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ABSTRACT 

The studied area is located 335 Km. southwest of Addis 

Ababa in the southwestern Ethiopian plateau . Over half of the 

map-area is underlain by thick basalt flows inter layered with 

tuffs and volcanoclastic sediments . The Jimma Volcanics, which 

is mainly composed of massive rhyolite in thick flows 

alternating wjth trachytes, tuffs, ignimbrites and subordinate 

basalts, underlain small area in the eastern and northeastern 

part of the basin. 

Based on the hydrometeorologic data collected for the last 

38 years an attempt ha s been made to calculate the hydrological 

parameters l i ke precipitation, evapotranspiration, and runoff. 

The ann ual mean rainfall in the basin is 1476.89 mm . The 

values of the annual potential evaportanspirtion and actual 

evapotranspiration are 837.51 mm and 822.29 mm respectively. 

The only runoff that leaves the studied area comes through Boye 

river and is 90 .77 million cubic meter of water. The amount of 

water which is actually available to recharge the groundwater 

circulation within the hydrogeological basin is 51.14 million 

cubic meter . 

The hydrogeological character o f the outcropping 

lithotypes was discussed with particular reference to 

infiltration and their water bearing capacity. 

The hydr ogeology of the area varies in different parts of 

the basin. There is a great potential of groundwater in the 

valleys which is partly filled with alluvial sediments while a 

i 
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less significant ameunt exist within the velcanic recks ferming 

the uplifted berders ef the valleys. 

Determinatien ef the hydraulic parameters like 

transmissivity and permeability have been carried eut. Due to. 

the absence ef ebservatien well nearby a discharging wells it 

was impessible to. calculate the ceeff icient ef sterage, a 

significant earameter which measures the velume ef water the 

aquifer releases er take into. sterage. Fer basaltic aquifers 

a transmissivity value ef 18.39 m2/day and a permeability value 

ef 3.31 x 10-1 cm/ sec. have been calculated. A transmissivity 

value ef 1.89 m2 /day . and a permeability value ef 1.62 x 10-5 

cm / sec. have been co.mputed fer beth alluvial and rhyelitic 

aquifers. 

Because ef the lack ef bere wells in the seuthwest, seuth, 

and seutheast lewer mest part ef the basin a thereugh study ef 

the actual variatien ef greundwater level was net pessible. 

Fer the ether part ef the basin, apprepriate greundwater level 

centeur lines was censtructed on the basis of the available 

static level data. 

Preper chemical analysis ef beth the greundwaters and 

surfaces water carried eut in the basin shew lew tetal 

disselved selids. All of the samples have less than 1000 mg / l 

disselved selids. The analysed samples also. cempared with the 

acceptable standard for human, agr icul tural, and industr ial 

use. 
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1. INTRODUCTION 

1.1. Objectives 

Owing to the continuous increase in water demands, 

resulting from advances in agriculture and industry and the 

accelerating growth of global population, and the near 

exhaustion 0; surface waters, groundwater has become a major 

water s ource. 

Present supply of water for Jimma town (i. e. the area 

under study ) is obtained from a number of springs and wells. 

The rapid growth of population has tremendously raised the 

water demand of the town. However, the existing water supply , 

which has been used for a long time, is very insufficient to 

fulfil this dynamic demand prevailing in the town. 

Eventhough the study area upto now has only small 

manufac turing and processing plants that require relatively 

small amounts of water, it has a good industr ial prospect 

because of its location as the capital of the richest region in 

terms of agricultural cash crop production. To satisfy the water 

demands of these industries the proper development of 

groundwater has become increasingly important. 

The lower part of the basin is suitable for large scale 

mechanized farming. The necessary water for irrigation will be 

provided either from the surface waters or groundwaters. 

If the tourism industry continues to expand, undoubtedly 

Jimma will get its share of revenues as a transportation centre 

I 
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and jumping off point for the wilderness. This will increase 

the commercials water requirements ( commercial includes all 

the hotels, business and trade establishments). 

All these domestic and non-domestic water requirements 

dictated the necessity to evaluate the groundwater potential in 

the basin, which is the main objective of this study. 

specific~llY, the objectives of the study include: 

1. To verify the occurrence of important groundwater 

reservoirs within unconfined and confined aquifers. 

2. To establish physical parameters of aquifers, which 

define the hydraulic characteristics of a water­

bearing formations. 

3 . To identify the general direction of groundwater 

movement. 

4. To give a reasonable approximation of the water 

budget . 

5. To check the quality of surface waters and 

groundwaters based on International Standard Quality 

requirement. 

6. To suggest the water management of the area. 

The results obtained could help for the development and -

planning of sufficient water supply services for Jimma and 

surrounding villages. 

1.2. Location and Extent of the Arecl 

The study area lies betw.:'>n 36° 40' and 36° 54' E and 7° 36' 
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~ and 7' 47' N, with road distance of 335km. southwest of Addis 

Ababa. The concerned area is situated on a low hill to the 

north of the wide alluvial plain of the river Gilgel Ghibe. 

The basin has a total area of 220.13 sq. km. with a general 

elevation of 1780 m above sea level. 

In the east and northeast the basin is bounded by the 

Jiren hill range. Gentle slopping hills gradually developing 

:Lnto highlands surrounding the basin in the north and 

northwest. These highlands mark the boundary of the basin in 

these 

geographic directions of the map-area. The west, southwest, 

south , and southeastern boundaries are delineated by the 

surface water divide. 

1.3. Physiography and Drainage 

The investigated area is located in the southwestern 

Ethiopia plateau in an area of moderate relief. According to 

Davidson, A., et al. (1976) the various landforms that has 

developed in this plateau is the result of the dissection of 

what was probably once a continuous northeast-rising plateau of 

sub-horizontal Tertiary volcanic rocks laying unconformably on 

crystalline basement. 

The study area is characterized by a structural system of 

promontories separated by valleys that extend towards the north 

ending in a large plain in the south. The most important of 

these promontories is Hirmata, which has a maximum elevation of 

1750m above sea level; parallel and on its side is Kochi and 
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further connected with the Jiren hill range. The Kochi 

highland and the Jiren hill have a maximum elevation of 1750m 

and 2080m above sea level respectively. 

In the basin, broad valleys, which are cut into the 

volcanic rocks, are filled with alluvium which is mainly fine 

grained. Aerial photos of the area suggest that a fairly 

mature topography (developed on the volcanic rocks ) is 

"Iloodea~" ~buried by deep alluvium . This type of topography 

would develop if the base leve l of the drainage system was 

raised. This could have happened as a result of recent 

volcanic activity or perhaps recent faulting. The general 

appearance of the large valleys indicates that deposition in 

the valleys has stopped and the streams are now down-cutting. 

The remarkable topography mentioned above results i n 

streams in the topographically high areas which have a fairly 

high gradient. These high gradient streams flow into rather 

sluggish, meandering streams in the main valleys . Most 

sediment removed from the hills by erosion is trapped in the 

broad valleys. 

The Kochi valley is situated between the Jiren hill range 

and Kochi highland. It is drained by a small intermittent 

stream, called Kochi, that emanates east of the town and flows 

in the southwest direction . The bottom of this valley has an 

elevation of 1680m above sea level . 

The Aweytu Valley, which is the central part o f the 

studied area, is located between the Hirmata and the Kochi 
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highlands. 

The lowest part of t h is valley has an elevation of 1710m above 

sea level. It is drained by Aweytu stream, which is perennial. 

This stream emanates north of the town and flows a long the 

middle of t he va lley in t he south direction . 

The Kitto valley, which is drained by the Kitto stream, is 

found on the light side of the Aweytu valley. Kitto stream, 

which ~s also perennial, emanates northwest of the town and 

flows through alluvia l plain in southeast direction. The 

bottom of this valley has an elevation of 1710m above sea 

level. 

All the streams are united and form Boye river in the 

lower part of the area. Boye river deviates to the east and 

after flowing a certain distance it.finally leaves the basin in 

southeast direction and join the river Gilgel Ghibe, which is 

a right side affluent of the Omo River. 

1.4. Previous Work 

Published articles concerning the southwestern Ethiopian 

plateau are scar ce, wh i ch means t he southwestern Ethiopian 

plateau is less studied than the northern Ethiopian plateau. 

And even most of the published literature obtained for the 

basin are works of a general nature and specific publications 

have not been available concerning neither the geology nor the 

hydrogeology. 

Studies pertaining to the Cenozoic rocks of the plateau 

including chronology, petrochemistry, petrogenesis and 
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nomenclature, carried out by Pagliani (1940) , Mohr (1963, 

1964), Zannettin et al. (1974,1976,1978), Lemoigne ( 1978), 

Merla et al. (1979), Levitte et al. ( 1974 ), and Kazmin (1975) 

are the most valuable. 

Feasibility study for Jimma town water supply has been 

carried out by Water Supply and Sewerage Authority (1982). In 

this study the assessment of groundwater for the town water 

supply has not been worked out. 

1.5. Methods and Mate rials 

Hydrogeological map of the area were produced from data 

collected in two field trips. A topographical map of 1 

50,000 scale was used as a base, with aerial photographs of the 

same scale as supplementary. 

In this investigation, rock samples were taken from sites 

which are mostly suitable to provide complete geological 

information. Petrographic study of selected samples 

representing the outcropping formational units was undertaken. 

Intensive hydrogeological work has been carried out by 

collecting hydrogeological and hydrological data of the basin. 

Hydrological data was obtained from different sources in Addis 

Ababa. 

An attempt has been made to examine the seasonality of 

rainfall in the basin using the rainfall coefficient approach. 

Thornthwaite empirical method have been used for the 

determination of potential evaportanspiration. Actual 

evapotranspiration was computed using Thornthwaite methods 

l 
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given in the original instruction manual by Thornthwaite and 

Mather (1957). 

Field investigation was concentrated more on 

differentiating the rock units of groundwater significance and 

in collecting hydrogeological information, i. e locating of 

water points, collection of water samples, measurement of 

discharge of springs and wells . 
• 

From hydrogeological and hydrological informatlons the 

water balance of the basin has been computed by means of the 

following equation : 

p ET o I = o 

Where the symbols, expressed as annual equivalent depths 

of water, represent precipitation (P), evapotranspiration (ET), 

river discharge from the basin (0), and infiltration (I ) . 

Pumping and recovery tests and lithological logs data for 

the wells in the area has been supplied by Regional EWWCA 

Office at Jimma. For the determination of hydrogeological 

parameters the Cooper-Jacob Method of Solution was employed. 

Representative water samples were analyzed to examine the 

suitability of the waters (both groundwaters and surface 

waters) for such applications as drinking, industr ial, and 

agricultural use. For the water samples, immediat e field 

analyses has been conducted for temperature,pH, conductivity, 

colour, taste, appearance and odor. Thermometer, Digital pH 

meter and conductivity meter was employed during this field 

analysis. 

1 
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2. GEOLOGY 

2.1. Regional Geology 

The tectonism that took place, following along period of 

tectonic stability, in late Mesozoic - Early Tertiary resulted 

the domal uplift of the Arabian - Ethiopian region. According 

to Abul Haggag (1961), the various phases of uplift in the 

Ethiopian pl-ateau-"t-o-ok place between Cretaceous and Upper 

Eocene. This seems to have caused the erosional levelling of 

the Mesozoi c sediments and the onset of volcanism. 

According to Kazmin (1978) there was a progressively 

expanding volcanic area centered on the Ethiopian plateau which 

attained its maximum extension at the end of the Oligocene and 

beginning of the Miocene (30 to 25 myr ). 

The tectonics which resulted the Ethiopian uplift has a 

major role in the geology of the country as the Trap Basalt 

eruptions were supposed to be immediate consequences, Mohr 

(1967) . The cause and mechanism of the great uplift in 

Ethiopia, however , is not complete l y understood . The Trap 

Series were later out by the rift system faulting in the 

Miocene. 

Generally, the Ethiopian highlands rise to a ltitudes in 

excess of 2000 metres forming an extensive uplifted plateau, 

bisected by the main Ethiopian and Afar Rift escarpments in the 

east , and by lower and less defined escarpments in the west 

which decline gently to the Sudan plain . 
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The evolution of the Ethiopian plateau volcanics in 

relation to their Cenozoic tectonic environment has been 

discussed by Mohr (1963), Gouin (1963), Harris (1969), 

Zannettin et al. (1974, 1976), LeBas (1979), Merla et al. 

(1979), and Bailey (1979). The interpretations are still 

inconclusive. For the northern Ethiopian plateau the volcanic 

activity can be categorized in two major episodes. • The Blue 

Nile basalt emplacement and the Central type volcano eruption. 

All of the aforementioned workers relate the episodes to the 

domal uplift of the Arbaian - Ethiopian region. 

However, the Wollega and Southwest Ethiopia volcani tes 

display a lithological succession different from that of the 

Northern Ethiopian plateau. At least for the lower units (Omo 

and Jimma volcanites) the Addis Ababa -Nekemet alignment seems 

to mark the boundary between the two volcanic areas (Merla et 

al. ,1979). This line would have been active since the lower 

Tertiary. 

The Omo Basalts constitutes the lower most volcanic 

sequence in the southwestern Ethiopia (Merla et al., 1979). 

They are commonly fine grained with flows up to 10 m thick 

alternating with minor tuffs and red paleosols. Their 

petrography is not known in detail; some preliminary data from 

the basalt of the Chencha horst (Zannettin et al., 1978) 

ind i cate a mildly alkaline character like the more alkaline 

basalt of the Alaj i formation which occurs in the Northern 

Ethiopia plateau . 
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As to the age, Lemoigne (1978) reports welded tuffs from 

:he Omo gorge with silicified wood of probable lower Miocene 

~~e. Moreover, five radiometric dating range fr om 40 to 25 my . 

According to Merla et al. , (1979), the gross lithology and age 

strict ly recall the Blue Nile Basalts. The attribution of this 

occurrence to the Omo Basalts is suggested by its stratigraphic 

position. 

The J imma Volcanics represent most of the effusives in 

Southwest Ethiopia with minor outcrops east of the Ethiopian 

rift. This unit is mainly composed of massive, white, pinkish 

and gray rhyolites in. thick flows alternating with, tuffs and 

subordinate basalts (Merla et al., 1979). 

The radiometric analyses give quite varied ages. Five 

samples collected in the Omo, Chencha and Yrga Alem areas have 

been dated 37 to 27 my. Moreover, two radiometric analyses on 

rhyolites from a faulted block of the Chencha escarpment ( Lake 

Abaya) gave 11 and 13 my . According to Merla et al. (1979), 

they could represent the upper part of the Jimma Volcanites or, 

as suggested by Zannettin et al . (1978 ), they should be ascribed 

to an Upper Miocene local volcanism. 

According to the geological map of Ethiopia and Somalia 

(Marla et al . ,1979), the age of the Jimma Volcanics range from 

Oligocene to Miocene. 

This unit rest directly on the basement or on the Omo 

Basalts. Both the Omo Basalts and the Jimma volcanics are fre­

quently tilted and in the northern outcrops are unconformably 
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overlain by the Wollega Basalts . 

