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ABSTRACT 

The establishment of hydro-electric dams in Nigeria served as developmental projects 

for the country, but the communities in the flood plains experience annual flooding 

when the authorities of Power Holding Company of Nigeria (PHCN) open the gates of 

the dams to let off water at the peak of the rains. The floods have caused havoc, 

damages and untold hardships to lives and property. The occurrence of flood has great 

effect on Bacita sugar cane fields downstream of Jebba dam and farming activities 

downstream of Shiriro dam. The cost of rehabilitation in 1994, 1998 and 1999 due to 

the effect of flood at Bacita sugar irrigation field was about $10.8 Million, while the 

cost of damage to crops at downstream of Shiroro dam in 1985 and 1988 was about 

$1.7 millions.  Both Non-Structural and structural measures were reviewed. However, a 

levee which is a structural control structure was designed based on the flood level data 
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collected at three gauging stations near Bacita plantation. The maximum flood levels 

were selected and fitted with Gumbel (EVI type 1) probability distributions and the 

design of the control structure was based on flood level with a recurrence interval of 

100 years. The predicted flood levels are 81.56 m.a.s.l, 76.34 m.a.s.l and 77.07 m.a.s.l, 

with corresponding datum levels of 79.40 m.a.s.l, 71.51 m.a.s.l and 71.30 m.a.s.l for 

Oshin, Belle and Yelwa stations respectively. The height of the levee together with the 

free board were obtained approximately as 3.70 m., 6.33 m and 7.27 m for Oshin , 

Belle and Yelwa lowland areas respectively. 

 

KEYWORDS: Flooding, flood control structure, flood level, Sugar cane plantation. 

 

INTRODUCTION 

The Kainji, Jebba and Shiroro hydroelectric power projects are the 

hydropower schemes in Nigeria. They have installed capacities of 760 

MW, 560 MW and 600 MW respectively and a total output of 1900 MW. 

Hydropower (HP) is one of the few sources of energy that has assumed 

great significance since the beginning of the twentieth century. One major 

reason that makes HP attractive is that water, like wind and sun, is a 

renewable resource and is sustainable through the hydrologic cycle. 

Moreover HP systems are easy to run and generally have low maintenance 

cost compared to other sources of energy (Aribisala and Sule, 1998). 

Although HP project require high initial investment cost, many nations 

today derive sizeable portions of their energy needs from it. Salami (2007) 

reported that Diaz and Fontane in 1989 indicated that hydroelectric plants 

have a major advantage over other energy sources in supplying peaking 

power in that generation rates can be varied rapidly and efficiently. Also 

the choice of hydro systems to generate peaking power carries a higher 

economic value of the water resource used and resulting in a substantial 

increase in the benefits realized.  
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OPERATIONAL IMPACT OF DAMS  

Operational impact of dams to environment 

The operation of HP dams often leads to environmental and ecological 

problems. When inflows are low energy output from HP sources is limited. 

Water may not be released in adequate quantities from the reservoir, a 

situation that can affect ecological balance of the river below the HP dam. 

On the other hand discharge from HP dams can entail large water outflow 

which can cause flooding to adjoining lands downstream of the dam. 

Where the flood plains are regions of economic, social and agricultural 

activities extensive damages will be incurred in the process. In Nigeria this 

is particularly so, as the riverbanks are used for farming and are inhabited 

by farming communities. 

 

Operational impact of Kainji H.P dam on downstream of Jebba H.P dam 

The flow regime of the River Niger downstream of Jebba dam is governed 

by the operations of the Kanji and Jebba hydroelectric schemes and runoff 

from the catchments. Releases from Kainji H.P dam constitutes the major 

inflow into Jebba H.P dam since it lies directly under it, this mean that the 

more the release from upper reservoir the faster the downstream reservoir 

fill up and excess will be discharged thereby leading to flooding. The 

annual ‘white floods’ event which usually sets in July and peaks in 

September does not maintain the same frequency as almost every four 

years the flood sets in with greater velocity, this lead to the dam 

overflowing its banks. When the authority of PHCN (Power Holding 

Company of Nigeria) opens the spillway gates of the dams to let out 

torrents of water, it creates flooding and other social impact on the 
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downstream communities and projects. Lawal and Nagya (1999) stated 

