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RACT

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 interlayered with
tuffs and volcanoclastic sediments. The Jimma Volcanics, which
is mainly composed of massive rhyolite in thick flows
alternating with 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 has been made to calculate the hydrological
parameters like precipitation, evapotranspiration, and runoff.

The annual 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 runcoff 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 of the outcropping
lithotypes was discussed with particular reference to
infiltration and their water bearing capacity.

The hydrogeology 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
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less significant amount exist within the volcanic rocks forming
the uplifted borders of the valleys.

Determination of the hydraulic parameters like
transmissivity and permeability have been carried out. Due to
the absence of observation well nearby a discharging wells it
was impossible to calculate the coefficient of storage, a
significant parameter which measures the volume of water the
aquifer releases or take into storage. For basaltic aquifers
a transmissivity value of 18.39 mzlday and a permeability value
of 3.31 X 104 cm/sec. have been calculated. A transmissivity
value of 1.89 m? /day and a permeability value of 1.62 x 10'5
cm/sec. have been computed for both alluvial and rhyolitic
aquifers.

Because of the lack of bore wells in the southwest, south,
and southeast lower most part of the basin a thorough study of
the actual variation of groundwater level was not possible.
For the other part of the basin, appropriate groundwater level
contour lines was constructed on the basis of the available
static level data.

Proper chemical analysis of both the groundwaters and
surfaces water carried out in the basin show low total
dissolved solids. All of the samples have less than 1000 mg/l
dissolved solids. The analysed samples also compared with the
acceptable standard for human, agricultural, and industrial

use.



1

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 of surface waters, groundwater has become a major
water source.

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 wupto now has only small
manufacturing and processing plants that require relatively
small amounts of water, it has a good industrial 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 1industries 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
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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.

Specificglly, the objectives of the study include:

1.

6.

To verify the occurrence of important groundwater
reservoirs within unconfined and confined aquifers.
To establish physical parameters of aquifers, which
define the hydraulic characteristics of a water-
bearing formations.

To identify the general direction of groundwater
movement.

To give a reasonable approximation of the water
budget.

To check the quality of surface waters and
groundwaters based on International Standard Quality
requirement.

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 Area

The study area lies between 36ﬂ 40' and 36a 54'E and 70 36"
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and 70 47° N, with road distance of 335km. socuthwest 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 sg.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
into 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.

I N Physiogfaphv 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 landfcrms 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 topog;aphy (developed on the volcanic rocks) 1is
"flooded" or buried by deep alluvium. This type of topography
would develop if the base level 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 larée valleys indicates that deposition in
the valleys has stopped and the streams are now down-cutting.

The remarkable topography mentioned above results 1in
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 1in 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 of the

studied area, 1s located between the Hirmata and the Kochi



highlands.

The lowest part of this 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 the valley in the south direction.

The Kitto valley, which is drained by the Kitto stream, is
found on the Eight side of the Aweytu valley. Kitto stream,
which 1s also perennial, emanates northwest of the town and
flows through alluvial 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 scarce, which means the 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), Lemocigne (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). 1In
this study the assessment of groundwater for the town water

supply has not been worked out.

1.5. Methods and Materials

Hydrogeological map of the area were produced from data
collected in two field trips. A topographical map of 1
50,000 scale was used a; 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
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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 fprings and wells.

From hydrogeological and hydrological informations the
water balance of the basin has been computed by means of the
following equation :

P - BT - Q - 1 = 0

Where the symbols, expressed as annual equivalent depths
of water, represent precipitation (P), evapotranspiration (ET),
river discharge from the basin (Q{, 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, industrial, and
agricultural use. For the water samples, immediate 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.
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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 Hagggg (1961), the various phases of uplift in the
Ethicpian plateau took place between Cretaceous and Upper
Eocene. This seems to have caused the erosional levelling of
the Mesozoic sediments and the onset of volcanism.

According to Kazmin (1978) there was a progressively
expanding volcanic areé 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 consegquences, Mohr
(1967). The cause and mechanism of the great uplift in
Ethiopia, however, 1s not completely understood. The Trap
Series were later out by the rift system faulting in the
Miocene.

Generally, the Ethiopian highlands rise to altitudes 1in
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 categerized in two major episodes. The Blue
Nile basalt emplacement and the Central type volcano eruption.
All of the aforementiocned workers relate the episodes to the
domal uplift of the Arbaian - Ethiopian region.

However, the Wollega and Southwest Ethiopia volcanites
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)
indicate a mildly alkaline character like the more alkaline
basalt of the Alaji formation which occurs in the Northern

Ethiopia plateau.
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As to the age, Lemoigne (1978) reports welded tuffs from
the Omo gorge with silicified wood of probable lower Miocene
2de. Moreover, five radiometric dating range from 40 to 25 my.
According to Merla et al. , (1979), the gross litholecgy and age
strictly recall the Blue Nile Basalts. The attribution of this
occurrence to the Omo Basalts is suggested by its stratigraphic
position. F

The Jimma 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
a1, 1979).

Two samples of this unit were dated (K/Ar) 15 and 13 my.
Near Chenchaithe Wollega Basalts have an age of 7 my (Zannettin
et al., 1978). Lemoigne (1978) attributes to the Miocene
(Lower Miocene ?) two silicified paleofloras found in tuffs
near Ghion.

According to Zanqettin et al. (1974) and Mohr (1968, 1971)
the silicic varieties of the Oligocene - Miocene volcanic are
concentrated in the belt adjacent to the plateau - Afar and
plateau-rift border. From this belp, 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 o¢f 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
Kazmin (1972) and Merla et al., (1979) as follows

1. Omo Basalts --—-——--- Oligocene - Miocene

2. Jimma Volcanics

3. Wollega Basalts ------ Miocene - pliocene

4, Basaltic flows and related

spatter cones - ------- Pleistocene-Recent
(consist of younger volcanic of
an alkaline olivine basalts)

The studied area is located in the Southwestern Ethicopian
Plateau. The area is underlain by volcanic rocks of Tertiary
Age. These volcanig¢ rocks include the Early Tertiary age
basaltic flows (Mohr, 1964) which underlain the Jimma 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. Introduction

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 acidic
flows, mainly rhyolite.

Successive investigation on the Jimma Volcanics by Levitte
et al. (1974) have shown that the flood basalts with variable

thickness underlain the acidic flows. According to Merla et
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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 soilsiand exposed rocks are very limited and even when
encountered they appear to provide little information.
Moreover, outcrops in these localities are scarce due to the
presence of thick vegetation specially in the north, northwest,
and in the central par; of the highlands which hinders mass
movement of loose materials even on very steep slopes.

Limited natural outcrops were observed in some accessible
stream beds and along hilltops which support very scanty
vegetation.

The mapping was facilitated by artificial exposures such
as road sections, gquarries 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. Alluvial sediments =  --—————-- Recent
2. Rhvolite Flows (Jimma Volcanics)
1. Flood Basalts (Omo Basalts) -- Oligocene -Miocene

2,223 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 underlie 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 flows 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.
However, the exposed thickness of the unit is in the range of
40 to 70 meters. There are no mappable lines of separation
between the superimposed individugl 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 basalts 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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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 mass vary from nonoriented
to weakly aligned; compositionally they are predominantly
within the l§bradorite range and rarely shows zoning.

Generally, the overall microscopic character 1s an
aphanitic texture which may indicate a single period of rapid

chilling and crystallization of the individual flows.

2:2.2:2: Rhyolite Flows

Acidic volcanic rocks 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 Vvalley.

In the northeastern part of the basin, the Jiren hill
range, thin basalt flows are interlayered with thick acidic
flows, and the upper part of the basalt sequence interfingers
with the lower part of the acidic sequence. In this part of
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., 1673).

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 1is 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 visiple guartz, either as a phenocrysts or 1in the
groundmass; alkali feldspar is the dominant or only phenocryst
phase. Color generally ranges from 1light 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 interlayered with the rhyolites.

2.2.2.3. Alluvial Sediments

Alluvial sediments cover the broad valleys of the map-area
that wunderlain by volcanic rocks. Elsewhere bedrock 1is
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

interlayered with rhyolites. 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 meandéring 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
river 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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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 groundwatgr body maintains stream flow during dry periods.
In some arid regions the opposite process occurs, as runoff
from desert washes may be the major source of groundwater
recharge.

Discharge of groqndwater occurs when water emerges from
underground. Most natural discharge occurs as flow into
surface water bodies, such as streams, lakes and oceans; flow
to the surface appears as a spring. Pumpage from wells
constitutes the major artificial discharge of groundwater.

Water is constantly evaporated from the earth and 1is
precipitated back on the earth in the form of rain, snow etc.
One part of this precipitation infiltrates into the ground,
forming groundwater reservoir; second major part flows as
runoff in the form of rivers; and the rest 1is lost 1in
evaporation and transpiration.

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 pollution.

In the following sections the hydrology of the studied
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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 depgp.

In the studied area climatic records have been maintained
since 1952. Two climatological recording stations are found in
this area and both are located in Jimma at an elevation of
about 1725 m, where tne elevation of the area ranges from 1670
to 2520 meters. These are the Jimma Research and Jimma
station. As far as <concerned the availability of
climatological data in the stated stations, the former station
does not provide a complete record whereas the Jimma station is
the only which can be analysed.