The Wollega Basalts consists of predominant columnar 

basalt flows interbedded, particularly in the upper portion, 

with acidic tuffs and lose fluviolacustrine sediments (Merla et 

aI.,1979). 

Two samples of this unit were dated (K/Ar) 15 and 13 my. 

Near Chencha the Wollega Basalts have an age of 7 my (Zannettin , 
et aI., 1978). Lemoigne (1978) attributes to the Miocene 

(Lower Miocene ?) two silicified paleofloras found in tuffs 

near Ghion. 

According to Zannettin et al. (1974) and Mohr (1968, 1971) 

the silicic varieties, of the Oligocene - Miocene vo lcanic are 

concentrated in the belt adjacent to the plateau - Afar and 

plateau-rift border. From this belt, which occupies the central 

position in the volcanic area, the volume of silicic rocks 

gradually decreases to the west and east, so that they are 

scarce or absent on the southeastern plateau and on the western 

edge of the Ethiopian plateau. This silicic volcanism 

coincided with the geothermal high in the central part of the 

volcanic area, which is in the place where partial melting of 

the crust was most likely, Kazmin (1978). The Eocene - Lower 

Miocene area of pre-rift volcanism was related to mantle plume 

activity (Kazmin, 1976), and its development, according to 

Kazmin (1978), corresponded to the period of stability of the 

African plate in the Eocene. 

The stratigraphic series and subdivisions of the Wollega 
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and Southwestern Ethiopian plateau volcanics has been set by 

Kazrnin (1972) and Merla et al., (1979) as follows 

1 . Orno Basalts ------- Oligocene - Miocene 

2. Ji rnma Volcanics 

3. Wollega Basalts ------ Miocene - plioce ne 

4 . Basaltic flows and related 

spat\er cones ------- Pleistocene-Recent 

(consist of younger vol cani c of 

an alkaline olivine basalts) 

The studied area is located in the Southwestern Ethiopian 

Plateau. The area is underlain by volcanic rocks of Tertiary 

Age. These volcanic rocks include the Ear ly Tertiary age 

basalt ic flows (Mohr, 1964) which underlain the Jirnma Volcanics 

(Merla et al. ,1964). Besides these volcanic rocks, which cover 

the topographically high areas, the broad valleys of the map­

area are covered by recent alluvial sediments, which overlie 

the volcanics unit. 

2.2 . Local Geology 

2 . 2.1. Introduc t ion 

The geology of the investigated area is constituted by the 

volcanic rocks and alluvial sediments. Over half of the map­

area is underlain by basaltic flows, and the rest is by acid ic 

flows , mainly rhyolite. 

Successive investigation on the Jimma Volcanics by Levitte 

et a l . (1974) have shown that the fl ood basalts with variable 

thickness underlain the acidic flows. According to Merla et 



14 

al. (1979), the flood basalts could be correlated with the Omo 

Basalts of the Western sides of the Lake Chamo. This strati-

graphic relations of the volcanic rocks has been adopted by the 

author. 

2.2.2. StratigraphY 

The rocks of the studied area are covered by thick 

residual soils and exposed rocks are very limited and even when 

encountered they appear to provide li ttle information. 

Moreove r , ou tcrops in these localities are scarce due to the 

presence of thick vegetation specially in the north, northwest , 

and in the central part of the highlands which hinders mass 

movement of loose materials even on very steep slopes. 

Limited natural outcrops were obse rved in some accessible 

stream beds and along hilltops which support very scanty 

vegetation. 

The mapping was facilitated by artificial exposures such 

as road sections, quarries and boreholes. Based on field 

observation and petrographic studies, three lithological units 

were recognized and are described below. From top to bottom 

the stratigraphy is 

3 . Al luvial sediments Recent 

2 . Rh yolite Flows (Jimrna Volcanics) 

1. Flood Basalt s (Omo Basalts ) -- Oligocene -Miocene 

2.2.2.1. Flood Basalts 

Basalts are the thickest and most extensive Tertiary 

Volcanic rocks in the basin. A product of fissure eruptions 
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(Davidson et al . , 1976), they underlie the Kochi and Hirmata 

highlands (Fig. 2.1), and also the north and northwestern part 

of the topographically high areas. They also under lie the 

alluvial sediments in the broad valleys of the central and 

western part of the map-area (Fig. 2.2 and Fig. 2.3) . 

Northwest of the map - area along the high way to Metu, 

thin exposures of this unit lies directly on basement . 
• 

The unit consists of five distinguishable basalt f lows and 

is separated by at least two recognized horizons of tuff and 

Volcanoclastic sediment interbeds. The thickness of individual 

flows cannot be given for it varies from one part to another. 

Howeve r, the exposed .thickness of the unit is in the range o f 

40 to 70 meters. There are no mappable lines of separation 

between the superimposed individual flows of the unit owing to 

the textural and compositional homogeneity. 

The rock is typically dense and often show distinct 

hexagonal columnar jointing. Colour generally ranges from dark 

brown to black. 

In the top part the basal ts are thoroughly weathered to 

dark brown, darkred, and red soils. The weathering product of 

the basalt can clearly be seen at some localities in succession 

from lateritic soil to unweathered fresh rock (Fig. 2.1). A 

nearby quarry to Saint Gabriel Springs, which are located close 

to the head of the Aweytu valley, shows that the valley is cut 

into slightly inclined flows of columnar basalt; a thick cover 

of red soil overlies the flows. 
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Fig. 2.3 LIT HOLOGICAL LOG FOR KITTO WELL-WELL Nc.4 
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The basalts are aphyric, with microphenocrysts of olivine 

and plagioclase feldspar. Subhedral grains of Plagioclase 

laths, olivine, and pyroxene together with iron oxide and 

volcanic glass constitute the ground mass. 

The plagioclase in the ground mas s vary from nonoriented 

to weakly aligned; compositionally they are predominantly 

within the labradorite range and rarely shows zoning . 
• 

Generally, the overall microscopic character is an 

aphanitic t exture which may indicate a single period of rapid 

chilling and crystallization of the individual flows . 

2.2.2.2. Rhyo li te Flows 

Acidic volcanic ~ocks are prevalent in the eastern 

and northeastern part of the map-area along the Jiren hill 

range. As shown in the Fig. 2.4 they also underlie the 

alluvial sediments in the Kochi Valley. 

In the northeastern part of the basin, the Jiren hill 

range, thin basalt flows are inter layered with thick acidic 

flows, and the upper part of the basalt sequence interfingers 

with the lower part of the acidic sequence. In this part o f 

the map - area the basaltic flows may be contemporaneous with 

the acidic flows. It is possible that the acidic succession 

can be emanated from fissures (Davidson et al ., 1973). 

In the studied area the acidic flows are represented by 

rhyolites. They are pinkish and gray, and almost every where 

contain 1 to 5 mm feldspar and quartz phenocrysts . In some 

rocks these are randomly oriented,and in others they show a 
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planar flow orientation. Porphyritic texture is common, in 

places with flow alignment, and the groundmass is usually 

finely crystalline rather than glassy. 

Trachytes are much less prevalent than rhyolites, with 

which they are interlayered . They are highly porphyritic, but 

otherwise differ from the rhyolites only that they do not 

contain visible quartz, either as a phenocrysts or in the 

groundmass; alkali feldspar is the dominant or only phenocryst 

phas e. Color generally ranges from light pink through 

violetgrey. Both porphyritic rhyolite and trachytes 

characteristically have very fine grained to aphanitic 

matrices. 

Tuffs and ignimbrites made up mainly of acidic fragments 

are inter layered with the rhyolites. 

2.2.2.3. Alluvial Sediments 

Alluvial sediments cover the broad valleys of the map-area 

that underlain by volcanic rocks. Elsewhere bedrock is 

variably covered by earthy soils. The alluvium does not have 

the same thickness throughout the area in which they exposed. 

Fine grained sediments are the dominant constituent of the 

sediments that cover the Kochi valley. The sediments grade 

laterally from reddish - brown, relatively coarse clastics near 

the highland and the mountains range bordering this valley, to 

black and gray sequences contain more clays toward the center 

of depression . As shown in the Fig. 2.4 clays are found 

inter layered with rhyolite s. Here clays are a weathering 
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product of the rhyolites. Most of the rhyolites are partly or 

completely weathered to clay . 

As observed from borehole log (Fig. 2.2) taken from Aweytu 

valley, the thickness of the alluvium reaches 38 m. Medium to 

coarse grained materials, mainly sand dominates the alluvium in 

the north of this valley. In the lower parts , fine grained 

materials are the major constituents of the sediments. 

A meandering Kitto river and its associated floodplain 

also have coarse and fine grained deposits. The fine grained 

sediments covering the swampy area are transported by this 

rive r to be deposited where the topography is flat. The coarse 

sediments on the other hand left behind in the upper course of 

the river. 

In some parts of Kochi and Kitto valleys alluvium are 

covered by grey tuffs, which has a thickness ranging from 25 to 

30 cm and limited lateral extent. 

The alluvial sediments in the map-area are generally very 

loose so that they can be easily eroded away . 
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Fig. 2.4 LITHOLOGICAL LOG FOR E.W.W .C.A. WELL 
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3 . SURFACE HYDROLOGY 

Precipitation and the water that are discharged from the 

groundwater reservoirs are the source of surface water. 

Surface water and groundwater are intimately associated, and 

they are in a continuous process of exchange. Drainage from 

the groundwat~r body maintains stream flow during dry periods . 

I n some a r id reg ions the oppos i te process occur 5, as rune f f 

from desert washes may be the maj or source of groundwater 

recharge. 

Discharge of groundwater occurs when water emerges fr om 

unde rground . Most natural discharge occurs as flow into 

surface water bodies, such as streams, lakes and oceans; flow 

to the surfac e appears as a spring . Pumpage from we lls 

constitutes the major artificial discharge of groundwater. 

Water is constant ly evaporated from the earth and is 

precipitated back on the earth in the form of rain, snow etc. 

One part of this precipitation infiltrates into the ground, 

forming 

runoff 

groundwater 

in the form 

reservoir; second major part 

of rivers; and the rest is 

evaporation and transpiration. 

flows 

lost 

as 

ln 

The interaction between precipitation, infiltrated water, 

runoff, and groundwater is rather complex . It is affected by 

physiographic, geologic, meteorologic , and hydrologic factors 

as well as by human activities such as water use and pollutio n . 

In the following s ections the hydrology o f the studied 

1 
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area will be discussed with particular emphasis on rainfall, 

runoff, temperature & evapotranspiration . 

3.1. Rainfall 

The prevailing type of rainfalls that occur in the basin 

are orographic and convective. The cyclonic type is restricted 

only to the three months which are characterized by high 

rainfall dept)1 . 
• 

In the studied area climatic records have bee n ma in ta i ned 

since 1952 . Two climatologi cal recording stations are found in 

this area and both are located in Jimma at an elevation of 

about 1725 m, where the elevation of the area ranges from 1670 

to 2520 meters. These are the Jimma Research and J i mma 

station. As far as concerned the availability of 

clima t ological data in the stated stations, the f ormer station 

does not provide a complete record whereas the J imma station is 

the only which can be analysed. 

Accordingly the average annual ra i nfall f or the thirty 

eight years record shown in Appendix 1 is 14 7 6.89 mm. The 

minimum annual rainfall recorded was 1169.3 mm in 1979 and the 

maximum was 2038.8 mm in 1963 . The monthly distr i bution of the 

mean annual rainfall depth is shown in Figure 3.1. 

The amount of rainfall in a given area is influenced by 

its altitudinal variation. More than 65 percent of the basin 

are found at an altitude over 1750 m above sea level. Because 
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Fig. 3.1 MEAN MONTHLY RAINFALL (mm) 
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of the al ti tude wher e t h e station a r e located, the computed 

mean annual rainfall value is considered as t he minimum am oun t 

of rainfall depth for the whole area. 

The seasonality of rainfall in the investigated area ha s 

be e n examined using the rainfall coefficient approach. The 

rainfall coefficient approach (R.C) is an approach where the 

year is divided into dry periods and rainy periods by using 

rai n fall coefficient values obtained by dividing the mean 

monthly rainfall by one-twelfth of the annual mean (Daniel, 

1977) . 

The rainfa ll coefficient of each month for the studied 

ar e a have been calculated and tabulated as follows. 

TABLE 3.1 

Ra i nfall Coefficient at the Jimma Station 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec STA. 

JIM. 0.27 0.43 0.75 1. 10 1.29 1. 73 1.72 1. 73 1. 47 0.47 0.74 0.32 

Based on these values, the year can be divided into dry 

and rainy periods. The classification is presented in Table 3.2 

below . 
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TABLE 3.2 

Dry and Rainy Periods 

Designation Rainfall Months of the 

• coefficient year 
, 

Dry months less than .6 Nov, Dec. 

January & Feb. 

Rainy months 0.6 and over 

- Small rains 0 . 6 to 0.9 Mar.& October 

- Big rains 1.0 and over 

- Moderate concentration 1.0 to 1.9 April , MaY,Jun, 

July, Aug. ,Sep. 

- High concentration 2.0 to 2.9 - I 

Very high concentration 3.0 & above 
I - - • 
i 

As it is depicted in the table 3.2, the rainy periods of 

the investigated area extends from March to October, a period 

when 87.8 4 percent of the total annual r ainfall occurs. 

Where as months from November to February are dry periods that 

are character ized by the occurrence of low amount of rainfall 
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(12.16 percent from the total annual rainfall). Compared to 

other parts the country, the investigated area has not 

experienced high concentration of rainfall, as a result the 

rainfall coefficient ranged from 0.2 to 1.9. 

3 . 2 . Evapotranspiration 

Evapotranspiration is that portion of the precipitation 

which return~ back to the atmosphere through evaporation from 

a free water surface, a bare soil or interception on a vegetal 

cover and other objects and transpiration from plants. 

Since it reduces the amount of stream flow, lake storage, 

and groundwater available for direct human use in a given 

drainage basin, evaportanspiration is a "loss" from the water 

budget. 

Distinction should be made between the evaporat i ng 

potential or ability which depend on meteorological factors and 

the evaporating opportunity or availability which is governed 

by the adequacy of the moisture supply. 

Potential evapotranspiration is the amount of water that 

would be removed from the land surface by evaporation and 

transpiration processes if sufficient water were available in 

the soil to meet the demand. Potential evapotranspiration is 

dependent on the evaporative capacity of the atmosphere. It is 

a theoretical calculation based on meteorological data. 

Actual evapotranspiration is the proportion of potential 

evapotransiration that is actually evapotranspired under the 

existing soil moisture supply . It is dependent on the 
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unsaturated moisture storage properties of the soil. It is 

also affected by vegetative factors such as plant type and 

stage of growth. 

Several methods of measuring evapotranspiration have been 

used . Some techniques indicates only potential 

evapotranspiration rates, while others measure actual 

evaportanspiration. Evaportanspiration may also be computed by • 

empirical methods. The most common methods of calculating 

potential evapotranspiration are those of Blaney and Criddle 

(1950), Thornthwaite (1948), Penman (1948) and Van Bavel 

(1966). The first two of these are based on empirical 

correlations between evapotranspiration and climatic factors. 

