
Abstract
This paper deals with the planning, design and development of Akhere spring for 
Agbede Community Water Supply Project in Etsako West L.G.A of Edo State. The 
planning stage involved the investigation and analysis of the quality and adequacy of 
the water resources to be developed. The Akhere springs, prior to the development, 
drained into a channel where the inhabitants in Agbede scooped for drinking and other 
domestic use. At the onset of the project development, water samples from the spring 
was taken to the laboratory for analysis. The result of the analysis confirmed that the 
water was fit for drinking, and the quantity adequate based on the population of the 
area. To harness the cluster of springs, engineering structures which include a weir, 
pump house, inter-connecting pipeline, underground reservoir, overhead tank, service 
pipeline, electrical power supply etc. were sized and designed. These facilities were 
put in place to impound the water and pump to overhead tank for distribution to the 
benefiting community. The paper recommends that treatment of the water be effected 
as water impounded would eventually be contaminated.
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PLANNING, DESIGN AND DEVELOPMENT 
OF WATER RESOURCES-A CASE STUDY 
OF AGBEDE SPRING WATER PROJECT

1.0 Introduction:
Planning is an important aspect in the 
development of water resources which 
include the provision of sustainable water 
supply for a community, agriculture, 
industry, recreation, small hydropower etc. 
The planning stage which can also be 
called the feasibility stage also involves the 
investigation and analysis of the quality 
and adequacy of the water resources to be 
developed. In the event of affirmative 

report on the quality and quantity, 
engineering structures to harness the 
resource are sized and designed to convey 
and distribute the water to the benefi-
ciaries.

1.1 Background of study
The availability, use, development and 
management of water resources are now 
receiving world-wide attention at every 
level of government and private concerns. 



Water is the basis of life and therefore the 
development of water resources is an 
important component in the overall 
economic development of any area. As 
population increases, there is growing 
demand for new and expanded supplies of 
good quality water for direct consumption 
as well as for agricultural and industrial 
use.

More than two-third of the population of 
developing countries do not have access to 
safe and adequate drinking water supplies. 
(Science for Environment Policy, 2012). 
Even in the developed countries, drinking 
water sources are hampered by improper 
waste disposal practices or a lack of 
understanding of the potential for harmful 
effects stemming from the trace impurities 
of chemical substances. There are also 
increasing pressure to provide water for 
agricultural production and to develop 
e n e rg y  r e s o u r c e s .  ( H o w a r t h  a n d 
Monasterolo, 2016). 

The provision of additional water 
resources requires an approach that 
combines the best elements of technology 
with the practical realities of political and 
social system. Although water is not an 
expendable resources on a global basis. It is 
still a limited resources hence an economic 
commodity. This paper dealt with the 
planning and design of the development of 
the  Akhere  spr ing  of  the  Agbede 
Community Water Supply Project in 
Etsako West L.G.A of Edo State.

2.0 Planning and Design Process for 
Development of Water Resources:

Once a water resource is to be developed, 
adequate planning and design of the 
required development is essential. 
Planning for water resources development 
entails determination of the amount of 
water required for development allowance 
for losses during use and storage, the 
availability of water for development 
treatment works where necessary and 
distribution network required. Water can 
be development for either one or a 
combination of the following uses:

(i) Domestic water consumption
(ii) Industrial water usage
(iii) A g r i c u l t u r a l  w a t e r  u s a g e - 

irrigation, livestock, fish pond etc.
(iv) Recreation water usage
(v) Flood mitigation/control
(vi) Hydro-electric power generation. 

(Linsley and Franzini, 1979).

To determine which use to be put into 
consideration depend on the objective of 
the developer. It is after the decision of go 
or no-go has been made that the feasibility 
of the development can be determined. 
Design on the other hand will consider the 
design of various units in the system to be 
developed.

To have effective planning various types of 
data are required and some investigation 
are to be carried out. 

3.0 Methodology
3.1 Study Area
Agbede community is located in the 
northern part of Edo State (Fig. 1). It is 
situated within a rainforest ecosystem 



which is fast becoming a derived savannah; 
o 0

it lies within longitude (06 16.3E, 06  
0 018.7E) and Latitude (06 52.2N, 06 55.4N). 

