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ABSTRACT 
For many years, Nigeria has been facing an extreme multifaceted electricity 
shortage. While the long term power demand of Nigeria was put at 25GW for the 
year 2010 to sustain industrial growth, the Nigerian power provider, PHCN, has an 
installed capacity of 6GW and actual production was less than 2.5GW. The ever 
increasing need for power in all countries of the world makes it imperative that all 
possible renewable sources of power generation be explored and exploited. 
 
The Asa dam in Ilorin, Kwara State, was commissioned in 1978 primarily for water 
supply. While the dam has a storage capacity of 43Mm3 and a yearly inflow average 
of up to 261Mm3, only about 51Mm3 is required to satisfy the yearly water demand. 
This means that 80% of the water available is allowed to spill. This is what the 
retrofitting of the dam for power generation seeks to utilize. 
 
In order that the integrity of the existing superstructure is not compromised, a 
siphon arrangement over the spillway crest is suggested after a due consideration 
of some other possibilities. This arrangement has the potential to produce about 
1.17MW of electricity. This is about half the power requirement of the Asa treatment 
plant which currently runs on public power supply from the PHCN and diesel 
powered generating sets as standby. The cost of diesel has made this alternative 
source uneconomical which in turn has negatively affected water supply to Ilorin 
and environ. 
 
With an estimated construction cost of 250 million Naira, the option with the best 
benefit cost ratio of 6.51 is obtained when the supply from PHCN is augmented by 
the hydropower from the dam whose construction cost will be fully borne by 
government. This will improve the water supply to Ilorin and environ and the 
revenue base of the Kwara State Water Board is thus increased. 
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CHAPTER ONE 

INTRODUCTION 

1.1 General 

As part of its mandate, the National Centre for Hydropower Research and 

Development (NACHRED) has constituted a team to examine the possibility of 

retrofitting the Asa Dam in Ilorin. Kwara State, which hitherto has been used solely 

for water supply to Ilorin and its environ, for hydropower generation. The team 

included Engineers in various discipline, Surveyors, Geologists and Economists. 

This report is the product of studies carried out between 2010 and 2011. 

 

1.2  Introduction 

For many years now, Nigeria has been facing an extreme multifaceted electricity 

shortage. According to the Nigerian Energy Policy Report of 2003, it is estimated 

that the population connected to the national grid system is short of power supply 

over 60% of the time. Additionally, less than 40% of the population is even 

connected to the grid (Kennedy – Darling et al, 2008).  

 

The estimated long term power demand of Nigeria was put at 25GW for the year 

2010 to sustain industrial growth (Okpanefe and Owolabi, 2001). The Nigerian 

PHCN has an installed capacity of 6GW, but actual available output is less than 

2.5GW. Of this, thermal plants provide 61%, while hydropower generation is about 

31% (Olivia Philip, 2008). The overall potential of hydropower generation of Nigeria 

is in excess of 11GW (Zarma, 2006). This means that less than 20% of the 

hydropower potential of the country has been realized. The development of a mini 

hydro scheme at Asa Dam is thus a small step in this realization. 

 

Power is a very important infrastructure in the overall development of a nation. 

There is therefore, an ever increasing need for more power generation in all 

countries of the world. In true global perspective of power demand, most countries 

of the world are formulating methods and devices to explore the various possibilities 

of energy generation. From the criterion of mass generation, thermal, hydro and 

nuclear are most prominent. Other sources like solar currently have limited 

contribution. 

 

Among the disadvantages of hydropower projects is that they are capital intensive 

and have long gestation periods (Dandekhar, 1979). However, where there are 

existing storage facilities as at Asa Dam, both cost and gestation period is reduced. 

 



2 

 

1.3 Existing Dam Description 

The Asa Dam, commissioned in 1978 primarily for water supply, is located on the 

Asa River at a point 5km from the Ilorin (Nigeria) city centre. Even though 

development and the expansion of the town have reduced this to less than a 

kilometer, the reservoir created by the dam is away from town. The dam is a 

composite earth embankment with a central spillway followed to the right by a mass 

concrete non overflow gravity section. The intake for water supply and the low lift 

pumping station are located on the wing wall. The treatment plant capacity was 

recently increased to 24 mgd. The dam parameters are shown in the Table 1.1 

below. It is possible that after accounting for the primary use (water Supply), the 

excess water from the Asa Dam reservoir can be harnessed for power generation. 

The potential for this is now examined. 

 

Table 1.1: Relevant Details of the Asa Dam 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Kwara State Water Board, Ilorin. 

 

 

 

 

 

S/NO ITEM DETAILS 

A DAM DETAILS  

1. Overall length 597m 

2. Storage capacity 43 Mm3 

3. Extent of lake 18 km 

B EARTH EMBANKMENT  

1. Length 402m 

2. Crest Width 6m 

3. Maximum Height 27m 

4. Slope 1:3 upstream,  
1:2.5 downstream 

5. Earth fill 250,000m3 

C NON OVERFLOW CONCRETE SECTION  

1. Length 130m 

2. Crest Width 6m 

3. Maximum Height 11m 

D SPILLWAY  

1. Length 65m 

2. Height 14m 

3. Discharge (Max) 79,000 m3/s 
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1.4 Elements of a Power Plant 

A hydroelectric work comprises of the following components (Pumia,1990): 

a. Forebay     b. Intake Structure 

c. Surge Tank    d. Penstocks 

e. Power House    f. Turbines and Governors 

g. Generators    h. Transformers 

i. Transmission Lines. 

 

Water is taken from the forebay through the intake structure, surge tank and 

penstock and delivered into the power house which houses the Turbines and the 

Generators. The generated power is stepped up with the aid of transformers and 

distributed through the transmission lines. It is important to note that the water 

resource and the available head at the forebay are the key factors in hydropower 

generation. 
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CHAPTER TWO 

PHYSICAL CHARACTERISTICS AND HYDROLOGY 

 

2.1 Water Resources of the Asa Dam 

To decide on the hydropower potential of the dam, it is important to begin with an 

evaluation of the available water resource of the river. The enegy potential of the 

scheme is directly proportional to the flow and head. To fairly select the most 

appropriate hydraulic equipment and estimate the dam’s potential, the water 

resource analysis must take into consideration the following: 

a. The water supply to meet the primary responsibility of the Dam. 

b. The evaporation losses over the reservoir area 

c. The reservoir sediments which may have reduced the storage 

d. The direct rainfall on the reservoir and  

e. The inflow into the reservoir. 

2.2 Water Supply  

It is necessary to determine the amount of water needed to fulfill the primary 

mandate of the dam which is water supply. According to the 2006 census figures, 

the local government areas meant to benefit from the Dam has a total population of 

777,667 (NPC, 2007) and Nigeria has a geometric rate of population increase of 

2.83 (Bureau of Statistics, 2007). This implies that the population is expected to 

increase to 1,181,929 in the next 15 years.  

Ilorin is essentially an urban area despite the noticeable presence of some peri-

urban settlements scattered around. The per capita consumption recommended by 

the World Bank for urban areas is 120 l/d. This puts the total demand in 15 years as 

 W = Population x Per Capita Consumption 

  1,181,929 x 0.12 = 141, 831 m3/d or 4,254,944 m3/month 

2.3 Evaporation Losses Over reservoir Area 

Considerable quantity of stored water in a reservoir is lost due to evaporation, 

seepage and leakage (Sharma and Sharma, 2002). Of these, the most active is 

evaporation. The main factors which determine its rate include net radiation, water 

availability, wind velocity, atmospheric temperature and “reflexibility” of land surface 

(Fetter, 2007). Free water evaporation is measured by using shallow pans, called 

Class A pans. However, evaporation pan data cannot be directly applied to free 

water surfaces like reservoirs because of physical and climatological factors 

(Subramanya, 2002). Thus the pan evaporation of Ilorin , obtained from the 

metrological Station at Ilorin airport has to be adjusted by multiplying it with the pan 

coefficient of 0.8. The adjusted values are shown in Table 2.1. 
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Table 2.1: Mean Monthly Evaporation at Asa Dam Reservoir 

Month Mean Evaporation 

(mm/month) 

Reservoir mean monthly 

Evaporation (m3) 

January 248.0 24775.2 

February 235.3 24975.0 

March 294.5 29370.6 

April 165.0 16483.5 

May 155.0 15484.5 

June 87.0 8691.3 

July 86.8 8671.3 

August 93.0 9290.7 

September 89.9 2921.0 

October 86.8 8671.3 

November 192.0 19181.0 

December 297.6 29730.2 

 

In practice, the reservoir evaporation is taken as a product of monthly evaporation 

and reservoir surface area at ¾ maximum capacity. From data obtained from the 

Kwara State Water Board and the topographical sheet of the location, the reservoir 

surface are corresponds to about 99900 m2. This value was used in the 

computation of the monthly evaporation losses shown in Table 2. 

 

2.4 Reservoir Sediment 

The storage capacity of the Asa Dam is expected to reduce with time based on the 

accumulation of sediments. However, a quick check using the Flemings equation 

and the Brune Curves for reservoir trap efficiency (Linsley,1992) in conjunction with 

the vegetation type indicates that the expected sediments in 50 years is about 1.2 

Mm3. This is small compared to the reservoir capacity of 43Mm3. For this reason, 

the influence of sediment on storage was not pursued further. 

 

2.5 Direct Rainfall on Reservoir 

In estimating the available water, it is also necessary to consider the amount of 

direct rainfall on the reservoir. As in evaporation computations, the effective surface 

area is 99900 m2. Data for mean monthly rainfall obtained from the metrological 

station at the Ilorin Airport was used to compute Table 2.2. The volume of direct 

rainfall on the reservoir is a product of the surface area and the mean monthly 

rainfall. 
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Table 2.2: Mean Monthly Direct Rainfall on Asa Dam Reservoir 

Month Mean  Rainfall on Reservoir 

(m3 

January 0 

February 0 

March 2,527.5 

April 8,141.8 

May 9,790.2 

June 36,963.0 

July 9,410.6 

August 8,061.9 

September 11,778.2 

October 15,494.5 

November 589.4 

December 0 

 

2.6 Reservoir Inflow 

Monthly inflow data at Asa Dam site is available from 1966 to 1985. This data has 

been extended to year 2020 by modeling the inflow. In modeling the monthly 

reservoir inflow, the Thomas – Fierring model based on a first order Markov model 

was used and the synthetic flow series were calculated using observed historical 

monthly stream flow sequences. The Thomas and Fierring model for normally 

distributed monthly stream flow is given as (Loucks et al, 1981):  

    2
1

2

11,11 1 jjjjjjjjj rszqqbqq         (2.1) 

 

where      

 ii qq ,1  generated flows during (i+1)th, ith seasons reckoned from the 

start of the synthesized sequences, 

 jqq j ,1  mean flows during  (j+1)th, jth seasons within a repetitive annual 

cycle of seasons (if months are being used, then 1 12 j ), 

1, jjb  least squares regression coefficient for estimating (j+1)th flow 

from the jth flow 

 



















j

j

jjjj
S

S
rb

1

1,1,       (2.2) 

 Z i+1 =  normal random number with mean of zero and variance of unity 

 Sj+1, Sj = standard deviations of flows during the (j+1)th, jth seasons, and 

 1, jjr  correlation coefficient between flows in , jth and (j+1)th seasons. 
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The data required for modeling of monthly reservoir inflow for Asa were determined 

and the statistical properties are summarized in Table 2.3 for observed data,  Asa 

stream flow data at Unity gauging station (1966-1985) and Parameters estimation 

for stream flow modeling are presented in Table 2.4, while the historical and 

extended stream flow data (1966 – 2020) are presented in Table 2.5.  The model 

generated for Asa monthly flows are presented in equations 2.3(a) – 2.3(l).  

 

The models for the observed monthly flow for Asa River  

1121 617.0)6525.2(2129.0453.1 zqq       (3a) 

212 44780.0)4543.1(6084.0007.1 zqq       (3b) 

323 6045.0)0070.1(8959.02510.1 zqq       (3c)      

434 0433.2)2510.1(2665.32548.3 zqq         (3d)               

545 7845.3)2548.3(2836.16290.11 zqq       (3e)     

656 9245.5)6290.11(9792.08035.15 zqq      (3f)             

767 4583.17)8035.15(3867.16145.26 zqq      (3g)            

878 1663.21)6145.26(48650.14280.48 zqq      (3h)           

989 7252.34)4280.48(4024.0613.62 zqq      (3i)        

10910 5456.16)6130.62(4798.04530.52 zqq      (3j)          

111011 0985.11)4530.52(4081.03875.22 zqq      (3k)         

121112 7935.1)3875.22(04650.06525.2 zqq      (3l)       

 

Table 2.3: Monthly flow parameters of observed flow for Asa River at Unity 

gauging station (1966-1985) 
Month Mean flow 

jq (Mm3) 

Standard 

deviation  

1js ( Mm3) 

Coefficient of 

variation (Cv) 

Coefficient of 

skewness (G) 

Serial lag one 

correlation (rj) 

Regression 

coefficient (bj) 

Jan 1.4543 0.7406 0.5093 -0.0401 0.7093 0.6084 

Feb 1.007 0.6353 0.6309 1.718 0.6855 0.8959 

Mar 1.251 0.8303 0.6637 0.5881 0.7987 3.2665 

Apr 3.2548 3.3957 1.0433 2.332 0.7551 1.2836 

May 11.629 5.7724 0.4964 0.2422 0.6903 0.9792 

Jun 15.8035 8.1884 0.5181 0.221 0.5452 1.3867 

Jul 26.6145 20.8257 0.7825 0.9595 0.8255 1.4865 

Aug 48.428 37.5021 0.7744 1.6228 0.3985 0.4024 

Sep 62.613 37.8613 0.6047 0.4794 0.7393 0.4798 

Oct 52.453 24.571 0.4684 0.4126 0.6704 0.4081 

Nov 22.3875 14.9575 0.6681 1.7811 0.3618 0.0465 

Dec 2.6525 1.9238 0.7253 1.1722 0.553 0.2129 
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Table 2.4  Asa stream flow data at Unity gauging station (1966-1985) and Parameters estimation for stream flow 

modeling  

 

MONTH   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC 

YEAR             

1966 1.3850 0.9590 1.0400 0.3650 4.3700 2.3500 1.1300 5.7400 9.5000 37.2100 3.4700 0.1500 

1967 2.2200 0.8400 2.9400 13.1900 21.3500 22.8700 69.1000 88.6000 65.1200 78.4800 17.3000 5.1800 

1968 1.1700 0.7900 0.0500 0.0000 1.8900 2.3100 27.1900 34.5000 38.8000 63.9000 15.8000 1.9600 

1969 2.1300 1.3500 2.0000 0.5700 5.0400 7.6100 13.5000 26.6000 116.4000 85.8000 46.1000 6.3000 

1970 0.5900 0.3800 0.1500 1.1500 6.2800 7.6100 8.1000 18.3000 90.7000 54.3000 6.5500 0.8100 

1971 0.1500 0.0700 0.0400 0.5200 5.3400 18.9200 23.8000 50.0000 69.6000 40.4300 5.0500 0.4100 

1972 2.9600 3.0900 3.1000 12.1000 22.3300 33.2000 70.6000 136.9000 147.2000 93.7600 69.4300 2.9700 

1973 2.1600 1.1500 1.5500 2.9900 19.1900 24.1000 48.0000 74.2200 100.9000 87.3400 32.9800 2.8800 

1974 1.9000 0.5000 1.8600 3.4000 13.2100 14.9000 13.6700 35.0000 103.8000 53.6400 25.0600 2.1000 

1975 2.1500 1.1600 1.4200 3.1200 13.5000 21.7000 16.4000 32.9000 89.1300 36.8000 20.1200 7.4600 