The last two are energy - budget approaches that have better 

physical foundati ons but require more meteorol ogical data . 

Eventhough the Colorado Evaporation Pan method often gi'!es 

erroneous results in the tropical climates it is still in use. 

Accordingly the monthly evaporation rate that was recorded from 

Class A pan for eighteen years (1969 86) at the Jimma 

Research station, the mean yearly evaporation rate for !:he 

investigated area was amounted to 1598.56 mm. This value, for 

this period, indicates a heavy los s of surface waters and 

implies that all the precipitation that fall and accumulate d in 

small reservoirs during the wet months is returned back to the 

atmosphere in the subsequent dry months. This method ove r 

estimate the e vapora tion rate and therefor e, the data can not 

be taken into consideration. 
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Fig. 3.2 TEMPERATURE ( C) AT JIMMA STATION 
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the vegetation, and appropriate latitude factor (Table 3 . 3) . 

In the investigated area the alluvial zones and the top 

of the highlands are mainly covered by clay soils. The 

available water capacity for this type of soil is 30 percent 

which means 300 mm of water per meter depth of s o il 

(Thornthwaite, C.W., and Mather J.R, 1957). The studied area 

is largely covered with woody vegetation. The depth of root _.-
penetration under the brushy regenerating woodland is a bout 

83.3 cm. (Average field estimation), indicating the root z one 

could hold (300 mmlm x 0.833 m) 250 mm of water at field 

capacity. 

The procedure for calculating the actual evapotranspiratio n 

and other hydrologic parameters is given in Leopold,Luna B. and 

Dunne, T . , 1978. The results are summarized in Fig . 3.4 and 

Table 3 . 3 . 

Figure 3.4 shows the main hydrologic characteristics o f 

the basin. The graph indicates the seasonal pattern of : 

- p r ecip i t a t ion 

- ac t ual evapotranspiration 

- pote n t i a l evapotr a nspiration 

- soil moisture deficit 

- soil moisture utilization 

- soil moisture recharge, and 

- moisture or water surplus in the last thirty eight 

years. 

Based on t he above calculation the annual actual 
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evapotranspiration is equal to 822.29 mm. From the total annual 

precipitation of 1476.89 rom, the surplus is 654.60 mm, which is 

available for runoff and infiltration. The yearly amount of 

actual evapotranspiration and surplus in a basin is 55.68 and 

44.32 percent of the annual precipitation, respectively . 

3 . 3. Runoff 

T.h.e j n.vast.i.gat.e.d area i-s located- in the upper par t-o f the 

Ghibe-Omo River basin (Appendix 10) which drains into Lake 

Rudolf on the Ethiopian-Kenya Border.The nearest major 

tributary to the study area is the Gilgel Ghibe which flows 

through the wide alluvial p lain in southeast direction south of 

t he map-area . 

The studied area is drained by two smal l streams, the 

Aweytu and the Kitto. Both the streams receive a supplementary 

feeding by small tributaries that fl ow down from the 

topographically high areas which have a fairly h i gh gradients. 

In the Kochi valley, runoff is carried by Kochi stream, 

which is intermittent, from the bordering steep, poorly drained 

Jirean hillside and genteel, moderate l y drained hill slope of 

the Kochi highland, and from the extensive valley bottom with 

poorly drained top soil. 

Due to poorly drained nature of the top soil and its flat 

topography, the runoff from this valley is sluggish and this 

result a very small swampy area adjacent to this stream during 

the wet season and thus create an opportunity for i nfiltration 

to occur. 



36 

The discharge flowing in Aweytu river is the runoff from 

the central part of the studied area. The runoff occur from 

the bordering moderately drained, gentle concave hill slopes of 

the Hirmata and Kochi highlands, and from a narrow valley floor 

with moderately to well drained top soil. This va lle y become 

wider toward the south where the bordering hill slopes of the 

high lands av very gentle and finally become plain further 

toward the south. Because of the relatively well drained 

nature of the top soil of the valley floor, the water that flow 

from the hill slopes of the highlands is partly absorbed before 

reaching to the river as surface runoff. 

The Hirmata hill slope also contribute to the runoff that 

occur through Kitto river from the Kitto valley. In the 

northwest and west, the bordering mountains range of this 

valley are characterized by a steep, moderately to highly 

drained hill slope. The extensive valley floor is covered by 

loose alluvial sediments that facilitates infiltration of 

surface water. Like the Kochi valley, this valley also has a 

small swampy area adjacent to the stream. 

The discharge flowing in a Boye river is the runoff from 

the basin which is drained by its tributaries. 

Since Boye river is a tributary of the Gilgel Ghibe river, 

in order to determine its runoff coefficient, due to the 

absence of gauging station, a computation of the runoff value, 

taking into consideration the Asendabo basin, has been carried 

out. The runoff coefficient is the least possible due to the 
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Where ~ = The mean annual precipitation at Jimma 

station = 1,476.89 mm 

~ = Area of the basin = 220.13 sq. km . 

K = 0.349 

Hence, Q becomes 113.46 X 106 m1 

Assuming 20 percent of infiltration from the river, the 

volume of the net runoff that leaves the studied area through 

Boye river will become 90 . 77 million cubic meter. 
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Fig. 3.4 MONTHLY AVERAGE WATER BALANCE 

Soil Moisture Recharge 11---11-__ 

'" 
Soil Moisture Deficit 

----.-- p 

---{}-- PET 

Moisture Surplus ------ AET 

oil Moisture Utilization 

0.00 +-, -+---+--t----t--t----+--;-+--t-+--t---< 

z '" 
"'" w .., w.. 

MONTH 

z 
=> .., -' => .., "­w 

en 
>­
u 
o 

> o 
z 

u 
W 
D 



41 

4. WATER BALANCE 

The study of the water balance is the application in 

hydrology of the principle of conservation of mass, often 

referred to as the continuity equation. This states that , for 

any arbitrary volume and during any period of time, the 

difference between total input and output will be balanced by 

the change of water storage wi thin the volume. In general, 

therefore, use of a water - balance technique implies 

measurements of both storages and fluxes (rates of flow) o f 

water, though by appropriate selection of the volume and period 

of time for which the balance will be applied, some 

measurements may be eliminated (UNESCO, 1971 ). 

The water balance equation for any natural area (such as 

a river basin) or water body indicates the relative values of 

inflow, outflow and change in water storage for the area or 

body. In general, the inflow part of the water balance 

equation comprises precipitation (p) as rainfall and snow 

actually received at the ground surface , and surface and 

subsur face water inflow into the basin or water body from 

outside (Qsi and QUI)' The outflow part of the equation includes 

evaporation from the surface of the water body (E) and surface 

and subsurface outflow from the basin or water body (Q;o and 

When the inf low exceeds the outf low, the total water 

storage in the body ( 6 s) increases; an inflow less than the 

outflow results in decreased storage. Consequently the water 
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balance for any water body and any time interval in its general 

form may be represented by the following equation: 

~ s = 0 ----(4.1) 

For application to a variety of water-balance 

computations equation ( 4 .1) may be simplified or made more 
• 

comp lex, depending on the available initial data, the purpose 

o f the computation, the type of body (river basin or 

artificially separated administrative district, lake or 

reservoir, etc . ), and the dimensions of the wate r body, its 

hydrographic and hydrologic features, the duration of the 

ba l ance time interval, and the phase of the hydrological regime 

( flood, low flow) for which the water balance is computed. 

On the other hand, depending on the specific problem, the 

terms of equation (4.1) may be subdivided. For example, in the 

comp ilation of water balances for short time intervals, the 

change in total water storage ( ~ s) in a small river basin may 

be subdivided into changes of moisture storage in the soil 

( ~ M) , in aquifers (~ G) , in lakes and reservoirs (~s · ) , , in 

river channels (~ sch ) , in glaciers (~ Sql ) and in snow cover ( ~ 

SSD ) . Thus in this case the water balance equation becomes; 

p + Qsi + QUI - E - QSD - Qup -A M -A G -A Sl- ASch -

= o ------ (4.2) 

Wh ere Qsi represents the net surface water diversion from other 

basins . 
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The main purpose of this computation is to make a 

quantitative evaluation of the amount of water that percolate 

into the ground to recharge the groundwater circulation 

occurr ing in the studied area. 

Eventhough the studied area is characterized by balance 

regime the computation of the specific water balance are not 

made individually . In the investigated area, these land types 
--------

cover less than 20% of the total basin area . For a given basin 

which are characterized by balance regime (grass, land, forest, 

irrigated or drained lands, swamps, glaciers, etc . ), the 

computation of specific water balance for individual areas is 

made when these land types cover more than 20 - 30% of the 

total basin area (UNESCO, 1974) . 

Various assumptions have been made to derive the wa t er 

balance equation for the studied area and these are summarized 

below : 

1. Since the computation are made on annual basis, net 

change of soil moisture and groundwater storage are 

assumed to be zero. 

2. Subsurface water exchange with neighbouring basins is 

assumed to be zero. 

3. Assuming no artificial diversion from other basins. 

Thus the water balance equation for the studied area 

is written as follows ; 

P - ET - Q - I = 0 ( 4 . 3 ) 
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Where ET = Evapotranspiration 

I = Infiltration 

P = Precipitation 

Q = River discharge from the basin 

From the budget equation, Eqn. 4.3, the amount of water 

that percolate into the ground in a basin as a groundwater 

accretion has,been calculated as follows. 

As = Area of the basin = 220.13 sq.km. 

P = 14 76.89 mm 

ET = 822 . 29 mm 

Q = 515.42 mm 

From E.qn. 4.3 

I = P - ET - Q ( 4 . 4 ) 

Therefore, 

I = [ (1476.89 822.29 515.42 ) 1 mm 

= 1 39.18 mm 

In terms of water volume measured in cubic meter, 

I expressed as 

P 

ET 

Q 

Therefore, 

= 

= 

= 

325. 11 x 106 ml 

181 . 01 x 106 ml 

113.46 x 10' ml 

I = [325.11 - (181.01 + 113 . 46) 1 x 106 
O1

J 

= 30 . 64 x 1 0 6 
01

3 

I 

---r 
I 
I 
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5. HYDROGEOLOGY 

The modes of groundwater occurrence are affected by the 

geolog ic development and properties, delineation. and boundary 

co nditions of the unconsolidated sedi ment s and rocks through 

which the water percolates. They depend al s o o n ongoing 

activities and clinlatic and environmental conditions. 
,; 

In groundwater studies, the rock s tructure o f a f o rmat i on 

is more importa n t than its texture. The presence of s mal I holes 

or vesic les throughout a formation, such as those in pumice and 

some basalts, increa se the permeability of these rocks. Open or 

c losed rock fissures, in the form of joints and fra c ture s , ar e 

i mportant features in groundwater hydrology . The rock ma y be 

pract ically impervious. The presence of these deficient 

s tructures (vesicles, vugs, joints, and fractures) gives a r o ck 

formation a higher water yielding capacity. The degree of 

permeability of unconsolidated sediments determine their 

ability to store and to transmit water through them. 

In this chapter the hydrogeological character of the 

outcroppi ng rock s and unconsol idated sediments are di s cus s ed 

with a particular reference to their infiltration and water-

yielding capacity. 

On t he basis of their h ydrogeological character the rocks 

and unconsolidated sed iment s th at constitu t e the geology of the 

s tudied area are classified into two groups : Volcanics and 

alluvial sediments . 
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5 . 1. Volcanic Rocks 

This group consis t s of varying volcan i c rock types with 

differing hydraulic co nductivity , such as tra chyte, rhyolite. 

basalt and pyroclastic rocks. 

The ge neral occurrence and character of the acid i c 

volc anic r oc k~, which are predominantly rhyolites with minor 
• 

outc rop s of trachytes, indicates that the pri mary poro.i t) 8n,I 

permeability of these rocks are relatively s mall. Joint s and 

fissures where present is barely sufficient and far apart to 

each other. Because of the insufficiency of these structures 

and their low degree of interconnectivity, the permeabil ity and 

yield of these rock s are extremely s ma ll; and are considered a s 

poor aquifers. 

Lithological log of borehole (Fig. 2.4) and exposure in 

quarries shows that the rhyolite a nd trachyte rock s are 

weathered, which causes a reduction of the size of fracture s 

and other openings and results a progressi ve decrea si ng of 

permeability of these rock bodies. 

The topography of the area in which th e acidic volca nic 

rocks outcrop has also a contribution to their low degree of 

water productivity. These rocks are well repre s en:ed 1n the 

northeast and eastern part of the studied area, in the Jiren 

hi 1 I range, which has a higher elevation. The scarce 

vegetat ion cover and steep hi 11 slope nature of this hi II range 

highly facilitate s the runoff and consequently the infi Ilr~t ion 
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is lowered. 

The tuff that are found inter layered with basaltic fl ows 

in the north and northwestern part of the studied area, both i n 

the highlands (Fig. 2. I) and valley s (Fig. 2.3) . are welded so 

that they can be considered as imper vious unit s . Whereas t he 

ignimbrites and tuffs that are found intcrla ycr e u with the 

acidic volcanic rocks in the east a nd nor theastern part of the , 
studie d area whe re intersected by local vertical joint' and 

fractures ac t as an aq uitard. 

Cond itions for g roundwater recharge in the uplands, north, 

northwest and central part of th e st udied area, which arc 

characterized by a relatively l ower clevatiorl th~L fl that ~)f ttl~ 

liren hill range , see m to be fa vorable . Exposures i n road 

cuts, quarries, and boreholes shows that the basalts are quite 

de ep l y weathered and that the weathered layer at the s urf ace is 

fairly permeable. Nu merous spring s , none of wh ic h ha ve "ery 

large discharge, along with record s o f a f ew roc k wells, show 

that the basa ltic rocks are good aquifers. In additio n to the 

secon dary permeability, the basa lti c rocks have pr i mary 

feat ur es that cause permeabi I i ty wi thin them. Davis ( 1969) 

notes that these featu r es are related t o the history of th e 

ro cks. The water moves through f ractures in basal t and al so in 

permeable zo nes along the horizontal contact s betwe en la,'a 

flow s . Suc h permeable int erflow zones are created when mo: ten 

lava flows over a s u r face where there was su ffi cient moisture 

t o ge nerate steam . 

I 

~ 
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In the central part of the studied area . in the ~o chi and 

Hir ma ta highland s , basa lt s are overlain by a thick brownish red 

so i 1 . Since these highlands are cove r ed by vegetat i on. the 

infiltration capac i t y of the so i 1 s wi 1 1 be hig h and 

conseq uently the degree of water producti vity of the underlying 

basa lti c aquifer s are incre ase d. 

In the investigated area , the degree of water productivity 

o-f - Ltre basal-tic aq uif ers, ho wever, is limit~d by two main 

factors . These are 

I. Due to its location in the topog r aphically high areR, 

it act as a source of replenishment for the aquifers that occur 

down in the topographically lower areas. Wells dri lied in 

this rock also obtain water but hav e limited capacity. 

2. Due to the relatively large vo lumes of groundwater 

discharge as a major springs with sustained base flows. 

Because of the grea t thi ckness of the basaltic flows 

groundwater is most readily avai lable in val l ey bottom; 

however, in the hi ghlands, deep wells are required to extra c t 

suff icient yields of groundwater. 