The wetlands are mostly fed by surface 
run-off from neighbouring communities of 
Auchi, Warake, Ewu, Ewora, Jagbe and 
Idoa respectively through streams and 
rivers. One of the selected rivers Edion 
took its source from somewhere in Ighieve 
in Owan East local Government Area, 
while River Omodo's source, is located at 
Jagbe community directly sharing border 
with Agbede town in the south-east 
direction. The area is underlain by the shale 

of the Imo formation. The shale is 
predominantly fine textured, dark grey and 
sometimes bluish – grey with occasional 
admixture of clay iron stone and thin 
sandstone bands. The overlying loose 
brownish sandy soil is not a competent 
rock material as shown by the several bad 
sports encountered on the roads in the area. 
The shale is intercalated with mudstone in 
some parts and thus, exposed sections 
revealed weathering to a dull mottled 
colour. (Dirisu and Olomukoro, 2015)



Fig 1. Map of the Study Area (Source: Dirisu and Olomukoro, (2015))



3.2  Planning And Design of Agbede 
(Akhere Springs) Water Supply Project
Prior to conception of the idea of 
harnessing Akhere springs for supply of 
water to Agbede community, there were 
unsuccessful attempts at drilling borehole 
for the supply of portable water to the 
community. (Dirisu and Olomukoro, 
2015).

Akhere springs has been one of the two 
locations where the inhabitants of Agbede 
from time immemorial had scooped water 
for domestic use as it trickles out from 
under the hill located about 200 meters 
behind the Atevheda Primary School, 
along the Old Benin- Auchi Road. The 
springs serve as the headwater for one of 
the major tributaries of River Omodo, 
which itself is a tributary of River Orie. The 
springs are Perennial.

The feasibility studies and design were 
carried out using in-house facilities and 
personnel of the Benin-Owena River Basin 
Development Authority. 

3.3 Water Development Procedure 
Framework
The water development framework was 
subdivided into the various segments listed 
below which was used in carrying out the 
development: 
(a.) Identify Concerns:

a. Water Supply
b. Pollution/Flood
c. Water for Irrigation
d. Energy Demand etc.

(b)  Collect and analyze information: 
a. Population

b. Industrial growth
c. Available and potential 

supply
d. Land use etc.

(c) Define Decision Parameters:
a. Water Demand
b. Project
c. Cost
d. Benefit etc.

(d) Outline Course of Action:
    a. Alternative or Prioritize
(e) Decide
(f) Implement

3.4 Laboratory Analysis of Water 
Samples Qualities.
Samples of the water from the springs were 
taken for laboratory analysis at onset of 
project development and after the 
development, samples of the impounded 
water were also taken to the laboratory for 
bacteriological analyses. These were 
compared with the acceptable and 
allowance standards in WHO guidelines 
for drinking water and the pollution index 
was checked.

P r o c e d u r e s  f o r  t h e  l a b o r a t o r y 
bacteriological analyses were as follows:
 Using the selective media to isolate 
the micro-organisms, the following micro-
organisms were isolated:
1. Deoxychotcolate citrate agar was 

used to isolate salmonella shigella 
which is a gram negative bacteria.

2. Mannitol salt agar was used to 
isolate staphylococcus aurens 
which is a gram positive bacteria.

3. Sodium Azide blood agar was used 
to isolate streptococcus faecallis 



which is a gram positive bacteria.
 
3.5 Data Collection and Analysis of 
Information.
T h e  c o l l e c t i o n  a n d  a n a l y s i s  o f 
information/data was carried out and the 
population estimation, industrial growth, 
available and potential supply feasibility 

and the daily water demand estimation 
were all determined for the projected 
population at 2024 of a design period of 12 
(twelve) years.

3.6 Implementation Processes 
Flow Chart for Planning and Design Stage 
involved the following:

Table 1: Flow Chart for Planning and Design Stage 

PROJECT STAGE
                  

DOCUMENT TO BE PREPARED
 

  

1. Identification of Project idea
(preliminary analysis).

2. Preliminary Selection

3. Feasibility formulation

4. Evaluation (Post Feasibility
evaluation and decision to
invest)

5. Initial Project Implementation
scheduling and detailed project
Engineering studies and design

1. Invite Proposal- Technical and
financial and preliminary analysis
report

2. Preliminary Selection report and
decision on who should handle
the feasibility and design based on
(1) above

3. Feasibility Study

4. Feasibility evaluation and decision on 
project implementation and 
authorization to spend project fund.

5. Specification package contract
document design report, drawing
and BEME



4.0 Results and Discussions

4.1 Collection and Analysis of Data / 
Information

4.1.1 Availability and Potential Supply
The discharge measurement taken over 
some period at interval in 2013 shows an 

3average of 0.031m /s. This translate to 
32,678.4m /day or 2,678,400 litres/day at 

the peak of the dry season.

