0 ]
Mean 2.06 1.28 1.00 100
Std Deviation 8.38E-02 0.41 E-02 (Hh R
Minimum £ I | !
Maximum 59 45 (M} A0
Suim P I | I
4 2 1 l
133 04 50 50
vi9-Is v2{)-Do you |
vI8-Will there any have i
your Shrineor | Public/private
community | Taboo that | borcholes in v21-1f yes,
allow this can work your what are
river 1o be against community their
developed using this conditions
wiler
N Valid a0 50 50 50
Missing | () 0 0 0 I
Mean 100 2.0 | G 12
Std. Error of Mean | (W 00 3.30E-02 6.7902
Mode 1 2 2 0
Std. Deviation 00 04 24 43
Minimum 1 2 | 0
Maximum I 2 2 .
Sum 50 100 o7 6
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Statistics

v22a- Do you | v22b- Ifyes, | v24- Do |v2s-If |
pay when you | where do you have a | yes, 15 the
fetch water you fetch the | well in well
from such waler your house | serving
borchole you
througheut
. the year
N Talid 50 50 50 500
I lissing 1] 0 ] 0
Mean 12 6.00E-02 | .48 1.00
Std. Error of Mean 0. 79E-02 3.39E-02 T.09E-02 A4
Maode ] 0 |2 (a
Sid. Deviation 48 24 54 1.01
Minimum 0 0 (U] 0
Maximum 2 l 2 2
Sum ¥ 3 74 50
Statistics
v26a- How | V2z6b- v27-1fno | V28-Do
deep is the Any when does | you hav: a
well concrete it usually water
rings dry closet u
' vour ho. e
N Valid 50 50 50 S0
Missing 0 ( 0 0
Mean B.68 74 A2 2.00
Std. Error of Mean 1.30 12 G.SE-02 | .00
Mode 0 ( ] 2
Std. Deviation 0.21 B3 o 00
Minimum 0 ] 0 2
Maximum 25 2 2 2
Sum 434 i 4] 100
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Statistics

v3-1f water ]
15 made vii-Ifa
available spring in
regularly, vi2- How your Village | v34-Do you
will you be | many umes | is'developed | have any
willing to do you take | to supply industry in
pay your your birth water, will your
waler rate. daily vou like it. community?
N Valid | 50 50 50 50
Missing | 0 0 0 0
Mean 1.02 1.00 1.00 2.00
Std. Error 2.0DE-02 00 00 ()
Mode I 1 | 2
Std. Deviaticn L4 LH) Q0 00
Minimum 1 1 I 2
Maximum 2 | | 2
Sum 51 50 50 100 i
Statistics
v37-11 you
Community 1s
given the
vi5- How | v306- How opportunity to un
many many this scheme to vAB-If ves,
Primary Sccondary ensure regular will you
Schools are | Schoolsare | water supply, will | like foom
I your n your vou be willing water
Commumity | Community Assoc.uiion
N Valid | 50 50 50 50
Missing |0 0 0 0
Mean 1.00 1.00 1.02 1.08
std. Error of Mean | 00 | 0O 2.00E-02 3. 88E-12
Mode l [1 ! 1
Std. Deviation () (o 14 27
Minimum | l | |
Maximum 1 | 2 2
Sum 50 a0 31 54
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Statistic

I
|
v30- Will you vaib- Build |
be willing to vdla- what do scparate
contribute you think that water- works
towards the can improve tor your
finance of the water supply in | Community
water scheme your community | by
N Valid 50 50 50
Missing ) 0 (0 '
Mean - 1.04 3.76 1,22 |
Std. Error of Mean 2.80E-02 23 12
Maode 1 3 !
Std. Deviation 20 1.78 82
Minimum 1 0 I
Maximum 2 G 3
Sum 52 188 Gl
Frequency Table
via-Sex
Frequency Percent Valid Percent | Cumulative
Percent
Valid Male 33 66.0 (0.0 G0.0
Femals 17 34.0 34.0 100.0
Total 30 100.0 | 100.0 |