Due t o the effect of these factors in it s water-yielding 

capacity, th e basaltic aquifers have a relativel y less degree 

of productivity t han the al luvial sedi ment s which constitute 

the relatively high productive a quif ers of the .tudied area . 

5.2 . Alluvial Sediments 

The alluvial sediments occur fi 11 in g part ly the broad 

valleys of the studied area which serve as the storage volumes 
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for water flowing from near by highlands and mountains. The 

alluvial fill function as a productive aquifer and create~ the 

opportunity for development of re l atively high-yielding wells. 

The alluvial sediments are conspicuously absent in the volcanic 

cove r of the topographically high areas. 

The thickness of the al l uvial sediments beneath the ground 

surface varies fr om 20 m .n the upper part to more than 200 m .. 
• n the deeper part of these valleys. 

In the valleys, beca use o f th e shi fting position of stream 

chan nels and the ever-changing depositional velociti e s, the 

alluvial sediments have characteristic texture variabi lity that 

causes much heterogeneity in the distribution of hydraul ic 

properties. In the north, northeast and northwest toward the 

mountain front, the alluvial sediments are dominated by 

subangular to subrounded coarse grained particles. Fine grained 

particles, mainly clay and silt with minor amount of sand, are 

predominant in the centra l and lower part of these valleys 

(Fig. 5.1, Fig. 5 . 2 and Fig. 5.3) . 

The degree of water p r oductivity of a water-bearing 

formation depends on the degree of natural water recharge, its 

physical and chemical properties, climatic conditions, the 

characteristics of its geometric and hydrol ogic bou ndarie s, 

vegetat ion, and human activities. I n the invest igated area 

because of the relative l y high degree of permeability of the 

volcanic rocks and the alluvial sediments and because of 

groundwater drainage from the bordering mounta ins and h ighlands 

l 
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wells of relatively high average yield occurs in the valleys. 

On the basis of topography, variations in hydraul ic 

properties of volcanic rocks and alluvial sediments, and their 

location three sub - basins have been established within the 

area under study. These are the Ko chi, the Aweytu. and t he 

Kitto Sub - Basins (Map 2). Each of these sub - basin wi II be 

discussed sep.arately in the following sect ion s . This will 

describe briefly about the main types of formati o n s as~ ocia ted 

with groundwater occurrence and their yielding capacities of 

the main hydrogeological basin. 

1. Kochi SUB - BASIN 

The Kochi sub 

the s tudied area. 

basin is located in the ep.~tern part of 

It has an area of ahc~t 25 sq .Km. 11 

s q.Kms. of the total area of th:s sub -ba sin is cO\'ered by 

alluvial sed iments while lhe re st 14 sq.Kms. is covered by 

volcanic rocks. 

This sub-basin is formed principally by volcanic r ocks 

in terbp:;ed with or overlain by alluvial sediment" . For the 

sedi~~nts, the grain size analysis have been carried out from 

a pit s ample of 3 m depth from the central part of this sub -

basin with the assumption that this part would represent the 

whole alluvial sediments in this sub - basin . Re s ults a re 

plotted on a particle- size distribution graph s hown in Fig. 

5 .1. From this figure 65% is clay, 20% is s ilt, and the 

remaining 15% is sand. This result is confirmed by the 

occurre nce of clay with a thickness of 15 m below the ground 
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surface in the lower part of this sub - basin (Fig . 2.41. The 

predominant occurrence of this fine grained sedi ments, which 

has low value of hydraulic conductivity, suggests low rate of 

deep percolation of rainfal l in this sub - basin. The Kochi sub 

basin IS constituted by unconfined, semi- confinetl and 

conf i ned a qu ifers. The alluvial setl iments anti weathered and 

fractured v01canic rocks are the principal aquifers of this 

sub-basin. As shown in Fig. 2 .4 , weathered rhyolite are found 

interlayered and mixed with clay units , derived from weathering 

so that groundwater occur within a multilayer aquifers under 

semiconf i ned or confined conditions, where the clay units play 

a n important role as leaky aquitards. 

It is exploited by a number of wells whose yields range 

from lis . in the southern part, to 6.3 lis. in the 

northeastern part of it. The well productiv i ty Increa s es 

toward the highland and th e mountain front where the allu<ium 

is coarse and permeable and the under lain bed rock is mo re 

intensely fract u red . 

The multilayer aqui fer s are recharged by the rur, off conring 

from the Jiren hill range and the Kochi highland and by the 

direct deep infiltration of raIny water wher e t he poorly 

drained top sediment is absent or affected by evident shrinkage 

cracks. 

As a whole t he upper part of this sub - basin is a source 

of replenishment for the aquifers that occur down in the lower 

most part of it. 
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2. AWEYTU SUB - BASI N 

The Aweytu s ub bas in is l ocated in the central part of 

the st udi ed area. It is situate d between the Hirmata and Kochi 

highlands . It ha s an area of about 81 sq. Km. The basalts in 

thi s area co mprise 75 sq. Kms. whil e the sediments cover 6 sq . 

Km. 

This sub basin is also a recharging area for tl.e 
,; 

aqui fer s that occur down in th e sout hea stern part of th~ 

st udi ed area. 

In t his sub-basin the alluvial se dimen t s is under lain by 

highly weathered and fractured basalts. Sample of sediments 

have been taken from this sub-basin, near the centre 0: the 

town , from a pit of 3 m depth for grain size analysis which 

could give a clue to the porosity of the sediments. The sample 

is taken with the assumption that it wo uld represel.ts the wh ole 

alluvial sedi ment s in this sub-basin. Results are plott e d on 

a particle-size distribut i on graph s hown in fig. 5.2. As it 

was depicted in the figure 77 percent o f the sediments are clay 

and s ilt and 23 percent is sand. Here, with a s mall amount o f 

percentage difference, again fine grained particles are 

predomi nant. However, as it was shown fr om the I ighologica I 

log of Jimma stadium well (Fig. 2 .2), thi s sub-basi n is 

c haracterized by a moder a tely dr ai ned top soi 15 which has a 

rel atively high infiltration capacit y . This i s ma y be due t o 

the relatively de nse vegetation cover of th e area . The presence 

of a vegetative cover over a soil provides a layer of decaying 
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organic matter which promotes the activity of burrowing insects 

and animals which, in turn, produces permeable so i ls structure . 

The Aweytu sub-basin consists of unconfined, semiconfined 

and confined aquifers. Aquifers are alluvial sediments and 

weathered and fractured basalts with low to moderate yields. 

They are recharged by the runoff coming from the two highl a nds 

and mountains in the north and northwest, by direct deep 
• 

infiltration of rainfall, and by the Aweytu river . 

In this sub-basi n there are 5 boreholes and of these 4 are 

located on the basaltic aquifer and the remaining one is 

located o n the alluvial and basaltic aquifers. We lis rie Id 

range from 1.5 I/s ., in the highlands, to 4.5 I/s., in the 

va II ey. 

J. KITTO SUB - BASIN 

The Kitto sub - basin is located west of the Aweytu sub 

basin. It includes the northwestern, western, and so uthwe ste rn 

part o f the st udied area . I t has an area of about 114 sq. Km. 

The alluvial sediments cover an area of 26 sq. Kms. ,which is 

equivalen t to 60.47 percent of the to tal area covered by the 

sediments in the basin . 88 sq. Kms. of this sub-basins covered 

by basaltic rocks. 

Log information from the wells, Fig. 2 . 3 and exposure In 

quarries indicates that this sub - basin is underlain by basaltic 

flows. 

With the assumption that the sediments near the airport 

would represent the whole alluvial sediments in thi:::. !:;jub-ba s in. 

I 
! 
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grain size analysis have been carried out from a pit sample of 

J m depth. Results are plotted on a particle-size distribution 

graph shown in Fig. 5.3. From the figure 58 percent is clay. 

26 percent is silt, and 16 percent i s sand. However, these 

fine grained sediments, which are predominant , are moderately 

permeable. The Kitto sub-basin is largely covered with 

vegetat ion as compared to the other two sub -ba s ins. In the 

highlands and valley toward the northwest and wes tern part of 

this area, coffee plants are grown under the shade of different 

species of tropical trees. Apart from coffee many crops s uch 

as maize (Zea mays), banana (Musa spp . ), citrus (Citrus spp . ) 

etc. are also grown in this part of the area. The pre s ence o f 

this vegetat ion cover help in inc reasing the infi I trat io n 

capacity o f the sedi ments . This is co nfirmed by the y ields o f 

the wells at Kitto well field. The Kitto well field consist of 

five drilled wells located in the valley near the airport. 

According to the report of WSSA of Jimma, the alluvial aquifer 

i n t his well field i s productive and is capable of supplying 

much more water than is being withdrawn at the present time. 

In this sub-basin, in addition to the Kitto well field. 

there is also one drilled well which is lo cated in the 

Agricultural Research office. In the Ritto well fie ld , all the 

well s are clo se t o a swampy area along a me anderi ng Ritto 

rive r . They each have a subsurface pump cham ber which lS 

reported to get flooded during high wat er in the rain )' seas o n . 

These wells produce large quantities of water f or the community 
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water system of Jimma, as in filtration from the river augments 

groundwater supplies. 

This sub-basin consist of unconfined, semiconfined. and 

confined aquifers. The Agricultural Research Office and 4 

wells from the Kitto well field are the presently functioning 

wells tapping water from the alluvial and basaltic aquifers. 

Wells yield from .. these aquifers range from 4 s 1/ s . The 

aquifers are recharged by the runoff [rum lhL: bo rJl' r : iig 

mountains, in the northwest and western part! and highland 

(Hirmata), in the eastern part, by downward percolation of 

water from precipitation and from Kitto stream. This sub-basin 

is also a recharging area for the aquifers that occur daRn in 

the sout heastern part of the studied area. 

As it is shown in the groundwater f low net in Map 2 the 

whole Kitto and Aweytu sub-basins and the upper part of the 

Kochi sub - basin converge toward the aquifers that are located 

adjacent to the Boye river in the southeastern part of the 

studied area. The flow lines in the Map 2 deliver groundwater 

from recharge areas to discharge areas. The areas adjacent to 

the Boye river is the medium through which the discharge of the 

whole hydrogeological basin takes place. Here the allu\-ial 

sedime nts have relatively large lateral extent and thickness. 

lp to now, however, no well is dri I l ed in this area, because of 

this a through study of the types and groundwater potential o f 

the aquifers was not possible. 

Eventhough the aquifers in the studied area are exploited 
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by a number of wells both in the valleys and highlands, the 

actual groundwater productivity of these acquifers has no t yet 

bee n determined . 

----i 
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6. HYDRODYNAMICAL INVESTIGATION OF AOUIFERS AND WELLS 

6.1. Genera l 

In designing capture and dewatering systems of 

groundwater, besides schematizing the natural hydrogeological 

conditions, it is important to know the hydrogeological 

parameters . Their determination constitutes one of the 

principal problems of hydrogeology , due to the various degrees 

o t accuracy of t-he methods employed a"lld of-the eJrpense of field 

test. Determination of hydrogeological parameters can be 

made by several laboratory or field techniques. Methods based 

on well-pumping tests generally give the most reliable results 

for field measurement. 

The hydrodynamic investigation of the aquifers by pumping, 

frequent ly followed by the recovery of the water leve I in the 

experimental well constitutes an investigation technique 

indispensable to any kind of hydrogeological research. This 

method uses empirical relations based directly on the 

experi mental data. By pumping test of wells, hydrogeological 

parameters characterizing the aquif er proper in areas can be 

determined; furthermore, with these aquifer charac t eristics 

known, future dec line s in groundwa t er levels associated with 

pump age can be calculated. 

Hydrogeological parameters are divided into two groups: 

The first grou p includes the parameters characterizing the 

experime ntal drilling and its adjacent area, namely the rate of 
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discharge Q and the drawdown s which permi t us to draw the 

indication diagram Q = f(s), the well loss and the seepage 

resistance of the well. 

The second group includes the parameters character i zi n g 

the aqui fer proper in areas more or less remote from the 

experimental well, to wit the hydraulic conductivity K. the 

transmissivity T, the storage coefficient S, the hydraulic 

diffusivity and the capi l lary rise. Naturally to the seco nd 

_ group could_ be- added the-aqui-fer thickness, the posi t ion of the 

piezometric surface or of the water table as well as other 

geometrical characteristics of the aquifer (scattering area, 

slope, shape of its boundaries in the horizontal and in the 

vertical sections); but these parameters do not involve 

particular experimental works since they are determined by 

hydrostatic methods. 

The transmissivity and storage ' coefficients are especially 

important because they define the hydraulic characteristics of 

a water-bearing formation. The coefficient of transmi ssivity 

indicates how much water will move through the f ormation, and 

the coefficie nt of storage indicates how much can be re moved by 

pu mping or draining. If these two coeffic i ents can be 

determi ne d for a particular aqui fer , predictions of great 

significance can usually be made . Some of these are 

1. Drawdown in the aquifer at various distances 

from a pumped well. 

2. Drawdown in a well at any time after pumping 

I 

\ 

\ 

\ 
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starts. 

3. How multiple wells in a small area will affect 

one another. 

4. Efficiency of the intake portion of the well. 

S. Drawdown in the aquifer at various pumping 

rates. 

The certainty degree of the tested aqui fer parameter 

depends on the importance that the design and the 

accomplishment of the hydrodynamic test granted to the features 

of the hydrogeological conditions as well as to theoretical 

achievements in this field( Gheorghe,A., 1978). 

6.1.1. Well Flow Equations 

Well flow equations have been developed for steady and 

unsteady flows, for various types of aquifers, and 

for several special boundary conditions. For practical 

applicat ion most solution have been reduced to convenient 

graphic or mathematical form. There are two types of well flow 

equations, equilibrium well equations and nonequilibrium well 

equations. 

6.1.1.1. Equilibrium Wel l Equations 

Well f l ow equations for equilibrium conditions were 

derived by various inves t igators (Slichter, 1899; Turneaure and 

Russell, 1901, Thiem, 1906). These equations relating well 

discharge to drawdown assumed two-dimensional radial flow 
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toward a well (the vertical component of flow is ignored). 

There are two basic eq uation s one for unconfined conditions 

and the other for confined conditions. For both equations, all 

dynamic conditions in the well and ground are assumed to be in 

equi I ibrium; that is the discharge is constant, the drawdown 

and radius of influence have stabilized, and water enters the 

well in equal volumes from a ll directions. Both assume 

horizontal flow every where in the aquifer with recharge , 
occurrIng at tn~e~p~e~r~ipnery of--t ne cone of depression. 

Confined Aquifer 

The equation for a well operating under confined condition 

is: 

Q = 2. 73 kb (H-hl ( 6 . 1 ) 

log R/r 

Where 

Q = Well yield or pumping rate, in ml/day 

K = hydraulic conductivity of the water bearing 

formation, in mJ/day/ml (m/day). 

b = aquifer thickness in m. 

H = static head measured from bottom of aquifer, in m. 

h = depth of water in the well while pumping, in m. 

R = radius of the cone of depression, in m 

r = radius of the well in m. 