1976 2.1600 1.5800 1.2500 2.3900 18.3000 14.9000 36.1000 62.4000 82.7000 82.9700 32.9800 1.8400 

1977 1.2300 0.8900 0.7200 2.0700 15.5000 10.4000 43.5000 145.0000 45.1100 45.7300 16.5400 2.8800 

1978 1.1200 1.0700 1.2400 2.3400 13.3000 10.9000 16.0000 35.0000 38.7000 30.2000 19.0200 1.1200 

1979 0.9800 1.4100 1.3300 3.4100 12.8000 12.9000 9.6000 23.1000 11.8000 30.2000 19.0000 2.7000 

1980 0.9000 1.0200 1.3500 2.9000 10.5000 27.1000 11.9000 17.8000 25.4000 41.6000 20.5000 2.6400 

1981 0.7700 0.8000 0.8500 2.9000 11.4000 23.2000 9.7000 27.7000 77.5000 83.0000 28.6500 1.5400 

1982 0.1800 0.2300 0.2500 2.5000 6.5000 11.2000 6.3000 16.3000 20.3000 32.1000 21.8000 1.8200 

1983 1.6600 1.3500 1.5300 3.0700 12.7000 21.8000 54.6000 48.5000 52.4000 31.0000 16.9000 2.3100 

1984 1.5800 1.0300 1.3500 3.1500 8.9800 13.1000 18.7000 41.5000 38.2000 24.8000 11.5000 1.1800 

1985 1.6900 0.4700 1.0000 2.9600 10.1000 15.0000 34.4000 48.5000 29.0000 15.8000 19.0000 4.8000 
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MONTH   JAN   FEB   MAR   APR   MAY   JUN   JUL   AUG   SEP   OCT   NOV   DEC 

YEAR             

 
MEAN 1.4543 1.0070 1.2510 3.2548 11.6290 15.8035 26.6145 48.4280 62.6130 52.4530 22.3875 2.6525 

MEDIAN 1.4825 0.9895 1.2900 2.9000 12.0500 14.9000 17.5500 35.0000 58.7600 43.6650 19.0100 2.2050 

S.D 0.7406 0.6353 0.8303 3.3957 5.7724 8.1884 20.8257 37.5021 37.8613 24.5710 14.9575 1.9238 

C.V 0.5093 0.6309 0.6637 1.0433 0.4964 0.5181 0.7825 0.7744 0.6047 0.4684 0.6681 0.7253 

MIN 0.1500 0.0700 0.0400 0.0000 1.8900 2.3100 1.1300 5.7400 9.5000 15.8000 3.4700 0.1500 

MAX 2.9600 3.0900 3.1000 13.1900 22.3300 33.2000 70.6000 145.0000 147.2000 93.7600 69.4300 7.4600 

SKEW -0.0401 1.7180 0.5881 2.3320 0.2422 0.2210 0.9595 1.6228 0.4794 0.4126 1.7811 1.1722 

Correl, r  r1,2 r2,3 r3,4 r4,5 r5,6 r6,7 r7,8 r8,9 r9,10 r10,11 r11,12 r12,1 

 0.7093 0.6855 0.7987 0.7551 0.6903 0.5452 0.8255 0.3985 0.7393 0.6704 0.3618 0.5530 

slope, b b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 

 0.6084 0.8959 3.2665 1.2836 0.9792 1.3867 1.4865 0.4024 0.4798 0.4081 0.0465 0.2129 

C.V = Coefficient of vVariation , S.D = Standard deviation, b = slope of regression equation, r= Correlation coefficient of monthly flow 
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Table 2.5 Historical and extended stream flow data for Asa River  (1966 – 2020) 

Station: Asa                            Title: Monthly Stream Flow                                          Unit:  Mm3 

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

YEAR             

1966 1.3850 0.9590 1.0400 0.3650 4.3700 2.3500 1.1300 5.7400 9.5000 37.2100 3.4700 0.1500 

1967 2.2200 0.8400 2.9400 13.1900 21.3500 22.8700 69.1000 88.6000 65.1200 78.4800 17.3000 5.1800 

1968 1.1700 0.7900 0.0500 0.0000 1.8900 2.3100 27.1900 34.5000 38.8000 63.9000 15.8000 1.9600 

1969 2.1300 1.3500 2.0000 0.5700 5.0400 7.6100 13.5000 26.6000 116.4000 85.8000 46.1000 6.3000 

1970 0.5900 0.3800 0.1500 1.1500 6.2800 7.6100 8.1000 18.3000 90.7000 54.3000 6.5500 0.8100 

1971 0.1500 0.0700 0.0400 0.5200 5.3400 18.9200 23.8000 50.0000 69.6000 40.4300 5.0500 0.4100 

1972 2.9600 3.0900 3.1000 12.1000 22.3300 33.2000 70.6000 136.9000 147.2000 93.7600 69.4300 2.9700 

1973 2.1600 1.1500 1.5500 2.9900 19.1900 24.1000 48.0000 74.2200 100.9000 87.3400 32.9800 2.8800 

1974 1.9000 0.5000 1.8600 3.4000 13.2100 14.9000 13.6700 35.0000 103.8000 53.6400 25.0600 2.1000 

1975 2.1500 1.1600 1.4200 3.1200 13.5000 21.7000 16.4000 32.9000 89.1300 36.8000 20.1200 7.4600 

1976 2.1600 1.5800 1.2500 2.3900 18.3000 14.9000 36.1000 62.4000 82.7000 82.9700 32.9800 1.8400 

1977 1.2300 0.8900 0.7200 2.0700 15.5000 10.4000 43.5000 145.0000 45.1100 45.7300 16.5400 2.8800 

1978 1.1200 1.0700 1.2400 2.3400 13.3000 10.9000 16.0000 35.0000 38.7000 30.2000 19.0200 1.1200 

1979 0.9800 1.4100 1.3300 3.4100 12.8000 12.9000 9.6000 23.1000 11.8000 30.2000 19.0000 2.7000 

1980 0.9000 1.0200 1.3500 2.9000 10.5000 27.1000 11.9000 17.8000 25.4000 41.6000 20.5000 2.6400 

1981 0.7700 0.8000 0.8500 2.9000 11.4000 23.2000 9.7000 27.7000 77.5000 83.0000 28.6500 1.5400 

1982 0.1800 0.2300 0.2500 2.5000 6.5000 11.2000 6.3000 16.3000 20.3000 32.1000 21.8000 1.8200 

1983 1.6600 1.3500 1.5300 3.0700 12.7000 21.8000 54.6000 48.5000 52.4000 31.0000 16.9000 2.3100 

1984 1.5800 1.0300 1.3500 3.1500 8.9800 13.1000 18.7000 41.5000 38.2000 24.8000 11.5000 1.1800 

1985 1.6900 0.4700 1.0000 2.9600 10.1000 15.0000 34.4000 48.5000 29.0000 15.8000 19.0000 4.8000 

1986 0.3870 0.4554 0.4561 2.7464 3.4088 1.7219 22.0487 38.9492 84.7613 43.5850 21.2134 5.9109 

1987 1.6853 1.2511 1.5881 4.8572 13.9786 10.8694 15.0655 8.5053 43.6184 49.6861 27.8951 2.2382 

1988 1.9271 0.7801 1.0331 1.1118 8.8076 0.3433 10.9021 14.2306 63.1524 67.5504 20.2834 4.2025 

1989 1.7508 1.1887 0.9754 0.3113 5.5299 16.4022 17.9856 53.9239 107.4026 82.0714 45.0100 5.5392 

1990 2.4881 1.1365 1.1078 0.6185 12.6182 11.9379 21.8790 29.7573 40.3662 47.7773 0.3819 1.5895 
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MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

YEAR             

1991 0.1778 0.1738 2.0729 7.2002 6.9895 8.8176 47.4239 72.1926 42.9544 32.3470 2.7836 2.7877 

1992 1.3015 1.2243 2.8862 8.6520 19.2215 28.2235 65.2477 147.4523 138.2808 63.3980 11.9910 3.5288 

1993 2.9138 2.4496 2.7198 2.9788 13.7987 11.9625 24.2916 52.6839 73.3074 70.9963 11.5711 2.5997 

1994 1.9189 0.5804 0.5319 0.4160 7.8595 10.7104 20.9665 62.0750 11.1537 33.7025 7.0344 2.0787 

1995 1.5508 1.1712 1.5971 1.5457 18.4606 33.4191 62.4763 123.1996 145.4337 80.8952 35.5101 3.8039 

1996 1.3069 0.7852 0.2417 2.7486 1.2531 5.2580 8.0055 10.0082 42.2433 55.6637 21.8537 0.3325 

1997 1.0664 0.8836 0.3102 2.8434 7.8537 6.2131 8.5982 10.7619 16.9142 50.3489 23.3050 3.5943 

1998 1.9678 1.6892 3.2513 9.3641 19.5550 28.9753 37.3486 51.1229 86.6631 46.4621 18.2816 1.5781 

1999 1.5749 0.6368 0.3140 0.2350 0.1973 8.8102 44.7447 85.4941 28.1466 12.3859 25.2979 0.2501 

2000 0.1550 0.6065 1.1123 4.9408 11.4799 7.1369 0.9428 34.5774 5.6836 37.6279 9.4350 2.6382 

2001 1.4017 0.9969 1.9307 4.9113 11.7093 12.8920 46.4057 89.6305 34.5901 49.9617 18.0368 3.7493 

2002 2.2464 1.4599 1.1329 0.3871 0.1994 1.6010 12.2873 43.9260 27.6290 26.1429 1.5218 0.7441 

2003 1.7658 1.5280 1.9778 3.9243 22.2368 33.2341 35.8583 33.9757 5.7742 2.8152 7.2065 1.4281 

2004 2.1503 1.7287 1.4714 3.8143 18.3941 26.1199 28.3171 31.3395 99.7120 68.0729 32.0390 3.5338 

2005 0.9892 0.6547 0.8351 1.4856 0.9232 0.6318 3.4633 26.6666 123.8515 66.9684 38.2306 6.4750 

2006 2.0259 2.0492 2.0165 7.9297 21.0852 18.5029 15.6120 37.3460 81.2179 51.4048 23.3478 1.5971 

2007 1.8946 1.4385 1.2783 5.5139 15.0157 4.3830 35.4547 51.7285 107.7808 69.4350 45.7981 5.8575 

2008 2.7409 1.8655 1.8680 3.4668 5.0088 16.2295 21.3172 32.3689 29.7925 14.6965 4.6037 0.3680 

2009 1.1956 1.1294 1.5173 2.5370 17.6735 32.0212 74.8502 94.4859 104.3502 71.0408 17.1549 1.8399 

2010 1.8367 1.7041 2.0939 8.4751 18.4833 23.1189 44.2550 43.2456 112.4260 81.7152 43.0641 5.2230 

2011 1.9476 1.1753 1.3908 3.4129 13.8174 19.6447 53.1995 96.8344 99.1552 94.6854 41.2835 3.1787 

2012 1.5657 1.9888 2.0819 9.4322 18.5645 28.7681 59.6404 92.7857 80.2225 68.9553 5.5583 0.5949 

2013 0.7718 0.8219 0.0228 0.4083 10.0422 18.1512 19.0446 54.3971 24.1776 30.2835 7.1067 0.6412 

2014 0.9518 0.3840 0.7792 1.7950 10.9348 19.9469 33.0643 52.6226 104.6621 49.4853 41.8791 1.5341 

2015 0.0994 0.1724 0.3744 0.9574 3.4933 8.6722 5.7163 19.2717 92.9114 50.3987 28.9099 2.1673 

2016 0.8101 0.7695 0.3462 0.7041 10.7059 11.2748 18.3698 53.8847 17.2508 8.1171 8.2864 3.8286 

2017 2.1222 2.4667 3.3212 8.6146 15.1955 22.6211 76.8722 107.2712 64.7103 70.7386 30.4152 2.6735 

2018 1.4051 1.1352 1.7110 4.7427 14.7110 24.6153 26.3674 52.2114 102.1556 61.1679 16.7280 4.8498 

2019 1.8340 1.4121 0.9935 1.3322 6.3174 8.5900 2.7629 32.3127 134.5706 101.2181 42.1647 3.0045 

2020 1.9301 0.6302 0.4502 3.1601 7.5413 17.7627 39.0761 99.4510 84.1204 48.1397 29.8366 4.1576 
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MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MEAN 1.5080 1.1030 1.3238 3.5031 11.3754 15.5573 28.9482 52.8955 67.5164 52.8909 22.0503 2.7849 

MEDIAN 1.5800 1.0700 1.2783 2.9000 11.4799 14.9000 22.0487 43.9260 69.6000 50.3489 20.1200 2.6382 

S.D 0.7051 0.6046 0.8482 3.0692 6.1325 9.1937 20.7272 35.0411 39.8234 23.7443 14.1915 1.7842 

C.V 0.4675 0.5481 0.6407 0.8761 0.5391 0.5910 0.7160 0.6625 0.5898 0.4489 0.6436 0.6407 

MIN 0.0994 0.0700 0.0228 0.0000 0.1973 0.3433 0.9428 5.7400 5.6836 2.8152 0.3819 0.1500 

MAX 2.9600 3.0900 3.3212 13.1900 22.3300 33.4191 76.8722 147.4523 147.2000 101.2181 69.4300 7.4600 

SKEW -0.2735 0.8852 0.5483 1.3894 -0.0354 0.2613 0.7333 1.0965 0.1665 -0.0075 0.8095 0.6547 

             

Correl, r  r1,2 r2,3 r3,4 r4,5 r5,6 r6,7 r7,8 r8,9 r9,10 r10,11 r11,12 r12,1 

 0.7305 0.7011 0.7826 0.6625 0.7532 0.6319 0.8410 0.3576 0.7620 0.6582 0.4582 0.1277 

slope, b b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 

 0.6264 0.9837 2.8319 1.3237 1.1291 1.4246 1.4218 0.4064 0.4543 0.3934 0.0576 0.0505 

             

C.V = Coefficient of Variation           

S.D = Standard deviation           

b = slope of regression 

equation           
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2.7 Available Flow for Power Generation 

It is not economically feasible to harness the entire runoff of a river during flood 

as this will require a huge storage. In this case, the storage is defined and fixed 

and the firm yield for power generation is dependent on overflow and some other 

quantity available from the reservoir without infringing on the water supply 

requirement. 

 

The firm yield of the Asa River has been increased by the construction of the 

dam. This makes it a regulated flow. In the event of multiple uses, an adaptation 

of the Sequent – Peak analysis is one of the methods used to develop the 

storage - yield relationship. This will give a fair idea of the available flow for 

power generation as against the Flow Duration Curve method which can also be 

used but is more suited to unregulated flow. 

 

The Sequent – Peak method computes the cumulative sum of the inflows minus 

the reservoir releases over the time interval chosen for analysis. The analysis 

assumes that the time interval includes the critical period which is the time period 

over which the flows have reached a minimum causing the greater drawdown of 

the reservoir. The other assumption is that the total release over time interval of 

analysis does not exceed the total reservoir inflow (Mays and Tung, 1992). In this 

case, the Sequent – Peak method is implemented using the following equation: 

 St = Wt – It – Rt + Et + St – 1, if positive. 

 St = o, otherwise. 

 

Where St = Storage at time t 

 Wt = Water Supply demand 

It = Inflow 

Rt = Direct Rainfall on Rainfall 

Et = Evaporation from reservoir 

St – 1, = Previous Storage 

The maximum value of St  is the required active reservoir storage capacity for the 

flow sequence and the considered releases. 

