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Abstract gt
Understanding the mechanisms of climate variability which is reflected in

rainfall on time scale of seasonal to several years is a prerequisite for any prediction
and planning of power generation enterprise and also for run-off and flow regime of
rivers and streams. The water balance of an area depends on the meteorological
factors influencing precipitation and evaporative loss from plants and soils. This
paper investigated power generation planning responses to water availability factors
at Kainji hydropower dam. The watershed or catchment method where flow
characteristics of the catchment basin are related to climatic variables was used. The
results show that availability of moisture follows the pattern of rainfall distribution
over the basin, which is reflected in the power generation planning responses. It is
therefore recommended that careful assessment of water needs for planning purpose
and continuous monitoring of various hydrologic variables be made 1o ensire
optimization of waler use for sustainable hydropower generation in the study area.

Keywords: Water Balance, Hydropower, Climate, Basin, Rainfall anci
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Introduction
Availability of water for all land use activities (agricultural and hydrological)

is dependent on steady rainfall during any rainy season, as rainfall characteristics
influence the amount and character of available moisture. The water balance studies
are modeled to provide a general overview of water conditions in the study area.
Water balance techniques, one of the main subjects in hydrology, are a means of
solution of important theoretical and practical hydrological problcm; G b
the water balance approach, it is possible to make 2 quantitative evz;lualion of water
resources and their change under the influence of man's activities. Sokolov et al
(1974) asserted that the study of Fhe water balance structure of lakes ;iver basins and
ground-water basins forms a basis for the hydrological substantiation of projects for
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the rational use. control and redistribution of water resources in time and space |
inter-basin wransfers, streamflow control, etc.). Knowledge of the water bziar.
assists the prediction of the consequences of artificial changes in the regime
streams. lakes, and ground-water basins. Current information on the water balance
Hiver and lake basins for short time intervals (season, month, week and day) is us
for operational management of reservoirs and for the compilation of hydrolog .
foracasts for water management (Jackson, 1989).

An understanding of the water balance is also extremely important for st
of the hydrological cycle. With water balance data, it is possible to com' .
individual sources of water in a system, over different periods of time andtoes ) -
the degree of their effect on variations in the water regime. Further, the initial ana. .
used to compute individual water balance components and the coordination of .. -
components in the balance equation makes it possible to identify deficiencies i~
distribution of observational stations, and to discover systematic erors .
measurements (Gray, 1970). Chapman (1970) stated that water balance st....:
provide an indirect evaluation of an unknown water balance component iTom ..
difference between the known components (e.g. long-term evaporation fro . u
basin may be computed by the difference between precipitation and runoff).

Toebees (1961) opined that water balance studies are useful - 1) ¢

b N

continuous survey of irrigation requirements; (ii) the prediction of low 1L and (1)
an index of the condition of a catchment. Jackson (1989) further enum ! the
application of water balance studies to among others, (i) providing ¢ eneral
overview of water conditions in an area; (ii) form part of & mod>’ gating
rainfall-runoff relationship and stream flow prediction from chmauc « (i1) 10
assess the suitability of an area for a particular crop; (ii1) 10 ass Tigation
requirements both quantity and interval; and (iv) to assess human i on the

system. The seasonality of West African rainfall as a function of the igrator
monsoon as stated by Adefolalu (1990) results in contrasting sumr o rainfall
patterns, soil moisture change and drainage. As such, vanabii fall over
different time periods influences water balance and hcnce agric iural aid
hydrological planning on daily, monthly, seasonal and annual basis.