Accordingly the average annual rainfall for the thirty
eight vears record shown in Appendix 1 is 1476.89 mm. The
minimum annual rainfall recorded was 1169.3 mm in 1979 and the
maximum was 2038.8 mm in 1963. The monthly distribution 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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of the altitude where the station are located, the computed
mean annual rainfall value is considered as the minimum amount
of rainfall depth for the whole area.

The seasonality of rainfall in the investigated area has
been 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
rainfall coefficient values obtained by dividing the mean
monthly rainfafl by one-twelfth of the annual mean (Daniel,
1977).

The rainfall coefficient of each month for the studied

area have been calculated and tabulated as follows.

TABLE 3.1

Rainfall Coefficient at the Jimma Station

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

[JIM. 10.27 ]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

- High concentration 2.0 to 2.9

- Very high concentration | 3.0 & above

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.

L eyt pmae. =

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

the investigated area extends from March to October, a period

when 87.84 percent of the total annual rainfall occurs.

Whereas months from November to February are dry periods that

are characterized 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 returns, 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 evaporating
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 so0il to meet the demand. Potential evapotranspiration 1is
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 so0il 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
evaportanspirgtion. 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 foundations but require more meteorological data.

Eventhough the Colorado Evaporation Pan method often gives
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 vyears (1969 - 86) at the Jimma
Research station, the mean yearly evaporation rate for the
investigated area was amounted to 1598.56 mm. This value, for
this period, indicates a heavy loss of surface waters and
implies that all the precipitation that fall and accumulated in
small reservoirs during the wet months is returned back to the
atmosphere in the subsequent dry months. This method over
estimate the evaporation rate and therefore, the data can nct

be taken into consideration.
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the vegetation, and appropriate latitude factor (Table 3.3).

In the investigated area the alluvial zones and the top
ofthe 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 soil
(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 about
83.3 cm. (Average field estimation), indicating the root zone
could hold (300 mm/m x 0.833 m) 250 mm of water at field
capacity.

The procedure for gcalculating the actual evapotranspiration
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 of
the basin. The graph indicates the seasonal pattern of

- precipitation

- actual evapotranspiration

- potential evapotranspiration

- soil moisture deficit

- soil moisture utilization

- so0oill moisture recharge, and

- moisture or water surplus in the last thirty eight

years.

Based on the above calculation the annual actual
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evapotranspiration is equal to 822.29 mm. From the total annual
precipitation of 1476.89 mm, 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

The investigated area is located in the upper part of 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 plain in southeast direction south of
the map-area.

The studied area is drained by two small streams, the
Aweytu and the Kitto. Both the streams receive a supplementary
feeding by small tributaries that flow down from the
topographically high areas which have a fairly high gradients.

In the Kochi valley, runoff is carried by Kochi stream,
which is intermittent, from the bordering steep, pcorly drained
Jirean hillside and genteel, moderately 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 infiltration

to Oecur .
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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 valley become
wider toward the south where the bordering hill slopes of the
high lands are 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 wvalley. In the
northwest and west, the borderiqg mountains range of this
valley are characterized by a steep, moderately to highly
drained hill slope. The extensive valley floor 1s 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 P, = The mean annual precipitation at Jimma
station = 1,476.89 mm
Ay = Area of the basin = 220.13 sq. km.
K = 0.349
Hence,

Q becomes 113.46 X 106 m

Assuming 20 percent of infiltration from the river,

the
volume of the net runoff that leaves the studied area through
F

Boye river will become 90.77 million cubic meter.
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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 wvolume and during any period of time, the
difference be}ween total input and output will be balanced by
the change of water storage within the volume. In general,
therefore, use of a water-balance technique implies
measurements of both storages and fluxes (rates of flow) of
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 fo; 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

subsurface water inflow into the basin or water body from

outside (Qﬂ and Q

;) - 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,, and
QW)' When the inflow exceeds the outflow, the total water
storage in the body ( A 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:

+ Q- E - Q- Q as =0 ----(4.1)

[
Py

-

For application to a variety of water-balance
computations gquation (4.1) may be simplified or made more
complex, depending on the available initial data, the purpose
of the computation, the type of body (river basin or
artificially separated administrative district, lake or
reservoir, etc.), and the dimensions of the water body, its
hydrographic and hydrologic features, the duration of the
balance 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, 1in the
compilation of water balances for short time intervals, the
change in total water storage (a s) in a small river basin may
be subdivided into changes of moisture storage in the soil
(o M), in aquifers (a G), in lakes and reservoirs (‘sl)' in
river channels (a sm), in glaciers (a s“) and in snow cover (a
sﬂ). Thus in this case the water balance equation becomes;

P+ Qg +Qyp —E - Q- Qp ~4aM-aG-a S- a5, -

A B A8, = B === (4.2)

gl
Where Q. 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
occurring 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 1lands, 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 water
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, Egqn. 4.3, the amount of water
that percolate inte the ground in a basin as a groundwater

accretion has_ been calculated as follows.

A, = Area of the basin = 220.13 sg.km.
P = 1476.89 mm

ET = 822.29 mm

Q = 515.42 mm

From Egn. 4.3

I = P-ET-Q (4.4)
Therefore,
I = [ (1476.89 - 822.29 - 515.42 )] mm
= 139.18 mm

In terms of water volume measured in cubic meter,
I expressed as

325.11 x 10f o

P =
ET = 181.01 x 10° m
Q = 113.46 x 10'
Therefore,
1 = [385.11 - (181,61 + 113.46) T x 186% o

= 30.64 x 10° m®



46

. HYDROGEOLOGY

The modes of groundwater occurrence are affected by the
geologic development and properties, delineation, and boundary
conditions of the unconsolidated sediments and rocks through
which the water percolates. They depend also on ongoing
activities an? climatic and environmental conditions.

In groundwater studies, the rock structure of a formation
1s more important than its texture. The presence of small holes
or vesicles throughout a formation, such as those in pumice and
some basalts, increase_the permeability of these rocks. Open or
closed rock fissures, in the form of joints and fractures, are
important features in groundwater hydrology. The rock may be
practically impervious. The presence of these deficient
structures (vesicles, vugs, joints, and fractures) gives a rock
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
outcropping rocks and unconsolidated sediments are discussed
with a particular reference to their infiltration and water-
vielding capacity.

On the basis of their hydrogeological character the rocks
and unconsolidated sediments that constitute the geology of the
studied area are classified into two groups: Volcanics and

alluvial sediments.



47

5.1. Volcanic Rocks

This group consists of varying volcanic rock types with
differing hydraulic conductivity, such as trachyte, rhyolite,
basalt and pyroclastic rocks.

The general occurrence and character of the acidic
volcanic rochp, which are predominantly rhvolites with minor
outcrops of trachytes, indicates that the primary porosity and
permeability of these rocks are relatively small. Joints 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 permeability and
vield of these rocks are extremely small; and are considered as
poor aquifers.

Lithological log of borehole (Fig. 2.4) and exposure in
quarries shows that the rthyolite and trachyte rToOCcks are
weathered, which causes a reduction of the size of fractures
and other openings and results a progressive decreasing of
permeability of these rock bodies.

The topography of the area in which the acidic volcanic
rocks outcrop has also a contribution to their low degree of
water productivity. These rocks are well represented in the
northeast and eastern part of the studied area, in the Jiren
hill range, which has a higher welevation. The scarce
vegetation cover and steep hill slope nature of this hill range

highly facilitates the runoff and consequently the infiltration
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is lowered.

The tuff that are found interlayered with basaltic flows
in the north and northwestern part of the studied area, both in
the highlands (Fig. 2.1) and valleys (Fig. 2.3), are welded so
that they can be considered as impervious units. Whereas the
ignimbrites and tuffs that are found interlayvered with the
acidic volcaﬁic rocks in the east and northeastern part of the
studied area where intersected by local vertical joints and
fractures act as an aquitard.

Conditions for groundwater recharge in the uplands, north,
northwest and centra{ part of the studied area, which are
characterized by a relatively lower elevation than that of the
Jiren hill range, seem to be favorable. Exposures 1in road
cuts, quarries, and boreholes shows that the basalts are quite
deeply weathered and that the weathered layer at the surface is
fairly permeable. Numerous springs, none of which have very

large discharge, along with records of a few rock wells, show

that the basaltic rocks are good aquifers. 1In addition to the
secondary permeability, the basaltic rocks have primary
features that cause permeability within them. Davis (1969)

notes that these features are related to the history of the
rocks. The water moves through fractures in basalt and also in
permeable zones along the horizontal contacts between lava
flows. Such permeable interflow zones are created when moiten
lava flows over a surface where there was sufficient moisture

to generate steam.
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In the central part of the studied area. in the Kochi and
Hirmata highlands, basalts are overlain by a thick brownish red
soil. Since these highlands are covered by vegetation. the
infiltration capacity of the soils will be high and
consequently the degree of water productivity of the underlying
basaltic aquifers are increased.

In the investigated area, the degree of water productivity
of—the 'basallic aquifers, however, is limited by two main
factors. These are

1. Due to its location in the topographically high area,
it act as a source of replenishment for the aquifers that occur
down in the topographicaily lower areas. Wells drilled in
this rock also obtain water but have limited capacity.

2. Due to the relatively large volumes of groundwater
discharge as a major springs with sustained base flows.
Because of the great thickness of the Dbasaltic flows
groundwater 1is most readily available 1in valley bottom;
however, in the highlands, deep wells are required to extract
sufficient yields of groundwater.