Equat ion (6.1) is often called the equilibrium or Thiem, 

equation. 
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Unc onfined Aquifer 

The equation for the well yie l d of an unconfined aquifer 

is: 

Q = ( 6 . 2 ) 

lo g R/r 

All the terms are as defined for equation (6.1). 

Derivations of the foregoing equations are based on the 

following simplifying assumptions: 

I. The water - bearing materials have a uniform 

hydraulic conductivity within the radius of 

influence of the well. 

2. The aquifer is not stratified 

3. For an unconfined aquifer , the saturated 

thickness is constant before pumping starts; for 

a confined aquifer, the aquifer thicknes s is 

constant. 

4. The pumping well is 100 percent efficient, that ~ 

the drawdown levels inside and just outside the well 

bore are at the same elevation. 

5. The intake portion of the well penetrat es the entire 

aquifer. 

6. The water table or potentiometric surface has 

no slope. 

7. Laminar flow exists throughout the aquifer and 

within the radius of influence of the well. 

8. The cone of depression has reached equilibrium s o that 
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both drawdown and radius of influence of the well do 

not change with continued pumping at a given rate. 

Eq uations 6.1 and 6.2 can be modified to calculate hydraulic 

conductivity if Q, H, and R are determined from a pumping test, 

and b is known from the driller's log. For a confined aquifer, 

the equation for calculating K is: 

------(6.3) 

Where 

r l = distance to the nearest observation well, 

in m. 

r 2 = distance to the farthest observat ion 

we II , in m. 

h2 = head, in m, at the farthest observation 

well, measured from the bottom of the 

aquifer. 

hi = head, in m, at the nearest observat ion 

well, measu r ed from the bottom of the 

aqu ifer. 

b = thickness of the aquifer, in m. 

All other terms are as defined in Equation 6.1 

The transmissivity is given by 

T = Kb = 0108 rJiLl ( 6 . 4 ) 

2 . 73 (h1 - hi ) 
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From a pract ical stand point , the drawdown s . rather than 

the head h, is measured so that Eq. 6.4 can be written 

T = 

Where 

sl = 

• 
s 2 = 

o log rlill 

2.73 (sl - s2) 

drawdo wn, in m 

we I I . 

drawdown, in m 

at 

at 

observation we II. 

( 6 . 5 ) 

t h e nearest observation 

the farthest 

For unconfined conditions, the equation for determining 

the hydraulic conductivity is 

K = 0 log rlill --- (6.6) 

1.366(h2 2 - h 2 I ) 

Where 

all terms except the following are the same as for Eqn. 

6.3 

h2 = saturated thickness, in m, at the farthest 

obse r vation we l l. 

hi = saturated th i ckness, in m, at the nearest 

observation well. 

This equat ion fai Is to descr ibe accurate Iy the drawdown 

curve n ear the well because the large vertical flow components 

contradict the Dup u it assumptions; however, estimates of K for 

given heads are good. In practice, drawdowns should be small 
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in relation to the saturated thickness of the unconfined 

aquifer. 

The transmissivity can be approximated from Eq. 6.6 

( 6 . 7 ) 

Where drawdowns are appreciab l e, hi and h2 in Eq. 6.6 can 

be replaced by (hO - sl) and (hO - s2)' respective ly. Then the 

t ransmi S5 ivitYfor-the-IuTl~lCKness becomes . 

Qln (..:i) 
I 

T=Kh = 1 
o . s'J S 2 

2,; [(Sl- 2~ }-(s.- 2~ )] 
o 0 

(6 . 8) 

Where hO is the saturated thickness, in m, at the pumped 

well before pumping was started, while sl and s2 are as defined 

in Eq. 6.5. All other terms are as defined in Eq . 6.6. 

6 . 1.1.2 . Nonequilibrium Well Equations 

The applicable differential equation in plane Polar 

Coordi nates is 

c 2h/cr2 + llr 8h/8r = SIT 8h/8t ( 6 . 9 ) 
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Where h is head, r is radial distance from the pumped 

well, S is the storage coefficient, T is transmissivity, and t 

IS the time since begin nin g of pumping. Theis obta ine d a 

solution for Eq. 6 . 9 based o n the analogy between groundwater 

f l ow and heat cond iti o n . By assuming that the well i s replaced 

by a mathemat ical si nk of constant str ength and imposing th e 

bounda ry conditi ons h = ho for t = 0 and h ----hO as r --

~ for t ~ 0, the solu tion 

OJ 

s = Q/ 4n:T f ~ e" dulu ( 6 . 10) 

is obtained, where s is drawdown, Q is the constan t well 

discharge, and: 

, 
u = ["S/4Tt ( 6. 1 1 ) 

Equat ion 6.10 is known as the nonequi I ibrium, or Theis. 

equat ion. The integral is a funct ion o f the lower I imi t u and 

is kno wn as an exponential integral. It can be expanded as a 

co nvergent series so that Eq . 6.10 becomes 

u~ / 4.4 ! + ... J 

( 6 . I ~ ) 

The nonequilibrium equation permits det erminat i on of the 

formation constants Sand T by means o f pumping tests of wei Is. 
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The equation i 8 widely applied in practice and is preferred 

over the equilibrium equation because :(1) a value of S can be 

determined, (2) only one observation well is required, (3) a 

shorter period of pumping is generally necessary, and (4) no 

assumption of ste ady state flow conditions is required . 

The assumption inherent in Eq. 6 . 10 should be emphasized 

because they are often overlooked in applying the 

noneq uilibrium equation and thereby can lead to erroneous 
.. 

resu l ts. The assu~t ions include: 

1. The aquifer is homogeneous, isotropic, of uniform 

thickness, and of infinite areal extent. 

2. Before pumping, the piezometric surface is 

horiz ont al. 

3. The well is pumped at a constant discha rge rate. 

4. The pumped well penetrates the entire aquifer, and 

flow is every where horizontal within the aquifer 

to the well. 

5. The well diameter is infinitesimal so that storage 

within the well can be neglected . 

6. Water re moved from storage is discharged 

instantaneously with decline of head. 

Seldom, if ever, are these assumptions strictly satisfied. 

but recognition of them can create an awareness of the 

approximations involved for employing the nonequi I ibrium 

equation under f ield conditions. Average values of Sand T ca n 
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be obtained in the vicinity of a pumped well by measuring in 

one or more observation wells the change in drawdown with time 

under the influence of a constant pumping rate. Because of the 

mathematical difficulties encountered in applying Eq. 6.10 or, 

its equivalent Eq. 6.12 several investigators have developed 

simpler approximate sol utions that ca n be readily applied for 

f i eld purposes. Three methods, by Theis, Cooper and Jacob . and 

Chow, are described in the following sections. 

Theis Method of solution. Eq. 6.10 may be simpl ified to 

s = ( Q/47tT) W(u)------ - --------- (6.13) 

Where 

s = drawdown, in fi , at any point in the 

vicinity of a well discharging at a 

c onstant rate 

Q = pumping rate, in ml l day 

T = coefficient of t ran s missivity of the 

aquifer , in ml /day. 

W(u)= Well function a nd represents a n exponenti al 

integral. 

Rewr i t i ng Eq . 6. 11 as 

rl/t = (4T/S)u ( 6 . 14 ) 

It can be seen that the relation between W(u) and u must 

be si mi lar t o that between sand rl/t because the terms in 

parentheses i n the two e qu at i ons are co nstants . Given this l 
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similarity, to obtain the formation constants from pumping test 

data, Theis suggeste d an approximate solution based on a 

g raphical method of superposition. 

A p lot on l ogarithmic paper of W(u) versus u known as a 

"type cur ve," is prepared. Appendix 6 gives values of W(u) for 

a wide range of u. Values of drawdowns are pl otted against 

values of rllt on logarithmic paper of the same size as for the 

type curve. The o bserved data curve is su perimposed on the 

type curve, keeping the coordinate axes of the_ two_ cu..r.x.e.s_ ar 

parallel, and adjusted until a position is found by trial 

whereby most of the plotted points of the observed data fallon 

a segme nt of the type curve. An arbitrary point is selected on 

the coi ncident segment, and the coord inates of this mat ch in g 

po int are recorded. With values of W(u), u, s, and r l lt thu s 

determined, Sand T can be obtained from Eqn. 6.13 and 6.14. 

Cooper Jacobo Method of Solution. It was noted by 

Cooper and Jacob ( 1946 ) that for small values of r and large 

values of t, u is s mall, so that the series terms in Eq. 6.12 

become negligible af ter the first two terms. As result, t he 

drawdown ca n be exp ressed by the asymptot e 

s = Q/4rrT ( - 0.5772 - In r l S/4Tt) ------ (6.15) 

Rewriting and changi ng to decimal logarithms, 

t his reduces t o 

s = 0.183Q/T ( l og 2.25Tt IrIS) ----I 6.16) 
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By using these simplified relationships ba se d on Equation 

6.16, it is possible to derive information on the hydraulic 

characteristics of aq u ifer by plotting drawdown and time data 

taken during a pumping test. The data are plotted on 

se mi logarithmic paper . A plot of drawdown s versus the 

logarithm of t forms a straight line. Projecting this line to 

s = 0, whe re t = to 

o = o. 183Q/T log( 2.25Ttl r 2S) ---- (6.17) 

and it follows that 

Resulting in 

S 

2.25Tt OI r2 S =1 ----- (6 . 18) 

_ 2 
- 2.25TOI r ( 6 . 19 ) 

A value for T can be obtained by not ing that if tlt o = 10. 

then log tlt o = 1; therefore, replacing s by .. s , where .. s 

is the drawdown difference per log cycle of t, Equation 6.16 

becomes 

T = 0.183 Q/ .. s ------- (6 . 20) 

Thus, th e procedu r e is first to solve for T with Eq. 6.20 

and then to solve for S with Eq . 6.19. The straight line 

approximatio n for thi s method should be restricted to small 

values of u (u<O.OI) t o avoid large errors . 

Chow Method of Solut ion. Chow deve loped a method of 
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solution with the advantages of avoiding cu rve fitting and 

being un rest ri c t e d in its application. Again, mea sure ment s of 

drawdown in an observation well near a pumped well are made. 

The observa tional data are plotted on semilogarithimic paper in 

the same manner as for the Coo per Jacob me t hod. On the 

plotted curve, choose an arb itrar y point and note the 

coord inat es , t and s . Next, draw a tangent to the curve at 

chosen point and det e rmine the d rawdown difference AS, in feet, 

per log cycle of ti me. Then F (u) can be co mput ed from Eqn. 

6 . 21 which i s g i ven below. 

F (u) = S/AS (6.21) 

The correspo nding va lues of W(u) and u are deter min ed from the 

figure which is given in the Appendix 11. Finally, the 

formation cons~ants T and S ca n be computed using Eqn. 6.13 a nd 

Eqn. 6.14 respectively . 

The above sol ution me thods f o r th e nonequililbrium 

equat ion appl ied to pumping tests in confi ned aqui fers, but the 

solution methods ca n be applied also to unconfined aquifers 

providing that the basic assumptions are sa ti sfied (i . e . 

drawdown is s mall compared to the total saturated thickne ss) . 

Recoverv Te s t When pumping is stop ped, well a nd aqu ifer 

water levels i s rec ove red so as to r eac h the ini t ial 

piezometric level. The rate of recovery provide s a means for 

calculati ng the coefficien t s of tran s missivity and storage. 



75 

The time- recovery record, therefore, is an important part of 

an aquife r test. 

The water-level recovery data from an observation well 

will ind i cate the hydraulic characteristics of the aquifer if 

the well is located close enough to the pumped well so that the 

drawdown changes significantly during the pumping test. I f no 

observatio n well is available, the water-level recovery data 

from the pumped well can be used for limited calculations of 

aquifer capability . Recovery data can be analysed only when 

the test pumping is done at a co nstant rate. 

The recovery curve, which is a plot of change in water 

level with time during recovery period, i s difficult to portray 

by mathematical analysis. It can be simplified for analysis, 

however, in either of two ways: Theis (1935) corollary to the 

nonequilibrium equation, or Jacob's (19 46b) modification of the 

nonequ iii br i um equation. 1 t has been shown that the t ime-

drawdonw curve for the pumping period becomes a straight line 

o n a semilogarithmic diagram. The same simplification can be 

u s ed for the time-recovery plot, where the horizontal scale 

represents the logarithm of ti me during the r e covery period and 

the vertical scale represents water-level recovery. 

If a well is pumped for a known period of time and then 

shut down, the drawdown thereafter will be identically the same 

as if the discharge had been continued and a hypothetical 

recharge well with the same flow were superposed on the 

discharging well at the instant the discharge is shu t down . 
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Fro m t h is prin ci pl e Th e i s s howed that the re s i dual dr awdown s' 

c an be given as 

s ' Q/41tT [W(u) - W(u')] (6.22) 

Where 

u = (6.23) 

and time since pump start ed and time since pump stopped are 

represented by t and t ' respectively. The rest symbols 

re pre s ent the same terms a s in Equa tion 6.13 and 6.14. 

For r small and t' large (Jacob Method), the well 

functions can be approxima ted by the first two terms of Eq. 

6 . 12 s o that Eq. 6.22 can be written as 

, 
s ' = ( 2.30Q/41tT) log tit ---------- ( 6 . 24 ) 

Thus a plot of residual drawdown s' versus the logarithm 

of t i t forms a straight line. The slope of the line equals 
, 

~ . JOQ/ 41tT s o that for AS , the residual drawdown per log cy c Ie 
, 

o f t i t the, transmissivit y becomes 

, 
T = 2.30Q/41tAS ----- (6. 25) 

The transmissivity of the aquifer from the time-recovery 

data can be calculated fr om the following equation 
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, 

T = 2. 30Q/41t(s-s) ----- ( 6.26) 

Where s-s = change in water level recovery 

If measurements are made in at leas t one observation we ll 

during the recovery period, the storage coefficient can be 

calculated from portions of these data. The data must be 

plotted as a time-recovery plot. The residual drawdown plot 

can not be used for determining the storage coefficient, 

eventhough the plot is va 1 i d for calculating the 

• 
transmissiv ity. 

Although mos t aquifers do not conform to all the 

theoret i ca l conditions assumed by The is and Jacob, results from 

th e application of these equations and their graphic 

relations hips have been quite sat i sfacto ry . 

6 . 2. Wells and Springs in the Studied Area 

The investigated area is now supplied largely with 

groundwater, from a number of springs and wells. These source 

are not integrated into a common distribution syste m. An 

inventory of the boreholes and springs that was carried out in 

the area are given in Table 6 . 1 and Table 6.2 respectively, and 

their l ocat i on are shown in Map 2 . As it was shown in the map 

the boreholes are concentrated in the town. 

Dug Wells 

In the studied area small amount of groundwater is 

extracted using dug we l ls. The diameter of these dug wells 
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vary f ro m 1 - 2. 5 m. a nd th e y a r e g e n e rall y le ss t ha n 20 m i n 

depth . They have concrete and dry brick or stone lining and 

are abunda nt in Jimma town . With the exception of a few dug 

wells which are fitted with s urface pump t hat ca n discharge 

less than 1.5 l/s., all are equipped with pulley. 