This study aimed at providing a climatological guide for e’ .ctive water
utilization for hydropower generation in the dam.
The Study Area | . L
The Study Area is the Kainji Hydro Electric Power loc ted between
Jownsreani Up Ol

Latitude 09° 50'N Longitude 10° 55E on the River Nig: g
Kainji Island in Borgu Local Government Area of Niger State, 5. M€ V= s ]L'hm
North East of Lagos and 605 Km Northwest of Abuja, Niger - . - .
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area of about 1250 km’, total storage volume of 15 billion m’ wig

a surface i s ;
dar:it':]asr: length of 136 km and dead storage of about 3 billion cubic meters, y; :
?caderal Government project which was initiated in 1964 and completed in 1968 |,

managed and operated by Niger Dams Authority (NDA) and |yq,

x::io]::lnllil:i’ctﬁc Power Authority (NEPA) which was established by Decree No 24
of 1% April 1972 with the merger of NDA and ECN to form NEPA now Power
Holding Company of Nigeria (PHCN). It is empowered to maintain an efficien.
coordinated and economic system of electricity supply to all the nooks and crannjeg
of the Nigeria. Kainji Power Station is thus the forerunner of PHCN's present (hree
hydro-electric power development schemes in Nigena.
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Figure 1: The l(ajnji Dam Reservoir, Nigeria
Source: www.wikipedia.org/wiki/Kainji Lake (2011)

According to NEDECO and Balfour Beatty (1961), two patterns are
discernable in the seasonal hydrological regime of River Niger in Kainji. In the
months of May to October rainfall in the Northern parts of Nigeria, South of Niamey
produces flood that quickly reaches Kainji area with a peak of 7,000 - 8,000 m’ s in
September to October. This flood water is laden with silt and clay sediment and is of
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dity. Due to its colour, it is locally called ‘white flood’ The second food
from the rivers hcad\yatcr region from rivers of high annual rainfall in the
Fouta Djallon highlands in QUinea and passes through sub-and region and deltaic
swamps in Timbuktu. I.n this area, muph of the silt is lost to evaporation and
infiltration. Littl3€ \INatcr is addf:d befqre It reaches Kainji in November with a peak
flow of 2000 m”s™, the water is relatively clear known as black flood (Oyebande et
al. 1990; Mbagwu et al, 2000; Olaosebikan et. al, 2006). These floods lead to high
water levels which always give rise to water release at the dam sitcs and eventually
have negative consequences on the downstream communities.

high turbi
oﬁginalcs

Methodology {
This study utilized forty year record (1969-2009) of hydro meteorological data

of rainfall, evaporation, temperature and stream flow. The data were used to compute
the mean, totals and other derived parameters such as Potential Evapotranspiration
(PET), Actual Evapotranspiration (AET), Soil Moisture (SMD) and Readily
Available Moisture (RAS) etc.
Both descriptive and inferential statistical methods were used in data
interpretation. The descriptive methods include mean, frequency analysis and graphs.
The calculated mean was done using the formula:

n
‘M
K

X

----------------------

Where X is the observed parameter, _ is the summation symbol and N is the
number of observations.

Correlation coefficients of the main meteorological variable (Rainfall) on
hydrologic and reservoir variables were computed to determine the strength of the
relationship between the variables. After, the regression analyses of the correlated
variables were done to develop regression model. The regression model can be

described by the equation that follows:

Where, X = time (year), a = slope coefficients and b = least square estimates

of the intercepl.

s were computed using Microsoft

Both the ation : ion analysi
soodian nog rogiee 1T A6 kage for Social Sciences (SPSS)

Excc_l Software Application and the Statistical Pac
€rsion 16.0 for Windows.
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The watershed or catchment method; where flow characteristics of the basin
are related to climatic variables and other environmental factors that affect outpyy to
establish a physically based statistically significant relationship with the outpy g
utihsed.

Jackson (1989) gave the water-balance equation as:

R EAS E AR RL ... cipiiennrastssng 3)

Where:
Et = Evapotranspiration from the catchments (mm)

R = Rainfall (mm)

Q = Stream flow (m3/sec)

AG = Water storage change beyond root range (mm)
L

= Out flow/flow other than past stream measurement point.
AS = Water storage change within root range (mm)

The areal volume of the water balance parameters were calculated using
Warehouse (1977) method of estimating volume of area precipitation which state that
for a given area in square kilometers and an annual precipitation in millimeters per
year, the volume of total rain will be in km” multiplied by mm or m’ multiply 10°.