 

Table 2.6 shows the computation of storage required at Asa dam to meet the 

specified obligations using the the Sequent – Peak method. Data for water 

demand, inflow, direct rainfall on reservoir and evaporation have been 

established in previous paragraphs. 
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Table 2.6: Computations of Sequent – Peak Method for Asa Dam 

Month 

Water Supply 

m3 

Reservoir Inflow 

m3 

Direct 

Rainfall m3 

Evaporation 

Losses m3 

Initial Storage 

m3 

Required 

Storage m3 

January 4,254,944.0 1,508,000.0 0.0 24,775.2 0.0 2,771,719.2 

February 4,254,944.0 1,103,000.0 0.0 24,975.0 2,771,719.2 5,948,638.2 

March 4,254,944.0 1,324,000.0 2,527.5 29,370.6 5,948,638.2 8,906,425.3 

April 4,254,944.0 3,503,000.0 8,141.8 16,483.5 8,906,425.3 9,666,711.0 

May 4,254,944.0 11,375,000.0 9,790.2 15,484.5 9,666,711.0 2,552,349.3 

June 4,254,944.0 15,557,000.0 36,963.0 8,691.3 2,552,349.3 0.0 

July 4,254,944.0 28,948,000.0 9,410.6 8,671.3 0.0 0.0 

August 4,254,944.0 52,896,000.0 8,061.9 9,290.7 0.0 0.0 

September 4,254,944.0 67,516,000.0 11,778.2 8,981.0 0.0 0.0 

October 4,254,944.0 52,891,000.0 15,494.5 8,671.3 0.0 0.0 

November 4,254,944.0 22,053,000.0 589.4 19,181.0 0.0 0.0 

December 4,254,944.0 2,785,000.0 0.0 29,730.2 0.0 1,499,674.2 

  261,459,000.0     
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From Table 2.6, St = 9,666,711 m3,  which is the maximum storage to cater for water 

supply. 

The storage capacity of the Asa Dam reservoir is 43 Mm3 . The 50 year sediments in the 

reservoir has been established as 1.2 Mm3. Assuming a value of 2Mm3 for 

sedimentation in case of changes in land use of the catchment, a storage of 41 Mm3 is 

available for use. The storage required to meet water demand obligation for the dam as 

established above leaves a balance of  

 41,000,000 – 9,666,711 = 31,333,789 m3  for other uses. 

The Sequent – Peak analysis was done on a monthly basis. This amount of water for 

other uses translates to 12.09m3/s. A quick check using the data in Table 2.5 for a flow 

duration method yielded Table 2.7 and Figure 2.1. From these, 50% dependable flow for 

the Asa River is about 15 m3/s. Considering the regulation introduced by the dam, the 

value obtained using the Sequent - Peak method seems fair. 
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Table 2.7: Calculation of Flow Duration Curve from Flow data of Asa Dam 

 Daily Mean 

Discharge 

(m3/s) 

No of flow 

occurrence 

Cumulative no 

of occurrence 

 % time 

equaled or 

excelled 

140-149 4 4 0.605144 

130-139 3 7 1.059002 

120-129 2 9 1.361573 

110-119 2 11 1.664145 

100-109 9 20 3.025719 

90-99 10 30 4.538578 

80-89 17 47 7.110439 

70-79 11 58 8.774584 

60-69 15 73 11.04387 

50-59 19 92 13.91831 

40-49 32 124 18.75946 

30-39 40 164 24.81089 

20-29 54 218 32.98033 

13-19 68 286 43.26778 

0-9 374 660 99.84871 

 

 

 

 
Figure 2.1: Flow Duration Curve for Asa Da



 

 

 
 
 
  CHAPTER THREE 

DEVELOPMENT OPTIONS 

3.1 Development Options 

In considering various options and deciding which one is worthy of further consideration, 

a field survey was carried out to gain information about the existing topography and the 

subsoil conditions to accommodate the structures. The result of the topographical survey 

is shown in Figure 3.1 while the downstream elevation scenario is in Figure 3.2. Figure 

3.3 shows the locations of the Vertical Electric Sounding for the geophysical 

investigations. The details are in Appendix 1. There is an existing structure on the 

ground which is used for water supply only. It is important that the retrofitting to be done 

will not cause any structural damage to the facilities on ground. The challenge therefore 

is to tap from the water resources available, at a head sufficient to guarantee maximum 

possible power generation. Various options were considered: 

a. There is an existing De-silting Pipe running from the upstream to the downstream 

outside the spillway wing wall (figure 3.2). However, the maximum achievable 

head with this pipe is only 4.0m, which is small. Possible power generation from 

the release of this pipe is between 200 – 300KW. 

b. The use of a Morning Glory spillway in the reservoir to convey water to the 

downstream power house. While this arrangement can command a maximum 

head of up to 15m, its construction will not only be difficult, it may involve 

compromising the safety of the existing structure. 

c. The use of the siphon over the existing spillway to tap water from the upstream 

and transporting it through a conduit channel to a surge tank further downstream. 

This can command ahead of 13m from the siphon entrance to the power house. 

This is the preferred option since the structural integrity of the dam will not be 

bridged. This arrangement is shown in Figure 3.4. 
 

The estimated available discharge is 12.09m3/s. Assuming the use of three siphons of 

4.03m3/s discharge each and a steel pipes of 1.2m diameter, the head difference 

required to sustain siphoning can be estimated from 

 Q = CA√(2gH) 

 Where   Q = discharge = 4.03m3/s 

C = discharge coefficient (estimated from siphon length, 

diameter and loss coefficient to be 0.42 

    A = Pipe cross sectional area = 1.13m2 

    g = acceleration due to gravity 

    H = flow head, estimated to be 3.75m 

Water depth above the siphon entrance is estimated at 1.24m. 
 

Observations made during low flows indicated that the level of water in the reservoir can 

go down to 291.0. The siphon invert level can thus be fixed at 291.0 – 1.24 = 289.76. 

The siphon is assumed to be 3 nos 1.2m diameter steel pipes, 160m length each. The 

surge tank level is 291.0 and the power house is set at 278.0. The penstock links both 



 

 

structures and its estimated length is 240m from the topographical survey. It is of steel 

material. 

 

3.2 Turbine Selection and Efficiency 

Based on the net head at which the turbine to be used will operate, it will be a medium 

head turbine. For this purpose, a Kaplan Turbine is recommended for use (Rajput, 

2006). The efficiency used in power studies is the combined efficiency of the Turbine and 

the Generator. Generator efficiency is usually assumed at 98% for large units and 95 to 

96% for units smaller than 5MW. Turbine efficiency however varies with the discharge 

head (Mays, 2005). In this case, the selected turbine has an efficiency of 80%. 

 

3.3 Hydropower Potential of Asa Dam 

The hydropower potential of the dam can be estimated from the equation below: 

 P = 9.81 x Q x H x Et x Eg 

 Where P = Power (KW) 

  Q = Discharge for power generation = 12.09 m3/s 

  H = Net Head = 13m 

  Et = Turbine efficiency = 80% 

Eg  = Generator Efficiency = 95% 

Thus P = 9.81 x 12.09 x 13 x 0.8 x 0.95 = 1170 KW = 1.17MW 

 

3.4 Conclusion 

The amount of potential available at Asa dam is 1.17MW. This is about half the 

requirement of the Treatment Plant. The installed capacity will depend on the capacity 

factor. The capacity factor for hydro electric plant generally varies from 0.25 to 0.75 

(Dandekar, 1979). It is to be noted that excess water currently available will yield more 

than this. However, this computation has taken into consideration the gestation period of 

the hydropower development and the primary function of the Asa dam for at least the 

next 15 years. 

 

3.5 Environmental Impact Assessment 

It is imperative that an impact assessment be conducted for this type of project and 

study. A negative impact will significantly affect funding, execution and acceptance. An 

impact assessment was thus conducted in this assignment and the report is attached as 

Appendix 2. 



 

 

  

CHAPTER FOUR 

PROJECT COST ESTIMATE 

 

4.1 General 

The costs herein are for planning purposes only as a more accurate one can only be 

done after a detailed engineering design is completed. Various costs were examined and 

the values used are averages of these. Similarity of power generation, environment, 

head and discharge were also used in deciding on the appropriate costs. A study of 

various plants has indicated that for minimum civil features as at Asa, where the dam 

already exists, the percentage of cost distribution is as follows (US Army, 1979): 

SN Item Percentage 

1. Civil Works 15% 

   

2. Electro mechanicals:  

a. Turbine / Generator 39% 

b. Accessory Electrical Equipment 11% 

c. Miscellaneous Power Plant Equipment 5% 

   

3. Engineering Design and Supervision and 

Legal 

20% 

 TOTAL 100% 

 

4.2 Civil works 

These include the siphon, conduit channel, surge tank, penstock, the power house, 

machinery foundations, the tail race channel to return the water to the river and the 

access road. These are largely site specific. Since the cost of penstock has significant 

impact on the overall cost of the scheme, their length has been made as short as 

practicable without compromising the head. 

 

4.3 Electro Mechanical Parts 

Generally speaking, machinery costs for high head schemes are lower than for low head 

schemes of similar power. High head machines have to pass less water than low head 

machines for same power output and are therefore smaller. They also run faster and 

thus can be connected directly to the generator without the complication of gearbox or 

belts. The electrical system will involve the control panel and system, the wiring within 

the power house, a transformer, plus the cost of connection to the treatment plant.  

 

4.4 Engineering and Legal Costs 

These costs encompass the engineering services to design and manage the installation, 

plus supervision costs for the project. An approximate of 15% is reasonable. No land 

acquisition cost is required. 

 



 

 

From the foregoing, costs of similar schemes in size and environment elsewhere (DFID, 

2000) (Canadian Ministry of Natural Resources, 2004) guided in the estimation of the 

following costs: 

SN Activity Cost (USD) 

1. Civil Works 105,000 

2. Electro mechanicals 1,170,000 

3. Engineering Consultancy 250,000 

4. Contingency 125,000 

 Total 1,650,000 

  (Total cost equivalent – N250,000,000) 



 

 

CHAPTER FIVE 

PROJECT ECONOMIC ANALYSIS 

5.1 METHODS AND CRITERIA 

5.1.1 Preamble 

The Asa Dam Waterworks requires 2.3MW of electricity to be able to function optimally.  

At the moment, Waterworks depends solely on the National Electric Power Authority 

(NEPA) to meet its electricity requirement.  On the average, NEPA provides electricity to 

the waterworks for about nine (hours) on daily basis at a cost of N6,000,000 per month.  

Principally, the lack of stable power supply has not allowed the water supply delivery to 

meet the demand of the populace.  From the foregoing, it was reasoned that the 

incorporation of a hydropower system into the existing waterworks will provide 50% of 

the power requirements of the waterworks.  The cost of construction of the hydropower 

system is N250,000,000 with a completion period of 24months.  The immediate benefits 

of the hydropower system to the Kwara State Water Corporation are: 

a) Reduction in monthly payment of electricity bill 

b) Improvement in the water supply delivery 

c) Improvement in revenue generation 

 

This chapter examines the economic viability of the hydropower project using economic 

indicators such as the Benefit – Cost Ratio, Net Present Value and Internal Rate of 

Return.  Annual values of costs and returns on a common time basis were undertaken. 

5.1.2 Assumptions 

The following assumptions were made: 

a) A period of 25 years was adopted as the lifetime of conveyance pipeline, pumping 

station and electromechanical components. 

b) A period of twenty-five (25) years was adopted as the period of analysis to 

determine the economic viability of the project. 

c) The labour requirement for the day-to-day operation of the hydropower system 

would be met by the existing labour force of the Kwara State Water Corporation 

hence, provision was not made for the annual cost of labour.   

d) The annual cost of maintenance and repairs of the hydropower system is 

expected to vary depending on the actual operational hours that the system 

components are involved, and the manner in which the operations are carried out.  

In order to estimate the annual maintenance and repairs costs for this project, use 

was made of a percentage of the initial investment cost in the various components 

of the hydropower system. In developed countries where the stations are 

unmanned and automatically controlled, the maintenance cost is taken as 2% 

(Stojimirovic & Chu, 2002). In this case, a monthly sum of N1,000,000 (about 5%) 

was earmarked for this exercise. 



 

 

e) In order to allow for comparison between the existing situation and the proposed 

situation, the source of fund for the construction of the hydropower system was 

assumed to be through a grant from the Federal Government of Nigeria hence no 

provision was made for the repayment of the construction cost. 

f) The sum of N6,000,000 currently being paid as monthly electricity bill was taken 

to be the monthly cost of electricity for the existing situation (NEPA Only). 

g) The proposed sum of N1,000,000 to be expended on the operation and 

maintenance of the proposed hydropower system was taken as the monthly cost 

of electricity for the proposed situation (PHCN + Hydropower). 

h) A sum of N24,101,625 was assumed as the monthly gross revenue accruing to 

the Kwara State Water Corporation through the sale of water to its registered 

customers.  This amount was arrived at by multiplying N500 (Monthly Billing Rate 

per household) by 75% of the total number of registered customer (16,271).  It is 

however expected that with an improved water delivery system, the revenue 

generation will increase by about 25%. 

 

5.2 CONSIDERED SCENARIOS 

5.2.1 PHCN Only 

This is the existing situation in which the sole source of electricity to the waterworks is 

through PHCN.  The waterworks pays a monthly N6,000,000 (N72,000,000 annually) for 

only 9hours of 2.3MW of electricity.  The annual cost of electricity is thus N72,000,000.  

The generated revenue will be N289,219,500 

 

5.2.2 Hydropower System Only 

In this case, an attempt was made to substitute the existing source of electricity supply 

with the hydropower system.  The cost of construction of the hydropower system is 

N250,000,000 with an additional annual N12,000,000 for operation and maintenance 

costs.  The generated revenue will be N289,219,500 as from the third year to the lifetime 

of the system. 

 

5.2.3 PHCN + Hydropower System (with construction cost) 

This scenario allows electricity to be sourced from both PHCN and the proposed 

hydropower system.  Consideration will be given to the cost of constructing the 

hydropower system during computation.  Furthermore, the annual cost of electricity for 

PHCN will be N36,000,0000 from the first year to the lifetime of the system and that of 

the hydropower system will be N235,500,000 in the first year of construction, 

N159,500,000 in the second year of construction and N12,000,000 from the third year of 

construction to the lifetime of the system.  The generated revenue will be N289,219,500 

 



 

 

5.2.4 PHCN + Hydropower System (without construction cost) 

This is similar to the scenario in paragraph 5.2.3 above except that consideration will not 

be given to the cost of constructing the hydropower system during computation.  The 

annual cost of electricity for PHCN will be N36,000,0000 and that of the hydropower 

system will be N12,000,000.  Thus, the total annual cost of electricity for this scenario will 

be N48,000,000 

 

5.2.5 PHCN + Hydropower System + 25% of Generated Revenue (without 

construction cost) 

This scenario allows for a 25% increment in the generated revenue from the sale of 

water due to the improvement of water delivery to the populace occasioned by stable 

electricity supply.  Annual The cost of electricity for this scenario is N48,000,000.  The 

generated revenue will increase from N289,219,500 to N361,524,375 as from the third 

year to the lifetime of the system. 

 

5.2.6 PHCN + Hydropower System + 25% of Generated Revenue (with 

construction cost) 

This is similar to the scenario in paragraph 5.2.5 above except that consideration will be 

given to the cost of constructing the hydropower system during computation.  The annual 

cost of electricity is similar to that of scenario in item c above.   

 

5.3 ECONOMIC INDICATORS 

5.3.1 Benefit – Cost Ratio (BCR) 

The annual benefit is the annual revenue generated through the sale of water.  When the 

annual benefit is divided by the annual cost of electricity consumed, it is termed the 

Benefit – Cost Ratio.  This comparison provides a benefit – cost assessment of the 

project and the means to assess its attractiveness.  Table 5.1 presents the BCR results 

for considered scenarios.   

 

5.3.2 Net Present Value (NPV) 

The process of discounting provides a means of assessing the present value of a cash 

flow at various future dates.  The NPV measures the size of contribution that each 

source or the combination of the sources of electricity to the profit of the waterworks.  