that the occurrences of flood at Mokwa, Rabba and its environs in 1997 

and 1998 destroyed properties worth over five hundred million naira and 

submerged several houses, farmland and crops. According to Lawal and 

Nagya (1999) and Bolaji (1999) the havoc caused by the flooding of the 

lower Niger in 1998 and 1999 also has its effect on social services to the 

people of the area. For example schools in about 32 and 52 villages were 

submerged in the flood of 1988 and 1999 respectively, while schooling for 

fleeing villagers remain disrupted and the hospitals were not spared by 

flood.  

The present paper focuses on the effect of flooding at sugar cane plantation 

at downstream of Kainji and Jebba dams and impact of Shiroro H.P dam to 

downstream of River Kaduna. Figure 1a is map of Nigeria showing major 

rivers and study area hatched, Figure 1b shows location of the three 

Hydropower dams with flood plain hatched and Figure 1c shows the flood 

plains of river Niger downstream of Jebba dam.  
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Figure (1-a): Map of Nigeria showing major rivers and study area hatched 

 

Figure (1-b): Location of the three Hydropower dams and flood plain hatched 
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1 
Figure (1-c): Flood plains of River Niger at downstream of Jebba dam 

FLOOD DAMAGE AT DOWNSTREAM OF KAINJI AND JEBBA 

DAMS 

 
The flooding experienced at the sugar cane plantation of the company is 

caused when the reservoirs of both Kainji and Jebba dams are full due to 

excessive runoff from the catchment areas of the river which cuts across 

many countries like Mali, Niger and Nigeria. The only alternative left to 

protect the dams from collapse is to discharge more water to the 

downstream areas. Other factors that can cause flood at the sugar cane 

plantation during the raining season include: 

(a) Excess rainfall leading to extraordinary runoff 

(b) Lack of proper drainage system and drains of inadequate capacity  

(c) Silting up of natural drains and riverbeds by sediment due to erosion 

in the catchments  

(d) Highly meandering and unstable rivers, changing of course thereby 

causing flood. 
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The flooding leads to destruction of sugar cane on the field, which in turn 

affects productivity. It also leads to extra spending in the clearing and or 

reconstruction of the conveying channels that are damaged during the 

flooding. Salami (2007) reported that in 1994 over 2,260 ha of sugar cane 

fields were flooded and remained inundated for over six weeks. The flood 

damaged irrigation and water conveyance structures, washed away the 

existing flood protection embankments, roads and caused displacement of 

settlements and communities along River Niger. The 1994 flood at the 

sugar cane plantation has a total cost effect of $3.1 million due to cane 

loss, rehabilitation of irrigation facilities and replanting.  In the 1998 the 

episode was repeated with a total loss $3.7 million to the company. In the 

1999 the flood problem re-occurred and led to a total loss of $3.3 million.  

 

FLOOD DAMAGE AT DOWNSTREAM OF SHIRORO DAM 

Shiroro H.P dam was built on river Kaduna which forms one of the 

tributaries to River Niger. After the construction of the dam there were two 

serious floods in 1985 and 1988. Losses during these periods due to floods 

were in millions of naira and a large hectarage of arable land with crops 

submerged. The badly affected area was the Lavun local government area 

where properties worth millions of naira were destroyed. The flood 

damages to crops in Niger State during 1985 and 1988 cost about $1.70 

million. After 1985 and 1988 flooding, the reoccurrence is more frequent 

and the damages are higher.  Lawal and Nagya (1999) stated that the 

occurrences of flood at Mokwa, Rabba and its environs in 1997 and 1998 

destroyed properties worth over five hundred million naira. 
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FLOOD CONTROL MEASURES  

The control measures which can be used include: Non-structural measures 

and Structural measures. 