The areal extent of the Kainji Reservoir is 1250 squares kilometers and the
annual area volume of the water balance parameters are as follows:

Rainfall = 16,022.5 X 10°m’ per year
Infiltration 13,162.5 X 10°m’ per year
AET 70,225.0 X 10°m’ per year
SR 17,000.0 X 10°m’ per year

Results and Discussion

Table 1 summarizes the water balance distribution at Kainji dam. The
maximum PET at Kainji dam is 130 mm in January and lowest, about 48 mm in
August. The AET is lowest also in January and correspondingly the maximum AET
is 95 mm in November. The annual rainfall total of 1283 mm exceeds the annual
computed values of PET, RAS, SR and AET; signifying a positive relationship of
moisture availability.

Figure 2 depicts the pattern of water balance distribution over the basin. The
SMD is zero for most part of the year and AET and PET vary slightly from January to
Apnil of any hydrological year. Figure 3 illustrates the monthly rainfall distribution at
Kainji. About 50 percent of monthly rainfall total accumulates on the three heaviest
rainy months of July, August and September when values reach up to about 320 mm.
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Rainfall generally bcgins in.MarchIﬁILpril. Increases until the
qnd decreases thereafter until cessation mkc§ place completely in November. The
months of November to February are dry. Though, rainfall begins in March/April,
he amounts are always very low, less than 50 mm. Three months; July, August. and
September toggth.t:f represent tl_le.penod of highest rainfall in the Kainji dam and
consequently significant reservoir mﬂow harvest.

Figure 4 illustrates the distribution of rainfall and evaporation in the basin
The difference between rainfall and PET defines two seasons in the study area. Thé
Water balance analysis depicts three scenarios: moisture deficit, moisture recharge
and moisture surplus resulting in 6 months of moisture surplus and 6 months of
moisture deficit. The seventy of the dry season increases during the sequence of
months with excessive Potential Evapotranspiration. The months of November to
Apnl of any hydrological year suffers moisture deficit in the basin These are dry
season months in the basin. About 6 months, May to October are characterized by
moisture surpluses. This is the wet season period in the basin (See Figure 5). ‘

Figure 6 shows the seasonal distribution of runoff over the study Area. At
Kainji. three periods are critical. The first is August to October when the white flood
will be raging. This is derived mainly from the immediate vicinity to the North of
luke Kainji in Nigeria. The second period is the period of the Black flood between
late November and March of the following vyear. The third period is the period
between April and July when inflow becomes insignificant as black flood enters its
recession.

Table 2 shows the correlation analysis between runoff attributes and power
generation. Rainfall and runoff have dominant explanation of 83 percent and 78
- percent respectively for power generation. This pattern can be explained in respect of
the differences in the capacities of the three major dams and their surface areas witr:
Kainji accounting for 15 billion m3, Shiroro 7 billion m® and Jebba 1 billion m’
(Suleiman, 2013).

months of September
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bt 1 ly Water Bal f Niger River at Kainji dum
Rainfall (mm) l ¥ % W, D¢ o' 28 16, UX . T
PET (mm) 130 124 13 104 8l e e st n” 9% 13
R.A.S. (mm) 0 0 0 0 158 180 180 180 180 180 28 IS
Infiltration(mm) 0 0 0 0 0 62 17 210 225 33 0 0
A.E.T (mm) ! 5 17 56 81 63 59 48 51 L S 13
$.M.D (mm) 129 1719 86 a8 0 0 0 0 0 0 0 0
S.R (mm) 0 0 2 2 0 31 18 48 28 15 2 0
Source: Suleiman (2013)
Table 2: Correlation of Selected Reservoir Elements to Power
Generation at Kainji Dam
. Power : Reservoir
Variable ;
Generated Rainfall Inflow Outflow Elevation
Power Generated (MW/hr) 1.00 0.825%* 0.336 0.566 -0.197
Rainfall (mm) 1.00 -0.140 -0.357 0.098
" Inflow (m”/sec) 1.00 0.769** 0.784**
3
Outflow (m’/sec) 1.00 -0.562
Reservoi i
voir Elevation (m) 1.00
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Figure 5: Seasonal Variation of Rainfall and Figure 6: Monthly Runoff
Distribution Evaporation Losses at Kainji at Kainji dam