Table 5.1 presents the NPV results for the considered scenarios. 

 

5.3.3 Internal Rate of Return (IRR) 

This is a measure of the productivity per unit of capital invested in a project.  

Computation of IRR was done by discounting the difference between the annual revenue 



 

 

generated through the sale of water and returns for each year and the annual cost of 

electricity consumed.  Table 5.1 presents the IRR results for the considered scenarios.   

 

Table 5.1: Summary of Computations 

 

Considered Scenarios 

Economic Indicators 

BCR 
IRR 

(%) 
NPV (N) 

PHCN Only 4.02 75.83 N286,455,674.51 

Hydropower System Only(with 

construction cost) 
0.84 87.59 (N17,981,997.49) 

Hydropower System Only(without 

construction cost) 
7.5 82.99 N103,715,217.33 

PHCN + Hydropower System (with 

construction cost) 
1.83 79.73 N164,261,520.55 

PHCN + Hydropower System (without 

construction cost) 
6.03 75.83 N318,105,393.74 

PHCN + Hydropower System + 25% 

of Generated Revenue (with 

construction cost) 

1.96 80.35 N190,186,815.94 

PHCN + Hydropower System + 25% 

of Generated Revenue (without 

construction cost) 

6.51 76.86 N343,917,598.90 

 

5.4 DISCUSSION OF RESULTS 

The following deductions can be made from Table 5.1: 

a) The values of IRR obtained from the computation are very high.  This was as a 

result of the gross revenue used for its computation.  This however does not pose 

any problem to the comparison exercise. 

b) If the existing situation (PHCN Only) had been able to adequately meet the 

electricity requirement of the waterworks there would not have been any need for 

the proposed hydropower system. 

c) Substituting the existing situation with only the hydropower system is not viable 

economically, besides, the proposed hydropower system can only provide half of 

the electricity requirement of the waterworks. 

d) As it was previously assumed, if the funding for the construction of the 

hydropower system is through a grant from the Federal Government of Nigeria, 

the combination of the existing situation with the proposed hydropower system 

without any consideration for repayment of capital investment makes the most 

economically viable option 

 



 

 

5.5 CONCLUSION AND RECOMMENDATION 

Retrofitting the Asa Dam for hydropower generation is economically viable and  will 

improve the revenue generation base of the Kwara State Water Corporation.  However 

other relevant factors in water supply must be addressed too. 

 



 

 

 

APPENDIX 1 

SUBSOIL INVESTIGATION AND GEOPHYSICAL 

SURVEY REPORT 
 



 

 

GEO-ELECTRICAL INVESTIGATION BY MEANS OF THE SCHLUMBERGER 

ARRAY.  

 

i. General information on Vertical Electrical Soundings and Electrical profiling. 

Geo-electrical prospecting has the purpose of distinguishing examined 

formations on the basis of their electrical characteristics. This method is of 

common use in those cases in which between the units forming the 

stratification sequence there is such a consistent difference in resistivity so as 

to permit a reliable interpretation of graphically represented data (Sabet, 

1975). The depth of investigation depends on the length of the electrodes 

extension employed. In our case, measurements line of 60M of AB was used 

for performing the VES, allowing a depth of investigation of 30-40m.  

 

Scope of the Electrical profiling was to evaluate the extension of the rocky 

substrate in perpendicular direction in respect of dam axis. This was based on 

the hypothesis of having a dissimilar resistivity between conductive 

overburden strata and bedrock.  

ii. Methodology (Pozdnyakova, 2000):  

The Schlumberger apparatus is made up of 4 no. aligned electrodes (A and B) 

for current applying and M and N for potential reading) symmetrically 

distributed around a central reference point.  

While M and N electrodes are kept fixed at a suitable distance, A and B 

electrodes are progressively shifted away from the central reference point 

measuring, for each position, the apparent resistivity. The method consists in 

applying current into the ground by using electrodes A and B and measuring 

the difference in potential between electrodes M and N.  

From the current and potential measurements obtained in this way, the 

apparent resistivity of the ground can be calculated using Ohm’s law.  

ρα = ∆V/I л (AM x AN) / MN 

 

where AM, AN, MN = distance between electrodes (m) 

∆V = potential difference (milli-Volt)  

I = current intensity (milli-ampere)  

 

On the field, the measured apparent resistivity values are directly placed on logarithmic 

resistivity graphs where AB/2 values area expressed in m and the apparent resistivity in 

Ohm’s meter. 

For the execution of the measurements, the following instruments were employed.  

1. Geo-resistivity meter, with digital multimeter, zero-adjusting circuit for 

spontaneous potential and fixed data reading.  

2. Highly insulated cables on portable rolls in 100m crop ends.  

3. Steel electrodes for A and B. 

4. Copper electrodes for M and N. 

5. Connecting Cables 

6. 12 Volts Battery. 



 

 

 

iii. Interpretation of electrical data  

On the basis of the apparent resistivity curves, actual resistivity values and 

depth of soil layer have obtained through the following operations:  

 Comparison with theoretical pre-calculated Orellana-Mooney curves 

(auxiliary point) 

 Verification on data interpretation on the basis of four layers theoretical 

curve. 

 Interactive control between multiplayer models and field data acquired by 

means of software’s based on the “Ghosh Filter” method.  

 

TABLE 1: The Resistivity Sounding Data Obtained Along the Axis of the Dam Site 

AB/2 VES 1 VES 2 

1 735.7 366.5 

2 961.9 269.1 

3 881.3 195.2 

4 583.0 162.6 

5 469.3 141.5 

6 327.8 133.4 

7 224.7 125.6 

8 137.3 120.2 

10 92.2 134.1 

15 70.6 160.0 

20 65.3 240.4 

25 77.4 321.5 

30 82.6 386.5 

35   

40   

50   

60   

80   

100   

  



 

 



 

 

TABLE 2: The Resistivity Sounding Data Obtained Along the Spillway of the Dam Site 

AB/2 VES 1 VES 2 

1 403.3 307.8 

2 456.8 229.9 

3 429.5 182.0 

4 332.2 167.3 

5 277.9 153.4 

6 234.2 162.5 

7 238.8 172.4 

8 225.8 190.9 

10 240.7 240.3 

15 337.5 420.5 

20 522.5 681.5 

25 710.6 828.7 

30 883.0 1009.1 

35   

40   

50   

60   

80   

100   

 



 

 



 

 

TABLE 3: INTERPRETATION (VES 1 UPSTREAM) 

Configuration: Schlumberger Array 

Layer No. Thickness Resistivity Lithotype 

1 2.4 984.7 Top Lateritic Sand  

2 5.6 39.2 Clay/weathered Rock 

3 11.7 89.2 Weathered/fractured Basement 

4 - 168.1 Fresh/fractured basement rk.  

 

 

TABLE 4: INTERPRETATION (VES 2 UPSTREAM) 

Configuration: Schlumberger Array 

Layer No. Thickness Resistivity Lithotype 

1 1.4 362.1 Top Lateritic Sand  

2 4.6 80.6 Clay/weathered Rock 

3 6.0 410.6 Weathered Basement 

4 - 1804.6 Fresh basement rk.  

 

TABLE 5: INTERPRETATION (VES 1 DOWNSTREAM) 

Configuration: Schlumberger Array 

Layer No. Thickness Resistivity Lithotype 

1 2.1 479.5 Top Lateritic Sand  

2 2.7 98.4 Clay/weathered Rock 

3 3.1 584.2 Weathered/fractured Basement 

4 - 6122.5 Fresh basement rk.  

 

 

TABLE 6: INTERPRETATION (VES 2 DOWNSTREAM) 

Configuration: Schlumberger Array 

Layer No. Thickness Resistivity Lithotype 

1 1.1 340.4 Top Lateritic Sand  

2 2.2 78.3 Clay/weathered Rock 

3 2.6 946.4 Weathered Basement 

4 - 10001.1 Fresh basement rk.  

 



 

 

iv. SUMMARY OF THE VERTICAL ELECTRICAL SOUNDING RESULT  

A total of 4 no. VES were performed, as shown in the data presented above.  

UPSTREAM 

Layer Thickness Resistivity Thickness  Resistivity Lithotype  

1 2.4 984.7 1.4 362.1 Lateritic Soil  

2 5.6 39.2 4.6 80.6 Clay Insitu  

3 11.7 89.2 6.0 410.6 Weathered Rk.  

4 - 168.2 - 1804.0 Fresh/Fractured Rk 

 

 

DOWNSTREAM 

Layer Thickness Resistivity Thickness  Resistivity Lithotype  

1 2.1 479.5 1.1 340.4 Lateritic Soil  

2 2.7 98.4 2.2 78.3 Clay Insitu  

3 3.1 584.2 2.6 946.4 Weathered Rk.  

4 - 6122.5 - 10001.1 Fresh/Fractured Rk 

 

 

RESISTIVITY RANGE POSSIBLE ROCK 

250-900 Laterite  

30-120 Clay material 

150-900 Weathered/Fractured Rock 

>1000 Fresh Basement Rock  

 

 

SUMMARY/CONCLUSION 

 

1. The expected overburden at the Upstream area is between 10.0-20.0 meter. 

2. The expected overburden at the Downstream area is between 5.0-10.0 meter. 
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CHAPTER ONE: INTRODUCTION 

1.1 General 

The National Centre for Hydropower Research and Development, University of Ilorin, 

is conducting a study on the incorporation of an hydropower component into the Asa 

Dam. A major component of this study is the EIA. The study was divided into the 

following aspects: Hydrology and Water Quality; Soil and Environment; Socio-

economy; and Public Health and is largely confined to the environmental impacts 

associated with the construction and operation of the power component of the dam.  

 

1.2 Project Location 

The Asa Dam is located in Ilorin Town across River Asa.  Geographically, Asa Dam 

lies broadly between latitude 80 35’ and 80 40’ N and longitude 40 20’ E and 40 30’ E.  

The Asa River has long been recognized as an extremely valuable resource in the 

North Central part of Nigeria.  The value of this resource, as an economic asset was 

significantly enhanced by the construction of Asa dam at the outskirts of Ilorin Town 

for water supply to Ilorin and surrounding towns and villages. 

The following villages under Ilorin West Local Government Area are situated in the 

immediate vicinity of the Project facilities: Ali-Ara, Ajara, Adedoyin, Aremu, Alagbako 

and Apata –Out.  Other villages at the upstream of the proposed power station are 

Osin Ajaka, Budo-Oba and Ayekale.  These villages are linked by a lateritic road. 

 

1.3 Climate and Topography  

Nigeria’s climate is characterized by two seasons (the rainy and dry seasons), with the 

climate determined predominantly by the dry tropical continental and moist equatorial 

maritime.  The boundary zone between the two air masses is the Inter-Tropical 

Discontinuity (ITD) which moves northwards or southwards depending on the pressure 

condition in the Sahara.  At the height of the rainy season in August, the ITD is located 

around latitude 20N.  It is the seasonal movement of the ITD that determine the 

duration of the wet and dry season and their intensity in various part of the country. 

 

The Asa Dam is located within the Asa river basin in the north-central part of Nigeria.  

The mean annual rainfall of this location is 1234.36mm.  The temporal distribution of 

annual rainfall within the year is indicated by the distribution of mean annual number 

of rain days.  As in the distribution of precipitation amounts, the mean annual number 

of rain days is highest near the coast in the south (over 200 days) and decreases 

northwards with the northeastern parts recording the least number of rain days (less 

than 60 days).  The import of the pattern is that in the southern parts of the country, 

rainfall is not only relatively high in amounts but is better distributed within the year in 

contrast to the situation in the northern part where rainfall amount is relatively low and 
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concentrated in a few months.  The project area has a mean annual average of about 

100 rain days.   

Generally, the cold dry north-easterly air mass (harmattan) usually prevails over the 

country between November and March with greater intensity over the northern areas 

while the rain bearing air mass prevails between April/May and rainfall is experienced 

intermittently till October.  The highest mean temperature of between 28.10 - 29.10C 

occurs in February to April before the onset of rain.  Relative humidity at the peak of 

the dry season is as low as 65%, attaining the highest value (86%) in September.  

The monthly distribution of wind directions over the project region indicates that 

northerly and northeasterly winds dominate during the dry season, especially 

November to March, while southwesterly and westerly winds holds sway during the 

wet season between May and October.  Winds are generally strong between March 

and October with the strongest occurring in March/April while the weakest winds occur 

between November and December. 

The topography of the Asa catchment ranges from low lying flood plains adjacent to 

River Asa and it’s tributaries, to low lying plains, gently rolling and undulating plains 

with dominant slopes being 0% – 3% (some having 6%) with rock outcrops of granite 

cones.  Generally, drainage is good in the upper reaches while areas towards the river 

and its tributaries are subject to seasonal flooding. 

 

1.4 General Methodology  

It is usual that an EIA encompasses planning/design, construction and post 

construction phases of a project. The current exercise however is largely pre-

completion in scope. This is because the construction of some components and 

facilities like dam has been completed prior to undertaking this exercise.  

Screening and scoping was done in deciding whether an EIA is necessary and to what 

detail as required by legislation and identifying the key environmental issues. The 

guidelines of the Ministry of Environment specify that all major projects must have a 

properly conducted EIA. 

Realistic and affordable mitigating measures cannot be proposed without first 

estimating the scope of the impacts.  It then becomes important to quantify the impact 

of the suggested improvements by further prediction work which is the import of this 

report. 

The period of the EIA lasted from 12 month from preparation through to production of 

final report with the EIA team members carrying out the study work as a unit. This 

provided the opportunity for environmental changes and mitigation measures to be 

properly examined.  Realistic and affordable mitigating measures cannot be proposed 

without first estimating the scope of the impacts.  It then becomes important to 

quantify the impact of the suggested improvements by further prediction work which is 

the import of this report.   
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In determining the significance of various environmental impacts, it is imperative that 

the existing conditions must first be established.  This information was then used as a 

basis for evaluating predicted changes.  The information will also show the state of the 

environment in relation to established limits, guidelines or objectives that relate to a 

particular environmental parameter.  Such information even indicated situation in 

which small changes in environmental condition could be significant given the 

prevalent conditions (Bhatia, 2001). 

The two main methods for establishing existing baseline condition are: 

(a) If the parameter has been monitored in the area of interest and the information was 

available, it may then be sufficient to define the existing conditions. 

(b) If the field data are not available, field measurement and assessment will be 

carried out. 

A combination of the two methods was used in defining the existing baseline 

conditions.  The manner in which the background conditions existing in the project 

location were established and the results obtained are discussed in the section that 

follows.  It is expected that during and after construction, other aspects of the EIA like 

Management and Monitoring and Environmental Auditing will be carried out on a 

continuous basis. 

 

1.4.1 Hydrology, Water Quality and Fisheries 

Plan of Work 

In accordance with the terms of reference and to make for an effective study, River 

Asa was divided into three blocks as follows: 

 

Block I -Upper Asa basin immediately above the Asa reservoir. 

Block II - The Asa reservoir 

Block III - Asa basin immediately downstream of Asa dam. 

Survey studies in these blocks were undertaken and completed in March 2011 by 

many experts and assistants. 

 

 Water Quality Survey (Eaton et al, 1995): 

(a) Introduction and Objectives 

In the course of executing this study, several field measurements and laboratory 

analysis for parameters were either taken or performed in the dry season and wet 

season. Water samples were collected from River Asa at the specified study blocks.  

Groundwater samples were also collected from wells in and around the project area.  

A total of 20 water samples were collected both for surface and groundwater quality 

analyses at the three blocks.  The overall objective of the water quality survey was to 

characterize the physical and chemical parameters in the River Asa and thereby 
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define the water quality guidelines to be maintained in the management of the 

reservoir, irrigation and hydropower system. 