With this result it was certain that the 
development of the source for water supply 
would be feasible.

4.1.2 Population to be served.
Agbede town with a 2005 population of 
10,263 is semi-urban with an annual 
growth rate of 2.83% for semi-urban 
centres (Ojeifo and Joseph, 2012). The 
table 2 below shows the projected 
population up to the year 2024.

Table 2: Projected Population Up to the Year 2024

COMMUNITY BASE 
POPULATION 
(2005) 

PROJECTED 
POPULATION 
(2014)  

PROJECTED 
POPULATION 
(2019)  

PROJECTED 
POPULATION 
(2024)  

AGBEDE
 

10,263
 

13,193
 

15,169
 

17,440
 

4.1.3 Water Demand
The national water supply policy and the 
sector strategy and Action Plan on Water 
Supply and sanitation recommended 120 
litres, 90 litres and 60 litres per capital per 
day respectively for urban, semi urban and 
rural dwellers. However, the water demand 
analysis was based on the following factors 
which affect total water demand: (Al-layla, 
et al., 1977)

(a) For Industrial and commercial 
requirement 5% of the daily 

domes t i c  consumpt ion  was 
allowed for semi urban area.

(b) For fire 5% of the daily domestic 
consumption was also allowed

(c) For losses and bursts along the 
transmission lines, 25% of the daily 
domes t i c  consumpt ion  was 
allowed.

(d) For fluctuation in daily and annual 
consumption, 10% daily demand 
was allowed as seasonal peaks.

4.1.3.1 Water Demand Analysis
For Agbede (semi-urban)
(i) Daily domestic consumption    1.00D
(ii) Industrial and commercial requirement  0.05D
(iii) Requirement for Fire     0.05D
(iv) Losses and Wastages     0.25D
(v) Total Daily Consumption    1.35D



(vi) Allow 10% for seasonal peaks 
(fluctuation) 1.1 x 1.35 =1.49D

Therefore the total water demand for 
A g b e d e  =  1 . 4 9 D  =  1 . 4 9  x  9 0 
litres/capital/day = 1.34L/c/d

The design period is for a duration of 12 
years (from 2013 -2024). Therefore the 
daily water demand for Agbede Town is as 
follows:

Table 3: The Daily Water Demand for Agbede Town for Projected Population

 

COMMUNITY  PROJECTED 
POPULATION 

(2024)
 

DAILY WATER 
CONSUMPTION 

(L/DAY)
 

DAILY DEMAND

M3

 LITRES

AGBEDE
 

17,440
 

134
 

2,366.96
 

2,336,960

From the above analysis it was observed 
3that 2,336.96m  (2,336,960 litres) was the 

total daily water demand for Agbede Town. 
3

The total discharge of 2,678.4m /day 
measured in April 2013, at the peak of the 
dry season shows the adequacy of the 
spring to meet the expected water demand 
of Agbede Town up to the design period of 
12years (between 2013-2024).

4.2 Laboratory Analysis of Water 
S a m p l e s  a t  o n s e t  o f  p r o j e c t 
development.
Below are results of water samples from 
the springs taken for laboratory analysis, 
see Table 4 and Table 5. These results were 
compared with the acceptable and 
allowance standard in WHO guideline for 
drinking, (WHO, 1996 and 2007) and as 
well as the pollution index determined.

Table 4:  Physio-chemical Characteristics of Akhele Spring at onset of Project    
Development.

Physio-chemical 
characteristics / Unit  

Water Analysis of 
Akhele Spring  

(Mean Values)  

Maximum 
Acceptable  

(WHO, 2007)  

Pollution

Index

 
pH

 
6.40

 
6.5  -

  
9.5

 
0.815

 
Turbidity (NTU)

 
3.48

 
5 units

 
0.696

 
Total Dissolved Solids (mg -1)

 
42.50

 
500

 
0.085

 
Total Suspended Solids (mg -1)

 
10.61

 
500

 
0.021

 
Ammonium-N (mg-1) 1.93 - -



Total Alkalinity (mg -1)  57.50  100  0.575  

Salinity (Chloride) (mg-1)  35.10  200  0.1755  

Nitrate (mg-1)  0.86  10.00  0.086  

Sulphate (mg-1)
 

1.15
 

200
 

0.00575
 

Phosphate (mg-1)
 