Due to the effect of these factors in its water-yielding
capacity, the basaltic aquifers have a relatively less degree
of productivity than the alluvial sediments which constitute
the relatively high productive aquifers of the studied areca.

5.2. Alluvial Sediments

The alluvial sediments occur filling partly 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 creates the
opportunity for development of relatively high-yielding wells.
The alluvial sediments are conspicuously absent in the volcanic
cover of the topographically high areas.
The thickness of the alluvial sediments beneath the ground

surface varies from 20 m in the upper part to more than 200 m

in the deeper part of these valleys.

In the valleys, because of the shifting position of stream
channels and the ever-changing depositional velocities, the
alluvial sediments have characteristic texture variability that
causes much heterogeneity in the distribution of hydraulic
properties. In the north, northeast and northwest toward the
mountain front, the alluvial sgdiments 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 central and lower part of these valleys
{Fig., 8.1, Fig. 5.2 and Fig. 5.3).

The degree of water productivity 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 hydrologic boundaries,
vegetation, and human activities. In the investigated area
because of the relatively high degree of permeability of the
volcanic rocks and the alluvial sediments and because of

groundwater drainage from the bordering mountains and highlands
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wells of relatively high average yield occurs in the valleys.

On the basis of topography, variations 1in hydraulic
properties of volcanic rocks and alluvial sediments, and their
location three sub - basins have been established within the
area under study. These are the Kochi, the Aweytu. and the
Kitto Sub - Basins (Map 2). Each of these sub - basin will be
discussed separately in the following sections. This will
describe briefly about the main types of formations associated
with groundwater occurrence and their yielding capacities of
the main hydrogeological basin.

1. Kochi SUB - BASIN

The Kochi sub - basin is located in the eastern part of
the studied area. It has an area of abcut 25 sq.Km. 11
sq.Kms. of the total area of this sub-basin is covered by
alluvial sediments while (ne rest 14 sq.Kms. is covered by
volcanic rocks.

This sub-basin is formed principally by volcanic rocks
interbeZed with or overlain by alluvial sediments. For the
sediments, the grain size analysis have been carried out from
a pit sample 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. Results are

plotted on a particle- size distribution graph shown in Fig.

5.l From this figure 65% is clay, 20% is silt, and the
remaining 15% 1is sand. This result is confirmed by the

occurrence of clay with a thickness of 15 m below the ground
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to

surface in the lower part of this sub - basin {(Fig. .4). The
predominant occurrence of this fine grained sediments, which
has low value of hydraulic conductivity, suggests low rate of
deep percolation of rainfall in this sub - basin. The Kochi sub
- basin 1is constituted by unconfined, semi- confined and
confined aquifers. The alluvial sediments and weathered and
fractured VoLcanic 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
semiconfined or confined conditions, where the clay units play
an important role as leaky aquitards.

It is exploited by a number of wells whose yields range
from 1 1/s., in the southern part, to 6.3 l/s., in the
northeastern part of it. The well productivity 1ncreases
toward the highland and the mountain front where the alluvium
is coarse and permeable and the underlain bed rock is more
intensely fractured.

The multilayer aquifers are recharged by the runoff coming
from the Jiren hill range and the Kochi highland and by the
direct deep infiltration of rainy water where the poorly
drained top sediment is absent or affected by evident shrinkage
cracks.

As a whole the 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 - BASIN

The Aweytu sub - basin is located in the central part of
the studied area. It is situated between the Hirmata and Kochi
highlands. It has an area of about 81 sq. Km. The basalts in
this area comprise 75 sq. Kms. while the sediments cover 6 sq.
Km.

This suE - basin 1is also a recharging area for the
aquifers that occur down 1in the southeastern part of the
studied area.

In this sub-basin the alluvial sediments is underlain by
highly weathered and fractured basalts. Sample of sediments
have been taken from this sub-basin, near the centre of 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 would represents the whole
alluvial sediments in this sub-basin. Results are plotted on
a particle-size distributioﬁ graph shown in Fig. 5.2. As it
was depicted in the figure 77 percent of the sediments are clay
and silt and 23 percent is sand. Here, with a small amount of
percentage difference, again fine grained particles are
predominant. However, as it was shown from the lighological
log of Jimma stadium well (Fig. 2.2), this sub-basin 1is
characterized by a moderately drained top soils which has a
relatively high infiltration capacity. This is may be due to
the relatively dense vegetation cover of the arca. The presence

of a vegetative cover over a soil provides a layver of decaying
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organic matter which promotes the activity of burrowing insects
and animals which, in turn, produces permeable soils structure.

The Aweytu sub-basin consists of unconfined, semiconfined
and confined aquifers. Aquifers are alluvial scdiments and
weathered and fractured basalts with low to moderate vields.
They are recharged by the runoff coming from the two highlands
and mountaing in the north and northwest, by direct deep
infiltration of rainfall, and by the Aweytu river.

In this sub-basin there are 5 boreholes and of these 4 are
located on the basaltic aquifer and the remaining one 1is
located on the alluvial and basaltic aquifers. Wells yield
range from 1.5 1/s., in the highlands, to 4.5 1/s., in the
valley.

3. KITTO SUB - BASIN

The Kitto sub - basin is located west of the Aweytu sub
basin. It includes the northwestern, western, and southwestern
part of the studied area. It has an area of about 114 sg. Km.
The alluvial sediments cover an area of 26 sg. Kms.,which is
equivalent to 60.47 percent of the total 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
gquarries 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 this sub-basin.

B s e
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grain size analysis have been carried out from a pit sample of
3 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 is sand. However, these
fine grained sediments, which are predominant, are moderately
permeable. The Kitto sub-basin 1is largely covered with
vegetation aslcompared to the other two sub-basins. In the
highlands and valley toward the northwest and western part of
this area, coffee plants are grown under the shade of different
species of tropical trees. Apart from coffee many crops such
as maize (Zea mays), banana (Musa spp.), citrus (Citrus spp.)
etc. are also grown in this part of the area. The presence of
this vegetation cover help in increasing the infiltration
capacity of the sediments. This is confirmed by the yields of
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
in this well field is 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 1is also one drilled well which is located 1in the
Agricultural Research office. In the Kitto well field, all the
wells are close to a swampy area along a meandering Kitto
river. They each have a subsurface pump chamber which 1is
reported to get flooded during high water in the rainy season.

These wells produce large quantities of water for the community
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water system of Jimma, as infiltration 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 Erom these aquifers range from 4 - 8 1/s. The
aquifers are recharged by the runoff from the border:ing
mountains, in the northwest and western part, and highland
(Hirmata), in the eastern part, by downward percolation of
water from precipitatiqn and from Kitto stream. This sub-basin
is also a recharging area for the aquifers that occur down in
the southeastern part of the studied area.

As it 1s shown in the groundwater flow 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 1in 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 alluvial
sediments have relatively large lateral extent and thickness.
Up to now, however, no well is drilled in this area, because of
this a through study of the types and groundwater potential of
the aquifers was not possible.

Eventhough the agquifers 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 not yet

been determined.
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6. HYDRODYNAMICAL INVESTIGATION OF AQUIFERS AND WELLS

6.1. General

In designing capture and dewatering systems of
groundwater, besides schematizing the natural hydrogeological
conditions, it is 1important to know the hydrogeological
parameters. Their determination constitutes one of the
principal problems of hydrogeology, due to the various degrees
of accuracy og the methods employed and of the expense 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,
frequently followed by the recovery of the water level in the
experimental well constitutes an investigation technique
indispensable to any kind of hydrogeological research. This
method wuses empirical relations based directly on the
experimental data. By pumping test of wells, hydrogeological
parameters characterizing the aquifer proper in areas can be
determined; furthermore, with these aquifer characteristics
known, future declines in groundwater levels associated with
pumpage can be calculated.

Hydrogeological parameters are divided into two groups:
The first group includes the parameters characterizing the

experimental drilling and its adjacent area, namely the rate of
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discharge Q and the drawdown s which permit 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 characterizing
the aquifer 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 capillary rise. Naturally to the second
group could be added the aquifer thickness, the position 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 transmissivity
indicates how much water will move through the formation, and
the coefficient of storage indicates how much can be removed by
pumping or draining. If these two coefficients can be
determined for a particular aquifer, 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
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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.
5. Drawdown in the aquifer at various pumping
rates.
The certainty degree of the tested aquifer parameter
depends on lthe 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. Wel]l] 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
application 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 Well Egquations

Well flow equations for equilibrium conditions were
derived by various investigators (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 equations : 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
equilibrium; that is the discharge is constant, the drawdown
and radius of influence have stabilized, and water enters the
well in equal volumes from all directions. Both assume
horizontal flow every where 1in the aquifer with recharge

occurring at the periphery of the cone of depression.

Confined Agquifer

The equation for a well operating wunder confined condition

is:
Q = 273 -kb (H-h)  —==== (6.1)
log R/T
Where
Q = Well yield or pumping rate, in m]/day
K = hydraulic conductivity of the water - bearing
formation, in mj/day/m2 (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.

Equation (6.1) 1is often called the equilibrium or Thiem,

equation.
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Unconfined Aquifer

1.5

The equation for the well yield of an unconfined aquifer

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

Derivations of the foregoing equations are based on the

following simplifying assumptions:

1. 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 thickness is
constant.