 

(b) Field and Laboratory Procedure 

Field measured parameters included temperature and pH.  Water samples for 

laboratory analysis were collected at midstream and at both banks of the river at 

shallow depths in each of the specified blocks.  Special care was taken to preserve 

the samples for laboratory determination of parameters that changes with time and 

labeling done appropriately.  The following parameters were analyzed: 

 

Total solids (TS) Total hardness 

Total dissolved solids (TDS) Sulphate (SO4
-) 

Biochemical Oxygen Demand 

(BOD5) 

Alkalinity 

Chemical Oxygen Demand (COD) Turbidity 

Iron (Fe) Temperature 

Phosphate (PO4 
-) pH 

Ammonia (NH4 +) Suspended solids 

Manganese (Mn) Nitrate 

Chloride (Cl) Dissolved Oxygen 

 

Standard laboratory methods were employed for the analysis of the above 

parameters.  Also standard laboratory quality control procedures were followed for the 

chemical analysis of the water samples.  These included determination of reagent 

blanks for nitrate analysis, use of fresh standards for chloride and alkalinity analysis 

and duplicate analysis of the same sample for Total Dissolved Solids (TDS), Chemical 

Oxygen Demand (COD) and Suspended Solids (SS). 

 

 Biological Survey 

(a) Introduction 

Reservoir fisheries are normally established for commercial, subsistence, or 

recreational purposes or for a combination of these under careful management. The 

three kinds of fishing complement each other and expand the total benefits obtained.  

To achieve maximum production, detailed evaluation of fishery prospects and 

problems must be done early in the planning/design process.  A biological survey was 

carried out mainly to characterize the types and species of fishes in the Asa basin.  

The objective of this aspect of the study is to understand (through direct observation 

and oral interview) the likely impact of the Asa dam and proposed hydropower project 

on fisheries of the basin and offer safeguards. 
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(b) Field and Laboratory Procedure 

During the field survey, it was observed that fishing activities were pronounced within 

the Asa basin and fishing is done on a part time and full time basis by indigent and 

migrant fishermen especially with availability of a permanent water body in the 

reservoir. Their catches were sometimes examined to determine the diversity and 

dominant species or commercially available species.  Some fishermen were 

interviewed using questionnaire.  Other personnel interviewed included the Local 

Government Area Fishery Officers and the Officials of Fisheries Department in Kwara 

State Ministry of Agriculture. 

Hydrological Survey 

The pre-hydropower variation in flow was analyzed in other to predict the post- 

hydropower variation in water discharge.  Groundwater level data were obtained and 

analyzed.  Sediment transportation and deposition in the reservoir were analyzed.  

The environmental consequences of sedimentation were considered.  Questionnaires 

were administered to find out the extent of farming and use of synthesized (chemical) 

products within the study area.  In all, 25 farmers were interviewed. 

 

1.4.2 Soil Quality and Wildlife 

Methodology 

Soil is an important component of the natural environment and is a primary medium 

for many biological and human activities, including agriculture. Its protection in relation 

to hydropower development deserves considerable attention.   

Three approaches were adopted in the field study namely:- 

i) Interview with farmers and communities in the area using questionnaires 

ii) Discussions with corporate agricultural agencies operating in the general area and 

iii) Direct field investigations of the effects of the project on the soil quality and wildlife 

in the project area. 

 

Interviews with communities were conducted in selected villages.  Field investigations 

included the documentation of land use types and spatial relationships.  Observation 

with sampling, of surface water conditions within areas, observations of flooding or 

waterlogging conditions in fields proximate to the villages visited; investigation of salt 

pollution (e.g. salinilization, sodicity, eutrophication, etc) in soil and surface water 

arising from fertilizer and agro-chemical uses; documentation of agrochemical 

practices in rain-fed fields; recording of pest and disease situations of crops plants of 

phenological growth stages; and recording of the nature and pattern of the occurrence 

of upland and aquatic weeds in the study areas. 
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1.4.3 Public Health 

General 

The objective of this Public Health Assessment is to identify the ecological and social 

impacts that this project would have on the population living on the area who are 

mostly farmers, access the risk associated with these and formulate necessary 

mitigative action for inclusion in the project execution.  The Terms of Reference for the 

public health aspect as designed and applied by yhe team included: 

o Review information already available in Nigeria and elsewhere with respect to the 

incidence of diseases in Hydropower projects with characteristics similar to that 

being proposed. 

o Study the epidemiological evidence of Water Related Diseases. 

o Survey of water bodies associated with or found on or near the project site with 

particular focus on Schistosomiasis (Bilharziasis), Onchocerciasis (River 

Blindness), Filariasis (Elephantiasis), Malaria, Trypanaosomiasis (sleeping 

sickness) and Dracunculiasis (Guinea worm).  

o Study water contact practices of the population around the project site 

 

1.4.4 Socio-Economic Aspects 

Objective 

This report covers the Socio-economic aspect of the study. The anticipated 

environmental impacts of the project in respect of this aspect of the study were 

investigated, and measures to mitigate the effects of the impacts were equally 

enunciated. 
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CHAPTER TWO: HYDROLOGY, WATER QUALITY AND FISHERIES 

2.2. Hydrology 

2.2.1 Flow Regime 

The primary effect of a dam built across a river is to regulate its flow by storing excess 

water during flood flows and releasing part of it during low flows.  Though the project is 

presently in operation, a quick flow simulation of the reservoir operation was carried 

out on the river flow before and after the dam with an assumption that there is no 

deliberate compensatory release of water from reservoir to the immediate downstream 

as shown in Table 2.1 using the full years of stream flow records at unity road bridge 

observed before the dam construction.  The pre-dam low flows during the period of 

greatest water deficit (December to April) was 0.4% to 1.3% of the mean annual flow 

(MAF) (0.39 to 1.26m3/s). During the post-dam period, the extraction of 24MGD for 

domestic water supply was included for the treatment plan capacity.  It was observed 

that the river flow ceased as filling of the reservoir takes place during this period hence 

spill is not expected from the reservoir. 

The generation of hydropower in excess of 1000 kW with a turbine flow of about 

16.2m3/s modified the flow regime of the river downstream of the dam.  Considering 

the inclusion of turbine flow for power generation, it can be seen that the minimum 

discharge for the period investigated is increased from about 0% of the MAF for the 

dry months to about 7.54% of the MAF (6.25m3/s) as minimum average monthly 

regulated flow which implies a significant improvement of the dry season flows. 

The mean flows during the flood period has on the other hand reduced to nearly half 

of the pre-dam values during August to October from 18.68m3/s to 24.16m3/s mean 

monthly flow down to 7.54m3/s to 13.25m3/s mean monthly flow.  Generally, the mean 

monthly flow at the dam site was controlled such that a minimum flow of about 

7.54m3/s (turbine release) will be experienced monthly hence improving on the pre-

dam flow regime of the river. 

 

2.2.2. Groundwater 

Groundwater in the Asa basin occurs in the long and narrow bodies of alluvial aquifer 

locally forming the banks of the river, cretaceous sediments and weathered basement 

complex in the project area.  The alluvial aquifers and weathered porous zones are 

recharged by direct percolation of rainfall and wet season river flow, as well as 

percolation from adjacent hydraulically continuous aquifers and overland surface 

flows.  Yields from groundwater sources vary characteristically from 10 to 14m3/hr in 

the shale and limestone zones to 15 to 40m3/hr for alluvial aquifers depending on the 

formation from the point of view of recharge and on permeability limitation of the 

aquifer material. The weathered basement sections show low yields ranging from 1 

m3/hr to 4m3/hr. 

Measurements of water levels in open wells during the wet season show that the 

water table in settlements close to the reservoir is between 7.8 and 12.8m due to 
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recharge from the reservoir bed while the upland areas in the upstream portion are 

between 14.5 and 18.7m during this period. However, water levels in wells in the 

downstream portion of the dam are expected to be slightly higher. 
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Table 2.1: Discharges at Asa before and after the Dam Construction 

  Before the Dam 

After the Dam and water supply in 

place Dam, water supply and hydropower in place 

  

Monthly 

mean 

Discharge 

(Qm) Mm3 

Monthly 

mean 

Discharge 

(Qm) m3/s 

% of 

Annual 

Mean 

(Qm/Qy) 

Monthly 

mean 

Discharge 

(Qm) Mm3 

Monthly 

mean 

Discharge 

(Qm) m3/s 

% of 

Annual 

Mean 

(Qm/Qy) Spill 

Turbine 

release 

Flow d/s 

Mm3 

Monthly 

mean 

Discharge 

(Qm) m3/s 

% of 

Annual 

Mean 

(Qm/Qy) 

Jan 1.45 0.56 0.58 0 0 0 0 16.2 16.2 6.25 7.54 

Feb 1.01 0.39 0.40 0 0 0 0 16.2 16.2 6.25 7.54 

Mar 1.25 0.48 0.50 0 0 0 0 16.2 16.2 6.25 7.54 

Apr 3.25 1.26 1.30 0 0 0 0 16.2 16.2 6.25 7.54 

May 11.63 4.49 4.66 3.969 1.53 1.85 0 16.2 16.2 6.25 7.54 

Jun 15.80 6.10 6.33 12.924 4.99 6.01 0 16.2 16.2 6.25 7.54 

Jul 26.61 10.27 10.66 23.735 9.16 11.04 0 16.2 16.2 6.25 7.54 

Aug 48.43 18.68 19.41 45.541 17.57 21.18 0 16.2 16.2 6.25 7.54 

Sept 62.61 24.16 25.09 59.733 23.04 27.79 0 16.2 16.2 6.25 7.54 

Oct 52.45 20.24 21.02 49.58 19.13 23.06 18.1545 16.2 34.3545 13.25 15.98 

Nov 22.39 8.64 8.97 19.51 7.53 9.08 3.3875 16.2 19.5875 7.56 9.11 

Dec 2.65 1.02 1.06 0 0 0 0 16.2 16.2 6.25 7.54 

   249.55 96.28 

 

  82.94 

 

21.54 194.4   83.31 
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2.2.3 Erosion and Sediment Transport 

Sheet erosion, which is no less significant than gully erosion, affects the project area 

significantly.  The sediment load of a river is carried in three main ways; bed-load, 

suspended load and solution load.  The bed-load determines the behaviour of the 

riverbed as regards scouring and deposition.  The amount of suspended load, which is 

made up largely of silt with little fine sand, is usually much greater than that of the bed 

load and this is responsible for the building up of the alluvial valleys and contributing 

greatly to the rate of river and reservoir sedimentation.  

The Asa basin is affected by sheet and gully erosion as a result of the nature of the 

lateritic soils which are highly vulnerable to erosion particularly gully erosion, once 

protective forest covering has been removed. The high rainfall intensities experienced 

in the Asa basin is also an important factor of erosion with resultant sediment 

production. Asa dam is built across a sediment-laden river; the storage reservoir traps 

much of the load (about 75%) as it is a relatively large reservoir in comparison to the 

river it controls. 

Estimated annual sediment yield mostly in the wet season at Asa Dam site is put at 

1.2Mm3 trapped within the dam meaning that about 3% of the storage (4.3Mm3) could 

be lost in 50 years. This is as a result of dislodgement of sediments from surfaces in 

the catchment area by rainfall and transportation of same to the river by surface flow 

which eventually ends up in the reservoir. This result in water discharged from the 

reservoir via the spill way and turbines to be almost sediment free which could 

encourage active erosion at the downstream portion of the dam. The de-silting pipe 

under the dam also helps to reduce sedimentation. 

2.3 Water Quality 

2.3.1 General 

In the course of this study, findings have been considered in relation to the current or 

proposed water quality objectives for designated areas under the Federal 

Environmental Protection Agency (FEPA) and The World Health Organization (WHO) 

standards.  In principle, water quality objectives are quantitative or qualitative 

standards, required to maintain specified beneficial uses allocated to the designated 

water control zones, and may be applied either as; 

a) Maximum permissible concentration or  

b) Limit values which should not be exceeded for more than a specified number of 

sampling occasions or time periods. 

The beneficial uses considered in this study include: 

i) Conducive habitat for aquatic life to maintain fish and fisheries resources regardless 

of their value as an exploitable resource. 

ii) Water of adequate quality for both domestic and industrial purposes. 

iii) Suitable water for irrigated crops. 

iv) Water Suitable for hydropower structures like turbines, penstock etc 



 

47 

 

The water quality objectives is aimed at supplying both domestic and industrial users 

with good quality portable water and is expected to be suitable for irrigation of crops 

too. For the purpose of establishing water quality status, quantitative values for 

analysed chemical parameters are compared with FEPA and WHO standards for both 

the wet and dry season. 

2.3.2 Results 

Tables 2.2 and 2.3 summarize the results obtained from sampling events of both river 

flow and groundwater. 

2.3.3 Discussion 

In interpreting the results presented, it is emphasized that a spot survey as carried out 

provides relative values for comparative purposes.  The following observations are 

made on key parameters. 

(1) Colour 

The river water from all the blocks are essentially cloudy brown in colour due to the 

presence of large quantity of fine particle in suspension dislodged and washed into the 

river by sheet erosion as the sampling period coincided with the onset of the wet 

season.  The colour ranges from 45 to 55 TCU for all the blocks, which is above the 

15 TCU recommended by WHO and FEPA, above which most people can detect it in 

a glass of water.  The groundwater samples on the other hand are slightly cloudy but 

clearer than the river water though the values are still above the WHO and FEPA 

recommended maximum permissible levels of 15 TCU. 

Table 2.2: Water Quality Results of River Asa 

Parameters Block I Block II Block III 

Colour (HU) 55 45 48 

Temperature 0c 25 25 26 

pH 7.1 7.1 7.2 

Turbidity (NTU) 48 40 42 

Suspended solids (mg/1) 155 148 151 

TDS (mg/1) 1250 925 1010 

Total Solids (mg/1) 1405 1073 1161 

Total Hardness (mg/1) 110 105 125 

Carbon dioxide (mg/l) 7.6 8.3 7.8 

Alkalinity (mg/1) 105 90 110 

Ammonia (mg/1) 2.1 1.8 1.9 

Chloride (mg/1) 320 290 240 

Sulphate (mg/1) 460 310 371 

Phosphate (mg/1) 8.6 7.4 9.3 

Lead (mg/l) 0.0 0.0 0.0 

Calcium (mg/l) 380 320 340 

Magnesium (mg/l) 90 85 82 

Iron (mg/1) 2.2 2.1 2.1 

Manganese (mg/1) 0.9 0.9 0.9 

BOD 5 (mg/1) 50 40 44 

COD (mg/1) 140 130 145 

Oil & Grease (mg/l) 0.3 0.22 0.2 
 

   ND = Not Detected 
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Table 2.3: Ground Water Quality Results of Asa Basin 

Parameters 

Block I Block II Block III 

Osin 

Agaka 

Osin 

Budo Oba 

Ali 

Ara 

Ajara Asa Dam 

Road 

Eucharistic 

School 

Colour (TCU) 15 18 16 18 20 25 

Temperature (0C) 27.0 26 26 26.5 26 26 

pH 7.6 7.1 7.3 7.0 7.1 7.2 

Turbidity (N.T.U.) 7 5 8.0 6.0 7 9 

Suspended Solids (mg/l) 120 114 130 118 115 118 

Total Dissolves Solids (mg/l) 312 279 330 204 289 297 

Total Solids (mg/l) 432 393 460 322 404 415 

Total hardness as CaCo3 (mg/l) 106 102 98 126 105 111 

Alkalinity as CaCo3 (mg/l) 135 140 136 129 132 139 

Ammonia (NH3) (mg/l) N.D N.D N.D N.D N.D N.D 

Chloride (Cl-) (mg/l) 32 31 28 30 45 38 

Sulphate (SO4
2-) (mg/l) 105 127 239 210 218 125 

Phosphate (PO4
3-) (mg/l) N.D N.D N.D N.D N.D N.D 

Lead (Pb) (mg/l) N.D N.D N.D N.D N.D N.D 

Calcium (Ca) (mg/l) 48.0 67.9 52.1 40.3 55 60 

Magnesium (Mg) (mg/l) 38.0 32.8 45.9 26.1 25 29 

Iron (Fe) (mg/l) 0.09 0.16 0.07 0.11 0.14 0.1 

Manganese (Mn) (mg/l) N.D ND ND ND ND ND 
 

ND = Not Detected 

 

(2) Temperature 

All physical, biological and chemical processes in any aquatic environment are 

temperature dependent.  Increasing water temperature is known to decrease the 

solubility of oxygen in water and this increases the oxygen demand for aquatic life.  