0.23
 

-
 

-
 

Sodium (mg-1)
 

5.94
 

200
 

0.03
 

Potassium [K} (mg-1)
 

1.77
 

-
 

-
 

Calcium [Ca] (mg-1)

 
3.08

 
75

 
0.0411

 
Magnesium [Mg] (mg-1)

 

0.97

 

50

 

0.0194

 Iron [Fe] (mg-1)

 

0.05

 

0.3

 

0.167

 Lead [Pb] (mg-1)

 

0.10

 

0.05

 

2

 Chromium (mg-1)

 

0.03

 

0.05

 

0.6

 Copper [Cu] (mg-1)

 

0.12

 

1.0

 

0.12

 Manganese (Mn) (mg-1) 

 

0.017

 

0.1

 

0.17

 Zinc [Zn] (mg-1)

 

0.65

 

5

 

0.13

 
Cadmium [Cu] (mg-1) 0.001 0.005 0.2

4.3 Laboratory Analysis of Impounded Water Samples after Project Development
Test results of samples of the impounded water that were also taken to the laboratory for 
bacteriological analyses, are shown in Table 5.

Table 5:  Akhere Spring Water Bacteriological Analyses

Parameters MPN / 100ml WHO Guideline (1996)  

Total coliform
 

170 0.05 (MPN) /100ml 

E. coli /coliform per100ml
 

2 0 (MPN) /100ml
 



It was observed that the most probable 
number of E.coli /coliforms per 100ml was 
2(MPN)/100ml, which is above the WHO 
standard measure of 0(zero) (MPN)/ 
100ml. It can be from the result that the 
water was polluted. This means that 
periodic checks should be carried out from 
t ime to  t ime and  t rea tment  done 
accordingly.

5.0 E n g i n e e r i n g  S t r u c t u r e s 
Considered and Designed
The scheme design was made up of the 
following components below already put 
in place and operational. This was termed 
phase I in view of the fund available. The 
second phase was the treatment works and 
additional distribution network.

(a)  A reinforcement concrete, in-take channel/weir
Intake Channel   Weir
Length  = 8m   Length  =  5m
Height  = 15m   Height  =  1.5m
Foundation Depth =  0.6m Foundation Depth =  0.6m

(b) Reinforce concrete in-take Sump
Length   = 5m
Width   = 4m
Depth   = 1.5m
Depth of Foundation = 0.6m

(c) Pump House 3.6m x 3m
(d) 150mm diameter interconnecting pipeline (Ductile Iron)
(e) 1 No. reinforced concrete clear water tank 10m x 10m x 4.5m
(f) Chlorinator with all accessories.
(g) ½ km access earth road at both sites
(h) Fencing of the two sites with security gates
(i) A 20,000 gallon (90,000 litres) overhead tank on 9m stanchion and reinforced 

concrete foundation. Located at the highest point in the town. i.e. in the Teachers 
Training Colleges

(j) 1 No. Low-lift Grundfos (22kw, 60m Head) to take water from in-take sump to clear 
water tank a distance of 960 meters.

(k) 1 No. High-lift surface pump (7.5kw , 50m Head) to take water from clear water tank 
to overhead tank.

(l) 3-Phase electrification of :
(i) Low Lift Pumping house
(ii) High Lift Pumping house



5.1 Electrical Wiring and Specifications
5.1.1 Rating of the High Lift Pump Motor

l Grunfos made, 
l 7.5kw, 23A
l 380V,  /
l 0.85 Pf

5.1.2 Rating of the Low lift Pump Motor:
l Grunfos made
l 22kw, 51 A
l 380V, /
l 0.87 Pf

The low- lift and high- lift pump motors were connected Star-Delta (/) as shown in figure 2.

Fig. 2: Star-Delta Power and Control Circuit Diagram



5.1.3 Rating of the Power Supply 
Cable:
The total load consist of:

(a.) 2 No. 22kw Low-lift pumps
(b.) 1 No. 7.5kw High-lift pump
(c.) 5kw site electrification

5.1.4 KVA rating of motors:
22kw, 0.87 Pf = 25.29 KVA

7.5kw, 0.85 Pf = 8.82 KVA
Therefore, the load is 2 x 25.29 KVA + 8.82 
KVA + 5kw = 59.4KVA + 5kw
Apparent Power (KVA) = VI x Pf

For Benin Electricity Distribution Plc 
(BEDC), Power factor (Pf) = 0.85 and V = 
415v. (BEDC, 2016).

