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ABSTRACT: Water balance evaluation of Koka Reservoir was 
attempted by different authors, and different leakage rates were 
estimated. However, the water balance equation that the previous 
authors used does not take into account ground water inflow into the 
reservoir. Koka Reservoir is known to receive groundwater inflow from 
the north, west and south shores and from the reservoir floor, and loses 
water by leakage at the northeast reservoir bank and where it abuts on 
the Koka Dam. Hence, previous estimated leakage rates and total 
reservoir water loss are incorrect. An appropriate water balance 
equation is proposed for Koka Reservoir, and subsurface outflow 
(leakage rate) of 485 mm3/year and total reservoir water loss of 546 
mm3/year are determined. The new determinations are recommended 
to be used for Awash River simulation model. 
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INTRODUCTION 

Koka Dam was built on Awash River, Ethiopia, in 1960 for hydropower and 
irrigation purposes. It is located at 8°24'N latitude and 39°05'E longitude (Fig. 
1). The dam is a concrete gravity type, with a height of 23.8m, crest length of 
438.8m and a reservoir area and capadty of 236 km2 and 1850 mm3, 

respectively. 

The foundation rock mass beneath the Koka Dam was initially treated by 
curtain grouting during construction, and no serious leakage problem 
beneath the dam was reported. However, leakage from KOKa Reservoir has 
been reported since the completion of the dam. 

Previous reservoir water balance evaluations have given leakage rates of 90-
435 mm3/year (FAD, 1965; Ital Consult, 1970i Meacham, 1972 dted in Gibb, 
1975i Halcrow, 1989). According to these studies, vertical leakage occurs 
through the whole reservoir floor sediments. Subsequent studies have shown 
that leakage occurs through volcanic rock masses at the northeast (right) 
bank of the reservoir and abut on the Koka Dam and that the reservoir 
receives ground water, inflow from the north, west and south directions, and 
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through its floor (Sileshi Mamo, 1995; 1999; Sileshi Mamo and Yokota, 1998a; 
1998b) (See Figure 1). 

The purpose of this study is to evaluate previous water balance studies and 
defermine appropriate leakage rate and total water loss of Koka Reservoir. 
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Fig. 1. Location map of Koka Reservoir showing leakage sites (between A and Koka Dam, 
and KGka Dam and B). 
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PREVIOUS STUDIES 

A ~umber of consulting companies studied the water balance of Koka 
Reservoir and estimated the following leakage rates: 

FAO (1965) = 400 mm3/year 
Ital Consult (1970) = 435 mm3/ year 
Meacham (1972) cited in Gibb (1975) = 90 mm3/ year 
Halcrow (1989) = 173 mm3/year 

Meacham (1972), as reported in Gibb (1975), estimated leakage rate by 
comparing surfitce flow at Koka Dam using pre Koka Dam data and post 
Koka Dam reservoir out flows adjusted for storage and evaporation. Flow 
rates were calculated using the Addis Ababa.rainfall data. 

For wet season flows, June to October, Meacham (1972) found that the post 
Koka Dam flows were on average 80 mm3 higher than pre Koka Dam flows. 
Considering a direct rainfall on the reservoir of 130 mm3, leakage loss of 50 
mm3 was calculated for this period. 

During the period between November and May, Meacham (1972)'fout:ld that 
the pre Koka Dam and post Koka Dam.adjusted flows were the same, which 
suggests that leakage loss was balanced by the direct rainfall on the 
reservoir, which is 40 mm3• The average annual leakage loss was therefore 
reported to be 90 mm3/year. However, Meacham's (1972) report is not 
available to the author so as to give further comments on this method of 
estimating leakage rate, and the period used in this computation is 
unknown. Nevertheless, this approach of evaluation does not consider 
ground water contribution to Koka Reservorr storage, and therefore the 
est:i.rrulted leakage rate is not accurate. 

FAO (1965), Ita! Consult (1970) and Halcrow (1989) used the follOwing water 
balance formula to estimate leakage rates. 

Leakage := Surface inflow + Area (precipitation - Evaporation) 
- Surface outflow - Change in reservoir storage .................................................. (1) 

Direct abstraction rate from Koka Reservoir for local 'public and livestock 
uses cannot be known, and was not considered in the above water balance 
evaluation. However, in comparison to other parameters, it is small to affect 
the Change in reservoir storage. 

FAO (1965) evaluated water balance on annual basis, and estimated leakage 
rates of 435 mm3/year and 405 mm3/year for the years 1962-63 and 1963-64, 
