4., The pumping well is 100 percent efficient, that 5
the drawdown levels inside and just outside the well
bore are at the same elevation.

5. The intake portion of the well penetrates 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 so that
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both drawdown and radius of influence of the well do
not change with continued pumping at a given rate.
Equations 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:

K= MZQI— """" (6.3)
- 2.73b(h2—hQ
Where
I = distance to the nearest observation well,
in m.
r, = disténce to the farthest observation
well, in m.
h2 = head, in m, at the farthest observation
well, measured ffom the bottom of the
aquifer.

h = head,in m, at the nearest observation
well, measured from the bottom of the
aquifer.

b = thickness of the aquifer, in m.

All other terms are as defined in Equation 6.1
The transmissivity is given by

T = Kb = Rleg p,fy, — w=w=oms (6.4)
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From a practical stand point, the drawdowns, rather than
the head h, is measured so that Eg. 6.4 can be written

1 = Q log q[;ﬂ ———————— (6.5)
2.73 (Sl - 52)

Where
S = drawdown, in m at the nearest observation
well.
F
Sy = drawdown, in m at the farthest

observation well.

For unconfined conditions, the equation for determining

the hydraulic conductivity is

K = Q 10g IEQI - (6.6)
1.366(h , - h* )
Where

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

643
h2 = saturated thickness, in m, at the farthest
observation well.
h = saturated thickness, in m, at the nearest

observation well.
This equation fails to describe accurately the drawdown
curve near the well because the large vertical flow components
contradict the Dupuit 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

Where drawdowns are appreciable, h1 and h2 in Eq. 6.6 can

be replaced by (h, - s]) and (hy - sz), respectively. Then the

transmissivity for the full thickness becomes.

Oln (22
— - 1
T=Kh,= —————— —; (6.8)
21:[(3;—5;)-(3,-%)]

Where hU is the saturated thickness, in m, at the pumped
well before pumping was started, while s and s, are as defined

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

6.1.1.2. Nonequilibrium Well Equations

The applicable differential equation 1in plane Polar

Coordinates is

8'h/sr' + 1/r 8h/8r = S/T 6h/8t ——-—mn (6.9)



69
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 beginning of pumping. Theis obtained a
solution for Eq. 6.9 based on the analogy between groundwater
flow and heat condition. By assuming that the well is replaced

bv a mathematical sink of constant strength and imposing the

boundary conditions h = h0 for t = 0 and h —————-———hG as 1

» for t > 0, the solution
Qo
s = Q/4nT fu e du/u (6.10)

is obtained, where s is drawdown, Q 1is the constant well

discharge, and
.
U = TS/4Tt ——=m—————mm (6.11)

Equation 6.10 is known as the nonequilibrium, or Theis,
equation. The integral is a function of the lower limit u and
is known as an exponential integral. It can be expanded as a

convergent series so that Eq. 6.10 becomes

S = Q/4nT [ -0.5772 - 1n" +u- ul/2.2: + uw¥/3.3' - u'/a.41 +...]

(6.12)

The nonequilibrium equation permits determination of the

formation constants S and T by means of pumping tests of wells.
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The equation is widely applied in practice and is preferred
over the equilibrium equation because :(1) a value of $§ can be
determined, (2) only one observation well is required, (3) a
shorter period of pumping is generally necessary, and (4) no
assumption of steady state flow conditions is required.

The assumption inherent in Eg. 6.10 should be emphasized
because they are often over looked in applying the
nonequilibrium equation and thereby can lead to erroneous
results, Th; assumptions include

1. The aquifer is homogeneous, isotropic, of uniform

thickness, and of infinite areal extent.

2. Before pumping, the piezometric surface is

horizontal.

3. The well is bumped at a constant discharge rate.

4. The pumped well penetrates the entire aquifer, and

flow is every where horiiontal within the aquifer
to the well.

5. The well diameter is infinitesimal so that storage

within the well can be neglected.

6. Water removed 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 1involved for employving the nonequilibrium

equation under field conditions. Average values of S and T can
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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 solutions that can be readily applied for
field 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 simplified to
s = ( Q/4%T) W(u)-====-mmmmmmmmme (6.13)
Where
s = drawdown, in m, at any point in the

vicinity of a well discharging at a
constant rate
Q = pumping rate, in m3/ day
T = coefficient of transmissivity of the
aquifer, in ml/day.
W(u)= Well function and represents an exponential
integral.
Rewriting Eg. 6.11 as
elfy = (479810 ~o~memmmseass (6.14)
It can be seen that the relation between W(u) and u must
be similar to that between s and Ij/t because the terms in

parentheses in the two equations are constants. Given this
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similarity, to obtain the formation constants from pumping test
data, Theis suggested an approximate solution based on a
graphical method of superposition.

A plot on logarithmic paper of W(u) versus u known as a
"type curve," is prepared. Appendix 6 gives values of W(u) for
a wide range of u. Values of drawdowns are plotted against
values of rz/t on logarithmic paper of the same size as for the
type curve. The observed data curve is superimposed on the
type curve, iéeping the coordinate axes of the two curves are
parallel, and adjusted until a position is found by trial
whereby most of the plotted points of the observed data fall on
a segment of the type curve. An arbitrary point is selected on
the coincident segmenﬁ, and the coordinates of this matching

point are recorded. With values of W(u), u, s, and r‘/t thus

determined, S and 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 small, so that the series terms in Eq. 6.12
become negligible after the first two terms. As result, the

drawdown can be expressed by the asymptote

s = Q/4nT (-0.5772 - In r’S/4Tt) =--——-- (6.15)
Rewriting and changing to decimal logarithms,
this reduces to

s = 0.183Q/T ( log 2.25Tt /riS) ----( 6.16)
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By using these simplified relationships based on Equation
6.16, it is possible to derive information on the hydraulic
characteristics of aquifer by plotting drawdown and time data
taken during a pumping test. The data are plotted on
semilogarithmic paper. A plot of drawdown s versus the
logarithm of t forms a straight line. Projecting this line to
s = 0, where t = )

0 = 0.183Q/T log( 2.25Tt/ rS) —--- (6.17)

and it follows that

2.25Tty/ t''s =1 ----- (6.18)
Resulting in ‘
S = 2.25T)/ 1! == (6.19)
A value for T can be obtained by noting that if t/t0 = FO
then log t/t0 = 1 ; therefore, réplacing s by as , whereas

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

becomes

T = 0.183 Q/as ======- (6.20)
Thus, the procedure is first to solve for T with Eq. 6.20
and then to solve for § with Eq. 6.19. The straight line
approximation for this method should be restricted to small

values of u (u<0.01) to avoid large errors.

Chow Method of Solution. Chow developed a method of
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solution with the advantages of avoiding curve fitting and
being unrestricted in its application. Again, measurements of
drawdown in an observation well near a pumped well are made.
The observational data are plotted on semilogarithimic paper in
the same manner as for the Cooper - Jacob method. On the
plotted curve, choose an arbitrary point and note the
coordinates, t and s. Next, draw a tangent to the curve at
chosen point and determine the drawdown difference as, in feet,
per log cycle ;f time. Then F (u) can be computed from Egn.

6.21 which is given below.

F(u) = s/as 000000 —emmmme————— (6.21)

The corresponding valueé of W(u) and u are determined from the
figure which 1is given in the Appendix 11. Finally, the
formation constants T and S can be computed using Eqn. 6.13 and
Egqn. 6.14 respectively.

The above solution methods for the nonequililbrium
equation applied to pumping tests in confined aquifers, but the
solution methods can be applied also to unconfined aquifers
providing that the basic assumptions are satisfied (i.e.

drawdown is small compared to the total saturated thickness).

Recoverv Test When pumping is stopped, well and aquifer

water levels is recovered so as to reach the initial
piezometric level. The rate of recovery provides a means for

calculating the coefficients of transmissivity and storage.
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The time- recovery record, therefore, is an important part of
an aquifer test.

The water-level recovery data from an observation well
will indicate 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. If no
observation well is available, the water-level recovery data
from the pumped well can be used for limited calculations of
aquifer capagility. Recovery data can be analysed only when
the test pumping is done at a constant rate.

The recovery curve, which is a plot of change in water
level with time during recovery period, is difficult to portray
by mathematical analyéis. It can be simplified for analysis,
however, in either ofAtwo ways : Theis (1935) corollary to the
nonequilibrium equation, or Jacob's (1946b) modification of the
nonequilibrium equation. It has been shown that the time-
drawdonw curve for the pumping period becomes a straight line
on a semilogarithmic diagram. The same simplification can be
used for the time-recovery plot, where the horizontal scale
represents the logarithm of time during the recovery 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 shut down.
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From this principle Theis showed that the residual drawdown s’

can be given as

s' Q/4wT [W(u) - W(u')] ---- (6.22)
Where
u = r!s/4Tt and u’ = 1'S/4Tt ----- (6.23)
and time since pump started and time since pump stopped are
represented by t and t’ respectively. The rest symbols

represent the same terms as in Equation 6.13 and 6.14.

For r small and t’ large (Jacob Method), the well
functions can be approximated by the first two terms of Eq.