The low-lift and high-lift pump require 168.4 Amps of current. The current for the lighting 
circuit with V = 240 volts is:

2
Therefore, the load cable is 4 x 35mm

Figure 3. Shows the existing site features 
with the proposed feature and an 
additional developed features for future 
cases in Agbede.  Figure 4 shows the site 
layout of the intake channel/weir, the 

intake sump and the pump house. The 
typical reinforcement details of the intake 
channel/weir is shown in figure 5, as well 
the reinforcement of the weir wall and the 
reinforcement of the intake channel wall 
details.



Fig. 3:  Existing site features with the proposed features and an additional developed  
features for future cases in Agbede.

Fig. 4: Site layout of the intake channel/weir, the intake sump and the pump house.



Fig. 5:  The typical reinforcement details of the intake channel/weir, weir wall and intake  
channel wall.

5.2 Proposed Treatment of the 
Spring Water

5.2.1 Sources of Pollution:
With the construction of a weir, in take 
channel and sump, a mini reservoir of 
water is created. This has affected the Eco-
system of the spring area. The springs have 
been inundated and the water remains 
stagnant for some time before being 
pumped into the system. In the process, it 
dissolves some remain of tree stumps, 
plants and vegetables leaves. It also 
becomes a breeding place for mosquitoes 
and development of algae. All these 
including some human activities lead to the 
pollution of water.

Contaminant usually fall within the 
following parameter: physical, chemical 

and bacteriological parameters, such as 
colour, turbidity, suspended dissolved 
solid, pH, Acidity, Alkalinity, Total 
coliform or Fecal coliform etc.

5.2.2 Proposed Treatment
Treatment becomes necessary when the 
parameter values/content of water falls 
below or above World Health Organisation 
(WHO), (2007) standard specified values.
Based on the result of the analyzed water 
sample (see table 5.) it becomes obvious 
that treatment of the water was necessary.
The treatment proposed will involve the 
process of coagulation, flocculation, 
gravity separation, rapid sand filtration 
a b s o r p t i o n  a n d  d i s i n f e c t i o n s  b y 
chlorination as the case may be.



5.3 Typical Process in Water Treatment and Their Applications
For the treatment processes that is recommended for the Impounded water the following 
Table 6 below shows the typical processes that should be used for the water treatment and 
their applications.

Fig. 4: Site Layout of the Tank Areas and the Proposed Treatment House Location.



Table 6: Typical processes for the water treatment and their applications:

PROCESS/UNIT OPERATION APPLICATIONS  

Coagulation Process of adding chemical to bring about 
their agglomeration in the flocculation 
process.  

Disinfection
 

Used to destroy the Pathogenic organism in 
the water by adding chemical that will bring 
about precipitation. 

 
Precipitation

 
Removal of dissolved ionic species e.g. Ca, 
Mg, etc.

 
Ion Exchange

 
Use for the selective

 
or complete removal of 

dissolve cationic and anionic ions in solution

Absorption

 

Used for removal of a variety of organic 
compounds responsible for colour, taste, 
odours etc.

 Chemical oxidation

 

Used to oxidize compounds responsible for 
taste, odours etc.

 Others

 

Desalting, Freezing, Distillation, 
Demineralization etc.

6.0 Conclusion
One of the service that is most vital to the 
uninterrupted growth of an area is adequate 
water supply system. The existence of an 
adequate water supply will greatly improve 
the health, facilitate industrial and 
economic development of the populace 
and consequently raise their standard of 
living. It can be deduce from the result of 
the analysis as presented in table 4 that the 
water was fit for drinking before the project 
development and the quantity of water 
from the springs adequate based on the 
population of the area. To harness the 

cluster of springs, engineering structures 
which include a weir, pump house, inter-
connect ing pipel ine,  underground 
reservoir, overhead tank, service pipeline 
etc. were sized and designed. These 
facilities were put in place to impound the 
water and pumped to overhead tank for 
distribution to the benefiting community. 
The paper recommends that treatment of 
the water be effected as water impounded 
would eventually be contaminated. The 

2
power supply cable should be 4 x 35mm  in 
order to take into consideration both the 
lighting circuit and power supply to the 



pump motors.

The provision of portable water will no 
doubt have positive impact on the life of 
the inhabitants of the Agbede community 
located in Etsako West L.G.A of Edo State, 
as the town Educational Institutions, Small 
and Medium scale Industries will benefit. 
This is one of aims of the Federal 
Government rural development program. 
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