02




v2ih-Age

Frequency Parcent Valid Percent | Cumulative
Percent
Valid 20-25 |39 78.0 78.0 78.0
50 and above | 11 22.0 22.0 100.0
Total a0 106.0 LG
v3- Position in the Family
Frequency Percent Valid Percent | Cumulative
I*creent
Valid Head |12 24.0 24.0 24.0
Tenant 35 70.0 70.0 24.0
Chief 3 .00 6.0 100.0
Total 50 RVRY) 100.0
vd- Type of House (flats)
Frequency Percent Valid Percent | Cumulat,
= Fercend
Valid One 438 Yo.0 900 u6.0
Tw 2 4.0 4.0 1000
Tot:, | 50 1000 10:0.0




v5- MNumber of Families in the house

Frequency Fercent Valid Percent | Cumulative
Percent
Valid One |41 82.0 82.0 82.0
Two |8 16.0 16.0 92.0
Thre l 20 2.0 100.0
Total | 50 100.0 1040.0
vi- Number of People living in the house
F|'|::qur:|1:y_r Percent Valid Cumulative
Percent Percent
Valid Less ti-an 10 | 43 80.0 86.0 8.0
11-20 7 14.03 14.0 100.0
Total S0 100.0 100,60
v7a- Number of adults male
Frequency Percent Percent Valid Cumulative
Percent
Valid 0O 2 4.0 4.0 4.0
| p 2 4.0 4.0 8.0
2 T L 4.0 14.0 22.0
3 5 L0.0 | 10,0 32.0
4 12 | 24.0 24.0 300
5 4 | 5.0 8.0 G4.0
G Y | 18.0 18.0 82.0
7 5 VRV 10.0 2.0
10 2 4.0 4.0 6.0
12 1 2.0 2.0 980
4 I 2.0 240 QU
Total 30 100.0 10000
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vTh- Mumber of adults Temale

Frequency percent Valid percent | Cumulative i
percent |
Valid 0 3 (.0 6.0 6.0
1 10 20.0 20.0 26.0
2 F) 14.0 14.0 40.0
3 O 12.0 12.0 5240
4 8 { 16.0 16,0 68.0
5 9 18,0 5.0 §6.0
6] 3 l 6.0 6.0 02.0
7 3 0.0 0.0 U8.0
8 | 2.0 2.0 100.0
Total 50 100.0 [ (2.0 =

vBa- Source of waler during raining season

Frequency | Percent Valid Cumulative
PPercent | Percenl
Valid  Stresm/ River / Spring | | 2.0 2.0 2.0
Combination 44 Y8.0 ug.0 PO
Total 50 100.0 100.0
v8b- Source of water during dry season
Frequency Percent Valid Percent | Cumulative
Percent
Valid © 3 b0 6.0 6.0
Wells | 2.0 2.0 8.0
Streams/River/spring | 43 560 826.0 04,0
Combinatica 3 (.0 6.0 1000
Total 3 00,0 100.0
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v10- Do your Community has a private mini dam

Frequency | Percent Vaulid Percent | Cumulative |
Percent
Vahd No 30 100.0 RFIFRY 100.0

vi3a- How can you describe water supply in your area during dry seasan

e

Frequency Percent Valid Percent | Cumulative
- percent |
Valid Very 5 10,0 10,0 10,0 I
critical 45 90.0 VRN 100.0
50 1 00,0 1000

v13b- can you describe water supply in vour area during raining seasaen

Frequency pereent Valid percent | Cumulative
percent
Vahd Good 50 100.0 1000 100.0
vida- Do you obtain water from any other sources
Frequency percent Valid percent | Cumulative
percent
Valid yes 47 94.0 94.0 4.0
No 3 0.0 6.0 1000
Total 30 | 1000 100.0
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vi4b-If ves, where did yvou obtain water during raining season

| Frequency Percent Valid Cumulative
Percent Percent

Valid o i 2.0 2.0 2.0
Well, Stream and Raming
harveslt 34 68.0 68,0 J0.0
Well and Stream 2 4.0 4.0 74.0
Stream and Faming
harvest I 2.0 2.0 76.0
Well and raining harvest 12 24.0 24.0 1060.0
Total 50 [ (M0 T

vidbii- If yes, where did you obtain water during dry scason
Valid O T 22.0 22.0 20
Well 4 8.0 8.0 30.0
Stream 23 50.0 0.0 80.0
Rain water harvest | 6 12.0 12.0 92.0
Well and Stream 2 4.0 4.0 96.0
Stream And 2 4.0 4.0 100.0
Raining harvest

50 [ 0L (RLIRY)

Total
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N ISd=I Y IMUCh Walcr oo Your iouscipeld uses per day during raiming scason

Frequency | Percent Valid Percent | Cumulative
o Percent
Valid 100 litres | 20 40.0 40.0 40.0
150 litres | 27 54.0 54.0 94.0
200 litres | 3 6.0 0.0 1000
Total 50 100.0 10400

v15b- How much water do vour household uses per day during dry season

Frequency | percent Valid Percent | Cumulative
Percent
Valid 50 litres 11 72.0 72.0 72.0
1) litres 14 28.0 28.0 [ CHL0
Total al} 100.0 100.0 l

v16- Do you have any river that can be developed to source of water for your village

