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INTRODUCTION 

A proposal was written to develop a Research Hydro-dam Electric Generator using the 

overflow of water from the dedicated Hydro-dam that is not retained. This is equivalent to 

turning waste into wealth in an environmentally friendly, ecologically safe and renewable 

form of energy. The Dam will not be disturbed in the process of operation and this will be 

an added dividend obtained from the water supply to the University community. It will be 

a very useful demonstrative educational tool for the academic community. 

This will be very helpful in assisting to overcome the energy challenges of the nation, 

Nigeria and the University of Ilorin in particular. It is a supplement system since it will only 

operate when the water overflows in the raining season and not all year round since in the 

dry season the water level is low. When this is successfully done, it will serve as another 

technique to provide energy to rural areas as it will make use of otherwise unused hydro-

energy source. 

LITERATURE REVIEW 

The basic principle of generating energy comes from the principle of conservation of 

energy which states “energy cannot be created or destroyed but can be changed from one 

form to another. Energy mainly occurs in various forms: mechanical, optical as photons, 

acoustic, thermal, electrical and magnetic and nuclear energy. Each of this can and are 

interchangeable. Some easily and directly while in some others via an intermediary state to 

arrive at the desired final form. 

Energy itself is simply defined as work done while Planck – Einstein theory showed that 

photo energy is obtained from mass defect (Quantum Physics, Eisberg); 

𝐸 = ℎ𝜈 

where h is Planck constant and ν is frequency. 

Mechanically, energy is equivalent to work done (University Physics, Resnick and Halliday): 

𝐸 = 𝐹𝑑 

where F is force and d is distance traversed or displacement. For this case of the 

hydropower generation, the mechanical energy equation is applicable. The force required 

to push the turbine comes from the flowing falling water through a height H called the 

water head and the mass of water flowing per unit time multiplied by the density gives the 

mass of water falling through the head per unit time. The weight of that falling water per 
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unit time is obtained by multiplying the mass with acceleration due to gravity which makes 

the force F available to push the turbine per unit time.  

𝐸 = 𝜌𝑔𝑄𝐻𝑒 (Watts), 

where Q is flow per unit time, ρ is density, g is acceleration due to gravity and e is the 

efficiency. 

This is the amount of energy available for conversion to electrical energy if the efficiency is 

100%. The efficiency is not usually 100% but can be made to approach it by reducing such 

factors as friction in the channel conveying the water and of the turbine. Rotational energy 

of the turbine is converted to the electrical energy as the rotated conductor in the 

magnetic field produces electrical energy.  

Studies were carried out to select the best approach for this micro-hydroelectric electrical 

energy generation technique. 

EXPERIMENTAL TECHNIQUE 

The dam to be utilized was built to serve as source of drinking and laboratory use for the 

University community. However during the raining season, the dam usually overflows the 

spillway. From the discussion above, the overflow during this season which is an artificial 

“Water Fall,” was estimated to establish the Hydrology and Hydropower Potential at the 

source (Dam site, Unilorin) on River Oyun. The discharge for power generation at 149 kW 

was estimated as 2.0 m3/sec. 

A site survey was also done for the possibility of having a water head of about 10m. 

The siphon technique was eventually adopted to tap water from the dam such that the 

system can be shut down when the water level has fallen to allow the minimum level. This 

was followed by a simulation of the water withdrawal procedure. 

The laboratory simulation and careful study showed that another component, the Physics 

theory of “Potential Barrier” must be brought in. The potential barrier referred to as 

potential hill would have to be overcome by the water to ensure success. The 

demonstration shown in Figure 1 shows the Laboratory model of the Dam-Turbine 

connection. In the figure, the bucket stands for the Dam, the pipe connections and the 

efflux adjoining it carries the water to the turbine,the overflow comes out as desired. 

A constant level of the dam is obtained in the simulation by constantly pouring water into 

the “dam” with a second higher bucket. The siphon is depicted by the array of pipes joined 

together such that it runs above the water level before falling to a level that is below it 
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using the siphon technique. The water runs continuously as long as the water level in the 

“dam” is maintained. In order not to drain the dam beyond allowable level in the dry 

season, the water intake level by the pipe is kept close to the upper meniscus (level) of the 

water in the “dam.” 

 

 

Figure 1:  A Laboratory model of the system to draw water from the Dam and run through the pipe 

Working drawing sketch was presented and work commenced when the proposal was 

given an approval to go ahead.  