The yie ld of these wells is limited, because they are 

excavated o nly to a 1 imi ted depth in weathered and fractured 

volcanic material which is the upper s hall ow aquifer in the 

ar ea. 

The depth of static water level varie s fr o m 9 - 1 J m. 

The we lIs are r ich i n water during the rainy season and the 

water table become shallow while during dry seaso n the maj ority 

o f them will dry up. 

Boreholes 

Twenty five bore wells are found in the studie d area , and 

are mainly used for the supply of drinking water t o the Jimma 

town . Out of these, three wells was abando n e d and the rest are 

functional. All the wells are well equipped with s teel casings 

and electrical s ubme rsible p ump . 

These wells are bored o r drilled deep into t he ground . 

intercepti ng o n e or more water bearing s tratum. The depth of 

the wells vary from 70 -144 m. In the highlands suc h wells are 

located in the unconfined and confined aquifers which is made 

o f basa lti c material t hat ha s been affected by different degree 

o f weathering and possess different permeability value. While 
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rocks are the main aquifers of the wells. 

these wells also vary fr om 9 " - 12 ". 

The diamete r of 

Those wells that are located in the highland s have a low 

capacity, their yields va r y fro m 1.5 lis . to 6.3 l is . wh i Ie 

[ho s e in the valleys have a moderate capacity . . 5-S .5 li s . 

Pu mpi ng and recovery test s and lithological lo g data ar e 

available only for ve ry few wells. 

Springs 

Se\-eral small sp ri ngs , whose discha r ges range from S - 0 . " 

i/s . and mos t o f the m are contact types. are found In the 

investigated area. However, only three are perennial. and are 

u sed for various purpose In the domestic consumption. 

are the Sai nt Gabriel . Jiren, and Lagahar springs. 

The Saint Gabriel Springs are located 3 km. north of Jimma 

close to the head of Aweyt u valley. The rna in s p r ing wa !:> 

de velo ped in the late 1930's by the driving of two short odit s 

pr oba bly into the we athered basaltic rock. The installation i. ~ 

protected by concrete structures which formerly led the water 

to conc rete sett i ng t a nk sj these tanks are no longer use . 

There is also an open spring area about 3 2 5 m. away: it is 

co mpl eted with 

an ope n co ncrete flume to convey water to the main sp ring a r ea . 

:\ 0 . 0 - 6 m (3 ") diameter steel pipe conveys the watl2f from th~ 

sp r ings by gravity to an old pumping station on Agaro road at 
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the edge of Jimma. The total flow of the springs at the time 

of field investigation was 8 lis. The f low at the Agro road 

pu mp in g s t a ti o n i s mu c h l e ss t ha n this . possibly because the 

pipeline is partly clogged with sand. silt and other debris. 

From two concrete reservoirs at the pumping station . water is 

pumped by a single centrifugal pump into the system . Each of 

the two reservoirs at the pumpi n g sta ti on holds about 100 cubic 

me t e r . 

The Jiren springs, which are found in the east~ ~~L-O 

the stud ied area, are at a higher elevation than the Saint 

Gabriel spri ngs ; t hey p r od uce less water 0.5 1/5 . and they do 

not feed the main Jimma water syste m. They also issue from 

basaltic flows . They have been i mproved by concrete walls and 

co\'ers . The water is conveyed by small diameter steel pipes to 

the facilities being served, namely the Hospital and the Prison 

with minor amounts going for domestic use. 

Lagahar springs, which was probably originally develo ped 

along with Saint Gabriel and Jiren Springs . was reno\'ated in 

1981 by WSSA for the co mmunity of Jimma. It is located in the 

lower part of the Aweytu valley and consists of a gr ou p of 

small springs all piped by gravity to a ne w 50 cubic meter 

co nc re te 

tank. From here the water is pumped into the distribut ion 

syste m which serves a port ion of the down town area. These 

sp rings are all located in a small area which is fenced to keep 

out l ivestock. The yield of the springs was 1.5 lis . at the 
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time of field investigation . 

6. J . Hydraulic Analysis 

The groundwater pot e n t ial i n the wes tern and northwestern 

part of the studied area is relatively high both fr om the 

alluvial sedi ments and the volcanic rocks. Out of the 5 ix 

we lis that are found in this part of the area, according to the 

report of WS SA of Jimma, on l y t h e performance of we l l-3 (i n the 

);i t to We II fi e ldl has been checked by pu mping te st . Howev er . 

pump test data was not obtained, and quantitative estimates of 

wei I perfor manc e ha s not been made by the autho r. This report 

declare that pumping at 8.5 l /s. caused 12 .57 m drawdown after 

about 1000 minutes of pumping. Analysis of this pumping test, 

according to this report, revealed the following: 

The well behaves I ike a well constructed in a 

granular aq uifer. 

The transmissivity is about 
) 

125 m' /day. 

The well is fairly efficient with a specific 

capaci ty of 0.675 l/s/m of drawdown after "4 hours 

of pumping at 3.5 l/s . 

Ass umin g that the well is 32 m. deep and t"at the 

total avai lable d ra wdown is about 70 m., the capaci t y 

o f the well using 70 percent o f the total availa ble 

d r awdown may be about 30 I/s. 

A more efficient well in this aquifer migh: have a 

capacity as high as 4 0 l/ s . 
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In ge neral the pump test shows that the aquifer at ;;itto 

well field (Kitto sub basin) is highly productive and. if 

extensive in area. is capable of supplyi ng several propcrl~· 

constructed wells each with a capacity of)O to 50 lis. 

For the wells in the central part of the basin (Aweytu 

sub - basin), pumping test and recovery test data are avai lable 

only f o r one well (Jimma Agricultural Collage Boreholel By 

using these data, the aquifer characteristics in the central 

part of the basin will be discussed as follows. 

The Jimma Agricultural Collage borehole is drilled o n the 

basaltic rocks in the Hirmata highlands at an elevation of 

about 1750 m. 

Continuous pumping test for this borehole was carried out 

with average discharge of 1.5 lis. After pumping for 24 hour s 

a vo lume of 129.60 mJ of water was pumped out and a maximum 

drawdown of 42.40 m was measured . 

Drawdown - recovery data (Appendix 7A and 7BI from the 

pumped well has be en plotted on a graph (Fig . 6. II. As it is 

depicted in the plot the recovery is slow . Because of sho rta ge 

o f water, at the end of rec overy test, the water le \'el did not 

reach the original static water level, This is attributed to 

phreatic nature of the aquifer and shortage of potent ial 

recharge. 

Since no observation well was available to measure the 
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drawdown further away from the discharge we II. Th e:s equat ion 

has not bee n appl ied to calculate the storage coeff ic ient . 

However, ap plying Jacob No n- Equilibrium formula the parameters 

tra n s missivity and permeability have bee n calculated. 

The time recovery plot for th e pumped we II is more 

accurate t han its ti me -drawd own plot because the residual 

drawdown measurements are more accurate. During the recovery 

period, water-level measurements can be made witho ut being 

affecte d by pu mp vib rations and momentary variation s in t he 

pumping rate . Because of these. the recovery data from th\.c: 

pumped well u sua ll y provide the best basis for calculati n g the 

t r ansmissivi ty of the aquifer . 

Us i n ~ Eqn. 6 .20 and the time-recovery data (Appendix :BI 

from the pumped well, shown in Fig. 0.2, the transmi ssivity of 

the aquifer has been calculated a s follows.Recall that the 

Jacob 1 s modificati o n of the more general 

Theis equa tion, Eqn. 6.20 is 

Where 

Thus 

T = 

T = 0.183 Q/ AS 

AS = 1.29 m 

Q = 1 . 5 I Is . = 

0.183 x 129.6 m' /day 

1.29 m 

= 18 .3 9 m' Ida" 

1 29 . 6 mi I d a\' 

The rel ati on between t he permeabi l ity and transmissivltv 

is si mple . a nd is given by 
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T = Kd 

where K = Permeability 

d = Sa tur ated aquifer thickness 

from Eqn. 6.2 7, we have 

K=T/d (6.23 ) 

Where d = 64.19 m 

Hence, K = 18.39 m2 (day 

64.19 m 

= 0.286 m/day whi ch is eq ui valent to 

3 . 31 x 10.4 em/sec. 

Based on the above results the basalt aquifer in the 
, 

cent ral part of the basin has a transmissivity of 18.39 m' (day 

and a per meabilit y of 3.31 x 10- 4 cm/sec . 

. ;ccording to Johnson (1966), an aquifer that has a 

transmissivity of less than 12.4 m2/day, it can supply only 

enough water for domestic we lls or other low-yield uses. When 

the transmissivity is 124 m2/day or more. wel l yields can be 

adequate for i ndustrial, municipa l, or irrigation purposes. 

The trans mis sivity value obtained in the aquifer for the 

cent r al part of the basin can therefore be re commended for 

municipal uses where water consumption i s not high and other 

a l te rna tive source of water is not at hand. 

More than half of the total wells are found in the ea ste r n 

and northeastern part o f the basin (Kochi sub-basin). I tis 

from both the alluvial and volcanic aquifers that most of the 

g roundwater is tapped from these well s . Pump test and reCO\'er~' 
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(est data was obtained only for one well ( J i mma S t a f f 

Residential Borehole), for the rest pumping test . recovery test 

and I ithological log data are not avai lable. Using this data 

the aquifer characteristics in this part of the area wil I be 

discussed as follows . 

The Jimma Staff Residential borehole is located in the 

lower part of the Kochi sub basin at an elevat ion of 1-:0 m. 

Both the sandy sediments and weathered rhyolite are the main 

aquifers of the borehole. 

The pumping test and recovery test data (Appendix SA and 

SB) plotted on Fig . 6.3 shows that the recovery is very filst. 

This was happe ned because due to its l ocat ion some recharge 

water reached the aquifers during the pumping per iod and 

results a full recovery to original static level during a 

relative ly short recovery period . 

Dra wdown-recovery data was conducted on the pumped well 

and no observation wells were available during the test and 

th us the coefficient of storage has not been calculated. Based 

on the pumping test data (Appendix 8A) a graphical solution by 

Jaco b's method (Fig . 6.4) for tran s mi ssivity has been carried 

out using Eq n . 6 . ~ 0 . 

Thus 

T = 0 . 183 x 86 . 4 ml Iday 

8.38 m 
, 

::: 1 . 89m~/day 



SS 

Where Q = lit./see. = S6 .4 mi /dav 

A S = 3.38 m 

and the permeability (k) from Eqn. 6.23 gives 
, 

K = 1 . 89m' / day 

130 .62 m 

= 0.014 m/day 

Which is equiva len t to 1.62 x 10.5 em/sec. 

Where d = 130.62 m 

The aq uif ers in this part of the area has thus a 

transmissivity of 1.89 m1/day and a permeabi lity of 0 . 014 m/day, 

i . e. I 62 10 ·5 . x em/sec. The transmissivity value o f the 

aquifers could s upply enough water for domestic wells or o ther 

low- yield uses. 
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Fig . 6. 4 TIME - DROW DOWN PL OT FOR E.W . W.C.A WELL 
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Based on the available data the potential of the aquifers 

in the three sub-basins are summa rized and is given in Table 

6 .3 below. 

Table 6 .3 

Values o f Tran s missivit y , T a nd 

Permeability, k for Three Wells 

~ 
" Name of the Borehole 

-:r-
1 L 0 cat ion and _ --,_T...."r",a n s m-'.,,-· s,,--~P~e~r OJ ~ -, 

j Na me of the sivity a b iii t~· 

Sub-Basin 

(cm/sec) 

Kitto We ll number 3 

I 
Valley - Kitto 125 

I 

Jimma Ag ricultural i h ig h land - 13 . 39 3 . J 1, 10" , 

Collage I Aweytu 

, Jimma S taff Residential valley - Kochi 1 .39 1 . 62, 10 
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7. WATER QUAL[ T\' 

, 1 . Sampling and Analysis 

I n the studied area qual ity analysis f o r both groundwaters 

and surfac e waters has been conducted and the data are given in 

Appendix 9A and 9B . A repre se ntati ve sample s were taken from 

ri,'er . springs, dug wel l and bore well s . In December 1993 and 

'lar c h 1994, one liter of water was coll ected within plastic 

bottle s a nd the analysis was carried out (privately) In the 

respect ive month s . 

To avoid nonrepre s entati ve sam ple s, from which we ll 

samples were taken after it ha s been pumped f or so me time in 

the morning , With each sampl e a re cord have been made on wei Is 

location , size of cas ing, date, and operating conditions of the 

well s immediat el y prior to the samp l ing. Due to the absence of 

deep me ter depth of samples and static level measure ment have 

not been carried o ut. 

different sit es. 

Sample s f r om a river were taken at 

Due to the lack of portable laboratory ki ts and shortness 

of the time needed between the collect ion of the sa mple s and 

their analysis! biologic test has not be en carried o ut. 

For all the sa mples determinati o ns of tempe rat ure. pH . 

odou r. co l o r ( true ), t aste . electrical conductance. and 

appea rance have bee n car ried out in the field . The i nstrument s 

used in the field are Thermometer, Digital pH meter . and 

Co nduct ivity meter. 
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Hydrogeochemistry 

The chemistry of the water in th~ basin has been treated 

based on the respective aquifers the samples come from . 

temperature of the water during sampl ing and mode of occurrence 

of the surface water. 

In the hydrochemical investigation of the basin aquifers. 

chemical analysis of four wells, thr e e springs, and one river 

were conducted . Of the four wells. two are in the alluvial and 

basal tic aquifer s . one in the alluvia l and rh~' olite aquifer s . 

a nd one in the basaltic aquifer. Two of the springs discharge 

from basa lt and one from alluvial. Fo r the surface water. 

samples were taken from Aweytu river at two different sites and 

have been treated separately . 

The c hemical quality test ha s been plotted o n a p i per 

d i a grams ( Fig. 7 . 1 A & 7. 1 B) . The s e diagrams convenient ly 

reveals s imilarities and differences among the variou s water 

sa mple s because those with similar qualitie s will ten ds to 

cl uster together . The results indicate the surface water and 

the spring water form basalts are strictly magnesium - calcium 

b icar bonate type . The lagahar springs that issue from t he 

al lu\'ial sedi ment is magnesium - cal c ium chloride type. The 

r e s t of the water are alkaline bicarbonate type. The 

b icarbonate concentratio n in igneous rocks could be acc o unted 

for the dissoc i at ion of water under the presence of carbon 

d ioxide . but Cl 
, -

and So," are not significant constituents in 

igneous rocks and there i s no tendency toward the development 
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- 2-of C I and SO, facies as groundwater mov e s along flow paths in 

these rocks. The C1 occurrence in lagahar s prings water up to 

6 4 % is unusual. The location o f this s pring is ver\' 

unfortunate which is In a s hort distance down sl ope from verv 

congested area of house s and stores. Its hi gh co ncent r8t ion ma~' 

ind i ca t e so urces of past or present pollution . The s ewage may 

furnish a large amount of t his soluble constituent. The anion 

SO~' - occ urs in only minor or trace concent rn t ion. Its 

occ urr e nce normally be att,ibuted t o atmospheric so ur ces . to 

th e decomposition of organic matter in soil. and to the trace 

impurities in rock s and minerals. !( ' is generally the least 

abundan t of the cations. 