6.12 so that Eq. 6.22 can be written as

s' = ( 2.30Q0/4%T) log t/t se—————=e- (6.24)

Thus a plot of residual drawdown s' versus the logarithm

| ]
of t/t forms a straight line. The slope of the line equals
2.30Q/4nT so that for as , the residual drawdown per log cycle

of t/t, the, transmissivity becomes
¥
T = 2.30Q/4mas ----- {6.25)

The transmissivity of the aquifer from the time-recovery

data can be calculated from the following equation



T
T =  2.30Q/4n(s-s ) ----- (6.26)

Where s-s' = change in water level recovery

If measurements are made in at least one observation well
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 valid for calculating the
transmissivityﬁ

Although most aquifers do not conform to all the
theoretical conditions assumed by Theis and Jacob, results from

the application of these equations and their graphic

relationships have been quite satisfactory.

6.2. Wells and Springs in the Studied Area

The investigated area 1is now supplied largely with
groundwater, from a number of springs and wells. These source
are not integrated into a common distribution system. 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 location 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 1is

extracted using dug wells. The diameter of these dug wells
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vary from 1 - 2.5 m. and they are generally less than 20 m in
depth. They have concrete and dry brick or stone lining and
are abundant in Jimma town. With the exception of a few dug
wells which are fitted with surface pump that can discharge
less than 1.5 1l/s., all are equipped with pulley.

The yield of these wells is limited, because they are
excavated only to a limited depth in weathered and fractured
volcanic material which is the upper shallow aquifer in the
area. .

The depth of static water level varies from 9 - 13 m.
The wells are rich in water during the rainy season and the

water table become shallow while during dry season the majority

of them will dry up.

Boreholes

Twenty five bore wells are found in the studied area, and
are mainly used for the supply of drinking water to the Jimma
town. Out of these, three wells was abandoned and the rest are
functional. All the wells are well equipped with steel casings
and electrical submersible pump.

These wells are bored or drilled deep into the ground,
intercepting one or more water bearing stratum. The depth of
the wells vary from 70-144 m.In the highlands such wells are
located in the unconfined and confined aquifers which is made
of basaltic material that has been affected by different degree

of weathering and possess different permeability value. While
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in the valleys. both the alluvial sediments and the volcanic
rocks are the main aquifers of the wells. The diameter of
these wells also vary from 9" - 12".

Those wells that are located in the highlands have a low
capacity, their yields vary from 1.5 1/s. to 6.3 1/s.: while
those in the valleys have a moderate capacity, 1.5-8.5 1l/s.

Pumping and recovery tests and lithological log data are
available only for very few wells.

Springs

Several small springs, whose discharges range from 8 - 0.2
l/s. and most of them are contact types, are found in the
investigated area. Howéver. only three are perennial. and are
used for various purpose in the domestic consumption. These
are the Saint Gabriel. Jiren, and Lagahar springs.

The Saint Gabriel Springs are located 3 km. north of Jimma
close to the head of Aweytu valley. The main spring was
developed in the late 1930's by the driving of two short adits
probably into the weathered basaltic rock. The installation is
protected by concrete structures which formerly led the water
to concrete setting tanks; these tanks are no longer use.
There is also an open spring area about 325 m. away: 1t is
completed with
an open concrete flume to convey water to the main spring area.
A 0.076 m (3") diameter steel pipe conveys the water from the

springs 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 1/s. The flow at the Agro road
pumping station is much less than 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 pumping station holds about 100 cubic
meter.

The Jiren'springs, which are found in the eastern part of
the studied area, are at a higher elevation than the Saint
Gabriel springs; they produce less water 0.5 1/s. and they do
not feed the main Jimma water system. They also issue from
basaltic flows. They hﬁve been improved by concrete walls and
covers. The water i1s 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 developed
along with Saint Gabriel and Jiren Springs. was renovated in
1981 by WSSA for the community of Jimma. It is located in the
lower part of the Aweytu valley and consists of a group of

small springs all piped by gravity to a new 50 cubic meter

concrete
tank. From here the water is pumped into the distribution
svstem which serves a portion of the down town area. These

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

out livestock. The yield of the springs was 1.5 1/s. at the
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time of field investigation.

6.3. Hydraulic Analysis

The groundwater potential in the western and northwestern
part of the studied area is relatively high both from the
alluvial sediments and the volcanic rocks. out of the six
wells that are found in this part of the area, according to the
report of WSSA of Jimma, only the performance of well-3 (in the
Kitto Well fi;ld) has been checked by pumping test. However.
pump test data was not obtained, and quantitative estimates of
well performance has not been made by the author. This report
declare that pumping at 8.5 1/s. caused 12.57 m drawdown after
about 1000 minutes of pﬁmping. Analysis of this pumping test,
according to this report, revealed the following:

The well behaves like a well constructed in a
granular aquifer.
The transmissivity is about 125 m2 /day.
The well is fairly efficient with a specific
capacity of 0.675 1/s/m of drawdown after 24 hours
of pumping at 8.5 1l/s.
Assuming that the well is 82 m. deep and that the
total available drawdown is about 70 m.,the capacity
of the well using 70 percent of the total available
drawdown may be about 30 1/s.
A more efficient well in this aquifer migh: have a

capacity as high as 40 1/s.
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In general the pump test shows that the aquifer at Kitto
well field (Kitto sub basin) is highly productive and. if
extensive in area, is capable of supplying several properly
constructed wells each with a capacity of 30 to 50 l/s.

For the wells in the central part of the basin (Aweytu
sub- basin), pumping test and recovery test data are available
only for one well (Jimma Agricultural Collage Borehole). Bv
using these data, the aquifer characteristics in the central
part of the b;sin will be discussed as follows.

The Jimma Agricultural Collage borehole is drilled on the
basaltic rocks in the Hirmata highlands at an elevation of
about 1750 m.

Continuous pumpiné test for this borehole was carried out
with average discharge of 1.5 1/s. After pumping for 24 hours
a volume of 129.60 m' of water was pumped out and a maximum
drawdown of 42.40 m was measured.

Drawdown - recovery data (Appendix 7A and 7B) from the
pumped well has been plotted on a graph (Fig. 6.1). As 1t 1is
depicted in the plot the recovery is slow. Because of shortage
of water, at the end of recovery test. the water level did not
reach the original static water level. This is attributed to
phreatic nature of the aguifer and shortage of potential
recharge.

Since no observation well was available to measure the
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drawdown further away from the discharge well, The:s egquation
has not been applied to calculate the storage coefficient.
However, applying Jacob Non-Equilibrium formula the parameters
transmissivity and permeability have been calculated.

The time - recovery plot for the pumped well is more
accurate than its time-drawdown plot because the residual -
drawdown measurements are more accurate. During the recovery
period, water-level measurements can be made without being
affected by puap vibrations and momentary variations 1in the
pumping rate.Because of these, the recovery data from the
pumped well usually provide the best basis for calculating the
transmissivity of the aquifer.

Using Egqn. 6.20 and the time-recovery data (Appendix 7B)
from the pumped well, shown in Fig. 0.2, the transmissivity of
the aquifer has been calculated as follows.Recall that the
Jacob's modification of the more general

Theis equation, Egn. 6.20 is

T = 0.183 Q/as
Where AS = 1.29 m
Q = 1:5 1/% = 129.6 mj /day
Thus
T = _0.183 x 129.6 m'/day
.29 m

= 18.39 m* /day
The relation between the permeability and transmissivity

is simple, and is given by
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T = Kd ———= (6.27)
where K = Permeability
d = Saturated aquifer thickness

from Eqn. 6.27, we have

K=T/d  -=-—-=-= 16 28 )
Where d = 64.19 m
Hence, K = 18.39 m2 /day
64.19 m
’ = 0.286 m/day which is equivalent to

=

3.31 X 107" cm/sec.

Based on the above results the basalt aquifer in the
central part of the basin has a transmissivity of 18.39 m2 /day
and a permeaﬁility of 3:31 X 104 cm/sec.

According to Johnson (1966), an aquifer that has a
transmissivity of less than 12.4 mz/day. it can supply only
enough water for domestic wells or other low-yield uses. When
the transmissivity is 124 nﬁ/day or more, well yields can be
adequate for industrial, municipal, or irrigation purposes.
The transmissivity wvalue obtained in the aquifer for the
central part of the basin can therefore be recommended for
municipal uses where water consumption 1s not high and other
alternative source of water is not at hand.

More than half of the total wells are found in the eastern
and northeastern part of the basin (Kochi sub-basin). It is
from both the alluvial and volcanic aquifers that most of the

groundwater is tapped from these wells. Pump test and recovery
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test data was obtained only for one well {Jimma Staff
Residential Borehole), for the rest pumping test, recovery test

and lithological log data are not available. Using this data
the aquifer characteristics in this part of the area will be
discussed as follows.

The Jimma Staff Residential borehole is located in the
lower part of the Kochi sub basin at an elevation of 1710 m.
Both the sandy sediments and weathered rhyolite are the main
aquifers of thé borehole.

The pumping test and recovery test data (Appendix 8A and
SB) plotted on Fig. 6.3 shows that the recovery is very fast.
This was happened because due to its location some recharge
water reached the aquifers during the pumping period and
results a full recovery to original static level during a
relatively short recovery period.

Drawdown-recovery data was conducted on the pumped well
and no observation wells were available during the test and
thus the coefficient of storage has not been calculated. Based
on the pumping test data (Appendix 8A) a graphical solution by
Jacob's method (Fig. 6.4) for transmissivity has been carried
out using Egn. 6.20.