CONSTRUCTION PHASE 

The program was designed to be in three phases. Two types of survey were done, (i) 

topographic map of the dam immediate site area for the possible location of the hydro-

generator (see Appendix I)and (ii) Hydrological survey analysis of the quantity of water 

available  and the flow rate in order to estimate the derivable power as indicated above 

(see appendix II) to develop a model of the scheme. In general, Phase I was to attempt to 

develop a model that could work. Since this was a Research Project, the process was more 
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imagined than known. At the onset, the efflux from the overflow was to be tapped using a 

semi-flat funnel approach. It soon became evident when the first rain came that the 

approach was not going to work. Since we were not allowed to tap water from the outlet 

works at the base of the spill way orifice already provided with the Dam construction, it 

became obvious we had to look for an alternative approach of tapping the water. In doing 

so, debris must be minimized so as not to damage the turbine blade when put in place.This 

led to the selection of the “Siphon Technique.” This technique would take water directly 

from the dam via a pipe and deliver it to the Generator. Several challenges were 

encountered as enumerated below: 

(a) Excavation of rock 

The first obstacle encountered was “the rock” encountered as the digging proceeded. 

Digging of every subsequent foot began to cost four times what it cost for the earlier 

several meters. The “Head” we had anticipated could not be reached for the Phase I. With 

determination, only about a meter and a half was added. It was impossible to blast a hole 

there with dynamite because the site chosen was situated between the Dam and the 

Bridge.  

(b) Relocation of site 

Hoping to get some relief, it was decided that the site should be shifted to an area below 

the bridge where a significant  ”Head” would automatically be gained. It was soon realized 

that it would not be a solution as of now due to the increase in the length of pipe required. 

The length of pipes required again multiplied by four and the total amount required if 

committed would usurp almost all of the fund allocated to the First Phase. So reluctantly, 

we settled for a marginal ” Head.”  It is hoped that in Phase II, the fund will be sufficient to 

go further downstream below the bridge and gain substantial “Water Head.” 

(c) Pipe leakage 

The size of the pipes laid were reduced to cheaper ones and of smaller diameter to reduce 

cost.  As the pipes were joined one to the other on the slanting terrain, the “domino 

weight effect” of one pulling the other came in and the glue’s binding force were not 

strong enough to hold them in place resulting in leaks when attempt was made to prime 

with water. The leaks became the main deterrence for several months. Pipe by pipe 

support pillars were introduced to stop one pipe pulling another and to eliminate the leaks. 

There was a significant improvement leaving a few but yet significant number of leakage 

points.  
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Test were then conducted on a small model to find out if the leaks will not affect the flow 

of water. The tests showed that if the leaks were not large, it will not affect the flow of 

water. Figure 2 shows a section of the piping system. 

 

Figure 2:  Intake pipe laid by the water side to draw water from the dam 

 

Figure 3:  Embankment of the dam. 
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Part of the embankment of the dam is shown in Figure 3 while the downstream section of 

the penstock (pipes) laid is shown in Figure 4. 

 

Figure: The penstock to carry water to the turbine. 

 

(d) Control of debris 

Attempt was made to stop debris from getting into the inlet pipe by providing a pipe head 

that filters such debris. In order to get this in the water, a support base was required in the 

water and this was done by some experienced Jetty builders from the coastal region of 

Badagry. Figures 5 shows the debris pipe head water filter prepared for immersion in water 

with the divers preparing the base for it.  
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Figure 5: The base for the underwater filtering pipe head being prepared by diver carrying rock 

materials for its support base in water 

(e) Turbine and Generator 

The other major component of the machinery was the turbine and generator. Turbine 

search was made through the Internet. After location of an adequate turbine, attempt 

made to purchase it showed that either the company producing it had folded up or did not 

have what to sell. Another attempt was made to a USA company but the price was 

unaffordable. Also, there wasn’t any producer of turbines in Nigeria. Consequently, the 

turbine and generator were assembled from local efforts. This was done after searching for 

various types of foundry companies in Nigeria that could help in producing certain 

components. An assemblage was made and a turbine was constructed. This is shown in 

Figure 6. 
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Figure 6: The turbine before being put in place to accept water to run it being tested for free rolling 

After significantly laying the pipes, the generator and its turbine were bolted down in place 

as shown in Figure 7.  

 

Figure 7: The generator mounted on its base showing the water jet inlet hole to run the turbine 
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A demonstration of the effluent water jet when the water is running through the pipe was 

done and shown in Figure 8 below. 

 

Figure 8: Test outflow of water jet to drive turbine when water flows fully through the pipe 

This was just a test as the rains of 2010 were missed and rains of 2011 are being awaited. 

The University Hydro-Dam itself from which the water is to be drawn is shown in Figure 9. 