With t he exception of the lagahar springs. HCO j is the 

dom inant anion and SiOl , with the exception of ~a ·. is present 

i n major co ncentrations relative to the cations . Although 

mafic rocks contain little o r no quartz and are lo we r in total 

sil ica than felsic rocks. the chemical instabi l it v of the 

minerals accounts for relatively high content of 5iO. I n 

associated water. 

As value of pH 7.0 is neutral, pH ranging from 5 .2 to S ." 

was recorde d in the studied area with the high values generally 

correspo nding to the groundwater. This indicates that the 

groundwate r in the area is slightly alkaline. The Aweytu river 

sam pled a t two differe nt sites i.e. north of the town wh i ch is 

above EEL PA and near the center of the town showed pH values of 

- .3 and 6 . 3 respe cti vely . ~1ost natural water have a range of 
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p H between 6 and 3.5 (Hem, 19 70). When pH value s are greater 

than 8 . 5, water has usually come in contact wi th s o dium 

carbonate ; when pH val ue s are be low 4. water contains f re e 

acids. Moderately low v alue s of pH indicate water t hat 

contai n s smal I amounts o f mineral acids from sulfide sources or 

co ntains orga ni c acids. 

The solubility o f s ilica with respect to pH values of all 

the samples in the basin has been plotted in Fig . 7.2. As it 
. 

is presented in the figure, the concentration o f silica . in 

s olution for the majority of the samples 1 ies betwe en pH value s 

of 6 a nd 8.5. The pH of the environment is especially 

s ignificant for transportation of silica and its ultimate 

redeposition. At pH val u e less than 4 silica is only slightly 

sol u b le. For pH values ranging from 5 to 9 the s o lub i lit), o f 

5 i I i c a increases considerably. and it wall ld present in solut i o n 

s ignificantly (Mason, 1966). 

Th e total di s solved solids (TDS) for the samples in the basin 

"H nge from 113.38 to 795 . 93 ppm. Higher concentration s o f 

dissolved constituents were found in groundwater than in 

s urface water. This is may be due to the greater exposure o f 

the grou ndwater to soluble materials in geologic strata. 

Genera lly , this TDS value indicates that there IS low water-

r o ck interaction in the area. The type and concentration of 

s a l ts depend on the co ntent of solute in the initial rain. the 

exte nt of react ion wi th rock and soi 1. loss of con s t i tuents b,· 

precipitatio n o r absorption. and l oss of water beca us e of 
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E,"apora ti o n, t ranspi ration or reac t i on wit h mi nera l . 

A range of temperature values between 20 and ~4° C wa s 

recorded for both groundwater and s urfa ce water. The max.mum 

value that was recorded for the surface water samples is 24' C 

and the minimum value recorded for the groundwater samples is 

20' C . In the investigate d area the temperature of groundwater 

remains more or less constant. I t has been found that the 

temperat ure of groundwater at depths between 10 and 20 m is 

a lmo st constant and normally exceeds the mean annual a i r 

t e mp e rature by 1.0 to 1.5'CICollins, 1925). The more or le ss 

s tationary temperature of groundwater is an advantage in the 

use of groundwater in industry , as a water supply, and in such 

o ther applications as heat-pump temperature control in 

bu i Idings for cooling in summer and heating in winter (Gass and 

Le hr. 197 7 ) . 

7 .2.1 . Water Ouality Criteria for Domesti c us e 

The chemical analysis of the water samples in the studied 

ar e a have been compared with the international standard values 

set by World Health Organization 11963 & 1984) and by water 

quality cr i teria California (1952) . The chemica l constituents 

of most of the water fall wi thin the standard I imi ts except for 

so me .ons as fluoride IF ' ) nitrate as (NO ) ' ), bicarbonate 

( HCa ,' ) , and iron (Fe ll) . 

The fluoride level in the springs and borehole s i s betwe e n 

2 and J mg/l. One of the abandoned borehole in the area has \5 
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mg;: . The concentration i s t o o high f o r potabl e s upply. The 

World Health Organization recommends an upper l imit of 1.~ 

mg/l. However, its local application must take into account 

climatic conditions and higher levels of water intake . At 

le\'e:s above 1.5 mg/I. mottling of teeth has been reported very 

occa s ionally. and at 3 . 0 - 6 . 0 mg/I skeletal fluorosis may be 

o bs erved: when a conce ntrat io n of 10 mg/l is exceeded. 

crippling fluoro s is can ensue (World Health Organization. 

19S ~ I . 

Content of nitrate up to 145.3 mg / l has been o bservecl i n 

the lagahar spr ings. The ma ximum allowable conce ntrat i on of 10 

mg of nitrate- N per liter i s recommended by WHO. The high 

co ncentration is mostly attributed to the open pit latr i ne s a s 

th e r e is no prope r s ewerage systems in th e t own s. :-.I i t r ate 15 

toxic when present in excessive amounts in drinking wat e r. an d 

in so me ca s es causes metha e moglobinaemia in bot t Ie fe d 

infants: for older age groups, this problem does not ar is e. but 

t here is possibi I ity that certain forms of cancer might be 

associ ated with very high nitrate concentrations. 

High concentratio ns of bicarbonate were observed in mo st 

o f t he analyzed water samples as compared to the ma\lmum 

a l l o wab l e limit of 150 mg /I, which is specified by WHO . The 

co nsumpt ion of this ion over a concentrat ion of 500 mg/I wi II 

ca us e gastro-i nt estinal irritation (Hart, 1974 ) . Here th e 

presence of bicarbonate may be relate d to the bubbling of 

volcanic gas and decay of humus. Dissolved volcanic and under 
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gr o und biogenic carbo n dioxide (Cal)' produces carbonic acid. 

wh ich leads to much more rapid carbonat ion than might be 

suspected fro m the smal l amou n t of carbon dioxide in the 

atmosphere. 

In the chemical analysis of water. high concentration of 

total iron has been observed . As it was shown in the Appendix 

Table 9A and Table 9B values above the standard specification 

0 .3 mg/) ( WHO. 1984) was recorded. This is probably caused by 

the suspend ed si It content and can be corrected by normal water 

treatment processes. Although iron is an essential element in 

human nutrition. drinking water is not considered to be an 

important source . At levels of about 0.3 mg/l . iron stains 

laundry and plumbing fixtures and causes an undesirable taste 

in beverages . The precipitation of excess iron gives an 

objectionab le reddish -brown color to the water . Increases in 

the concentration of iron in water during distribution mav be 

due to either corrosion of iron pipe work or disturbance of 

existing deposits. The presence of iron at concentration 

greater than 0.1 mg/l may lead to deposits in pipes . and in the 

presence of aluminum may lead to dirty - water problems. .\t 

levels higher than 0 . 3 mg/l there may be increased 

maintenance costs and complaints about taste (WHO . 1984) . 

• -1 general standard limit set by World Hea lth Organization 

(1963 and 1984) and Water Qual ity criteria Cal ifornia (1952) i s 

given in Table 7.1 below . Data obtained from Guide I ines for 

Drinking water quality (World Health Organization. 198.\) and 
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fr o m Ethiop ian Water Resources Authority (E~RAI Technical 

R~port (1977) . 

Table 7.1 International Standards of Chemical Annlvsis of 

Water for Domest ic Use 

Cons t i tuent or Unit Maximum 

Characteristic Acceptable 

Color True Color 
! 
i-uni ts ITCU) 

Taste and 

Odour 

Turbidity "ephelometric 

turbidity unit 

(NTU) 

pH 

floating 

solids 

Suspended 

So lids 

Sol ids - total I mg/l 
! 

dissolved I 

In offensive 

to most 

consumers 

6. 5 - 8. 5' 

Absent 

Absent 

1000' 

\1ax i mum 

Allowance 



(continued) 

Hardness 

Carbo nate 

alkalinity 

Bicarbonate 

alkal inity 

mg/I (as 

I mg/I (as 

i CaCo) ) 

I I mg/l (as 

CaCo, ) 
, J 

, 
Ammon i um (NH,') ' mg/l 

" mg/1 

Potassium (K') : mg/I 

~agnesium 

Total i ron 

, ( Fe) 

Manganese 

. ( " ) Z,nc Zn ' 

Ch loride (e l ') 

, 

I mg/ I 

I 
i mg/ I 
i 
i 
I 

; mg/ j 

I 
\ , 
: mg/I 

, 
i mg/ I 

I 
I mg/ I 

mg/i 

mg/ i 
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! 

5' 

O ,I 
.J 

o . I' 

200Il 

500' 

I 5 o III 

200" 

1 SII 

~ 50 1 

., III 
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Bica rbonate 

Carbo nate 

i Co)" " ) 

Total silic~ 

, S i 0. 1 

x 

xx 

= 

= 

mg /i 

mg/i 

mg/i 

mg /i 

mg/i 

WHO 

WHO 
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( 1984 ) 

(1963 ) 

10' 

..lOO' 

xxx ;; Water Quality Criteria - Cal ifornia (1952) 

7 . 2. 2. Water Oualitv Cr iteria for Agriculture 

Water quality for agricultur al purposes is determlnt:G ,"\ '~ 

th~ basis of the effects of the wa ter on t he quallt)' and y:~ld 

cf the crops. as wei I as the effects on drainage efflClcncy _and 

characteristic changes in the soil (Richards. 195-'; Wi lcox . 

~95S 1 . Therefore. the quality of chemical composition of wa:t:;' 

i~ a major factor to be taken Into account when conslde ~ ;n~ 

developmen t in the field of agriculture. 

Analysis of th e chemical composit ion of bo t h i.:-H: 

gr ou ndwa t er a nd su r f a ce water ha s been c a rried out so as to ~~ 

abie t o analyse the ef fect for agricultura l purpose. -:-he 
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quality of the wat er i s determine d by the total salt and ionic 

co n te nts. Eventhoug h it p l ay s a maj o r role In pla n t g r o wth . 

t r ac e e l ements analys i s was not possible t o con d u ct . 

Sal t s may har m pl a nt gr o wth phy sic all y by l i miting [he 

upt ake o f water t hr o ugh modifica t i o n o f os motic processes . o r 

che mi ca lly by metabol ic rea c t io ns s u c h as t hose caused b y toxic 

co nst i t u e n ts. Effects of sa l t s on soi l s . cau sing cha nge s i n 

soi l s tructure , permeabilit y , and aer atio n . ind ir e ctl y af f ec : 

pla nt gr owth . Specifi c limit s o f per missible 5 a I t 

conc e nt r a t i ons for irrigation wa ter ca n no t b e s t a t ed because of 

t h e wide variat i ons in salin it y t o l e rance among d iff e r e nt 

plants: howe v er , field -p lot studies of crops grown on soi l s 

t hat are artificially adju s ted t o v arious salin ity le \-e l s 

provide valuable i n f or mati o n r e la t in g to sal t tolerance . 

Sodium co n centrat i o n is i mpor t n n t inc! ass if)' i n g an 

I rr i g a t i o n water be cau s e s odium r ea cts wit h so i 1 to reduce its 

permeabi l i t y . Th e Sa l i n it y Labora tory of th e C . S De part ment of 

.-\gricultu r e (1954) recommends t he Sodium Absorption Ratio (S.-\RI 

becaust::! o f its d i rec t rel at i o n to the abso rpti o n of sodium b:, 

soi I . and has been use d to cl a ssify the wa t er in t he a r e a un de r 

study . It i s de fi ne d by 

SAR = ':Ia/I ( Ca+Mg )/2 ( - . 1 I 

whe r e th e concentr at ions of t he con s t i tuents are e xpres se d 

In mi Ilieq u ivale n t per liter. 
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A low SAR. which range from 2 to i. indicates little 

da nger created by sodium ion; medium hazard s are between 7 and 

1 S. and high hazards between 1 1 and 26 (Fetter. 1986) . 

In the invest igated area, as i t was shown in the Table 

- . J. the SAR values of all the water range from o '0 .J to 15 .30. 

Only the water from two boreholes have a value greater than 10 . 

a I I the rest have a v alue below - Based on t his fa ct . th~ 

sodium concentrations in the wat er do esn't create a problem for 

plant growth in the studied a r ea . As t o the trace element 

analysis, future works have become necessary to set the 

crite ria. 

Another classification of suitability of water for 

irrigation with respect to electrical conductivity and soluble-

sodium percentage has been establ ished by Wi leo, (1955) . The 

soluble - sodium percentage (also known as sodium percentage 

and percent sodium) is defined by 

= (:-ia + K) IOOICa+~lG+,a+K 

where a I 1 ionic concentrations are expressed in 

milliequivalent per liter . The electrical conductivity re s ult s 

have bee n calculated from the t otal dissolved solids of the 

samples by c o nver sio n where: 

meq/l of cations = 100EC , 10' and 

mg/l = 1.56ECxl06 

The EC denotes electrical conductivity for most water with 
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EC ranging between 100 and 5000 microsiemens pe r 

cent lmeter( ~ s/cm) at 25·C (Todd, 1959). 

Ba se d o n th e ab ove fact, the c h e mica lly a nalyzed Water 

samples wer e take n to ca l culate the sodium percentage and the 

EC applying : 

I me q/I of c at ions = 100EC x la' 

Calculated v a lues o f sodi um absorption r a tio (S.-\R) , sodium 

percentage . a n d electrical conduc t iv i ty for analqed samples 

are given in Table 7 . 3 . 

By plotting th e t wo parameters in lI' ilcox's diagram (f i g . 

7.3) . t h e a nal yze d s am p le s ha s b een class if ied i nto dif f erent 

v.;a t e r classes . AS wi I I b e noted fr o m the fi gu re most o f t h e 

water in t he stud i ed a r e a ar e good to pe r missib l e except for 

the boreholes and dug well waters which are in the doubtful to 

unsuitable r e g ion. The basis fo r classificatio n is expressed by 

the following table, afte r Willcox (1955). 

Table - , 

Wa t e r C las s 

Excellent 

Good 

Permiss i ble 

Do ubtful 

Un s uitabl e 

Qual i ty Classification of Water for Irri2ati o n 

I after Wi leo, I 

Percent So di u m EC x j 0' at ~5°C 

< 20 <~50 

20 4 0 2 50 ""': 50 

4 0 60 750 2000 

60 80 2000 - 3000 

>80 >3000 
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"7'able -. 3 Computed Values of Sod i um :\d sorpt !\In Ralll) 

(SARI , Sodiu m percentage , and ~jcc~rlcn l 

Co nduct ivity for Analyzed Sa nl 1':~s. 