Thus

—
]

0.183 x 86.4 m /day

8.38 m

1.89 m2 /day
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1 lit./sec. = 86.4 m3 Jdav

1

Where Q

AS = 8:38 m

and the permeability (k) from Eqn. 6.28 gives

K 1.89 mt /day

130.62 m

0.014 m/day

§

Which is equivalent to 1.62 x 10’ cm/sec.

-

Where d = 130.62 m

The aquifers 1in this part of the area has thus a
transmissivity of 1.89 nﬁ/day and a permeability of 0.014 m/day.

i.e. 1.62 x 107

cm/sec. The transmissivity value of the
aquifers could supply enough water for domestic wells or other

low-yield uses.
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Fig. 6.3 DROWDOWN-RECOVERY CURVE OF E.W.W.C.A WELL
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Fig. 6.4 TIME-DROWDOWN PLOT 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 summarized and is given in Table

6.3 below.

Table 6.3

Values of Transmissivity, T and

Permeability, k for Three Wells

0 l i
¢ Name of the Borehole | Location and | Transmis . Perme-
f i i
! { Name of the sivity ability.
i I ; | -
| ESub-Ba51n i "Ts | K
I | |
ﬂ ! % Uﬁ/day) ' (cm/sec)
- ; : t
4 i | z
1 Kitto Well number 3 { Valley - Kitto ! 125 =
J i
Jimma Agricultural 1highland - - 18.39 . 8.3 kel 0™
l
Collage ' Aweytu
l
f

 Jimma Staff Residential 'valley - Kochi 1.89 1.62x10™
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7. WATER QUALITY

7.1. Sampling and Analysis

In the studied area quality analysis for both groundwaters
and surface waters has been conducted and the data are given in
Appendix 9A and 9B. A representative samples were taken from
river, springs, dug well and bore wells. 1In December 1993 and
March 1994, one liter of water was collected within plastic
bottles and tﬁe analysis was carried out (privately) in the
respective months.

To avoid nonrepresentative samples, from which well
samples were taken after it has been pumped for some time in
the morning. With each-sample a record have been made on wells
location, size of casiné, date, and operating conditions of the
wells immediately prior to the sampling. Due to the absence of
deep meter depth of samples and static level measurement have
not been carried out. Samples from a river were taken at
different sites.

Due to the lack of portable laboratory kits and shortness
of the time needed between the collection of the samples and
their analysis, biologic test has not been carried out.

For all the samples determinations of temperature. pH.
odour. color (true), taste, electrical conductance, and
appearance have been carried out in the field. The instruments
used in the field are Thermometer, Digital pH meter., and

Conductivity meter.
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7.2. Hydrogeochemistry

The chemistry of the water in the basin has been treated
based on the respective aquifers the samples come from.
temperature of the water during sampling and mode of occurrence
of the surface water.

In the hydrochemical investigation of the basin aquifers.
chemical analysis of four wells, three springs, and one river
were conducted. Of the four wells, two are in the alluvial and
basaltic aquif;rs. one in the alluvial and rhyolite aquifers,
and one in the basaltic aquifer. Two of the springs discharge
from basalt and one from alluvial. For the surface water,
samples were taken from Aweytu river at two different sites and
have been treated separétely.

The chemical quality test has been plotted on a piper
diagrams (Fig. 7.1A & 7.1B). These diagrams conveniently
reveals similarities and differences among the various water
samples because those with similar qualities will tends to
cluster together. The results indicate the surface water and
the spring water form basalts are strictly magnesium - calcium
bicarbonate type. The lagahar springs that issue from the
alluvial sediment is magnesium - calcium chloride type. The
rest of the water are alkaline bicarbonate type. The
bicarbonate concentration in igneous rocks could be accounted
for the dissociation of water under the presence of carbon

dioxide. but C1 and Sof' are not significant constituents in

igneous rocks and there is no tendency toward the development



97

of €1 and SOﬂ' facies as groundwater moves along flow paths in
these rocks. The Cl occurrence in lagahar springs water up to
64 % 1is wunusual. The location of this spring is very
unfortunate which is in a short distance down slope from very
congested area of houses and stores. Its high concentration may
indicate sources of past or present pollution. The sewage may
furnish a large amount of this soluble constituent. The anion
Sof— occurs in only minor or trace concentration. s
occurrence no;maily be attributed to atmospheric sources. to
the decomposition of organic matter in soil., and to the trace
impurities in rocks and minerals. K" is generally the least
abundant of the cations.

With the exceptién of the lagahar springs. HCO{ is the
dominant anion and sioz, with the exception of Na', is present
in major concentrations relative to the cations. Although
mafic rocks contain little or no guartz and are lower in total
silica than felsic rocks, the chemical instability of the
minerals accounts for relatively high content of SiO: in
associated water.

As value of pH 7.0 is neutral, pH ranging from 5.2 to 8.4
was recorded in the studied area with the high values generally
corresponding to the groundwater. This indicates that the
groundwater in the area is slightly alkaline. The Aweyvtu river
sampled at two different sites i.e. north of the town which is

above EELPA and near the center of the town showed pH values of

".3 and 6.3 respectively. Most natural water have a range of
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pH between 6 and 8.5 (Hem, 1970). When pH values are greater
than 8.5, water has wusually come 1in contact with sodium
carbonate; when pH values are below 4, water contains free
acids. Moderately low values of pH 1indicate water that
contains small amounts of mineral acids from sulfide sources or
contains organic acids.

The solubility of silica with respect to pH values of all
the samples in the basin has been plotted in Fig. 7.2. As it
is presented fn the figure, the concentration of silica. in
solution for the majority of the samples lies between pH values
of 6 and 8.5. The pH of the environment is especially
significant for transportation of silica and its ultimate
redeposition. At pH value less than 4 silica is only slightly
soluble. For pH values ranging from 5 to 9 the solubility of
silica increases considerably, and it would present in solution
significantly (Mason, 1966).

The total dissolved solids (TDS) for the samples in the basin
range from 113.38 to 795.93 ppm. Higher concentrations of
dissolved constituents were found 1in groundwater than in
surface water. This is may be due to the greater exposure of
the groundwater to soluble materials in geologic strata.
Generally, this TDS value indicates that there is low water-
rock interaction in the area. The type and concentration of
salts depend on the content of solute in the initial rain, the
extent of reaction with rock and soil. loss of constituents by

precipitation or absorption. and loss of water because of
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evaporation, transpiration or reactian with mineral.

A range of temperature values between 20 and 24°C was
recorded for both groundwater and surface water. The maximum
value that was recorded for the surface water samples is 24°C
and the minimum value recorded for the groundwater samples 1is
20°C. In the investigated area the temperature of groundwater
remains more or less constant. It has been found that the
temperature of groundwater at depths between 10 and 20 m 1is
almost constanl and normally exceeds the mean annual air
temperature by 1.0 to 1.5°C(Collins, 1925). The more or less
stationary temperature of groundwater is an advantage in the
use of groundwater in industry, as a water supply. and in such
other applications as. heat-pump temperature control in
buildings for cooling in summer and heating in winter (Gass and

Lehy. 1977).

7.2.1. Water Quality Criteria for Domestic use

The chemical analysis of the water samples in the studied
area have been compared with the international standard values
set by World Health Organization (1963 & 1984) and by water
quality criteria California (1952). The chemical constituents
of most of the water fall within the standard limits except for
some 1ions as fluoride (F') nitrate as (No{). bicarbonate
(HCof). and iron (Fed).

The fluoride level in the springs and boreholes is between

2 and 3 mg/l. One of the abandoned borehole in the area has 15
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mg/l. The concentration is too high for potable supply. The
World Health Organization recommends an upper limit of 1.5
mg/1l. However, its local application must take into account
climatic conditions and higher levels of water intake. At
levels above 1.5 mg/l, mottling of teeth has been reported very
occasionally, and at 3.0 - 6.0 mg/] skeletal fluorosis may be
observed: when a concentration of 10 mg/l 1is exceeded,
crippling fluorosis can ensue (World Health Organization.
1984 ). ] .

Content of nitrate up to 145.3 mg/]l has been observed in
the lagahar springs. The maximum allowable concentration of 10
mg of nitrate- N per liter is recommended by WHO. The high
concentration is mostly éttributed to the open pit latrines as
there 1s no proper sewerage systems in the towns. Nitrate 1is
toxic when present 1in excessive amounts in drinking water., and
in some cases causes methaemoglobinaemia in bottle - fed
infants; for older age groups, this problem does not arise. but
there 1s possibility that certain forms of cancer might be
associated with very high nitrate concentrations.

High concentrations of bicarbonate were observed in most
of the analyzed water samples as compared to the maximum
allowable limit of 150 mg/l, which is specified by WHO. The
consumption of this ion over a concentration of S00 mg/l will
cause gastro-intestinal irritation (Hart, 1974). Here the
presence of bicarbonate may be related to the bubbling of

volcanic gas and decay of humus. Dissolved volcanic and under
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ground biogenic carbon dioxide {Co:). produces carbonic acid.
which leads to much more rapid carbonation than might be
suspected from the small amount of carbon dioxide 1in 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/l (WHO, 1984) was recorded. This is probably caused by
th% suspended ;ilt 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
objectionable reddish -brown color to the water. Increases in
the concentration of iron in water during distribution may 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. At
levels higher than 0.3 mg/! there may be increased
maintenance costs and complaints about taste (WHO, 1984).