 

Figure 9: The Unilorin Hydrodam. 
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CONCLUSION AND RECOMMENDATION 

Presently, the water level of the dam has gone down and it is necessary to wait for the 

rains to commence before an attempt is made to prime the system to run the water 

through it. When the water level rises, it will be sufficient to tap from it and run it through 

the pipes to the turbine and generator. 

It is however necessary to make preparation for the second phase, which is  Phase II, 

before the rains commence and fill the dam and its embankment to overflow. At that time, 

it will be difficult to work at the riverside. If the fund is not released now and preparations 

cannot be made ahead, it may take another year to put the second phase in place and run 

a test. 

The proposal written for the Phase II shows an architectural design and a modified 

technique of augmenting a “pseudo-dam technique.” It is a better approach which to 

generate electricity from the dam. This could be more efficient than Phase I “Siphon 

technique” as an advance approach which can provide a better stable Water Head. A new 

turbine is also to be brought in and the efficiency of Phase I and Phase II compared. The 

details proposed on Phase I (design, drawings, costing are given in the Appendix III. 
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Appendix I (a) 

 

Figure 1: Survey Plan of the Unilorin Hydrodam Electric Generator Research Project A and B 
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Appendix I (b) 

 

Figure 2: Survey Plan of the Unilorin Hydrodam Electric Generator Research Project C and D. 
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PROPOSED UNILORIN DAM HYDRO - ELECTRIC GENERATOR 

RESEARCH PROJECT 

ITEM DESCRIPTION PAGE    AMOUNT  

  MAIN BUILDING       

1 Concrete work     83,100.00 

2 Pseudo-dam     3,067,400.00 

3 Block work     438,000.00 

4 Roof     507,640.00 

5 Windows     234,000.00 

6 Doors     105,700.00 

7 Finishes     568,325.00 

8 Services installation     1,500,000.00 

  

Proposed Unilorin Dam 

Hydro-Electric Generator 

Research Main Building 

Carried To Summary     6,504,165.00 

 

 

 

  

PROPOSED UNILORIN DAM HYDRO - ELECTRIC GENERATOR 

RESEARCH PROJECT  

ITEM GENERAL SUMMARY PAGE    AMOUNT   

  Preliminaries     

                                

500,000.00   

  Substructure     

                                

909,560.00   

  Main Building     

                             

6,504,165.00   

  Contingencies     

                                

500,000.00   

         8,413,725.00   

  ADD VAT 5%       420,687.00   

  GROUND TOTAL       8,834,412.00   
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Appendix III 

Water resources of River Oyun and Hydropower Potential of 

Unilorin  Dam, Ilorin, Kwara State 

Abstract 

The paper presents the water resources of Oyun River and hydropower potential of Unilorin dam. The study 

involves estimation of design floods from extreme rainfall through convolution with unit hydrograph ordinates 

obtained from soil conservation services method. Other parameter determined include; domestic water 

requirement, reservoir evaporation losses, sediment and discharge at Unilorin dam. The peak and low flows 

were fitted with Gumbel extreme value type I and III respectively and return period (recurrence interval) of 

peak flow (19.34 m3/s) was obtained as 40 year, while low flow (0.0020 m3/s) may reoccur annually. In order 

to determine the available flow for power generation, sequent peak and flow duration analysis were carried 

out. The analysis revealed that the flow of 50%, 75%, and 90% reliability that is available for energy generation 

is 1.45 m3/s, 0.70 m3/s, and 0.45 m3/s respectively, while the corresponding hydropower potential was 

obtained as 0.108 MW, 0.052 MW and 0.034 MW respectively. It is recommended to provide 3 units of turbine 

with 0.108 MW, 0.052 MW and 0.034 MW generating capacity respectively. Hence the total maximum energy 

potential of Unilorin dam is about 0.20MW. 

Keywords: Oyun River, hydrology, Water resources, Unilorin dam, Hydropower  

 

1. Introduction 

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 Power Holding Company of Nigeria (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, 2008). The overall potential of hydropower generation of Nigeria is in excess of 

11GW (Zarma, 2006). This mean that less than 20% of the hydropower potential of the country has been realized. 

The development of a mini hydro scheme at Unilorin Dam is thus a giant stride in the right direction. 

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 it is capital 

intensive and have long gestation periods (Dandekhar, 1992). However, where there are existing storage facilities as 

at Unilorin Dam, both cost and gestation period is reduced. 

