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ABSTRACT 

The geology, hydrology, hydro geology and hydrochemistry of the Borkena catchment which is 

located on the western edge of the Afar rift was studied based on conventional geologic and 

hydrogeological mapping, river discharge measurements, water sample analysis and assessment 

and interpretation of hydrometeorological data. The main objective of this work is to 

understand the different lithologic unit and to characterize and group them into 

hydrostratigraphic unit and map them, to analyze the water balance and to study the water 

quality. 

Four hydrostratigraphic units were recognized and mapped. These are: colluvial and river 

channel deposits, alluvial deposits, scoraceous and basaltic lava flow and fractured massive 

basalt, welded tuff and rhyolite. Generally the volcanic rocks lie with in the recharge zone 

while the Quaternaiy sediments lie in the discharge zone. Accordingly the hydrostratigraphic 

unit located on the Quaternary sediments are characterized by many springs and hand dug well 

where as low or rare in the volcanic regions. 

From storage, utilization and abstraction point of view, the colluvial and river channel deposits 

are the most promising units than other units as a result most of the springs, hand dug wells 

and boreholes are located in this hydrostratigraphic units. 

Generally seven rock units and three set of faults are identified and mapped at the scale of 

I :50,000. Among the rock units, scoraceous and basaltic lava flow and alluvial deposits cover 

more than 70 percent of the catchment. 
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From hydrochemical analysis, measurement of TDS, EC and other variables, the water bodies 

are characterized by low total dissolved solids (TDS) and low electrical conductivity (EC) 

values as a result they are classified as fresh water and their utilization for vanous purposes 

scarcely bring danger. 
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CHAPTER 1 

Introduction 

1.1 Background 

In any count1y specially drought prone like Ethiopia, intensive water resource planning, 

development and management can have a deceive role in the economic and social growth of 

the country and in reducing the recurrent drought problems. 

In Ethiopia, there is a large variation in altitude ranging from 120m below sea level to 4620m 

above sea level. The large topographic, geologic and climatic variation results in variable 

hydrogeologic properties which is reflected by the variations in the aquifers' permeability, 

storage capacity and productivity. In addition, there are differences in the depth to the 

groundwater level (Tesfaye Chernet, 1993). 

The surface and groundwater resource of the highland are wide spread and low to large 

quantities with good to fair chemical quality but a few cases of poor chemical quality. Mostly 

the streams are seasonal and have intermittent flow except for few perennial ones and the 

depth to the groundwater is generally less than 1 00m which is exploitable in low relief areas 

(Tesfaye Chernet, 1993). Accordingly shallow groundwaters are tapped and many water wells 

drilled in Kombolcha area are characterized by flowing well in nature (artesian). 
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The project area, the Borkena river catchment is located in south Wollo Administrative Zone, 

Northern Ethiopia. It is located between 10°59' and I 1° 18' north latitude and between 39°32'

and 39°46' east longitude (Fig. I. la). The average elevation in the catchment ranges from

1680111 to 3360111 a.s.1 southern Kombolcha and Kutaber area respectively. The total area of the 

catchment is 3 26 km2 and it is crossed by the main road from Addis Ababa to Mekele via 

Dessie (Fig. I. I b ). 

In the study catchment, there is a large area of alluvial deposit (35.4%, Fig. 3 .3 and Table 3. 1) 

which is potential area for fanning, except for the lack of sufficient amount of surface water in 

the dry seasons. Hence it is imperative to investigate the water resource potential of the area 

for various purposes specifically to see whether it satisfies the needs of the rapidly growing 

population and industries in the area and to assess the general sUiface and groundwater 

resources. 

Most streams in the catchment are intermittent with the exception of Borkena and this river 

emanates from a contact spring found in the locality called Aremenae located some 3 to 3. 5 km 

northeast of the town of Kutaber (Fig. I.lb). 

Regional and local hydrogeological studies were conducted in the area of interest some to 

mention are: Mezmur Hailemeskele, (1977); Ketema Tadesse, (1980); and Molla Demlie, 

(2000). Long years have passed since Ketema Tadesse had been studying the area, hence the 

hydrogeological, hydrochemical and hydrological data need a thorough updati1igin.accordance 

with the currently available data, so that it will be utilized for f.iiture water resource planning, 

development, utilization and management. 
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