A general standard limit set by World Health Organization
(1963 and 1984) and Water Quality criteria California (1952) is
given in Table 7.1 below. Data obtained from Guidelines for

Drinking water quality (World Health Organization, 1984) and



103
from Ethiopian Water Resources Authority (EWRA) Technical

Report (1977).

Table 7.l International Standards of Chemical Analvsis of

Water for Domestic Use

; Constituent or I Unit Maximum . Maximum
i |

i Characteristic ; Acceptable Allowance
| Color ® i True Color - 15°

i In offensive : -

[
i

; Taste and i -
| |
i to most [
i
|

i
1
;deour
i 1consumers
Turbidity ;Nephelometric 5t 250l
éturbidity unit
| (NTU) !
{ | |
| pH E | 6.5 - 8.5t 9. 2M
: | !
. Floating i = f Absent
solids i
. Suspended : - . Absent
i i ]
Solids '
solids - total |mg/l 1000 15007

jdissolved |
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(continued)

Hardness ‘mg/l (as - 500"
\ Cacoy) | ;
| i
| Carbonate mg/l (as - ! 120 ;
L] i ' »
talkalinity CaCo})
|
i = 11
| Bicarbonate mg/l (as - . 150
alkalinity ;CaCoi) |
" Ammonium (NH;) ng/l : = g A
“Sodium (Na')  mg/l W fa 200"
" Potassium (K') ]mg/l ! - 200017
| ' | ;
liCalcium (Ca”) mg/1 1 Fi o E 80"
i i
' Magnesium mg/1 ] sptt F i 50"
| 5 | P
(Mg ) !
. Total 1iron ;mgll L 0.3f 1.00"
. |
I (Fe) i t |
; J |
! Manganese ymg/ 1 | 0.1 0.5,
(Mn"™*) : ‘
; I
. Zinc (zn'h) : mg/ 1 i sk 1 5%
| | i
' Chloride (cl™) | mg/l i 200" 250"
| i
| 'l
| |
- l 3
, Fluoride (F ) 5 mg/1 i - | e
| ! '
i Nitrite (No,)) | mg/l { - P
- l i
i i




(continued)

“itrate (Noy') | mg/l ‘ - 10!
Bicarbonate i mg/l . - () gl
{HCO,; ™)
Carbonate | mg/l - 0%
th{:)
sulfate (S0,) | mg/l “ 400"
I |
Total silica | mg/l {4 st
Sio.) :
X = WHO {1984)
XX = WHO (1963)
XXX = Water Quality Criteria - California (1952)

7.2.2. Water Quality Criteria for Agricuiture

Water quality for agricultural purposes 1s determined on
the basis of the effects of the water on the quality and yield
ef the crops, as well as the effects on drainage efficiency and
characteristic changes in the soil (Richards. 1954: Wilcox.
19558). Therefore, the quality of chemical composition of watcr
is a major factor to be takenm 1into account when considering
development in the field of agriculture.

Analysis of the <chemical composition of both the

groundwater and surface water has been carried out so as to He

able to analyse the effect for agricultural purpose. The
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quality of the water is determined by the total salt and ionic
contents. Eventhough it plays a major role in plant growth.
trace elements analysis was not possible to conduct.

Salts may harm plant growth physically by limitin the

{]e}

uptake of water through modification of osmotic processes. or
chemically by metabolic reactions such as those caused by toxic
constituents. Effects of salts on soils, causing changes in
soi! structure, permeability, and aeration. indirectly affec:
plant growtg. Specific limits of permissible salt
concentrations for irrigation water cannot be stated because of
the wide variations in salinity tolerance among different
plants: however, field-plot studies of crops grown on soils
that are artificially. adjusted to various salinity levels
provide valuable information relating to salt tolerance.
Sodium concentration Is important in classifying an
irrigation water because sodium reacts with soil to reduce its
permeability. The Salinity Laboratory of the U.S Department of
Agriculture (1954) recommends the Sodium Absorption Ratio (SAR)
because of its direct relation to the absorption of sodium by

soil. and has been used to classify the water in the area under

study. It is defined by

SAR = Na/f( CasMg )/2 = —-—coe- (7.1)

where the concentrations of the constituents are expressed

in milliequivalent per liter.
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A low SAR, which range from 2 to 7. indicates little

danger created by sodium ion ; medium hazards are between 7 and

18, and high hazards between 11 and 26 (Fetter. 1986).

In the investigated area, as it was shown in the Table
T.3. the SAR values of all the water range from 0.37 to 15.30.
Only the water from two boreholes have a value greater than 10.
all the rest have a value below 7. Based on this fact. the
sodium conceétrations in the water doesn't create a problem for
plant growth in the studied area. As to the trace element
analysis, future works have become necessary to set the
eriteria,

Another classification of suitability of water for
irrigation with respect to electrical conductivity and soluble-
sodium percentage has been established by Wilcox (1953). The

soluble - sodium percentage (also known as sodium percentage

and percent sodium) is defined by

%Na = (Na + K)100/Ca+MG+Na+K { a2l
where all ionic concentrations are expressed in
milliequivalent per liter. The electrical conductivity results
have been calculated from the total dissolved solids of the
samples by conversion where:
l meq/l of cations = 100EC x 10°  and
! mg/l = 1.56EC x 10°

The EC denotes electrical conductivity for most water with
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EC ranging between 100 and 5000 microsiemens per
centimeter{(pus/cm) at 25°C (Todd, 1959).

Based on the above fact, the chemically analyvzed water
samples were taken to calculate the sodium percentage and the
EC applying:

1 meq/l of cations = 100EC x 10°
Calculated values of sodium absorption ratio (SAR), sodium
percentage. and electrical conductivity for analyzed samples
are given in TaBIe 7+ 3u

By plotting the two parameters in Wilcox's diagram (Fig.
7.3), the analyzed samples has been classified into different
water classes. As will be noted from the figure most of the
water in the studied area are good to permissible except for
the boreholes and dug well waters which are in the doubtful to
unsuitable region. The basis for classification is expressed by

the following table, after Willcox (1955).

Table 7.2, Quality Classification of Water for Irrigation

(after Wilcox)

i Water Class Percent Sodium EC xlOé ar 2FE
f Excellent < 20 <250

| Good : 20 - 40 250 - 750

| Permissible { 40 - 60 . 750 - 2000

' Doubtful | 60 - 80 2000 - 3000

; Unsuitable | >80 >3000
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Table 7.3 Computed Values of Sodium Adsorpt:on Rati

{SAR) .

Sodium percentage.

and Llectrical

Conductivity for Analyzed Samples.

0

ar

Location & Names of the SAR » Na O

Boreholes, Springs, Dug i at 1§

well, and River !

Kitto Borehole | 12.72 92.93 -0s
E

AADU EELPA borehole | 15.30 93.43 S6-

x —— — — ! - e —_

AADU Jiren borehole 5.97 83.48 .

Saint Gabriel Spring | 0:37 25.23 110

Jiren Spring 0.39 i 23.53 Lss

Hirmata dug well i & 07 6. 56 IR

Lagahar spring ; 2.24 47.18 I,

Awevtu River (near to | 1 48. 18 122

the center of the town)!

Aweytu river (above 0.40 31.18 |

EELPA)
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Industries should be required to develop and operate their
own system if they have a heavy water demand. There are
several reasons for this, the main one being that when fthe
demand is supplied hy the community it will often place a heavy
financial burden on the local residents. Also industries very
nften have their own special requirements for water supply
which are no% necessarily compatible with the community supply
svstem.

Water-quality standards for industrial use depend on the
function of the industry. Thus, makeup water for high-pressure
boilers must meet extfemely exacting criteria where as water of
as low a quality as seawater can be satisfactorily emploved for
cooling of condensers. Even within each industry, criteria can
not be estahlished; instead, only recommended limiting values
or ranges can be stated, Salinity, hardness, and silica are
three parameters that usually are important for industrial
water (Todd, 1923).

lp to now no industry of major importance exiated in the
studied area except for the small manufacturing and processing
plants that require relatively small amounts of water. These
industries provide their own water reguirement from horeholes.

Jimma is the largest coffee trading center in Efthiopia.
It is the ecapital of the richest region in terms of
agricultural cash crop production, With this in mind, wafter

ginality assesament for use in fruit and vegetabhle processing



and

paper and

textile

112

plants

has

heen

considered.