The Unilorin Dam was commissioned in 2007 primarily for water supply, is located on the Oyun River. The 

Dam is a zoned earthfill embankment with an ogee-shaped concrete spillway. The intake for water supply and the 

low lift pumping station are located on the wing wall. The Dam parameters are shown in the table 1. 
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Table 1.  Relevant Details of the Unilorin  Dam 

S/NO ITEM DETAILS 

A RESERVOIR   

1. Catchment area 573 km2 

2. Average Annual Yield (Catchment Runoff) 50.53 x 106 m3 

3. Live storage 1.54 x 106 m3 

4. Dead storage 0.26 x 106 m3 

5 Surface area @ elevation 294 m amsl 0.696 x 106 m2 

6 Reservoir capacity @ elevation 294 m amsl 1.80 106 m3 

7. Length of the river 48.30 km 

8. Fetch 6.10 km 

B DAM EMBANKMENT  

1. Type Zoned Earthfill embankment 

2. Crest Elevation EL 296.50 

3. Crest length 178 m 

4. Top width 5 m 

5. Maximum height of embankment 10.30 m 

6. Maximum height of earth core 8.90 m 

7 Maximum length of base 31.40 m 

8 Base of the earth core 21.40 m 

9 Upstream  slope 1:3 

10 Downstream slope 1:2 

11 Upstream and downstream slope of earth core 1:1 

C SPILLWAY  

1. Type  Ogee-shaped concrete spillway 

2. Crest length 50 m 

3. Crest elevation EL 294 

D Maximum height 7.70 m 

1. Maximum flood discharge 434.81 m3/s 

2. Freeboard height 2.50 m 

Source: Technical Report on Unilorin dam by CIWAT Engineering Consultants 

 

2.      Hydrology of Oyun River at Unilorin Dam 

2.1   Estimation of design floods from extreme  rainfall for catchment of Unilorin dam 

In many parts of the world, rainfall and runoff data are seldom adequate to determine a unit hydrograph 

of a basin or watershed. This situation is common due to lack of gauging stations along most of the rivers and 

streams. Generally, basic stream flow and rainfall data are not available for planning and designing water 

management facilities and other hydraulic structures in undeveloped watershed. However, techniques have evolved 

that allow generation of synthetic unit hydrograph. This includes Snyder’s method, Soil Conservation Service (SCS) 

Method, Gray’s Method and Clark’s Instantaneous Unit Hydrograph Method. This study applied US Soil Conservation 

Service methods to develop unit hydrographs and subsequently used to generate peak storm hydrographs of rainfall 

depth of various return intervals through convolution.  
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2.1.1 Soil Conservation Service (SCS) method 

US Soil Conservation Service method was used to develop dimensionless unit hydrograph for many drainage 

areas of varying sizes and different geographical locations The peak discharge and the time to peak were determined 

in accordance to the standard method and the results are used to plot unit hydrographs, which was adopted in the 

establishment of storm hydrographs of desired return periods. The parameters used are estimated based on 

equations 1-4  

Peak discharge: 

The peak discharge can be obtained through the equation (1) 

p

d
p

t

QA
Q

.**208.0
    (1) 

where 

Qp = peak discharge (m3/s); A = watershed area (km2); Qd= quantity of run off (mm) and 

tp = time to peak (hr) 

 

Time to peak (tp) and lag time (tl) 
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cl tt 6.0     (3) 











385.0
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0195.0
S

L
tc    (4) 

Where tc = time of concentration (min) and tr = rainfall duration (min), L = length of channel (m); S = slope of channel 

The estimated values for both the peak discharge and time to peak were applied to the dimensionless 

hydrograph ratios in accordance to SCS and the points for the unit hydrograph were obtained (Raghunath, 2006) 

and used to develop the unit hydrograph curve. 

 

 

2.1.2  Development of unit hydrograph  
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  The watershed characteristics obtained from the topographic map of the River catchment under 

consideration in accordance to Ramirez (2000) and Arora (2004) are presented in Table 2. 

 

Table  2 Parameters for the generation of unit hydrograph  

River 

watershed 

L (km) tL (hr) tr (hr) tc (hr) tp (hr) qp (m3/s) A (km2) S (%) 

Oyun River  48.3 8.31 1.51 13.86 9.07 131.40 573.0 0.0022 

 

The method of US Soil Conservation Service (SCS) for constructing synthetic unit hydrographs was based on 

a dimensionless hydrograph, which relates ratios of time to ratios of flow (Viessman et al, 1989 and Ramirez 2000). 

This method requires only the determination of the time to peak and the peak discharge. The calculated values for 

parameters tp and qp were applied to the SCS dimensionless unit hydrograph to obtain the corresponding unit 

hydrograph ordinates, the estimated unit hydrograph ordinates for Oyun River at Unilorin dam is presented in Table 

3  based on the values of  time to peak discharge (tp ) and peak discharge (qp ) for each river. 