The higher the reservoir level, the more the available water to turn the turbines
for continuous power generation. Correspondingly, if the reservoir level is low below
the penstocks level, the operation decision is to shut down some turbines to conserve
water to keep the power plants running. This usually happens at critical periods
especially during the dry season periods when inflow into reservoir is low. At Kainji,



Approach in Reservoir Management
a1 203

ing i gt ; .
over 40 years of .surface run'oflf from the upper and middle reaches of the
twwlf River INtO the Ifser_vqlr. lots of silting and sedimentation occupy large portion
Nl:—‘"'_ VO, thereby giving falsc; Vfater levels. This has in tum not made reservoir
10 ‘ow useful variable in predicting power generation. However, turbine release
jevel &M dam has been propitious as it has helped maintain hydroelectri
at Kamnjt the years. This has insidi o kg
~ion from the dam over the years. This has insidious effect on the operation of
genu.’all as it resulted in a si gnificant drop in the reservoir storage.
e damA number of factors influence water availability for power generation at
Kainji dam. These include .the inﬂpence of hydrplogic events and engineering
iects at the Upper apd Middle Niger, vanation in the hydrological year which
arts in July and ends in Ju_ne of the following year and thus, the influence of the
white and Black ﬂoodg vyhlgh are consequent on rainfall within the hydrological
vear. The Kainji reservoir is filled by the waters of the white and black floods. Both
the magnitude and duration of these floods have serious effects on the reservoir
storage and the amount of water available for hydroelectric power generation.

Sagua and Fregene (1977) observed that a flow rate of 3m”/sec at Kainji dam
is required to generate one megawatt of electricity. That was when the generating
machines were relatively new and functioning g:roperly. Field measurements now
show that the current discharge rate is about 3.4m”/sec. That is to say that more water
is central to the life of the Kainji hydro plants, as the machines and the dam structures

are now old and function at decreased efficiency.

{
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Figure 7. Monthly Power Generated at Kainji and Figure 8: Monthly Water
Consumption for Power Generation at Kainji dam

Figure 7 shows the monthly power generated and water consumption at Kainji
dam. Analysis of long time power generated on monthly basis reveal that power
generation is mostly higher in January to March with generation reaching about 2500
MW/h. Power generation is however, low in the months of April to July as Black
flood ceases. To corroborate this, Ajibade (2001) asserted that power system
disturbances are common during rainy season and thus forcing power generating
machines to be periodically out of service and hence, low power output.

The pattern of monthly water consumption for power generation also
corresponds to the pattern of energy generated (See Figure 8). This signifies strong
positive relationship between water and power. The month of January record the
highest rate of water consumption of over 2 billion cubic meters and followed by the
months of April and May. The consumption rates for the month of August, September
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[sing

is about: 1.8 billion cubic ‘metcrs. Waler releqse_ will have t
and October ! en if power generation s not achl_eved. This is bcca'luse
every month c"’t exceeds the dam’s carrying capacity could lead to d
much Water [f] : t of inflow into Jebba reservoir, some 100 kilometer
about 8‘ R?I;:Fﬂow and so the Jebba reservoir must be fed.

from Kain]

O continue
holding too
am collapse and
s downstream is

Conclusion and R?cql:n;::li:;:osg;ent of water needs for planning, the applilcatior) of
g me..ml gbalancc studies is desirable as this gives an insight into
knowledge of e urposes. The distribution of moisture in the stgdy_grea on
hydtologic planning I()i ﬁnualt basis identifies periods of moisture availability and
seasonal, mt_an_‘hly af: relates to hydropower generation. It is therefore rccommended
moisture deficits El~S‘1 nt of water needs for planning purpose i_md_ conlmurous
that careful ‘asse‘ssn;eh drologic variables be made to ensure optimization of water
mon;lflgzia?;:;';?; d rgpowc;generation in the study area.
use 10
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