— s e ———

- ﬁcqucnc}- Percent Valid Percent | Cumulative
Percent
Valid Yes 50 10,0 1000 L 00,0

v16-11 yes, whalt is the nature of the river

Frequency Percent Valid Cumulative
|| Percent Percent
Valid Perennial | 50 100,10 1 CHLO 100.0
|




v 18- will your community allow this river to be developed

| Frequency Percent Valid Percent | Cumulative
i Percent
Valid Yes 30 100.0 100.0 100.0

v19-Is there any shrine or tobacco that can work against using this river

Frequency Percent Vulid percent | Cumulative
percent
Valid NO 30 100.0 RVIRY 100.0

v2U-Do vou have public/private borcholes in your community

Frequency pereent Valid percent | Cumulutive
porcent
Valid yes 3 6.0 .0 (.0
No 47 4.0 Y0 100.0
Total 50 100.0 100.0
- v21- If yes, what are their conditions
Fregquency Percent WValid Cumulative
Percent percent
Valid o 47 G40 94.0 94.0
Not functior.ng 3 ' 5.0 6.0 100.0
Total 50 100.0 100.0
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v2la- Do you pay when you fetch water from such borcholes

Frequency Parcem Valid pereent | Cumulative
percent
Valid o 47 U4.0 94.0 4.0
No 3 (.0 0.0 1000
Total 50 OO0 100.0
v22b- If yes, where do you fetch the water
_ Frequency Percent Valid percent | Cumulative
= | peroent
Valid o 47 L4.0 .0 4.0
Public 3 6.0 .0 1000
Total a0 100.0 RUVAY
v2d- Do yvou have a well in your house
Frequency Pereent Valid percent | Cumulative
percent
Vahd o ! 2.0 12.0 2.0
Yes 24 48.G 48.0 45.0
Mo 25 0.0 S0.0 | OHD, 0
Total 50 } 100.0 1000
v25- If yes, is the well serving you throughout the year
Frequency Percent Vald percent | Cumulative
percenl
Valid o 23 5000 50.0 50.0
1
No 23 0.0 50.0 L0
Total =0 PO 100.0
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v2ea- How deep is the well

Frequency Percent Vahd percent | Cumulative

percent

Valid 0 25 50.0 50.0 50.0

12 7 14.0 14.0 64.0

15 1 2.0 2.0 G:6.0

16 1 2.0 2.0 68.0

18 B 16.0 16.0 24.0

20 2 4.0 4.0 88.0

22 - 10.0 0.0 98.0

25 l 2.0 2.0 100.0

Total Al 1000 | (M0

v2oh- Any concrele rings
Frequency Percent Valid percemt | Cumulative

percent

Valid 0 26 52.0 52.0 52.0

Yes 11 220 220 74.0

Mo 13 20.0 26.0 100.0

Total 30 {RY 100.0

v27- I no, when does it usually dry
Frequency Percent Valid Cumulative
percent percent

Valid 0 46 92.0 92.0 92.0

October/ November | 2 4.0 4.0 906.0

March/ April 2 4.0 4.0 100.0

Total 50 1 00.0 100.0
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v28- Do you have a water closet in your house

frequency Percent Valid Percent | Cumulative
Percent
Valid No |50 100.0 1000 100.0

v31-If water is made available regularly, will yvou be willing to pay your water rate

Frequency Percent Valid Percent | Cumulative
) Percent
Valid Yes 49 H8.0 08.0 098.0
MNo 1 2.0 2.0 100.0
Total 50 N B X W 1 X1 -
v32- How many times did vou take your birth daily
Frequency Percent Valid Percent | Cumulative
Percent
Valid One 30 100.0 100,103 1000

v33- If a spring in your village is developed to supply water, will you like it

Frequency [ Percent Valid Percent | Cumulative
Percent !
Valid Yes | 50 100.0 100.0 L30.0 |
v34- Do vou have any industry in vour Community
Frequency Parcent Valid Percent | Cumulative |
i Percent ‘
I
Valid No |50 100.0 1 100,0 100.0 |
, |
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vi3- How many Primacy Schools are in your Community