 

Table 3   Unit hydrograph ordinates for Oyun River based on US SCS method 

t (hr) Q (m3/s) 

0.00 0.00 

4.54 56.50 

9.07 131.40 

13.61 86.72 

18.14 42.05 

22.68 20.37 

27.21 9.85 

31.75 4.73 

36.28 2.37 

40.82 1.18 

45.35 0.53 

 

 

2.1.3 Design floods hydrographs 

The established unit hydrographs ordinates were used to develop the storm hydrographs due to actual 

rainfall event over the watershed. Peak storm hydrographs for selected return periods (10yr, 20yr, 50yr, 100yr and 

200yr) were developed through convolution. The maximum 24-hr rainfall depths of the different recurrence interval 

for the catchment under consideration are 115.30 mm, 127.68 mm, 144.99 mm, 159.02 mm and 174.00 mm 

respectively (Olofintoye et al 2009). The storm hydrograph was derived from a multiperiod of rainfall excess called 

hydrograph convolution. It involves multiplying the unit hydrograph ordinates (Un) by incremental rainfall excess 
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(Pn), adding and lagging in a sequence to produce a resulting storm hydrograph. The SCS type II curve was used to 

divide the different rainfall data into successive equal short time events and the SCS Curve Number method was 

used to estimate the cumulative rainfall for storm depth. The incremental rainfall excess was obtained by subtracting 

sequentially, the rainfall excess from the previous time events. The equations that apply to the SCS Curve Number 

method are given in equation (5) and (6). 

 

SPforQ

SPfor
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Q
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a
d

2.00
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*
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 (5) 

 

Where Ia = initial abstraction Ia = 0.2S 

 

254
25400


CN

S    (6) 

 

With the CN = 70 based on soil group A, lowest runoff potential, includes deep sands with very little silt and clay, 

also deep (Source: US SCS, 2000). It was also revealed that the catchment area is a rangeland, where one quarter is 

cultivated and one quarter are woodlands; all the catchment is in fair to good hydrological condition and the soils 

are moderately well drained. S is estimated as 108.86 mm, while Ia is 21.77 mm. This implies that any value of rainfall 

less than 21.77 mm is regarded as Zero. The unit hydrograph with the generated storm hydrographs of different 

return periods of 10, 20, 50, 100 and 200 year is presented in Figure 1.  

 

 

Figure 1   Unit hydrograph with generated storm hydrographs of 

different return periods for Oyun River at Unilorin dam 
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2.2 Water Resources of the Unilorin 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 energy 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 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. 

2.2.1 Water Supply  

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

is water supply. It is assumed that the population making use of Unilorin dam is 30,000 people including academic 

activities. The per capital consumption recommended by the World Bank for urban areas is 120 l/d. This puts the 

total demand as 

 W = Population x Per Capital Consumption 

  30,000 x 0.12 = 3600 m3/d or 108,000 m3/month or 0.05 m3/s 

2.2.2 Evaporation Losses Over reservoir Area 

Considerable quantity of stored water in a reservoir is lost due to evaporation, seepage and leakage. 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 4. In practice, the reservoir 

evaporation is taken as a product of monthly evaporation and reservoir surface area at ¾ maximum capacities. From 

data presented in Table1 and the topographical data used to establish the Elevation-Surface area-Capacity curve, 

the reservoir surface area corresponds to about 0.56 x 106 m2. This value was used in the computation of the monthly 

evaporation losses shown in Table 4. 
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Table  4    Mean Monthly Evaporation at Unilorin Dam Reservoir 

Month Mean Evaporation (mm) Adjusted Mean Evaporation 

(mm)  

Reservoir mean monthly 

Evaporation (m3) 

Jan. 316.20 252.96 141657.60 

Feb. 276.64 221.31 123934.72 

Mar. 253.58 202.86 113603.84 

April 179.70 143.76 80505.60 

May 124.93 99.94 55968.64 

June 97.50 78.00 43680.00 

July 88.66 70.93 39719.68 

Aug. 84.32 67.46 37775.36 

Sept. 75.00 60.00 33600.00 

Oct. 98.58 78.86 44163.84 

Nov. 177.00 141.60 79296.00 

Dec. 249.55 199.64 111798.40 

Total 2021.66 1617.328 905703.68 

 

2.2.3 Reservoir Sediment 

The storage capacity of the Unilorin 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). The sediment yield range of solids concentration is usually given for many rivers and streams in this region to 

be between 1.0 g/l to 2.0 g/l and higher values for areas further north (MRT). The same report gives a regional 

sediment rating curve that is sediment S per unit discharge as in equation (7) 

  lgeS R /0.181.110124.0  
  (7) 

where 

R = annual rainfall in mm for the project area (1200 mm) and S was obtained as 1.0464 g/l. The total annual sediment 

inflow was obtained by multiplying the sedimentation rate with the catchment runoff given in Table 1 to obtain the 

annual sediment inflow as 52.88 x 106 kg. 