Conversely, higher temperature will increase the solubility of many chemical 

compounds and will especially influence the effect of pollutants on aquatic life.  

Results from Tables 2.2 show no appreciable variations in the surface water 

temperatures along the study blocks. The temperature values ranging from 25 to 260C 

for the surface waters which is just higher than the 250C recommended by UK 

Regulations but they generally follow the pattern of air temperature in the project area. 

Table 2.3 shows temperature range of 26 to 270C in the groundwater of the project 

area. 

(3) pH Value 

The pH value, or log of the reciprocal of the hydrogen ion, is a measurement of the 

acidity of water.  The pH values of most natural waters are in the range of 4 to 9, with 

the neutral point being 7.0.  At pH values less than 7.0, the water has acidic 

characteristics and values higher than 7.0, the water will have basic characteristics.  In 

the project area, the values for the surface water in all the blocks ranges from 7.1 to 

7.2, which can be considered as neutral, while the groundwater values ranges from 
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7.1 to 7.6 is considered slightly basic.  The pH values of the waters within the project 

area lie well within the permissible values by WHO, FEPA and UK regulations. 

(4) Solids 

Tables 2.2 and 2.3 show the results for Suspended Solids, Total Dissolved Solids 

(TDS) and Total Solids in the surface water study blocks.  The three parameters are 

measures of turbidity and general polluting potentials in water.  They are indices of 

amount of settle-able and dissolved substances and their presence alters both the 

physical and chemical properties of water. 

 

The surface water results show moderately high and uniform values of suspended 

solids, TDS and total solids in the blocks, which can be associated with the terrain of 

the catchment area with much sediment to erode.  Suspended solids ranges from 148 

mg/l to about 155mg/l, TDS ranges from 925 mg/l to 1250 mg/l while total solids 

ranges from 1073 mg/l in to 1405mg/l.  The values are above the WHO and FEPA 

maximum permissible levels.  

The solid content of ground water within the study area is generally lower than that of 

the surface waters and lower than WHO and FEPA maximum permissible levels.  

Generally, TDS concentrations of 500mg/l or less has been designated as objective 

level for drinking water provided none of the individual dissolved constituents exceed 

their particular prescribed values by FEPA.  A high concentration of TDS limits the 

suitability of river as a drinking source as more expensive treatment method would be 

required.  TDS concentrations of not more than 1000mg/l are generally recommended 

by W.H.O and could also be acceptable for industrial uses. 

 

5) Total Hardness 

Water samples from all the study blocks show that values of total hardness ranges 

from 105mg/l to 125mg/l and the water can be classified as slightly hard water.  The 

WHO desirable level of 100mg/l is recommended for domestic water use.  Total 

Hardness values in the ground water around the project site for all the seasons range 

from 98mg/l to 126mg/l, being similar to the hardness of the river water. 

 

6) BOD and COD 

The organic matter found in water can come from a variety of sources such as plant 

and animal life, partially treated domestic wastes and industrial effluents and the level 

of organic pollution in the blocks was estimated in terms of Chemical Oxygen Demand 

(COD).  COD test gives an indication of the oxygen required to degrade chemically 

any organic matter in water as well as the oxygen needed to oxidize inorganic 

materials.  The BOD5 and COD values obtained indicates high level of organic 

pollution of the rivers ranging from about 40mg/l to 50mg/l for BOD5 while COD values 

are from 130 mg/l to 145 mg/l in all the study blocks as compared to USEPA’s 

recommended level allowed for discharge of wastes from various industries into inland 
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water depending on the source of pollution as 40 to 80mg/l for COD with the minimum 

level expected in fresh water for COD as 10mg/l.  

The present level of inorganic pollution is attributed to a number of factors along the 

river course as follows: 

a) Pollution essentially due to activities of settlers (like washing) along the river 

course. 

b) Dumping of waste into the river by these settlers and 

c) Pollution due to cattle rearing activities along the river course. 

 

7) Nitrogen 

Ammonia compounds are found in most natural water originating from various sources 

with the most important being decomposing plant and animal matter.  Results show 

high level of ammonia concentrations ranging from 1.8mg/l to 2.1mg/l.  This is as a 

result of agrochemicals and animal droppings washed into the river as the study 

period coincides with the onset of the rainy season.   In natural water, it is usually less 

than 0.1mg/l, levels greater than 0.1mg/l are indicative of anthropogenic inputs.  The 

WHO set standard for ammonia - nitrogen in drinking water is 1.5mg/l for avoidance of 

taste and odour while the UK Regulations gives a value of 0.5mg/l.  Ammonia 

compounds were not detected in ground water of the region. 

 

8) Phosphate 

Phosphate in surface waters mainly originates from sewage or industrial effluent which 

contain phosphate based synthetic detergents or from surface runoff where inorganic 

fertilizers have been used for farming.  High concentration of phosphorus may 

stimulate algal growth.  High concentration of phosphate ranging from 7.4mg/l to 

9.3mg/l was noticed in all the study blocks as a result of materials carried into the river 

from the surrounding land areas, especially in de-vegetated areas which is above the 

international stipulated standards of 0.2mg/l of phosphate for drinking water.  A 

general index of maximum desirable concentrations stipulated by USEPA is as follow:  

0.1mg/l in flowing water; 

0.05mg/l in waters flowing into lakes and reservoir; 

0.025mg/l in lakes and reservoirs. 

Phosphate was not detected in the groundwater of the project area. 

 

9) Manganese 

Large quantities of manganese in water are toxic and the concentrations in solution 

rarely exceed 1.0mg/l in well-aerated surface water.  Constant values of 0.9mg/l of 

Manganese concentration was noticed in surface waters within all the study blocks. 

This is however far above WHO limits of 0.1mg/l and USEPA limits of 0.05mg/l.  

Manganese was not detected in the groundwater of the project site. 

 

10) Sulphate 
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Sulphate in natural waters come from several sources such as the dissolution of 

Gypsum and other mineral deposits containing sulphate, from sea water intrusion, 

from oxidation of sulphate in well aerated water and from industrial effluents where 

sulphate and sulphuric acids have been used.  In the project area, the sulphate 

concentrations are generally high in the surface waters of all the study blocks with 

values between 310mg/l and 460mg/l which is just at the upper permissible limits by 

WHO, UK Regulations and USEPA with maximum permissible limits of 250mg/l.  So 

also, the sulphate concentrations in the groundwater are generally low, ranging from  

105mg/l to 239mg/l and are within the permissible maximum limits. 

 

11) Iron 

Iron in water is not harmful but undesirable and occurs mostly in waters through 

contact with iron minerals and materials containing iron.  A large quantity of iron in 

water impacts taste to water, discolour clothes and plumbing fixtures and causes 

scaling.  Concentration of iron in the surface waters are high in all the study blocks 

with values ranging from 2.1mg/l to 2.2mg/l which is far higher than the WHO 

maximum acceptable level of 0.3mg/l.  Iron concentrations in the groundwater of study 

blocks are low with values within the acceptable limits while contamination was not 

detected in the other study blocks.   

 

12) Alkalinity 

The alkalinity of water principally comprises the sum of the bicarbonates, carbonates 

and hydroxides of calcium, magnesium, sodium and potassium.  If the alkalinity is less 

than total hardness, the excess hardness is due to permanent hardness.  The 

alkalinity of the surface water in all the study blocks ranges from 90mg/l to 110mg/l.  

The alkalinity values are generally lower than the total hardness, with the excess 

hardness due probably to permanent hardness.  There is no maximum value for 

alkalinity but the UK Regulation has set a minimum alkalinity requirement of 30mg/l as 

bicarbonate (24.6mg/l CaCO3) when water is softened.  Such reduction shall be 

sought when the water is being treated for drinking.  The groundwater value for all the 

blocks ranges from 129mg/l to 140mg/l, which is slightly higher than the surface water 

values and the total hardness, with the excess alkalinity being  

probably due to the presence of sodium bicarbonate, which does not affect hardness. 

13) Chloride 

Chloride is one of the most stable components in water, being unaffected by most 

physiochemical or biological processes.  Chlorides are derived from natural mineral 

deposits; seawater intrusion or airborne sea-spray; agricultural or irrational 

discharges; urban runoff due to the use of de-icing salts; or from sewage and 

industrial effluents.  Excess chlorides enhance corrosion and taste.  The chloride 

concentrations in the surface waters are high, ranging from 240mg/l to 320mg/l, which 

is above the maximum recommended concentration of 250mg/l on taste grounds.  In 

groundwater, the chloride concentrations are lower than those observed in the surface 
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waters, ranging from 28mg/l to 45mg/l, which is still below the maximum permissible 

levels. 

 

14) Lead 

Lead is a cumulative poison and the environmental hazard it causes is enormous.  

Lead was not detected in the surface and groundwater of the project area. 

 

15) Grease and Oils 

These are derived from hydrocarbons like petroleum products that are spilled and 

washed into rivers and infiltrate into the ground.  Grease and oils were not detected in 

the surface and groundwater of the project area. 

 

2.3.4 Conclusion 

The results of physical and chemical analysis are indicative of degrading water quality 

especially when the period of study falls within the onset of wet season.  The 

constituents of both the surface and ground water are mainly the resultant effect of 

nature in the ecosystem through weathering, mineralization and erosion with the effect 

of man compounding the situation (wild, 1996).  The effects of temperature and pH are 

within the acceptable levels for natural waters but the colour component in the rivers is 

not acceptable for drinking and indicates the presence of large amounts of impurities. 

High sediment load directly contribute to the BOD and COD levels that exist in surface 

waters. The Suspended Solids, Total Solids and Total Dissolved Solids for the rivers 

are higher than WHO’s permissible maximum for natural waters but are expected to 

increase during the increased human activities like farming and construction works as 

well as erosion when more sediment are expected to be dislodged and washed into 

the river by rain.  The Suspended Solids, Total Solids and Total Dissolved Solids of 

the area under consideration are higher than the WHO, European Commission and 

UK Regulations for natural waters.  The Suspended Solids, Total Solids and Total 

Dissolved Solids for the groundwater are within the acceptable limits. 

The organic constituents of River Asa and Asa Reservoir reveals a high level of 

pollution (organic) as indicated by higher than normal COD, Ammonia/nitrogen and 

phosphorus/phosphate compound levels are indicative of nutrients inputs derived 

mainly from human activities like washing, use of chemicals in farming, industrial 

effluents etc that exceed the levels required for maintenance of acceptable quality.   

It is observed that the concentrations of inorganic constituents of the surface waters 

which are higher than the maximum permissible levels are derive mainly from 

mineralization from the rocks and sediments along the river course.  Concentration of 

manganese, sulphate, iron, chloride and magnesium are higher than the tolerable 

limits.  Lead and copper, which in most cases, are as a result of man’s activities, were 

not detected in the waters.   
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The corrosive quality of water depends on many factors concerning the water itself 

and the materials it comes in contact with.  Nevertheless, three special characteristics 

that can lead to expectation of corrosiveness are: a low pH value i.e. acidity; high free 

carbon dioxide content; and an absence or low amount of alkalinity (Chatterjee, 2005).  

From the observation of water quality of the Asa River and Asa reservoir, the pH and 

alkalinity values are high hence the water satisfies only one major characteristics for 

corrosiveness which can be taken care of by aeration. At present, the general quality 

of water is poor and does not comply either with WHO or FEPA requirements for 

portable water supply without adequate treatment but is suitable for irrigation and 

hydropower as long as proper coating and protective measures are done.  

 

2.4 Fisheries 

Fishing activities are pronounced within Asa basin and fishing is done  by indigent and 

migrant fishermen especially within Asa Reservoir as well as upstream and 

downstream of the reservoir.  During the field survey, various species of fish belonging 

to 19 families were noted from the Asa Basin (Table 2.4).  Most of the fishermen 

operated between 4 to 6 hours either at a stretch or in two phases of early mornings 

and evenings.  Also some species encountered in this survey are considered to be of 

commercial importance. 

 

Table 2.4: Fish Species in the Asa Basin 

Fish Species Family 

Tilapia (Saroteradou) Cichlidae 

Tilapia nilotica Cichlidae 

Tilapia aurea Cichlidae 

Clarias spp Claridae 

Lates niloticus Centropomidae 

Barqus docmac Bargidae 

 

Fishing activities within Asa basin is pronounced as fishing is done by children and 

adults alike for commercial purposes, food and leisure.  

From the interviews and discussions held with some fishermen, it was gathered that 

the Asa basin is relatively rich in fish both in biomass and abundance, though most of 

the fish caught by the fishermen in our presence were Juveniles with a few large ones.  

This was because the nets in use had small mesh sizes, 1.25cm to 3cm. The fishes 

observed are highly mobile and move long distances up and down the river respond to 

seasonal floods by making lateral movements out over the flooded plain and into the 

pools, running to the main river channels as the flood subsides. The sudden increase 

in nutrients as a result of both organic and inorganic fertilizers being washed down by 
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rain into ponds, rivers and storage reservoirs generates excessive growth of 

phytoplankton on which fishes feed. 

From this study, the following conclusions were drawn:  

i) The basin is rich in fish resources relative to most local rivers in Northern Nigeria. 

ii) Variable gears and methods are in use by the local fishermen depending on the 

seasons and fish habits. 

iii) Fishing by local fishermen is easier in the dry season and quite a number of the 

people are engaged in fishing (full and part time). 

iv) The catch over the years has fluctuated and fish resources in the Reservoir are not 

yet being over exploited 

v) That the fishermen were using appropriate gears adapted to the prevailing condition 

during the period of the study like canoes, cast nets, gill nets, seine nets, trawling 

nets, Lines system etc. 

vi) That they were accustomed to the dispersal and migratory patterns of the fish in 

the basin. 

vii) Both their farms and homes are occasionally threatened from unusual flooding in 

certain years 

viii) They suffer sufficiently from lack of social infrastructures like drinking water, 

electricity, roads, health care etc 

ix) High flood and occasional storms impede their fishing operations 

x) Inadequate fund to procure appropriate fishing gears to fully exploit the resources 
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CHAPTER THREE: ENVIRONMENT 

 

3.1 Terrestrial Ecology 

3.1.1 Protected Area Management in the Asa Dam 

Protected area management in the Asa Dam is largely a human-oriented process that 

aims to protect areas of high biodiversity value by resolving conflicts between 

conservation interests and human activities. The overall objective is to improve the 

protection of nature by reducing and rationalizing extractive use of natural resources. 

This is done through a process that emphasizes dialogue between protected area staff 

and local residents rather than a strict reliance on law enforcement, and includes 

support for local development activities that are in harmony with conservation 

objectives.   

 

3.1.2 Vegetation 

The project area falls within the sahel vegetation zone. The Asa dam project is 

forested along the bank of the river with scattered forest. The area has a mature forest 

but not dense.  The site of the dam and reservoir contains short grasses vegetation 

and scattered trees. The vegetation is of the sahel type, characterized by medium 

grasses and trees these sometime decrease as a result of intensive human use. 