'\ Frequency Percent Valid Percent | Cumulative
Percent
Valid One |30 100.0 | (40,0 L0

v3t- How many Secondary Schools are in your Community

Frequency Parcent Valid Percent | Cumulative
Percent
Valid One 50 1000 100,00 100.0

va7- Il you: Community is given the opportunity to run this scheme to ensure

regular water supply, will you be willing

Frequency Percent Valid Percent | Cumulative
PPercent
Valid Yes 44 UE.U V8.0 95.0
No I 2.0 2.0 L0
Total 50 1060 100.4 '
v38- I yes, will you like from water users Association
Frequency Percent Vahid Percent | Cumulative
Percent
Valid vyes 46 92.0 92.0 92.0
No 4 5.0 8.0 1 00,0
Total 50 ; 100.0 100.0)

v39- Will yiu be willing to contribute toward the finance of the water scheme

Frequency Percent || Valid Percent | Cumulative |
Percent
Valid Ye: |48 96.0 06.0 96.0
Mo 2 4.0 4.0 1 00,0
Total 50 100.0 100.0
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v40- What do you think that can improve water supply in your Community

' |
Valid 0 7 | 14.0 14.0 14.0
Dig more wells 14 28.0 28.0 42.0
Drill more Borcholes
and Dig more wells 28 56.0 56.0 Us.0
private facility, Drill
more boreholes § Dig | 2.0 2.0 10,0
more wells
Total S0 100,40 1000 |

vd0b- Build separate water — works for you Community

Frequency Percent Valid Cumulative
. Percent percent
Valid Government | 40 92.0 92.0 92.0
Community 1 2.0 2.0 .0 |
4 2 4.0 4.0 0 1
5 l 2.0 2.0
Total 30 1000 100.0 ;
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APENDIX D: RAINFALL DATA TYPICAL OF AKURE SOUTH LOCAL GOVERNMENT
YEAR |JAN FEB [MAR [APRIL |MAY [JUNE [JULY [AUG |[SEPT [OCT [NOV [DET OTAL |
1985 18409 [17.00 | 10404 [180.05 |342.01 |[345.01 [341.02 |- 543.09 [122.02 [31.01 |00 211204
1986 0.0 (4.0 1344 102554 [3265 [303.6 |4299 [250.07 [2685 [3133 [971 |00 22753
1987 0o Lo 5080 [343  |2543 (2938 [2748 [1233 [1579 [5735 [321 |388 [23118
1988 5.1 298 (2915 |2971 3381 |2856 [3728 |2185 2048 |1095 |35 |00 2186.1
1989 51.0 |88 2599 |1495 [3543 (2782 |- 4335 2509 352 (644 |36 1980.1
| 1590 1053 [155 |147.2 [148.0 [193 [2113 [4268 |2448 [35460 (3992 [476 |05 24827
1991 0.5 269 | 97.6 62.4 2015 |3054 (2230 4750 |4490 (2148 [199 (TR |20760
| 1992 109 [122 1722 [1876 |2206 4286 |[327.1 [2789 [446.0 [3927 3440 [524 [ 28733
1993 0.0 0.0 36.4 3255  |3043 [4694 3213  [4316 (3166 [3608 [260 [39] [25815
1994 98 1100 |77 2132 |1858 |2369 |650.0 6410 [3711 [2433 |119.7 1239 27319
1995 0.0 42,5 [ 107.1 182.6 | 2452 [4983 |4002 5210 [193.9 |3498 |240 |04  |2565.1
1996 0.9 2.8 157.5 [2168 [248.1 [373.0 [489.9 [2894 (3337 3149 (7935 [176 | 2424.]
1997 0.0 58.7 | 90.2 1778|2910 |2908 |4643 [3155 [2188 |1766 |737 |223 21797
1998 370|343 459 69.6 2988 [1859 |- 4382 |640.2 2843 [11.7 (00 | 21760
1999  [596 [12.5 722 1159 [365 [3392 [4844 |3816 |4609 (2924 [2670 |158 | 28626
AT 365.1 [ 313.0 |2281.6 |[2413.7 |4164 |4866.4 [52054 |[3505L1 | 34021 |4172.5 | 13413 | 2144 | 35789.0
TOTAL
AVER- | 2434 |20.87 |152.11 [16091 |[27749 | 32443 |347.03 |336.14 |360.14 [ 27817 [89.42 | 1095 |[2385.93
AGE
TOTAL

TOTAL MONYHLY RAINFALL

AVERAGE TOTAL MONTHLY RAINFALL

SOURCE: ONDO STATE WATER CORPORATION, AKURE.