Water

quality requirements at point of use for fruit and vegetahle

processing and paper and textile plants are given in Table 7.4

(National

Engineers,

Academy

1972).

of

sciences

and

National

Academy of

Tahle 7.4 Quality Regquirements of Water at Point of llse for

Fruit and Vegetable Processing,

Manufacturing,

Paper

and Textile Plants®,

T i — -
Copstituent or Fruits ! Paner { Textile |
| 1
Characteristic and
Vegetables
Acidity (H; Sou) 0 = -
Alkalinity (CaCa,y) 250 T8 = 1’58 s - 200
Aluminum oxide (A1,0;) e - B
Calcium (Ca) 1nn - -
Caleium hardness = 0 - 50 -
(CaCoy)
|
Carhon dioxide (Cn;) = 10 -
Chloride (C1) 250 N-200 100
Chlorine (C1) - n -2 -
Color, lnits s § = 100 0= &
i
Copper - - n.ni - s




{continued)

h Fluoride (F) 1++ =~ -

I
Hardness (CaCo,) 250 100 = 200 0D - s0
Iron (Fe) n.2 n.1 -1 n- 0.3
Magnesium hardness - n - 30 ™
(Mg Co)
Manganese (Mn) U2 Q.03 = 0.5 .01 = N.0OS
Nitrate (No;) 10++ - -
Nitrite (Nos) N - =
Organic (Carbon teftra-— 0.2 = =
chloride extractahles)
Organic growths - n -
pH, units b, § ~ B,.5 = -
Siliea (Siay) 50 20 =1N0 0=
Sulfate (Sou) 250 = 100

I
Suspended solids 10 10 =100 f = &
Tntal dissolved snlids 00 20n=-s00 tnnN=20n
Torbhidity, units - - .3 <=5

x — Numbhers indicate miligrams per liter (mg/l) that
normally should not he exceeded.
+ - Process water is chlorinated fto prescrihed
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levels. Unchlorinated water is used for canning syrups.
++ - Low values should be used for baby food.
SOURCE: Derived from National Academy of Sciences and
National Academy of Engineering, Water

Quality Criteria 1972, Washington, 1972.

As will be noted from Appendix 9A and 9B fthe ahove
parameters age not within the standard limitations for fruit
and vegetable processing and textile plants, whereas for paper
manufacturing most of them are within the standard limitation,
Due to these facts before constructing the ahove types of
industries precautioné should be taken. For the use of water
in industry 1in the studied area further water guality

investigation are necessarv,
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8. CONCLUSIONS AND RECOMMENDATIONS

The studied area is underlain by Tertiary volcanic rocks.
In the valleys the bedrock is overlain by alluvial sediments.
Elsewhere bedrock is variably covered by earthy soils. The
outcropping formational units are thick basalt flows, which are
separated by tuffs and volcanoclastic sediments, followed by
Jimma volcanics, which is manly composed of massive rhyolites
in—thickflows alternmating withtrachytes.—tuffs ignimbrites:
and subordinate basalts. The relations among these formational
units are examined on the basis of their lithostratigraphic
character.

On the basis of topography, wvariation in hydraulic
properties of volcanic rocks and alluvial sediments, and their
location, the main hydrogeological basin is divided in three
sub-basins: Kochi, Aweytu, and Kitto.

The mean annual rainfall of the basin is 1476.89 mm.
822.29 mm of the precipitation is lost as actual
evaportanspirtion while 654.60 mm of the precipitation is a
surplus in the basin. of the surplus value of the
precipitation, 90.77 x 10° m® of water leaves the basin through
Boye river.

The alluvial sediments are the main aquifers in the basin
particularly in the western part where vegetation coverage is
high, which help in increasing the infiltration capacity of the
sediments. The Kitto well field near the airport is an aquifer

of medium transmissivity which is capable of supplying much
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more water than is being withdrawn at the present time. A
transmissivity value of 18.39 m? / day and a permeability value
of 3.31 x 107* cm/sec. have been recorded in Aweytu sub-basin
for the basaltic aquifer, while transmissivity and permeability
values of l.SQIf/day and 1.62 x 10™° e¢m/sec. have been computed
in the Kochi sub-basin respectively for both alluvial and
rhyolitic aguifers. The rhyolitic rocks lack primary and
secondary permeability and are considered poor aquifers. The
basalts, however, have well developed secondary permeability
and primary features that causes permeability within them
eventhough the morphological setting of the outcrops
discourages the occurrence of groundwater.

The amount of water which 1is actually available to
recharge the groundwater circulation within the hydrogeological
basin is 51.14 x 10° m’. The total rated capacities of the
various sources supplying the basin for domestic use is 41.9
lit./sec. Assuming these sources could be operated at full
rated capacities this represent a daily production of 3620.16
m> /day.

In the studied area the 2010 projected population 1is
268,000 (present population is less than 138,000)%. Assuming
the average water consumption per capita per day for domestic
use in the basin 1is 30L per person per day, the annual
consumption based on the design population of 268,000 would be

2,934,600 cubic meter. Out of 53.33 x 10° m®* of the total

3

available water, the remaining 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 study area or from Kitto river
southeast of the airport.

The two sub-basins and the upper part of the Kochi sub-
basin play the most important recharging function, while the
lower part of the Kochi sub-basin is known to have the highest
groundwater potential. From the shape of the groundwater level
contour lines it was confirmed that the two sub-basins and the
upper part of the Kochi sub-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 North-South.

The runoff from Boye river can be used to augment the
groundwater for future use by means cof artificial recharge of
basin aquifers.

The waters (both groundwater and surface water) in the
basin are alkaline bicarbonate and magnesium - calcium
bicarbonate types. Whereas, the lagahar spring 1is magnesium-
calcium chloride type. There is sanitary waste contamination in
this water supply. It appears to be virtually impossible to
protect it from pollution. This facility should be abandoned as
soon as possible as a water sources.

The present water supply, in most of the wells is carried
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out by direct pumpage and the distribution is limited by the
gquantity of the discharge. There are small Treservoirs
associated with some of the springs but only the Agaro road
reservoirs are significant in the context of future storage
capacities. It is recommended to construct reservoirs to meet
the increasing supply of water with proper chlorination chamber
attached to it.

In the basin, to achieve the most economic and trouble-
free operation, 1t is recommended that the wells should be
properly designed and their pumps also has to be properly
selected.

There are many small springs in the basin: these springs
probably each yield 2 1/s. or less. The decision about what to
do with each of such springs should be based on an assessment
of the following:

Is the springs 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 small 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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should be made in the basin. These must be substantiated by
periodical monitoring of wells., This would help in
understanding the exact amount of water in the aquifers and
would give early warnings when shortages arise.

Development of groundwater in the basin mostly did not
follow an orderly managerial procedure. The pattern, depth, and
capacity of 1individual wells were 1initially constructed in
unspecified manner.

In—the studied area, proper management program should be
carried out by an appropriate organization that has the ability
and the power to implement the program and 1its reiated
policies. Generally, the functions of groundwater management
in the basin is recommended to be as follows:

1. Regulation of water consumption. 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 aquifer yield at a satisfactory level and to
prevent the mining of the aquifer when water withdrawals
through a specified period of time exceed the aquifer recharge
during the same period.

2, Augmentation of water supply. Several methods are used
to increase the water supply, such as artificial recharge,
relocation of wells, or importing water.

3. Aquifer restoration. Certain measures should be taken
to restore the integrity of the aquifer against pollution and

excessive withdrawal. The latter c¢ffect would deplete the
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groundwater levels or piezometric heads, which might require

deepening the wells or increasing pump lifts.
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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
X1 0.219 0.049 0.013 0.0038 0.0011 0.00036 0.00012 0.000038 0.000012
> 10—t 1.82 1.22 0.91 0.70 0.56 0.45 0.37 0.31 0.26
X 10-2 4.04 3.35 2.96 2.68 247 2.30 2.15 2.03 1.92
X 1073 6.33 5.64 5.23 4.95 4.73 4.54 4.39 4.26 4.14
x 104 8.63 7.94 7.53 7.25 7.02 6.84 6.69 6.55 6.44
% 1075 10.94 10.24 9.84 9.55 9.33 9.14 8.99 8.86 8.74
X 10-¢ 13.24 12.55 12.14 11.85 11.63 11.45 11.29 11.16 11.04
¥ 10-7 15.54 14.85 14.44 14.15 13.93 13.75 13.60 13.46 13.34
% 10-8 17.84 17.15 16.74 16.46 16.23 16.05 15.90 15.76 15.65
 10-% 20‘15 19.45 19.05 18.76 18.54 18.35 18.20 18.07 17.95
X 10-10 22145 21.76 21.35 21.06 - 20.84 20.66 20.50 20.37 20.25
X 101 24.75 24.06 23.65 23.36 23.14 22.96 22.81 22.67 22.55
X 10=1# 27.05 26.36 25.96 25.67 25.44 25.26 25.11 24.97 24.86
% 10=w 29.36 28.66 28.26 27.97 2775 27.56 27.41 27.28 27.16
- 0 31.66 30.97 30.56 30.27 30.05 29.87 29.71 29.58 29.46
¥ 010 34.96 33.27 32.86 32.58 32.35 32.17 32.02 31.88 31.76
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Avbendix T

—— Pumning Test

Fumping liate = January 2, 1981 EC

Location t=  Jimma

Ciwied = Jimma Agricultural Collage

Fumip sett vng depth - 75.560m

Flevation of well # i 1760m

liiscrharge = .ottt /sec,

Atatic water level t=  12.8m

Weel | 526 = (e

Torar depth fe= T?Il'! [RGI)
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Apvend i x B

Time Recoverv Test

Nate i 03-05-81 EC.

Location Pl Jimma

Ownier 1= Jimma AgZricul tural Collase
Pumip Setting devth = 75.50m

Discharge () - 1:6 lit/sec

Static water level = 12.81m

mlevation Fe PTED

wWell depth = 77m
Ended at :=  04-05-81 EGC

ws wl e mivs

1 1
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Arpendix 10. GHIBE-OMO CATCHMENT
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Appendix 11 . RELATION AMONG F(u), W(u), and u (After Chow)
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