 

3.1.3 Soil Quality 

The salinity and/or alkalinity status of the project area was investigated based on wet 

season situation.  Presently there is no irrigated farming in the project area but soil 

samples were taken from the right and left banks downstream of the dam, and along 

the proposed transmission line of the hydropower project.  The data on the salinity and 

alkalinity of the soil locations are presented in Table 3.1. 

 

Table 3.1: Salinity (EC) and Alkalinity (Exchangeable Na) Investigations in Soils 

of Asa Dam & Hydro-power Project (2010, Wet Season). 

Soil Location 
Depth 
(cm) 

Soil Properties 

PH EC 
Exchangeable Cations 

(Meq/100g) 

1 : 2 
CaCl2 

Suspension
s H2O 

(mm 
hos/cm) 

Na K Mg Ca 

Downstream 
Right Bank Field 

0 - 20 7.1 7.6 160 0.41 2.32 9.5 24.6 

Downstream 
Left Bank Field 

0 - 20 7.2 7.6 189 9.17 9.31 10.2 24.6 

Proposed 
Power-Line 
Field 

0 - 20 5.7 6.2 80 0.13 0.39 4.5 7.5 

Farming Area.  0 - 20 5.5 6.3 50 0.18 0.45 1.3 3.5 
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Analysis of the data collected shows that agricultural soils in the project area may not 

be subjected to salinity and alkalinity as indicated by the low exchangeable sodium 

(Na+) (Suresh, 2008).  In general, the soil in the project areas can be described as 

unsaline, based on their present condition. 

3.1.4 Wildlife 

A wildlife and habitat survey of the project area was carried out to investigate the 

effect of the project on forest and wildlife of the area.  Questionnaires were 

administered to individuals and communities in villages visited. Among the towns and 

villages visited include Ali Ara, Ajara, Osin Adedoyin, Osin Agaka, Alagbako, Budo 

Osa, Osin Aiyekale, Apata Otu and Osin Aremu. Individuals interviewed were farmers 

who frequently set traps for games, and people that rear livestock at home.  The 

professional hunters were difficult to come by in the area since the people in most of 

the communities visited are predominantly farmers.  In addition to the use of 

questionnaires, field observations of wildlife species including mammalian fauna, 

avifauna species in general, granivorous and rodent pests in particular were carried 

out in selected representative ecological zones in the project area.  The stratified 

sampling technique was adopted for the observations.  The species of livestock kept 

in homesteads, or grazed in the fields were investigated.  Livestock grazing habits, 

ectoparasites and diseases were also investigated using the rapid rural appraisal 

method. 

Statement by farmers, hunters and forest officers in the project area indicate little or 

no wildlife in the project area after the construction of the dam, whereas, animals like 

Manatee and Crocodiles were common in that part of the Asa river floodplain before 

the advent of the Dam.  At that time, there used to be diversity in the types of rodents, 

birds, antelopes, monkeys and grass cutters but there are no sanctuaries for them 

since the whole project area has been disturbed by human activities.  The result of the 

surveys on wildlife species shows that among the rodents, hares, squirrels and grass 

cutters have assumed prominence because they feed on the crops.  Therefore, Dam 

project has neither increase nor decrease their population and the Hydro-power 

project will not have any significant impacts on the wildlife. The different species of 

wildlife as indicated by the inhabitants of the project area are shown in Table 3.2. 

 

Table 3.2: List of Common Wildlife Species in the Project Area 

Antelope Bush Hog Deer 

Monkeys Rabbits Bush fowls 

Hares Giant rat Grass 

cutters 

Squirrels Wild cats  

 



 

57 

 

The marked deforestation of dam area and the siltation and consequent reduced base 

flow / stream flows have been the chief causes of the migration of certain categories of 

wildlife in the area. On the other hand, the change to a production system in favour of 

grains crops has increased the population of avifauna and vertebrate pests like birds 

and rodents. 

In summary, there is a high percentage reduction of wildlife in the categories of the 

ungulates, carnivores, antelopes and reptiles; and a low percentage reduction in 

rodents, population. Among the avifauna, there has been a low reduction in the 

number of partridge and guinea fowl; whereas there has been a phenomenal increase 

in the population of water-fowls and quelea birds. Continuing hunting and habitat 

destruction have significantly reduced the populations of most of these species, and 

may have led to the extinction of animals that inhabit the Dam area. The retroffiting of 

the Dam will thus not bring a further on the wildlife. 
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CHAPTER FOUR: PUBLIC HEALTH 

4.1 Existing Situation 

4.1.1 General 

Over 30 types of diseases are known to be transmitted through water as a medium. 

Any alteration in the existing pattern of water development and usage may affect the 

disease pattern. The various diseases transmitted through water and excreta 

commonly found in Nigeria are shown in Table 4.1. Besides these biological agents, a 

variety of agro-chemicals may also enter water sources and foods and cause disease. 

The relevant ones are shown in Table 4.2. 

 

4.2 Existing Health Information 

4.2.1 Source of Information 

Information was obtained from hospitals and clinics in the area and the state ministry 

of health, the communities, through the use of structured questionnaires and by 

observation of the surroundings. 

 

4.2.2 Collection of Samples of Water and other Materials 

Samples of water were collected to find out the nature of contaminants which may 

have originated from agricultural operation.   
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Table 4.1: Diseases Transmitted Through Water and Excreta Commonly Reported in 

Nigeria 

Disease Pathogen/Vector Mode of Transmission 

Malaria Plasmodium sp. (anopheles mosquito) Mosquito bite 

Schistosomiasis Schitosoma sp. (snail host) 
Wading through water infested 

with snail host 

Onchocerciasis 
Onchocera volvuvus (Simulium or 

Black fly) 
Simulium bites 

Trypanosomiasis 
Trypanosoma sp. (Tse-tse fly or 

Glossina sp) 
Tse-tse fly bites 

Yellow fever Arbovirus (Aedes mosquito) Mosquito bite 

Filariasis 
Wuchereria bancrofti (Culex and 

Mansonia mosquitoes) 
Mosquito bite 

Dracunculiasis 

Dracunculus medinensis or 

Guineaworm (Cyclops sp. or water 

flea) 

Drinking water containing flea 

Paragonimiasis 
Paragonimus westermani or lung fluke 

(Fresh water snail, crab or Cray fish) 
By eating crab or cray fish 

Leptospirosis 
Leptospira sp. or spiro chaete 

bactrium 
Contract with rodent urine 

Diarrhoea/ 

Dysentry 

Amoebic (Entamoeba histo lytica), 

Bacillary(Shigella sp.), other types 

(Escherichia coli, Campylobacter sp., 

Rota virus, etc. Giardia sp.) 

Drinking polluted water or 

eating contaminated food; 

through flies and fingers 

Cholera Vibrio cholerae as above 

Gastro- enteritis Miscellaneous bacteria or viruses as above 

Typhoid/ 

Paratyphoid 

Salmonella typhi;  

S paratyphi 
as above 

Infectious hepatitis Hepatitis virus A as above 

Ascariasis Ancyclo-

stomiasis, 

trichuriasis, 

Strongyloidiasis 

Helminths as above 

Vector names are in parenthesis. 

Source: TCIA Ltd. 
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Table 4.2: Commonly used Fertilizers, Herbicides and Pesticides in the Asa Area 

Chemical Technical Name Effect on Human Health 

Fertilizer  

CAN 

NPK 

Urea 

Calcium Nitrate 

- 

- 

Indirect effect through algal blooms in waters 

affecting the tastes and odours; nitrates in water 

cause methaemoglinaemia; certain types of cancers. 

Herbicides  

Grammazone 

Paraquat (dichloride) 

Dipyridillium 

derivative) 

Depending on the type: cancer, birth defects, 

necrotizing pulmonary fibrosis, neurotoxic, CNS 

stimulus in fish, mammals, birds, stored in fat 

tissues. 

Gammalin 20 
Lindane 

(organochlorine) 
 

Pesticides  

Cymbush 

Cypoermethrine 

(Synthetic - 

Pyrethroids) 

Burning sensation swollen face by evening and 

disappearing by morning 

Source: Field work 

 

4.3 Data Analysis 

The data was analyzed and presented in table of results. The result of the fieldwork 

and the prevalence of diseases as obtained from the several relevant bodies are also 

given. 

4.3.1 Disease Pattern in the Project Areas 

The common diseases in the area are Malaria and Diarrhoea. There are no definite 

trends over a period. These results also suffer from limitations as there were limited 

health institutions in the area and they have no records. The State ministry of health 

also does not have records of disease patterns in this area. The health centres did not 

send the results to the Health Ministry and in any case, most villages in the area have 

no health facility at all. Where they exist, records were scanty, but oral information 

obtained gave an idea of the level of prevalence of various diseases.  

 

Generally, incidence of water borne diseases is not high despite the presence of the 

Asa reservoir. The addition of the hydropower component is thus not expected to 

significantly change this. Malaria, Typhoid and Yellow fever have more occurrence 

than others. Malaria is highest, typhoid is at a rate of about two per month and yellow 

fever is three per year. Vaccination is used to treat typhoid and this has been effective 

so far. 
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4.3.2 Chemical Use in Study Area 

Herbicides are not frequently used in the area as to cause health hazard because of 

the non-availability, cost and the necessity of guided use.  Some of the herbicides will 

destroy all plant and so has to be selectively used.  The commonest in use is 

Gramozone, which requires controlled spraying.  Table 4.3 shows the various 

chemicals used for farming activities in the project area.  The use of these chemicals 

is dependent on farm size, crop and availability.  Most of the farmers want fertilizer but 

get little.  The cost of herbicides and pesticides is also a limiting factor. For this 

reason, the reservoir has not been adversely affected by use of chemicals. No 

chemical has been identified as capable of affecting the hydropower component 

negatively. 

Table 4.3: Agrochemical Use in Project Area 

Fertilizer 
Urea 

NPK 

Herbicides 
Gramozone (Paraquat) 

Saro 

Pesticides 
Basudin 

Aldrex 

Source: Field work 

4.3.3 Data from Communities 

The data obtained from various communities through the administration of 

questionnaire and personal observations are summarized below.  The data centred on 

disease pattern, the vector habitat and breeding sites in the areas and behavioural 

practices of the farmers which may cause or prevent the water related diseases.  The 

results indicate that Malaria, Schistosomiasis, Diarrhoea, and Stomach pain were 

observed among those interviewed.  Mosquito infestation is high and the snail 

population is small.  

 

Disease Pattern among Communities in the Project Area (n = 50) 

S/N Diseases % Affected (Apr ’2010 - Mar  ’2011) 

1. 

Malaria 100.0 

No of attack in 12 months 
Once (18.8%) Twice (24.3%) Thrice (14.4%) 

4x (24.3%) Others (18.2%) 

2. Yellow fever etc. 28.4 

3. Schistosomiasis 12.6 

4. Oncho nodules 33.1 

5. Itching 46.2 

6. Dracunculiasis 1.5 

7. Diarrhoea/Dysentery 51.7 

8. Stomach pain 52.6 

9. Back ache 78.2 

10. Prolonged Hospitalization 3.9 
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Perception of the Presence of Vectors in the Area (n = 50) 

S/N Vector % Acknowledged 

1. Mosquitoes (Low infestation) 100.0 

2. Snail Population 42.8 

3. Simulium  fly 62.5 

4. Tse-tse fly 82.0 

5. House fly 100.0 

6. Rats/Mice 100.0 

7. Snakes/Scorpions 100.0 

 

Behavioural Practices and the Feeling of the People in the Area 

S/No. Practice/Feeling % 

1. 

Water source 

River 

Well/borehole 

Stream 

Tap 

 

34.2 

53.8 

8.4 

0.6 

2. Use of Pit toilet 70.6 

3. Washing Hand Before Eating 96.8 

4. Contact with water (Bath or Swim) 100.0 

5. Exposure to Mosquito bites 100.0 

6. 

Protection Against Mosquito Bites: 

Bednets 

Coil 

Pia-Pia (Local insecticide) 

Commercial insecticides 

Local herbs 

 

6.6 

15.4 

5.8 

8.2 

65.0 

7. 

Use of: 

Fertilizers (3 to 30 bags per year) 

Pesticides (2 to 50 litres per year) 

 

44.2 

45.5 

 

4.3.4 Comparison of Various Areas 

The features of the disease pattern in the studied areas showed the following: 

o Malaria is everywhere, but the level of Mosquito infestation is not directly related to 

the occurrence of Malaria.  Even during the dry season, malaria is the most 

prominent disease of all the people. 

o No disease is at an epidemic level as a result of the existing reservoir. 
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CHAPTER FIVE: EXISTING SOCIO-ECONOMIC SITUATION 

 

5.1 Population 

The major towns and villages in the project area are well populated with several 

households.  The age structure of the area shows that 30.5% of the population is less 

than 15 years of age. This is typical of the population of structure of most developing 

countries of the world currently experiencing moderate to high rates of birth and 

rapidly declining rates of death.  The number of household in a village ranges from 10 

– 15.  The survey indicated that farming households tended to be large, and with 

dependents.  The average age of household heads is 38 years meaning that, most 

household heads are within the productive age limit.  They are predominantly natives 

of the area. 

 

5.2 Occupation 

The occupation of the people in living in the vicinity of the proposed project area is 

diverse. The major agricultural crops in the area are yam, cassava, maize, beans, 

cowpea, and vegetables; with mango, orange and palm tree being the dominant 

economic trees.  The assessment of the existing situation of livestock breeding in the 

area is a difficult task due to the presence of migrating herds.  The area is in fact 

preferred due to the nearness of the Asa Dam Reservoir.  Grazing areas are available 

to the livestock breeders.  The most common types of livestock in the area are cattle, 

sheep, goat, and poultry.    

 

5.3 Land Tenure 

The land tenure system of the study area shows a considerable complexity and 

irregularity in its real and legal aspects.  From strictly the legal aspect, the land 

belongs to the State who, through his representatives, may grant the right of user.  In 

reality, the traditional land tenure system is still prevailing, originating from a mixed 

system, both the collective use of the land belonging to the village and the individual 

property according to traditional conception.  The prevalent land tenure system is 

based on the traditional concept of land ownership which dates back to the days of 

small self-supporting communities with ample land.  The central concept is that land 

belongs to a group of kin, family or clan, the membership of which includes not only 

the persons alive at any one time, but also past and future generations.  As time 

passes, the family land is split up into small subdivisions.   

Land thus represents more than property; it expresses social and spiritual identity.  

Under customary land tenure, there is no legal title deed or land registration.  Orally 

transmitted tradition is the usual basis for a farmer’s claim to his land; this results in 

frequent disputes.  The survey indicated that in the study area, 60% of the land was 

inherited or owned by the family head, 24% was obtained by pledging and others by 
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purchase. The extent of land require for the hydropower is available and in the hand of 

government. 

5.4 Literacy 

The emphasis on the discussion of literacy in the area shall be on western education.  

This emphasis is important because a distinction must be made between the western 

form of education and Islamic/Arabic education.  In general, about 45% of the people 

in the villages have obtained western education to the primary six level.  

5.5 Social Amenities 

The survey revealed that most of the villages within the vicinity of the proposed project 

have electricity supply, however, its areas of coverage is still relatively small.  There 

are hand-pump water boreholes scattered around the villages.  The road linking the 

villages is of the lateritic type which is sometimes not motorable during the raining 

season. 