APPENDIX E
Topography survey of the spring source to service reservoir

BS|LS ES DIST RISE FALL R.L
(M) .
3.120 100.00 | T.BM
.5060 20 l 2.50 102.56
0.099 1044 |28 0484 | 102.08
2.6060 3.034 (5 2.935 w14
0.850 0.985 i OG0 | 675 1 (H). B2
1.950 110 1100|9972
2,522 0.740 | 120 1,210 10093
1.045 175 1.477 102.40
0.500 195 (.545 102.95

Reduced level from the spring source to the proposed service reservoir
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APPENDIX F

Discharge (Q) From The Spring

= -4

SOUCE | Sm |
" o

Fig. 4 Sketch of the flow measurement {Floating method)

Table Measuremcent of flow velocity
Tnals Time taken (sec) Dnstance (m)
1 120 sec S5m
2 1235 5m
3 115 m
4 120 5m

Average time igken= 20 + |25 + 1|5 + 120
4
: 480
4
120 sec

Velocity = Distance (m)

Time {s)
V= 2
120
= 0.042m/'s

Discharge (Q) = Velocity x Area

[k}



Velocity = 0.042my
Averase qutLT:-f channe] = 0.06m
Area of channe| = 006x1.32 = 00912
+  Discharge (Q) = 3.83 x 107 m's (3.83 litre/s)
= 13.79m  /hr

= 330.912mYday
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Appendix G.

Table 8: Wate: Quality results Obiained.

Charactenstics Ramy  Scuson Dry W.H. O
(Parametens) Scason standard d
Ramn Had | Spring | Hand | Spring | Permissible
Water | Dug Water | Dug Water
Well Well
Colour
{platinum —| 14.20 15.20 | [4.52 14.85 | 14.10 | 15TCU
coball scale) |
Total Dissolved | 230 420 350 410 300 1000mg/L
Solid (TDs) ]
Turbidity 1.58 5.2 5.0 3 2.5 SNTU :
Taste NIL |NIL [NIL |NIL | NIL | Not '
vhjcetionable
Iron .04 (L (.04 (08 003 l.Omg/L
Manganc. ¢ NIL NIL [ NIL NIL | NIL 0, Tmg/L
Copper NIL NIL | MIL NIL | NIL LOmgl |
Zine WIL NIL | NIL MIL | NIL | 5.0mg/lL ]
Calcium 12 146|128 147 |138 | 75mg/L 5
Ammonis 53 (.5 {3 i1.4 0.1 6. 5mg/'L =
Nitrate NIL NIL | NIL NIL | NIL LOomgL |
Microbiology
Coliferm
organisms at
35%
Total )
Coliforn:'100ml | NIL (.2 0.1 NIL NIL |
Feacal Absent
Coliform.'100ml | NIL NIL NIL MIL NIL
Salmone 'a NIL MNIL NIL NIL NIL Absenl o
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Appendix H
Design of Pumps, Filter beds, Reservoirs and Service Pipelines
Suction side of the pump
From HAZEN — WILLIAMS FORMULA
his = QLO.54 1554
(0.283C)D**"

where Q = Discharge, m™/s

—
]

pipeline length
C = pipe wall roughness, from 80 for old iron pipe to 140 for new
smooth pipe (Allow 100}
D = intemnal pipe diameter, m.
hy = head losses on the suction side (m)
- 9.2 x 10° (1-5)* Uy e
(0.283 x 100 (0.12)"*
= 0.013m
From table 14
Standard 90° elbow, value of KL = 0.9

hy = Ko v =09 (0.81) = 0.03m
2p 2x9.81

. Total head losses on the suction side
his = 0018 + 0.03 = 0.043m.
Delivery side of the pump

hfs = QL0.54 154
(0.283C)D"*

bl



Where hy - head losses on the delivery side (m)

9.2 x 10-3 x (60" | Vs

(0.283 x 100%(0.12)
= 0.52m

From table 14

L5E

- Gate velve (wide open ), Value of K - 0.2

hy = Ky i 02 (0.81)°
g 2x49.E8l
= 6.069% 107m
3 For 2 gale values hy = 0.013m
- Standard Tee, value of k. = 1.8

AL = kL V! = L8§x (081}
2z 2x9.81

N = 0.006m.
. For 2 standard Tec's hy, = 1.12m
- standard elbow (90%), value of K = 0.9

by = kVio 09 x (0.81) = 0.03m
28 2 x9.81

For 5 elbow; Total hy = 1.15m
- For other losses, allow hy = 0.2m
Total hyy (head losses on the delivery side)

= 0.52 +0.013+0.12 + 0,15+ 0.2
b i 1.003
Total head 1 (gross lift) =h + hr

= h, + hg + hy + hp

8l



Where, h: = suction head, (m)
hy = head losses on the suction side, (m)
h, = height to which waier has been raised above the pump, (m)
hg = head loses on the delivery side, (m)
H= 12m + 0.043m + [0m + 1.003
H = 1225m
Work done/ second by a pump may be expressed as lollows
P = Q°gH (Wats)
Where Q == Discharge (m'/s)
¢ = Density of water [kg/m’')
g = acceleration due Lo gravity m/s®
H = Total head loss (m)
P* = 92x 107 x 9.81 x 12.25 = 110559 Walts