Taking the value of consolidated sediment as 1500 kg/m3, the sediment volume per year was obtained as 35.250 x 

103 m3 

2.2.4 Reservoir Inflow 

Monthly inflow data of Oyun River at Oyun Dam Offa is available from 1972 to 1981 (Salami and Ajenifuja, 

2009). In modeling the monthly reservoir inflow, the Thomas – Fierring model based on a first order Markov model 

was adopted and the synthetic flow series were calculated using observed historical monthly stream flow sequences 

(Salami, 2007). The monthly flow parameters of the observed flow for Oyun River at Offa dam when the monthly 

inflows are described as first order autoregressive normal and loq-normal is presented in Table 5 and the model 

developed was used to extend the flow up to the year 2020. In order to estimate the river flow at the Unilorin dam 
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which is the flowing River Oyun through the University Campus, the following procedure was adopted. Loucks et al 

(1981) indicated that, Middleton and Lawrence in 1976 stated that the method used to estimate flows depend on 

the characteristics of the watershed of the river basin. In humid regions where watersheds are generally 

homogeneous throughout the basin, the spatial distribution of monthly or seasonal rainfall does not significantly 

vary from one part of the river basin to another. In these situations, estimated flows 
s

tQ at any site s can be based 

on the watershed areas As above those sites, and the stream flow 
's

tQ  and watershed area 
'sA  above the nearest 

or most representative gage site s’. The equation is given as in equation (8). 











'

'

s

s
s

t

s

t
A

A
QQ    (8)   

where 

s

tQ  = stream flow at ungauged site downstream (m3/s) 

's

tQ  = stream flow at gauged site upstream (m3/s) 

sA  = watershed area contributing to gage site s (km2) 

'sA  = watershed area contributing to gage site s’ (Km2) 

  

The technical report on Unilorin dam (CIWAT, 2007) revealed that the catchment area for Unilorin dam is 573 km2 

while that of Oyun dam at Offa is 106 km2. Nurudeen, (1987) . Based on the catchment area and the extended flows 

for Oyun River at Oyun dam Offa, the river flows at Unilorin dam were estimated. The hydrograph of the estimated 

river flow at Unilorin dam is presented in Figure 2. While the relationship between the summary of statistics of the 

extended river flow (m3/s) at Oyun dam Offa and that of the estimated river flow (m3/s) at Unilorin dam are 

presented in Figures 3a – 3f for mean, standard deviation, coefficient of variation, minimum, maximum and 

skewness coefficient respectively. 
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Table 5    Statistics of monthly flow (Mm3) for Oyun River at Offa dam (1972-1981) and model parameter  
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean 

0.3

0 0.73 1.69 1.88 1.72 2.06 1.99 1.33 3.69 2.10 1.21 0.83 

Median 

0.0

4 0.35 1.26 1.42 1.15 1.54 1.06 1.50 3.75 1.84 0.82 0.45 

S.D 

0.5

4 0.835 1.34 1.33 1.44 1.63 2.58 0.84 1.35 1.08 1.10 0.94 

C.V 

1.8

1 1.14 0.80 0.71 0.84 0.79 1.29 0.63 0.37 0.51 0.91 1.14 

Min 

0.0

0 0.02 0.43 0.63 0.64 0.88 0.84 0.13 1.32 0.88 0.03 0.01 

Max 

1.5

6 2.68 5.07 5.14 5.44 6.53 9.25 2.33 6.67 3.87 3.19 2.94 

Skew 

1.9

5 1.72 1.99 1.84 2.24 2.74 3.04 -0.43 0.73 0.66 1.29 1.71 

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 

 

0.2

1 0.19 0.98 0.84 0.96 0.94 -0.40 0.51 0.19 0.73 0.97 0.13 

Slope, b b1 B2 b3 b4 B5 B6 B7 b8 b9 b10 b11 b12 

 

0.3

2 0.31 0.97 0.91 1.09 1.49 -0.13 0.82 0.15 0.74 0.82 0.08 

 