Non-structural measures 

This represents an administrative measure of flood plain regulation and 

management. It involves flood forecasting and flood warning, based on 

observation of rainfall and river gauge reading in the upstream catchments 

areas. It is possible to forecast the magnitude and time of occurrence of 

flood at any downstream point in a river. With modern communication 

system like the telephone, radio, microwave, radar and artificial satellites, 

it is then possible to instantly transmit the data observed in the upstream of 

the catchments area to centrally located flood forecasting stations. The 

non-structural measures include 

(a) Flood-plain land use planning 

This involves the derivation of a pattern of development on the flood-plain 

in order to reduce the expected value of flood losses and cost of risk 

taking. Such planning involves an analysis of the various land use options 

on the flood-plain. This analysis is often facilitated by the classification of 

the flood-plain into various zones based on frequency and severity of 

flooding 

(b) Flood insurance 

The insurance policy covers all economic losses caused by floods at a 

premium equal to the expected value of flood losses. Within such content, 

flood-plain occupants need to add this premium to the cost of being on the 

flood-plain. 

Advantages of flood insurance are:  

• Making flood-plain occupant aware of the risks involved 
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• Complementing structural measures by removing residual risk 

• Being relatively less costly than structural measures and 

• Creating environmental advantages by not interfering with nature 

Flood warning system 

If the occupants of flood-plain can be warned of an imminent flood then 

evacuated and erection of temporary damage reduction (structures) can be 

adopted. This means that only a portion of flood-plain property is left 

exposed to flood hazards. Consequently, the expected value of flood losses 

is reduced. 

Flood proofing 

This could be defined as a body of adjustment to structures and building 

contents. These adjustments are designed to reduce flood damages and are 

classified into three categories, namely:- 

(i) Permanent measures which are not contingent on flood warning such 

as choice of material less susceptible to flood damage in the construction 

of buildings and construction of elevated buildings. 

(ii) Contingency measures which are implemented after the receipt of 

warning such as closure of unnecessary openings and sealing of walls to 

prevent seepage, and 

(iii) Emergence measures which are carried out during the flood such as 

the use of sand bags. Flood proofing reduces to some extent the expected 

value of flood losses and the cost of risk taking. 

The review of various flood mitigation measures revealed that: 

(1) The adoption of all flood mitigation measures except flood 

insurance, creates economic benefits by reducing both the expected value 

of flood losses and the cost of risk taking, and 
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(2) The adoption of flood insurance creates economic benefits by 

reducing only the cost of risk taking 

 

Structural Measures 

The various structural measures prevent inundation of the flood plain in 

different ways. For example, reservoirs reduce peak flows; levees and 

flood walls confine the flow within pre-determined channels; 

improvements to channels reduce peak stages; the flood-ways help divert 

excess flow. Structural measures alter the stream-flow of rivers and 

channels resulting in reduction of frequency and severity of floods. 

However, two features of structural measures need to be noted. 

(i) Structural measures do not provide complete protection against 

flooding. They only reduce the expected value of flood losses and cost of 

risk taking. Hence, some residual flood losses and risk persist after the 

adoption of structural measures 

(ii) Structural measures can often create a false sense of security. The 

belief that the probability of flooding has been reduced could lead to an 

intensive development of the flood-plain.  Consequently, the expected 

value of flood losses may tend to increase. Such has been the case 

especially in urban flood-plains like downstream of Kainji, Jebba and 

Shiroro Dams.  

The structural measures include: 

(a) Improvement of storage reservoir to enhance drainage capacity so as 

to ensure that the flood can safely discharge without exceeding the 

permissible level in the river. 

(b) Construction of retarding basin in hilly and sub-hilly areas in order 

to accommodate more volume of runoff coming from the catchments areas 
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for certain period of time during the critical storm period to when it has 

reduced and stored volume can be emptied at a particular rate. 

(c) The diversion of the runoff through another subsidiary channel of 

the same river or to select diversion channels 

(d) The improvement of the conveying capacity of the channel would 

also reduce the peak flood of the river and thus serves as a flood control 

measures.  