2 Power required taking into consideration the efficiency of power transmission
from the clectric motor to the pump.
Power willbe P'm = ___P~
p pt
where °p = efficiency of the pump (centrifugal pump ‘p= 0.4 to 0.83)
‘ot efficiency of power transmission
= | (for motor an the pump coupled dircctly)

(ALLAYLA et al; 1978)

Allow, °p = 0.65

P'm = ]1105.59
0.05x1
= | . Tkw

Allow 2.0kw

B



The electrical power requircd

Pm = P'mwhere m = efficiency of the motor

[
11}

Electric motor, m = (0L.85100.91]

(AL-LAYLA etal, 1978)

(Allow 0.88)
Pm = 3.7 = 4.2kw
0.88

Allow 2.5kw

Hence, tw » low-left pump, should be provided (Allow one [or stand — by}
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Rapid sand filter Design
Q = 33.13%hour
Filter bed flow rate, through dual media bed (Anthracite or coal sand) ranges between

6 — 12mv'hr (Twort et al, 1985)

{Allow 9.0m/hr)
()  Area of the bed + 33.13m"/hr = 3.68m*
Om/hr
(b} Usetwo filter beds, cach = 368 =1 Sdm?

2 = 2.’
For a rectangular bed (Allow lm x 1m)

Backwashing

For dual media bed (Anthracite or coal sand) rale of backwashmg = 029 -
0.38m/min {Twort el al; 1985)
Use 0.34m/mun.
- Twao filter beds are washed at the same time.
wash area = 2.0m*x 2 = 4.0m’
Quantity of water needed [or backwashing
= 4.0m’ x 0.34m/min = 1.36m"/min.
Backwashing for 10 minutes, volume of water needed
= 1.36m" /min x 10 = 13.6m"

Dimension of Tank = (2m x 3m x 3Im}

Allow head loss during backwashing am

Work done / second by pump p” = QegH

2267% 107 % 107 x9.581 x5m = L.1lkw

B



Power required = P'm - _P" ; ep = (.05

Epept ept’ = 1
P'm = Llkw = L6Ykw
0.65 x 1
Allow 2.0kw
The electrical power required
Pm = E;'LL - *m = 0.85 1o 9

m
(Allow 1).88)

Pm = _2kw = 2 3kw
0.88
{Allow 2.5kw)
" Backwashing to be curried out ONCE in # month,
Disinfectant

From the water quality analysis carried out, the watcr requires simple disinfections,

to guide against current water supply and any future sudden pollution.

Disinfection: Caleium Hypochlarite (H.T.H) containing 70% of Cl; {chlorine} and

4% hime, -
Dosage required = 2.0mg/l

Contact time = volume of stored waler

Through put-rate

= 265m° = 8 hours
33.13m'hr

Treatment discharge = 13,1 3m’/hour

B



Mass of H.T.H required = 2.0mg/l x 33.13m"hour
= 0.060kg/hr

Daily mass of H.T.H required

2.0my/l x 265m” /day

(.53kg (where | day = 8 working hours)
Coagulant
Aluminum sulphate (Al; (so4);. 14H:0) or Alum, contaiing 20% Al
- Since the waler is of low dissolved solids and turbidity, and to guide againsi
any sudden pollution, Alum Dosage required = Tmg/l.
Treatment discharge = 33.13m"/hr.

| Omg/L x 265m’ /day

]

Daily mass of Alum required

0.205kg/day.

(Allow 0.27klg / day)

Storage Reservoir

Total water demand, O for the village = 265m’/day
Allowed for 2 days storage capacity
g=12 x 265m’/day = S30m’/day
For OMNE storage rescrvoir, Allow 3m deep, and 0.1m of storage.
(a)  Allow detention period = 1 day
{b) Effective volume = Detmnuon penod x Q)

= | day x 530m/day = 530m’
| reservoilr

it



{c) Surfacearea = 530 = 182.8m°

= I8m
Allow 190m” (14m x 14m)

(d)  Surfsce rating = q

surfuce area

= 330 = 2.7m/day
196
Dimension: (3mx l4m x 14m)

Provision

Provide manhole (0.8m x O.6m) on top of the strange reservoir where
chemicals vill be dosed inside the water {manually), and for general mainterance.
(Manhole si ould be provided with an adequate cover)