LLlc a t io n & Names of the SAR ";' Na 1'.< 

Bore holes , Springs . Dug a' 

WI;;! I I. and River 

Kit to Bo r e he l.e 1 :! , 72 9 2. 93 - O~: 

AADl EELPA borehole 15. 30 93 . 48 96 -

AADC li ren borehole 5 . 9 - SJ . .! S .! - , -

Sain t Gab riel Spr ing O. 37 25 2 J 1 lO 

liren Spring O. 39 ~J. 53 ::: 

Hirma ta dug well 4 . 0' -6 . 56 .1 :-:- ,~ , 

Lag ahar spring , 24 4 - . 1 S b 2 2 

Awcytu River (near t o .!~ . :8 , --

the ce nter of the town ) 

Aweytu river ( above 0.40 31 . 1 S 

EELPA J 
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Fig. 7.2 SOLUBILITY OF SILICA WITH RESPEC T TO pH 
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Fig. 7.3 CLASS IFICATION OF WATER FOR IRRIGATIO~ 

(After Wilcox) 



III 

7 .2.3. Wat.p.r Qua] jty Cr j tprja f or Tnrlll~t.rv 

Industries should be required to develop a nd o perate th ei r 

o wn syst.em if the.y have a heavy water demand. There are 

sev eral r .. asons for this, the main on e being that when the 

demand is supplied by t.he community it wi l l oft .. n place a hea vy 

financial blJrrlen on th e l oca l r~sident5 , Also inrlil stries very 

nften have t.heir own spec i al requirements for wat.l?'r supply 

which are not. necessa r i ly compatihle wit.h the community slJpply 

Water-quali t y standards for industrial us .. d .. pend on th .. 

f1mct i on of the industry . Thus, mak .. up water for high-pressure 

hoilers ml1st meet extremely exacting criteri a where as water of 

as Iowa quality as seawater can be satisfactori ly employerl for 

cooling of condensers, Even within each indlJstry, crit. pr i~ can 

not be establ ished; instead, only recommended 1 imi ting values 

nr ranges can be stated. Salinity, hardness, and silica rire 

three parameters that usually are impo r tant for industrial 

water (Todd, 1923) 

Up t o now no industry of major importance existp(l in the 

studied area except for the small manufacturing and processing 

plants that requir~ relatively smal l amounts of wa t ~r . Thp5~ 

in(l llstxies prnv i np t.heir own wat.er req1l1rement from horf::'ho l f? s . 

. Tirn mi'l i.~ t.h e larg est. r.of fee tr i'lding GentF:>r 1 n EthiopiA . 

i g the rapital of the richest- region in tf?rrn.<:; of 

Agriclllt-_llral cash crop product-ion. With t.his in mind, WAter 

qll i'll 1 t.y asspssment. for US!? in fruit and vl?getable procF:'ssing 



112 

Wi'\tpr 

Qlli'llity requirem*=,nts at point. of us,=, for fruit "nO. v~qf:'t.=thl~ 

proc~s5inq and paper and textil~ pl ants i'lr~ giv~n in Tabl~ 7.4 

(N"tional Acad~my of sci~nces ann Na tional Ac.=td~my of 

Engin~~r. , 1972), 

T"hlp 7.4 QUA.lit. y R~qllir,=,m,=,nt. s of WA. tl'?'r At Point of nSf;' filr 

Fruit and Vegetable Pro~~55ing, P.=tper 

I
I --.E r ui..t 5 

-3 nd 

I I Ii 
I p~ n p r I T P '\ t il p II 

I +- ~ 
I iI 

I I II 
I I II 

II Ve-gf7'tablps II 
~ I 

~ Aridi ty (H) So , ) 0 - -

I 
1 Alkol ini ty (CaCo)) 250 75 - 150 50 - 200 

I All1minum nxidE" (A l )O)) - - I 8 

Calrillm (Ca) 100 - - II 
II 

('alrium hardnpss - 0 - 50 - II II 

I i (('a('n~) I ~ ~ I 

I 
I 

fi r ::lrbnn dioxidp (C o ) ) - 10 - II 
N ! I Ii C'hI0ridt:' (C 1 ) 2 5 0 0 -2 00 Ino 

i 
~ Chlo rinE" ( C 1 ) + I 0 - 2 I -

" 
I II 

~ I 
I 

0 ~ B rn\n r, IJnit, 5 5 - 100 - , 
II . I II 
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(continued) 

II F'l"oricip 
II 

(F) 1++ I - -
I 

!I 
II Ha rdness (('~C()d 250 100 - ! no 0 - <0 

~ lrnn ( Fe ) 0.2 
I 

o. I - I 0 - O. , 
I 

!I 

I I II 11 M::\ gnps i tim h03rdn'=' S5 - 0 - 50 -

II ( Mg Co: ) 
I 

I 
II I II I 
I 
II M., ngan €,5 P ( Mn ) 0 .2 0.03 
U 

- [) , 0.01 - n . O'::; 

. 
Nit [::'I t €' (No! ) 10 ++ - -

~ 
- Ni t ri tf:"' (-No) ) 0 - - - ~ 

Organi(" (Carbon tetra- 0.2 - -
II 

c hloridf:' €'xtractalJl~s) ~ 
II 

I Organir' growt hs - 0 - II 

!I 

pH, lIni ts 6 . 5 - 8 . .5 - - II 
I II 

t"iJir:03 (S i oz) 
I 

50 20 - 100 I 
I 

! :;;; a 

" 
11'"lfate ( So.) 250 - 100 II ' .. 

I 
I $ 11 Spf?nrleri sn l ids 10 10 -100 n - , 

T () t~l riio;;;c;;nlvp(1 5nj ids soo ?oo-;;; nn I nn- ,1 on H 
d 

TlI rl) idity, nnits -
I 

- n. ) -< n 

~ 

x - NlJmbers indicate miligr ams pef liter (mg/ I ) that 

normally sholild nnt be e xr:epded . 

+ - Process water is r hl or ina terl t n r r p5r r ih~d 
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levels. Unchlorinat.E>d W'it.l?'r is llsf?(l for canning syrl lps. 

++ - Low values should be used for bahy food. 

SOURCE: Derived from National Academy of Sciences ~nd 

Nati onal Academy of Engineering. Water 

Quality Criteria 1972. Washington. 1972. 

As will be noted fr om Appendi x 911 and 9B the ahnv~ . 
param€'ters are nnt within th e standard limitations for frtlit 

and vegetable pro~essing and textile plants: whereas for paper 

manufacturing most of them are within the standard limitation . 

Dn e to these facts before constructing the ahove types of 

industries precautions should be taken. For thE' use of water 

i n industry in the studied area further water qual i ty 

investigation are necessary. 



115 

8. CONCLUSIONS AND RECOMMENDATI O~S 

The studied area is underlain by Tertiary volcanic rocks . 

In the valleys the bedrock is overlain by alluvial s ediments. 

Elsewhere bedrock is variab l y covered by earthy soils . The 

outc r oppi ng formationa l unit s are thick basalt flows, wh ich are 

se parated by tuffs and volcanoclastic sediments , followed by 

li mma volcan~cs, which i s manly composed of massive rhyolit e s 

iT. t hi----c-k.--f-l-ows-a I reTn a r-i" wi r-h tT--a-c-h-Yle-~ f f s- . i g n i mb r i :. e-~ . 

and sub ordinate bas alts. The relations among these for mal ional 

uni ts are examined on the basis of their Ii thostrat igraphic 

characte r. 

On the basis o f topography. variation in hydr a uli c 

properties of volcani c rocks a nd alluvial se diments, a nd their 

location, the main hydrogeolo gi cal basin is divided in three 

sub-basi ns: Kochi, Aweytu, and Kitt o . 

The me a n annual rainf a ll of the basin i s 1476.89 mm. 

S~2 .29 mm of the precipi tat ion is lost as actual 

evaportans pirtion while 654.60 mm of the precipitati o n i s a 

surpl us in the basin . Of the surplus value o f t he 

precipitat i on, 90.77 x 10' m3 of water leaves the basin through 

Boye river . 

The alluvial sediments are the main aquifers in the basin 

particular ly in the we stern part where vegetat ion cov er age lS 

high, which help in increasing the infiltration cap ac ity of t he 

sediments . The Kitto wei 1 field near the airpor t i s a n aqui f e r 

of mediu m transmissivity which is capable of sup pl y ing mu ch 
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more water than is being wi thdrawn at the present time. A 

transmissiv i ty val ue of 18. 3 9 m2 / day and a permeabi lity value 

of 3 . 31 X 10-4 em/sec. have been recorded in Aweytu sub-basin 

for the basaltic aquifer, while transmiss i vity and permeabi lity 

values of 1.89 ml/day and 1.62 x 10-' em/sec. have been computed 

in the Kochi sub-basi n respectively fo r both alluvial and 

rhyolitic aqpifers. The rhyolitic rock s lack primary and 

secondary permeab I lIty and are considere d poor aqu i-fers . T~ 

basalts, however, have well developed secondary permeability 

and primary fea t ures that causes permeabi I i ty wi thin them 

eventhough the morphologica l setting of the outcrops 

discourages the occurrence of groundwater. 

The amount of water which is actually avai lable to 

recharge t he groundwater circulation within the h y drogeological 

basin is 51.14 x 106 m'. The total rated capacities of the 

various sources supplying the basin for domestic use IS ~1.9 

lit./sec. Assuming these sources could be operated at full 

rated capacities this represent a daily production of 3620.16 

mJ /day. 

In the studied a r ea the 2010 projected population is 

268,000 (present population is less than 138,000». Assuming 

the average water consumption per capita per day for domestic 

use in the basin is 30L per person per day, the annual 

consumption based on the design population of 268, 00 0 would be 

2,934,600 cubic meter. Out of 53.33 x 10' m' of the total 

avai lable water, the re maining 50.395 X 10' m' can be used for 
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industrial and agricultural purpose. Water for irrigation can 

be taken from Boye river by constructing an earth dam in the 

southeastern part of the st udy area or from Kitto river 

so utheast of the airport. 

The two sub-basins and the upper part of the Koc hi sub ­

basin play the most important recharging function, while the 

lower part o~ the Kochi sub-basin i s known to have the highest 

-groundwater potent ial . From the s-hape of the groundwater le,'ee4:-­

contour lines it was confirmed that the two sub - basins and the 

upper part of the Kochi s ub-basin converge towards the main 

aquifer occurring in the lower part of the Kochi sub-basin in 

the area adjacent to the Boye river which is considered as a 

medium through which the discharge of the whole hydrogeological 

basin takes place. The general trend of the groundwater flow 

direction is ~orth-South. 

The runoff from Boye river can be used to augment the 

groundwater for future use by means of artificial recharge of 

basin aquifers . 

The waters (both groundwater and surface water) in the 

basin are alkaline bicarbo nate and magnesium calcium 

bicarbonate types. Whereas, the lagahar spr ing is magnes ium­

calcium chloride type. There is sanitary waste contamination In 

this water supply. It appears to be virtually impossible to 

protect it from pollution. This facil ity should be abando ne d as 

soon as possible as a water sources . 

The present water supply, in most of the wells i s carr i ed 
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out by direct pumpage and the distribution is limited by t h e 

quantity of the discharge. There are sma 1 1 reservoirs 

assoc iated with some of the springs but only the Agaro road 

reservoirs are signi f icant i n the context of future storage 

capacities. It is recommended to construct reserVOirs to meet 

the increasing s upply of water with proper chlorinat i on chamber 

attached to i.t. 

In the basin , to achieve the most economic and trouble­

free operation, it is r ecommended that the wells should be 

properly designed an d t hei r pumps also has to be properly 

selected . 

There are many small springs in the basin: these springs 

probably each yield 2 lis. or less. The decision about what to 

do with each of such springs should be based on an assessment 

of the following: 

Is the spri ngs safe from pollution and if not can 

it be made safe? 

What is the flow at the end of the dry season" 

Can it serve an area without pumping? 

How does the capital cost of a s mall local system 

based on the spring compare with the cost of 

supplying water from the main Jimma system? 

Can the spring water be better used for 

irrigation, stock watering, or industrial use than to 

supply a small domestic system? 

Proper geophysical surveys and well performance tests 
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sh o uld be made in the basin. The s e must be substantiated by 

periodical monitoring of we 11 s. This would he lp 

understandi ng the exact amount of water in the aquifers and 

would give early warnings when s hort ages arise. 

Development of groundwater in the basin most ly did not 

follow an orderly managerial procedure. The pattern, depth, and 

capacity of individual well s were initially constru ct ed in 

unspecified m~nner. 

In th e-s-tudie~ area, proper man~age~ment prog-ram s ho uld be 

carried out by an appropriate o rganiz ation that has the abi lity 

and the power to implement the program and its related 

po 1 i c i e s . Gen e rally, the functions of groundwater management 

In the basin is recommended to be as follows: 

1 . Regulation of water consumpt ion. Water consumption can 

be regulated either directly by allocation or indirectly by a 

fee or tax on consumption. The objective of this function is to 

maintain the aqui fer yield at a satisfactory level an d to 

prevent the mining of the aquifer when water withdr awals 

through a specified period of time exceed the aquifer recharge 

during the same period. 

2. Augmentation of wate r supply. Several methods are used 

to i nc rease the water supply, such as artificial recharge. 

relocatio n of wells, or importing water. 

J . Aquifer restoration. Certain mea sures should be tak en 

to restore the integrity of the aquifer against pollution and 

excessive withdrawal. The latter effect would deplete the 
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groundwater levels or piezometric heads , which might require 

deepening the wells or increasing pump lift s. 
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Appendix 6 

Values of W(u) for Values of ,U 

u 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8 .0 9.0 

X l b.219 0.049 0.013 0.0038 0.0011 0.00036 0.00012 0.000038 0 .000012 
X 10 - 1 ~ .02 1.22 0.91 0.70 0.56 0.45 0.37 0.31 0.26 
X 10 - 2 

f 04 3.35 2.96 2.68 2.47 2.30 2.15 2.03 1.92 
X 10- 3 

~ 33 5.64 5.23 4.95 4.1'3 4.54 4.39 4.26 4.14 
X 10 - 4 .63 7.94 7.53 7.25 7.02 6.04 6.69 6.55 6.44 
X 10- 5 10.94 10.24 9.84 9.55 9.33 9.14 0.99 0.86 8.74 
X 10 - 6 1 ~ 24 12.55 12.14 11.05 11.63 11.45 11.29 11.16 11.04 
X 10- 7 1~.54 14.85 14.44 14 .15 13.93 13.75 13.60 13.46 13 .34 
X 10-' 17.84 17.15 16.74 16.46 16.23 16.05 15.90 15.76 15.65 
X 10- 9 

29\15 19.45 19.05 10.76 18.54 10.35 10. 20 18.07 17.95 
X 10- 10 22 .45 21.76 21.35 21.06 . 20.84 20.66 20.50 20.37 20.25 
X 10- 11 21.75 24.06 23.65 23.36 23.14 22.96 22.81 22.67 22.55 
X 10- 12 27.05 26.36 25.96 25.67 25.44 25.26 25.11 24.97 24.06 
X 10 - 1.1 2~~ . 36 28.66 28.26 27.97 27.75 27.56 27 .41 27.20 27.16 
x 10 - 11 :II.Gli 30.97 3D.SO 30.27 :lO.O5 29.07 29.71 29.5U 29.46 
X 1O - ' ~' 3:1·9(; 33.27 32.06 3Z.5U :i2.35 32. 17 32.02 :11 .0n 31.76 
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Appendix 11. RELATION AMONG F(u). W(u). and u (After Chow) 
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