(e) Construction of dykes, levee and dredging of channel to improve 

capacity. 

 

DESIGN OF A STRUCTURAL CONTROL MEASURE 

The total loss due to the effect of flood on sugar cane production is too 

enormous and there is need to find a lasting solution to the problem. The 

structural facility that can be used to control the flood is levee. The design 

of the levee is based on the predicted flood level having 100 yrs return 

period.  

 

Analysis of Flood Data 

Flood level data was collected at the Irrigation and Agronomy Unit of the 

Agriculture Department of the Nigerian Sugar Company, Bacita. The flood 

levels were collected for three gauging stations in lowland areas and flood 

plains; they include Oshin, Belle and Yelwa (Figure 1). The flood levels 

(maximum and minimum) are available for a period of about thirty years 

(1972 - 2000). The variations of the minimum and maximum flood levels 

are presented in Figures 2 – 4. The maximum flood level data was fitted 

with the various probability distributions in accordance to Bhakar et al 

(2006), Olukanni and Salami (2008) and Olofintoye et al (2009) for the 

prediction of flood of 100 year return period required for the design of 
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flood control structures. Other reports and material were also collected 

from which the flood problems faced by the company were studied and 

identified. 

Fig. 2 Variations of Maximum and Minimum flood level for Oshin near 

Bacita (1972 - 2000)
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Fig. 3 Variations of Maximum and Minimum flood level for Belle near 

Bacita (1972 - 2000)
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Fig. 4 Variations of Maximu and Minimum flood level for Yelwa near 

Bacita (1972 -2000)
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The maximum flood levels were selected for the three gauging stations and 

ranked according to Weilbull plotting position. The corresponding return 

period were determined and plotted against the maximum flood level in 

order to fit a probability distribution for the prediction of future occurrence 

of the flood. The fitted curves for Oshin, Belle and Yelwa lead to the 

development of the following model equations: 

 (a) Oshin gauging station 

354.81)ln(0439.0max += rTHo            (1) 

(b) Belle gauging station 

556.73)ln(605.0max += rTHb            (2) 

(c) Yelwa gauging station  

585.73)ln(756.0max += rTHy            (3) 

Where: 

Homax is the maximum flood level at Oshin gauging station 

Hbmax is the maximum flood level at Belle gauging station 
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Hymax is the maximum flood level at Yelwa gauging station 

Tr is the recurrence interval 

  

LEVEE FOR THE LOWLAND AREAS OF OSHIN, BELLE AND 

YELWA 

 

The flood level having 100 years return period was predicted to be 81.56, 

76.34 and 77.07 m (a.m.s.l) for Oshin, Belle and Yelwa areas based on 

equation (1-3) respectively and the datum levels were obtained as 79.40, 

71.51 and 71.30 m (a.m.s.l) from the data collected. This implies that the 

highest water level at Oshin, Belle and Yelwa is 2.16, 4.83 and 5.77 m 

respectively. For safety purpose there is need for an additional freeboard of 

1.50 m (Framji 1976, Framji 1977, Falade 1998, and Afini 2002). Thus, 

the design heights of the levee embankments become 3.70, 6.33 and 7.27 

m respectively. The top width of levee was selected as 3.0 m and the 

factors of safety obtained are greater than 2 and the eccentricity is less than 

1.83.  

A typical flood levee section is presented in figure 5. 

 

 

 

 

 

 

 

 

 

Figure (5):   A typical structural element of a levee embankment 
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RESULTS AND DISCUSSION 

The study involves collection of flood level data and information 

concerning the extent of flood hazards at the NISUCO, Bacita, Nigeria. 

The causes of the flood were majorly identified as a result of release of 

excess water from the Kainji and Jebba dams and the runoff from the 

adjoining catchments. The effect of flood that occurred in 1994, 1998 and 

1999 were studied and the cost incurred due to the floods were discussed. 