Pumping: High-Lift Pump

Discharge tc be pumped = 9.2 x 107 m's
Pipe interna’ diameter, D = 0.1m
Velocity = 1.17m/s
Suction side of the pump
From HAZEN-WILLIAMS formula

hy = r oL wff':usq
L (0.283¢)D" “j

= [ g2% 10ty ¥ ]lf”_.
]

(0.282 x 100) (0.1)*°

- .02 Lm

B



From table 14

- Gate value (wide open), value of K, = 0.2
= kv = 02X 117
S 2 x 9.8l
= 0.014m
Total head loss from the suction side = 0,021 + 0.014 = 0.035

Delivery side of the pump
h, = Q"™ N 1/m.54
(0.283c)D*"

= 9.2 x 107 x 300" | 1/0.54
(0.283 x 100) {0, ]) >

= G2RS
from table 14

Gate valve (wide open), value of kL = 0.2

hL = kL ¥ = 02 x (L17¢ = 0014
2p 2x49.81

- standard 90" elbow, valuec of k. = 0.9

hL = kL ¥ = 0.9% {117
2§ 2x9.81

- 0.063m
Allow for 3 elbnos, hy = 0.188m

- for standard tee, value of K; = 1.8

by =k V2= 1.8x(1L17)2
2p 2x 98]

= U 1Z26m

i



From table 15

- For short radius bends, K, = 0.75

hy = KoV = 075 x (L1732
28 2 x 931
= 0.268m

- For long radius bends, K.V, k. = 0.7

2p
hy = 0.7(L1TY
2x9.81
= (.0449

- Othzr losses, allow 0.06m
Total hyy ("osscs on the delivery side)
= 6285 +0.014 + (LISE + D126 + 0052 + (0.049

= G.774m
Total head H (gross lift) =h + hf = hg + hy + hyy

H = 0.035 +60+6.78

= (0.82m

Work done/second by pump, ' = Q.gh

= 92x107x98] x 66.82

P" = 0030.64 Watts

Power = lequired = P'm = p*
I!]:, EJ“.
‘P = 0.65
-Ept - i
o Pm = 06030.04 = 9. 3kw
0.65 x|

(Allow 10kw)
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The electrical power required

Pm = Pin *m = 0.85 10 0.9]

0.88 = 1.4kw (use 12kw)
Hence, two high-1ift pumps should be provided (une to serve as stand-by,
Service Reservoir
Genzrally, 45 to 75 statei height is that which best suits the domestic
distribution system { Twort et al; 1985)
The service reservair is 1o be sited on natural clevation

Allow height = 5m.

(a) The scrvice reservoir is 1o provide two days storage

(b)  Allowq = 2 xQ = 2 x 265m’/day = S30m’/day

(c)  effective volume for one reservoir = 1 day x 53{_1:113;“:],;._‘,5 = 530m’
| reservoir

{d)  Allow 3.5m deep

Surfzce area = 530 = 150.43m°

e Rl

3.

LA

Allow 156" (12.50 x 12.50) m
(e)  Surluccrating = 530 = 340m/day

156
Dimension (3.5 x 12.5m x 12.5m).
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Distribution Network

SERVICE
RESERVOIR
Q=1311s
L = 150m
Q=10.6L/S Q=04 LIS
L = 300m L =300m
A Al (Sm) As
(d4m) g == {3im)
o
Q=0.3L/8 =g || Q=02L/8
L = 300m R [ L = 300m
_ By L8| (Am) B;
(dm) +—— — (2.5m)
=
o B
Q=08L/S o l Q=0.5L/8
L = 300m £y L = 300m
L) Cl{Z2m) C;
Gom) ¥—— 5 —_— (2m)
]
Q=02L/8 A l Q=0.1L/S
L = 300m G- L = 300m
D, D|(1m) D,
R ee—— e { 1m)

Dead - end system

The Sketeh above shows the Distribution System
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DISTRIBUTION SYSTEM

Design of a Dead End System

Walet is supplicd from a service reservoir at an clevacon of 50m.
The elevation of various points in the pipeline are given brackets (Allow, minimum

pressure in pipe in the village = 20m of water — (Twort, et al; 1985)

Pressore in pipe + elevationat A = 20 + 5 = 25m
Pressure in pipe +elevationatB = 20 + 3 = 23m,
Pressure in pipe + clevationatC = 20 + 2 = 22m.
Pressure in pipe + clevationamtD = 20 + 1 =2Im

Design of Main Trunks: RA, AB BC, And €D

Total available head = 50 - (20 +5) = 25m

Allovable loss of head pes 100m = 100 x 25 = 16.7Tm
| 50

Flow inpipec = 3.1 l/s
Allow a diaineter of 80mm, the head loss 15 0.9m in 100m (fig, 12)