5.6 Archeology and Culture 

On archeology and culture, the survey revealed that the area to be traversed by the 

hydropower project is not known to contain archaeological or historical relics and 

artifacts.  The location of places of worship (mosques and churches) will not in any 

way be affected by the project.  Significantly too, not much of forest reserves would be 

lost. 
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CHAPTER SIX: ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION 

MEASURES 

 

6.1 Hydrology, Water Quality and Fisheries  

6.1.1 Hydrological Impacts 

The storage of water in the Asa reservoir brought about both beneficial and detrimental 

changes in the hydrology of the area.  The introduction of hydropower component will also 

bring about some changes to the flow regime.  This in turn will influence water availability 

for other uses downstream of the dam. 

a) Flow Regime 

The dam and reservoir provide adequate guarantee to significantly reduce the adverse 

effect of low flow regimes by providing more water during the drought period with the 

hydropower component included as the flow regime will be effectively controlled in terms 

of quantity and timing of river flow and water releases from the turbine.  One of the 

possible consequences of the hydropower component during the dry season is to increase 

river flow hence reduce drought or low flow.  

The Asa environment is mainly sub-humid climatically. As a result, while temperature and 

evapotranspiration are consistently high, rainfall is low and highly variable. During periods 

of low flow, therefore, availability of water for domestic, industrial and agricultural uses 

becomes problematic.  In contrast, the Dam and Reservoir coupled with turbine releases 

provide adequate guarantee to significantly reduce the adverse effect of low flow regimes 

by providing more water during the drought period. Formerly dry land will receive adequate 

water through releases from the turbines for cultivation, domestic water supply and 

livestock as watering and drinking spot.  The availability of water on an all-year round 

basis will result in changes in the ecology and land use in the floodplain, especially in 

lower Asa basin. For instance, areas that are largely vegetated by drought-resistant 

species will, with continuous wetness, be taken over by aquatic species. 

On the completion of the power component, there will be electricity for proper and effective 

operation of facilities like the water treatment plant for domestic and industrial water 

supply. Similarly, settlements around the dam site will have electricity supply for domestic 

and industrial purposes.  The releases from the turbines amounting to about 16.2m3/s will 

be available to augment flow in the river downstream of the reservoir for irrigation and flow 

downstream of the dam will be sustained. 

 

The Asa Dam will also have some other positive effects on the environment by reduction 

flood hazards through the regulating effect of the Dam as continuous turbine releases 

results in increased capacity for the reservoir to accommodate more water. 

b) Sediment Transport 

The flow of water into the Asa reservoir brings along sediment that is deposited in the 

reservoir. One of the negative effects of this is the gradual filling up of the reservoir to 
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reduce its capacity and designed life. The trapping of the sediments within the reservoir, 

however, reduces the load available for transportation and deposition downstream. This 

results in clearer water which is, however, problematic for small-scale fishermen.  The 

clearer water improves the chances of the fish seeing and escaping from the fishermen 

that use the barest traditional fishing gears.  

Sediment accumulation in penstock, turbines etc might affect the efficiency of these power 

components.  Sedimentation in water supply canals also attracts additional cost in terms of 

the extra treatment to make it clear and safe for use, particularly for domestic purposes.  

Sediment problems are particularly prevalent during hydropower construction stage like 

switch yard, transformer station, transmission lines etc; when the largest amount of soil is 

disturbed and exposed to erosive forces especially during collection of materials from 

borrow pits, transporting them to project site and spreading/compacting the materials. 

Such disturbances are also expected to occur in water crossing sites such as bridges and 

culverts.  

 

c) Groundwater 

Groundwater resources are being used by the communities around the River Asa for 

irrigation and domestic purposes like drinking hence groundwater flow modification is 

expected.   Upstream of the dam, the water table has been raised with the presence of a 

permanent water body due to the embankment and structures restricting flow leading to 

continual recharging of the aquifer through the bed of the reservoir. 

At the downstream, groundwater levels are expected to rise especially during the dry 

season as a result of increased water level in the river due to the turbines, spillway, and 

drains discharging water into the river all year round leading to continual recharging of the 

aquifer through the bed of the river when the power component is completed. 

Changes in the quality of water in the reservoir and river may also affect the quality of 

ground water due to seepage into the ground.  It is also to be noted that waste water from 

power house, switch yard, etc due to washings from production of concrete, fuel, and oil, 

and from wastes generated at the camps can easily get to the high water table thereby 

contaminating the groundwater. 

6.1.2 Hydrological Impact Mitigation Measures 

Flow Regime 

From all indication, the dam/reservoir and hydropower component has a positive impact 

on the flow regime, as the quantity and timing of flow will be controlled.  In other to reduce 

the adverse effect of the dam and power component, the following measures should be 

undertaken: 

(i) To be able to predict flow regimes, regular measurements of hydrometeorological 

events should be institutionalized.  Measurements of rainfall, evaporation, river stage and 

discharge, groundwater level, physical and chemical properties of river and groundwater, 

etc. should be embarked upon.  Some functional stations should be, as a matter of 

urgency, be established along the river course and within the Asa basin in general. All 
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hydro meteorological stations already established within and around the basin as well as 

other major rivers around the project site should be made functional. 

 

6.1.3 Water Quality Impacts 

The main project activities associated with construction and their likely impacts on the 

environment are as follows:  

 

i) Construction camps including workers’ living and eating areas and the grounds where 

equipment is stored and serviced and where materials are stockpiled pose serious 

hazards to surface and groundwater water quality as sewage and garbage pollution and 

petroleum products spills from construction equipment operation and servicing 

containing oils and grease, organic pollutants, metals etc carelessly exposed are 

washed into streams and rivers and they eventually get into the ground water system 

leading to deterioration of water quality. 

ii) On hydropower projects, thousands of liters of diesel fuel and many other petroleum 

products are transported and used throughout the work site each day. Experience 

shows that, without a fueling and servicing protocol as part of the project’s 

Environmental Management Plan, chronic oil product pollution often takes place, 

leading to the contamination of surface and ground water by oil, grease, metals etc.  

iii) Site preparation may involve clearing of brushwood, tree removal, temporary rerouting 

of utilities, topsoil stripping, and diversion or re-channeling of waterways. This brings 

risks of erosion of exposed ground or stored topsoil, and increased water runoff and 

siltation of watercourses. The use of herbicides to eliminate vegetation on the right-of-

way is a potential source of contamination. The use of heavy equipment on steep 

slopes to clear construction corridors can result in serious compaction and erosion 

problems. The removal and placement of earth like in quarries and borrow sites, can 

bring further risks of soil erosion and degradation of both surface and ground water 

sources. 

 

6.1.4 Water Quality Impact Mitigation Measures 

The emphasis now placed on the EIA as an important component of all development-

oriented projects underscore the need to develop both short and long-term strategies for 

minimizing the adverse effects of the Asa dam and hydropower project.  The following 

recommendations are important for an enhanced and improved water quality both in the 

Asa reservoir and in Asa River in general. 

i) Pursuance of monitoring programmes for physical, chemical and bacteriological 

parameters, and data logging and analysis to guide appropriate decision-making. 

ii) The quality of the discharged water must be constantly monitored for the benefits of 

downstream users. 

iii) During project construction, water pollution control measures such as appropriate siting 

of fuel storage intercepting and treating of gravel washings, and provision of sanitation 
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measures at the camps will be implemented. These measures will be attached to the 

contractor’s documents as contractual obligations 

iv) Settlers/villagers should not reside too close to the site boundary and human activities 

within the reservoir area must be closely monitored so as to reduce the effect of heavy 

metals and biological contamination of the reservoir due to these activities 

v) Further deterioration of water quality in the reservoir through large quantities of animal 

droppings (mainly cattle, goat and sheep) could be avoided by constructing water 

troughs for animals downstream and preventing them from drinking directly from the 

reservoir. 

vi) Adequate training/enlightenment of farmers especially at the upstream portion, through 

field demonstrations, in fertilizer use and handling with particular emphasis on the 

environmental consequence of over-application is required.  

vii) One of the ways to avoid health related illness caused by unclean water is for the 

villagers to make use of dug wells and boreholes equipped with hand pumps.  

Adequate arrangements for clean water should be made for domestic use. 

viii) The hydropower components like penstocks, turbines etc must be adequately 

protected from corrosion due to slightly high iron contents of the water by appropriate 

coating materials. 

 

6.2 Anticipated Project’s Environmental Impacts and Mitigation Measures: Public 

Health and Safety  

6.2.1 Potential Impacts on Public Health 

Main health risks during the construction stage are linked to (i) inadequate sanitation 

facilities in worker camps; (ii) introduction of new diseases, such as sexually transmitted 

diseases, by immigrant workers; (iii) outbreaks of malaria in the labour force; and, (iv) 

Inadequate health care services in the project area.  

Even though there has been no occurrence of schistosomiasis in the area in the last 18 

years despite the presence of the reservoir, there may be some risk with the possibility of 

infected people migrating into the area. This is because the presence of the intermediate 

host cannot be completely ruled out.  

Fast flowing water in spillway and tail race favour development of mosquito vectors 

responsible for filariasis and lack fly vectors responsible for river blindness (Duggal, 2004), 

but this is not likely to be a problem since most of the water will pass through the turbines. 

Increased density of people in rural areas like Osin Ali ara, Osin Ajara, Osin Agaka, Osin 

Alagbako, Osin Ayekale, Osin adedoyin often with diverse cultural and social backgrounds 

may result in: 

o Local increases in sexually transmissible diseases 

o The spread of locally prevalent contagious diseases such as tuberculosis, leprosy, 

leismaniasis, etc. 

 

o The introduction of new diseases as yet unknown in the area of the hydropower project 
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o The exposure of displaced populations to diseases that did not exist in their original 

habitat. 

 

6.2.2 Public Health and Safety Impact Mitigation Measures 

Measures required at the initial planning and design stages of the power component should:  

a) Aim to avoid or minimize public health risks at the very onset of the project. 

b) Aim at gaining a proper understanding of current health conditions and strategies for 

improving public health in the area since the existence of the dam.  

c) Provide from the onset for the inclusion of a health specialist in the project execution 

team. To be effective, such a specialist must be given the necessary financial, 

administrative and technical support 

Specific activities to be undertaken by the execution team and by the health specialist 

include:  

a) Planning the announcement of the project in order to avoid early population migration to 

an area not prepared to receive them (in terms of the presence of a local public health 

system) 

 

In order to ensure public safety, effective mitigation measures should be put in place to 

curb the following: 

(i) Hazards related to construction work:  

o Safety to the construction workers will be ensured 

o Experience workers would be hired 

o Company will implement safety protocols 

(ii) Hazards related to the dam reservoir complex:  

o Safety issues associated with Flood control.  

o Occurrence of landslides on the bank of reservoirs. 

o Risks incurred by greater number of people who settle downstream of the 

hydropower project. 

(iii) Hazards related to the operation of dam facilities:  

o Operation of reservoir depends on metrological data. To cope up with different 

inflow data the concerned persons would be trained. 

o Regular maintenance and testing of dam and power station equipment and 

machinery will be carried out. 

 

6.3 Anticipated Project’s Environmental Impacts and Mitigation Measures: Socio-

Economy  

6.3.1 Land Requirements 

Land will be required by the Asa dam hydropower project for sitting of hydro power facilities 

and other essential amenities. Approximately 40 ha will be required only during the 
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construction phase, while about 50ha will be used permanently by the project (i.e. 

transmission facilities, Right of Way, etc.) 

Elsewhere in this report, it was reported that the major occupation of the people in the area 

is farming and related agricultural occupations.  Land is the major ingredient of agriculture.  

Therefore, in order to meet the land requirements of the project, some of the inhabitants 

who have hitherto have rights to land in the area where the project or its facilities would be 

sited will loose their rights to such land.  The consequences of such loss of rights to land 

are less crop area, reduced income, unemployment to mention just a few. 

 

6.3.2 Impact Mitigation Measures for Land Use and Settlements 

To implement the proposed project adequately within the local social context and to 

equitably undertake the land acquisition and compensation process, it would be necessary 

for the project to support the creation of a consultative committee, which will coordinate 

decisions relating to the proposed project implementation. These decisions will mainly 

concern land use, compensation issues, and other socio-economic aspects including 

health, education, electrification, and control of immigrants.  The committee will prepare a 

social development plan, which shall give emphasis to project ethnic communities as part 

of the mitigatory measures to ensure that any likely adverse impacts are mitigated and that 

the communities receive social and economic benefits from the proposed road project.  

The development plan will include the following:- 

(i) A description of the socioeconomic characteristics of the affected communities, 

(ii) An assessment of the likely direct and indirect social impacts, 

(iii) Strategies for mitigatory measures to address both the direct and indirect social 

impacts, 

(iv) Mechanisms for enhancing the social and economic benefits of the proposed project for 

these communities,  

 (v) Institutional arrangements for implementing the mitigatory measures, and  

(vi) Monitoring and evaluation arrangements. 

6.3.6 Development Opportunities 

It is recommended that the road linking the villages should be constructed for ease of 

transportation. So also, the villages most affected by project implementation should 

receive, as compensation for disturbance during the construction phase, free connection 

to the power network and free electricity for a period of 1-2 years. To minimize any social 

risk (increase in population, land prices, etc.) as a result of the rural electrification scheme, 

the provision of electricity to these villages should be maintained.  

The implementation of these recommendations will constitute a major benefit for the 

villages in the project area. 
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CHAPTER SEVEN: CONCLUSION 

 

7.1 General 

The Project's primary objectives are to: 

(i) Support optimal development of the Dam's power sub sector; 

(ii) Provide generating capacity to meet part of the requirement of the Treatment 

Plant. . 

 (iv) Strengthen the management and protection of Asa Dam and water 

Treatment Plant.  

 

7.1.1 Hydrology, Fisheries and Water Quality 

The introduction of the hydropower component of the dam will have positive 

impact on the river flow regime as it will enable strict adherence to reservoir 

management and operation methods and the water discharged from the turbines 

will augment flow at the downstream portion even during the dry season. In 

essence, it reduces flood level slightly in the wet season and sustains adequate 

flow for downstream users during the dry season through releases through the 

turbines during the dry season. 

Asa hydropower project, if executed, will not have any negative impact on the 

water quality aside from contaminants that will be washed into the reservoir by 

rain, natural forces as well as human activities during construction and operation 

of the facility which might cause a steady deterioration of the water quality 

downstream. Similarly, Fisheries will be better off at the downstream portion as 

the existence of a constant flow results in sustained fishing activities. 

7.1.2 Environment 

The major forest loss has been caused by inundation of the reservoir area while 

additional forest loss is expected from the right of way for the power house and 

transmission lines on completion of the hydropower component. However, this 

forest loss is not expected to disturb major wildlife populations or habitat 

significantly.   

7.1.3 Public Health 

Since the completion of the dam and the existence of the reservoir, there has 

been no documented significant outbreak of any water borne disease in the area. 

Malaria has been the commonest disease. Farming activity in the immediate 

vicinity of the reservoir is quite low because the quality of land is not suitable for 
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extensive agricultural use. Ilorin town is also situated downstream and away from 

the reservoir. These factors seem to have combined to reduce the possibility of 

pollution of the reservoir from human activity. 

There are virtually no medical centres and health personnel in the area. Record 

keeping is poor. There is therefore a need for the project to consider the 

establishment of a standard medical facility in the area. The completion of the 

hydropower component will however increase dry season farming and its 

attendant increase in mosquito breeding.  No other major health hazard is to be 

expected due to the introduction of the hydropower component. 

 

7.1.4 Socio-Economy 

The positive impacts of the project on the socio-economy of the area include 

among other things, the opening up of the entire area for developments, gainful 

employment of indigenes, improvement in agro-allied businesses, and provision 

of basic social amenities.  With effective mitigation, the project's adverse impacts 

can be kept to acceptable levels, and support from the Federal Government is 

expected to improve environmental conservation prospects in the area. The 

project’s design provides an acceptable level of environmental protection, serves 

the country's desire for development, helps meet the demand for indigenous and 

clean power, and contributes to national income. 

 

7.2 Environmental Impact Statement 

This study therefore finds no serious environmental reason why the proposed 

hydropower project should not be recommended for execution..  
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