The effects of flooding in the recent years are worse. A total of 30 years 

record of maximum and minimum flood stage data were obtained for three 

gauging stations (near Bacita). The variations of the collected data are 

presented in Figures 2 – 4. From Figure 2, it can be observed that two 

peaks flood level occur at Oshin gauging station. The first peak occurs in 

the month of June while the second peak occurs in the month of 

September. The highest flood level at Oshin is 81.38 m and the datum 

level is given as 79.40 m. From Figure 3, it can be observed that at Belle 

gauging station the peak flood occur in the month of September and the 

value of the maximum flood level is 74.14 m, while that of the datum level 

is given as 71.51 m. Also from Figure 4, the maximum flood level at 

Yelwa occurs in the month of September as 74.87 m and the datum level is 

given as 71.30 m. For the purpose of curve fitting, the return periods for 

the maximum flood level at each gauging station were estimated and 

plotted against the corresponding maximum flood level. The fitted curves 

for Oshin, Belle and Yelwa gauging stations lead to the developed model 

equations used to predict flood level of 100 years return period which was 

used in conjunction with the datum level for the estimation of the height of 

a levee. The predicted flood levels are 81.56 m, 76.34 m and 77.07 m for 

Oshin, Belle and Yelwa respectively. The design of the structural flood 

control levee was based on the predicted flood level. The heights of the 
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embankments were determined as 3.70 m, 6.33 m and 7.27 m for Oshin, 

Belle and Yelwa respectively. Other information concerning the levee 

sections is summarized in Table 1. 

 
CONCLUSION AND RECOMMENDATION 

 
This study has highlighted the causes, effect and control of floods to 

protect the flood plains use for sugar cane production. The main cause was 

identified to be the sudden release of water from the two hydropower dams 

located upstream of the study area. Many damages have occurred to the 

sugar cane plantations in Kwara State, Nigeria as a result of floods in 

1994, 1998 and 1999 which led to a total rehabilitation cost of $10.80 

million, while about $ 1.70 million was lost to flood downstream of 

Shiroro during 1985 and 1988 floods.  A levee (structural control measure) 

was designed based on the predicted flood level of 100 years return period. 

The implementation of the suggested control measure would help in 

mitigating the flood problems faced by lowland communities on the River 

Niger banks. Based on the outcome of the study, the following 

recommendations are made: 

 

• The construction of the levee should be implemented in order to 

alleviate the effect of flood as related to the total loss and other 

hazards at the sugar cane plantations. 

• The management of PHCN at Kainji and Jebba should provide 

information to communities and local authorities on the release of 

water especially during the months of August to October. 
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• Flood routing along the Niger River need to be carried out to study 

the flood level below the Kainji and Jebba dams over a stretch of 

about 150 Km along the Niger River channel. This would enable the 

prediction of flood waves. 

 

• With the established routing model, forecasting of flood level would 

be easier and the downstream communities can be informed 

adequately so as to avoid damages to their farm lands, houses and 

sugar cane and other crops. 

Table 1  Design summary of levee section 

(7) (1) (2) (3) 
 

(4) (5) (6) 

Horiz. 
(Hf) 

Vert. 
(Vf) 

(8) (9) (10) (11) 

Oshin 3.70 1:2 695.17 3.0 11.0 23.74 21.58 118.70 4.2 6.37 0.41 
Belle 6.33 1:2 1107.8 3.0 11.0 117.8 48.07 264.38 2.83 4.92 0.31 
Yelwa 7.27 1:2 1321.83 3.0 11.0 194.68 61.80 339.92 4.5 6.76 0.31 

 

The numbers between brackets in the first row of the above table are as 

follow: 

(1) Location 

(2) Height of embankment H, (m) 
(3) Slope 
(4) Weight of section, W (KN) 
(5) Weight of section, W (KN) 
(6) Top width T (m) 
(7) Hydrostatic force (KN) 
(8) Uplift force (KN) (Uf) 
(9) Factor of Safety against over turning 
(10) Factor of Safety against sliding 
(11) Eccentricity (e) 
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