Tota! loss of head = 0.9 x 150 = 1.35m
| ()

=] Piczometric hcadat A = 50 - 1.5 = 48.065m, which is greater than 25m.
At B available head = 48.65 - (20 + 3) = 25.65m.
Allowable loss of head per 100m = 100 x 25.65 = [7.1m
[ 51
Flow in pipc AB = 2.11/s
Allow a pipz diameter of 75mm, the head loss is 0.6m in 100m (Fig.12)

Total loss o head in AB = 0.6x 150 = 0.9m
100
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o Piczometnic head at B =48.65-09 = 47.75m
Al C the available head = 47.75 - {20+ 2)= 25.75m
Flow in_pipc = 1.61s
Allow a pipe diameter of 63mm, the head loss is 0.8m in 100m (fig, 12).

Totul loss ofhead iIn BC = 0.8x 150 = 1.2m
10k

ot Piezometric head at C =47.75 - 1.2 = 46.55m - 1.2 = 46.55m
Al D the avalable head =46.55 - (20+ 1) = 25.55m

Flow in pipe = 0.3/
Allow a diameter pipe of 40mm, the head loss 15 O.4m in 100m (Hg.12)
Total loss of head = 0.4 x 150 = (L.6m
L
L Piczometric head at D = 46.55 - 0.6 = 45.95m

Design of Main Service 'ipes

Design of Pipes, AAL And AA2
At a, the available head =48.65 - {20+ 4) = 24.65m

Loss of head per 100m =24.65 x 100 = 8.2m (allowable)
SO0
Flow in AA, = U.6l/s

Allow pipe diameter of 50mn, the loss of head 15 0.25m m 100m (hg,12)
Total loss of head =0.25 x 300 = (.73m

. 100
At Aj, the available head = 48.065 — (20 + 3) = 25.065m

Allowable loss of head per 100m =25.65 x (M} 8.55m
3H)
Flow in pipe AA; = 0.4 I/s

Allow pipe diameter of 45mm, the loss of head is 0.d4m in 1(H0m
(fig 12)

Total loss ofhead = 0.4 x 300 = 1.2m
[ (H)

E_]S



Design of Pipes B}, and BB,

At B, the available head =47.75m - (20+3) = 24.75m
Allowable loss of head per [00im = 24.75 x 100 = 8.25
300
Flow in pipe BBy =03 Iis _
Allow pipe diameter 40mm, the loss of head is 0.4m in 100m
(fig 4.2)

Total loss ol head =04 x 300 = 1.2m
T O

At B;, the available head =47.75-(20+2.5) = 25.25m

Allowable loss of head per [00m = 2525 x 1Ml = E42m
JHD

Flow in the pipe BB, = 0.2 I3
Allow pipe diameter 32mm, the loss of head is 0.6m in 100m
{fig4.2)

Total loss of head = 0.6 x 300 = |.8m
100

Design of Pipes CC, and CC,

At Cy the available head = 46.55 - (20+ 1.5) = 25.05m

5 ~T.!'.—-'f.‘{ .
Allowable loss of head per [00m = 25.05 x 100 = §.35m ;’:'f - rﬁ"x
300 fa s \*)
Flow in pipe CCy = 0.8 Ifs \ = ]
Allow pipe diameter 60mm, the loss of head is 0.3m in 100m " o .

(fig. 4.2)

Total head loss = 0.3 x 300 = 0Ym
[ERLE

i



85 - (20+2) 24.55m

sper 100m = 24.55_x_100
A0
= d.2m

DDy and DD
gad = 45.95 - (20 + 1) = 24.95m

et

= 24.95 x 1) = 8.32m
1T

g8 of kead is 0.6m in 100m (g 12}

= (6300 = 1.8m
ST

= 4595 - (20+ 1) = 24.95m
or 1001 = 24.95 x 100 = 8.32m
300
Jogs of head is 0.55m in 100m (fig 12 )

d = £.55x 300 = 1.65m
100
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SCRYCE
RESERVDIR

18.0% 15-0 %X 2M




1857 % 18:57X 3.5M 18- 0X 180X 2.0M-

/ 2:5 X 2.:0M

SERVICE| |STORAGE
RESERVCIR RESERVQIR

L 1]

LG M.

—1'
LAYOUT OF THE WATER SUPPLY CASCHEMENT TANK
SCHEME SHOWING CASCHEMENT OF L8 X 7L X 1-2M

THE SPRING TO SERVICE RESERVOIR { 13.83¢ LITRES )