 Monthly inflows as first order autoregressive  loq-normal, where  xi = ln qi the parameters Ux,i  ; Sx,i ; rx,i and bx,i are 

determined as follows 

Ux,i -2.66 -1.15 0.03 0.23 0.01 0.24 -0.29 -0.06 1.18 0.51 -0.41 -1.02 

Sx,i 1.21 0.91 0.70 0.64 0.73 0.70 0.99 0.58 0.36 0.43 0.78 0.91 

rx,i 0.36 0.27 0.98 0.87 0.97 0.96 -1.11 0.55 0.20 0.75 0.98 0.19 

bx,i 0.47 0.20 0.76 0.79 1.11 0.91 -1.58 0.32 0.13 1.02 1.57 0.22 

C.V = Coefficient of Variation, Ux,i=Mean of natural logarithms of the  monthly flows 

S.D = Standard deviation,  Sx,i= Standard deviation of natural logarithms of the monthly flows 

b = slope of regression equation,  rx,i= Correlation coefficient of natural logarithms of monthly flows 

bx,i= Slope of regression equation  of natural logarithms of the flows 

 



28 
 

 

 

  

Fig. 2 Variation of estimated Oyun River flow at Unilorin Dam
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Fig. 3a  Comparison between monthly mean flow at Unilorin dam and 

Oyun dam Offa
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Fig.  3b  Comparison between the standard deviation of flow at 

Unilorin dam and Oyun dam Offa
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2.3 Probability distribution analysis 

2.3.1 Fitting of the probability function 

The Gumbel extreme value type 1 (EV1) probability distribution function was used in fitting the low and high flow 

rate in order to predict values for various return periods. The probability functions obtained for low and high 

reservoir outflow rate are presented in equation (9) and (10) respectively. 

Reservoir outflow rate 

Low values 

 

  py

yQ

T

TT

lnln

45.078.039.026.0




 (9) 

High values 

 

  py

yQ

T

TT





1lnln

45.078.098.362.9
 (10) 

 

Fig.  3c Comparison between Coefficient of Variation of flow at 

Unilorin dam and Oyun dam Offa
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Fig.  3d  Comparison between monthly minimum flow at Unilorin dam 

and Oyun dam Offa
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Fig.  3e Comparison between monthly maximum flow at Unilorin dam 

and Oyun dam Offa
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Fig.  3f  Comparison between skewness of flow at Unilorin dam and 

Oyun dam Offa
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In order to show how best the Gumbel probability distribution function fits the low and high values of the 

stream flow, the observed and predicted values were plotted. The relationships between the observed and predicted 

values of the high and low reservoir outflow rate are presented in Figures 4 and 5 respectively. In addition, statistical 

goodness of fit tests such as probability plot correlation coefficient (ppcc) and coefficient of determination were 

determined. The results are presented in Table 6; the result shows that the Gumbel probability distribution function 

can be adequately used to predict both low and high values of reservoir outflow rate and tail race water level. Based 

on this fact, values of the variables for different return periods are predicted and presented in Table 7. 

 

 

 

Table  6  Value of statistical goodness of fit tests 

Statistical Tests Low flow Peak flow  

Correlation coefficient (r) 0.91 0.99 

Coefficient of determination (R2) 0.83 0.97 

 

 

 

 

 

 

 

 

Figure 4  Comparison of observed and predicted peak flow
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Figure 5   Comparison of observed and predicted low flow
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Table  7  Low and Peak flow of various return periods 

Return Period Low flow (m3/s) Peak flow (m3/s) 

2 0.20 9.37 

5 0.00 12.88 

10 0.00 15.21 

50  20.33 

100  22.49 

200  24.65 

500  27.50 

 

 

2.3.2 Estimation of return period for low and peak flows 

The analysis of the historical data revealed that the lowest and the peak reservoir inflow rates are 

0.0020m3/s and 19.34m3/s respectively. However, it is necessary to determine the return periods of the historical 

low and peak flows using the Gumbel probability distribution function developed. The results are presented in Table 

8 

 

 

Table  8  Return periods for low and peak flows 

Parameter Oyun River flows at Unilorin dam (m3/s) 

 Low flow 

0.0020 

High flow 

19.34 

Return period (yr) 1.37 41.28 

 

This means that low flow will be expected almost annually while flooding may occur on the average of every 40 

years. The outcome helps to ascertain the pattern of dry and wet season recession of runoff and what flood risks 

are expected. 
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2.4 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. 

 

2.4.1 Sequent – Peak Analysis 

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 equation (11) 

 

St = Wt – It – Rt + Et + St – 1, if positive.       (11) 

 St = o, otherwise. 

 

where St = Storage at time t, Wt = Water Supply demand; It = Inflow; Rt = Direct Rainfall on Rainfall 

Et = Evaporation from reservoir; and 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 9 shows the computation of storage required at Unilorin dam to meet the specified 

obligations using the Sequent – Peak method. Data for water demand, inflow and evaporation have been established 

in previous paragraphs. 

 

 

 

 

 

 

 

 

Table  9 Computations of Sequent – Peak Method for Unilorin  Dam 
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Month 

Water Supply 

m3 

Minimum 

Reservoir Inflow 

m3 

Evaporation  

Losses m3 

Initial Storage 

m3 

Required Storage 

m3 

January 108,000.00 5,356.80 141,657.60 0 244,300.80 

February 108,000.00 79,548.48 123,934.72 244,300.80 396,687.04 

March 108,000.00 2,335,296.96 113,603.84 396,687.04 0.00 

April 108,000.00 3,524,774.40 80,505.60 0.00 0.00 

May 108,000.00 1,851,310.08 55,968.64 0.00 0.00 

June 108,000.00 3,432,905.28 43,680.00 0.00 0.00 

July 108,000.00 2,203,251.84 39,719.68 0.00 0.00 

August 108,000.00 647,369.28 37,775.36 0.00 0.00 

September 108,000.00 7,356,493.44 33,600.00 0.00 0.00 

October 108,000.00 3,506,829.12 44,163.84 0.00 0.00 

November 108,000.00 178,649.28 79,296.00 0.00 8,646.72 

December 108,000.00 22,230.72 111,798.40 8,646.72 206,214.40 

Storage required based on minimum river flow =     396,687.04 m3 

From Table (9),  St = 396,687.04 m3.  The storage capacity of the Unilorin Dam reservoir is 1.80 x 106m3. 

The estimated sediments yield in the reservoir has been established as 35250 m3. The storage required to meet 

water demand obligation for the dam as established above leaves a balance of 1800000 – 35250 – 396687 = 

1368063 m3 for other uses. The Sequent – Peak analysis was done on a monthly basis. This amount of water for 

other uses translates to 0.53 m3/s. A quick check using the estimated flow data for Unilorin dam for a flow duration 

curve method is presented in the following section.    

2.4.2 Flow duration curve for Oyun River flow at Unilorin dam 

The flow duration analysis was carried out in accordance to the method established by Oregon State 

University in 2002 to 2005, which can be referenced at http://water.oregonstate.edu/streamflow/ . The method 

involves establishment of relationship between discharge and percent of time that the indicated discharge is 

equaled or exceeded (exceedence probability). The flow duration curve obtained is presented in Figure 6, the 50%, 

60%, 75%, and 90% dependable flow for the Oyun  River at Unilorin dam are obtained as 2.60m3/s, 2.00m3/s, 

1.20m3/s and 0.50m3/s respectively. Hence the estimated reservoir yield of 0.53m3/s based on minimum flow 

corresponds to 90% reliable flow.  

 

http://water.oregonstate.edu/streamflow/
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Fig. 6   Flow Duration Curve for Oyun River at Unilorin Dam
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2.5  Hydropower Potential of Unilorin Dam 

2.5.1 Equation required for estimation of hydro-electric energy 

The hydropower potential of the dam was estimated from the equation below: 

P = 9.81 x Q x H x Et x Eg 

where P = Power (KW);  H = Net Head = 10 m;  Et = Turbine efficiency = 80% 

Eg  = Generator Efficiency = 95%; Water supply requirement = 0.05 m3/s . The estimation of the energy potential is 

presented in Table 10 

Table 10  Estimated energy potential 

Reliability (%) Flow 

(m3/s) 

Available 

flow (m3/s) 

Net head 

(m) 

Turbine 

efficiency (%) 

Generator 

efficiency (%) 

Power (KW) 

50 2.6 1.45 10 80 95 108 

75 1.2 0.70 10 80 95 52 

90 0.5 0.45 10 80 95 34 

 

3.0 Conclusions 

The Oyun River at Unilorin dam is ungaged, but there are inflow data at Oyun Dam in Offa, spanning from 

1972 to 1981. This data was extended to year 2020 by modeling the inflow and the river flow at the Unilorin dam. 

These estimates were based on the procedural steps by Loucks et al (1981). The flow duration curve was established 

in accordance to the procedure developed by Oregon State University. For 50% reliability, the available flow for 

energy generation was obtained as 1.45m3/s and the corresponding hydropower potential of the dam is estimated 

as 108 KW. While for the 75% and 90% reliability, the available flow is 0.70m3/s, and 0.45m3/s respectively and their 

corresponding hydropower potential is estimated as 52 KW and 34 KW.  Three units will be provided and their 

operation depends on the available flow into the dam.  
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