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ABSTRACT

The investigated area is logated erast of Addis Ababa_on the
western border of the main Ethiopian rift valley. Being
part of the Ethiopian rift system, it ig characéérized by
Plio-Quaternary volcanism which gave rise to trachytic domes,
rhyolitic flows, and rhyoiitic ignimbrites in the highly
elevated part of the area while olivine hasaltic flows and
surge deposits in the lower elevated plaip areasa, The
maximum pointfin the area is represented by Mt. Yerer with an
elevation of 3100 m above sea level., The plain area has
an average elevation of 1800 m abo;e sea level,

The yearly minimum possible rainfall average in the area is
855.9 mm, the actual and potential evapotranspiration is
A06, 2 and B87.1 mm respectivly and the runoff that
leaves the basinis 25,568 x 10° m? of water, From these

determinations, the amount of infiltrated water in the area is

calculated and the value is 54.39 x 10° ma.

The hydraulic parameters, transmissivity and  Thydraulic
conductivity are determined based on the pumping test
information obtained for few wel{s, ‘The- transmissivity
sad permeability of the rocks found in the  central part

—

- -3 2 o -3 .
of the area is 0,9x10 w /s and 4iQEX1O cm/s respectively,
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But for the aquifers found west of the area, the former is
8.8 x 10-5mﬁand the latter is 1.5 x 10_‘cm/s. But the
storage coefficient is not calculated because of the absence
of observation wells in which the effect of further drowdown
is observed,

Because of the lack of bore wells in the northern part of
the area, a thorough study of the actual variation of
groundwater level was not possilble, But based on the

availahle static level data, for the central part of the

area, appropriate groundwater level contour lines are const-
ructed,
The chemical analyses result showed that most waters  are

calcium-magnesium-bicarhonate type.
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1, INTRODUCTION
1.1 Ohjectives

One of the mnst important issues for government decision
makers in developing countries is the proper solution of
water supply problems through the implementation of research
programmes on surface and groundwaters in order to satisify
the present and future needs of population, agriculture and
industry;

The mést‘unavoidable cond{tion for the growth and
developmggt of towns, cities etec.is certainly the progressive
fulfillment of its urggnt water needs of whatever kind and
from whatever source.

In the Dehre Zeit area, which is the subject of the
present thesis, ahout ten farmers' villgge and two towns are
present. According to the Central Sta%istical O0ffice, the
present numbher of population in Debre Zeit and Dukem
towns is about 120 000, where as farmers which live in 10
villages are about 300 000, ahout 5% of them live scattered
in the area,

Taking into account the growth rate of Ethiopian
population (2.95% per year), a great number of residents is

to be expected in the next 30

_years (about 1 million).

Therefore a large amount of water will he required to

satisfy their necessities, Since the intermittent streams

e
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which are found in the area serve +the farmers only during
the rainy season, a programme for groundwater exploitation to
fulfill the water demand of such fast growing population, is
necessary.

From the agricultural peint of view, the only c¢rop which
is largely farmed is Teff, while bhackyard vegetables and
chick-pea are present only in some places. Since the
area 1is suitahle for large scale mechanized farming and
crop rotation, large amount of water will be‘ necessary,
which will be provided either by surface water or
groundwater,

In the area uﬁder investigation, there are few smali acale
industrieslin addition to two Flour Mills, Since Dehre Zeit
is close to Addis Ababa, large factories are suppnsed to bhe
constructed in the future:This makes it necessary to know the
groundwater potential of the area,

The aims of the present study are

1.to verify the potential of the surface waters coming from

E"Mtherér and to evaluate the possihility of their
partial utilization and suggest the most accurate
methodologies to  intercept them hy dams or artificial

channels;

—

2.to verify the occurrence of important groundwater reservoirs

within unconfined or confined aquifers which could bhe
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utilized in addition or an alternative to the surface

waters;

3, ta ealculate the water bhudget for the corresponding
hydrogeolagical bhasin;

4, to check the quality of surface waters and groundwater
based on InternationalStandared Quality requirement;

5., to suggest the water management of the area,

1.2 LOCATION AND EXTENT OF THE INVESTIGATED AREA

The studied area is located 47 km. east of.Addis Ababa
on the main road hetween Addis Ababa and Nagreth, It lies on
the western horder of the Main Ethieopian Rift Valléy.lt is
hounded hy 8°39'24"N - 8°54°12"N latitude and 38°53'54"E -
39°02706"F longitude.

The investigated area has a total surface of 448 sqg.km, while
the one referred to the main catchment basin is about 269.4
sq.km,

The western boundary is given by the water divide which
passes through Dukem town, from north by Mt.Yerer, from east
by the junction of Wodecha and Mojo river and frem south by

-

the rhyolite hill found nearhy Mt ., Sokoru,
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Fig-1 LOCATION MAP
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1.3 PHYSIOGRAPHY AND DRAINAGE.

The studied area is characterized by an extensive Plin -

ST o

Quaternary volcanism which gave rise to the peculiar
geomorphology of volcanic environments and is deeply modified
hy alluvial deposition,

About 60% of the area 1is rather flat with gentle
slopes,while the rest is characterized by mountains and
hills., Clear elevation contrast exists between the Mt,Yerer
( 3100 m a.s,1.,) and the flat area with mean height of
1900 m a,2.1,

The rock bodies, affected by a severe qusion, form the
Mt. Sokoru and isolated hills with flat topped surface.
The most important chains are found in the north western
horder and in the southern part of the area. In particular
Mt. Yerer is characterized by steep slope and rough top
surface, While some hills show steep slopes and gentle
pedimont surface often covered by a thin layer of coluvial
deposits,

Within the area, numerous cinder and spatter cones occur as
well as craters of ald major velcanic centers.

Phreatomagmatic tuff rings and lake filled maars are also
frequent,They have a diameter of about 1 km, steep sides

and flat bottoms,




At places,géf@githcut the water shades forming gullies
characterized by a large depth at the top which decreases
downstream.Thisris due to the high concentration of runoff
in the upper part which rapidly decreases towards the flat
area, Mainly originated from Mt, Yerer and surrounding
highlands, many intermittent streams flow down to Debre Zeit.
While some of them sink in the alluvial deposits, the others
are tributaries of the Wodecha river, the only perennial
river which crosses the studied area collecting also the
waters coming from the western branch of the wider
hydrographic hasin of the Mojo river,

While the northern drainage pattern shows a well develaoped
dendritic pattern, the southern one is not well defined
because the fluvial segments have not yet reached their
latest stage of development.

Probably due to a local tectonical effect, all intermittent
streams and Wodecha river show a southerly trend towards
Debre Zeit, while all the other trihutaries aof Mojo river
show a north-easterly trend.

The vegetation cover is mostly concentrated in the mountain
sides aof Mt. Yerer as  shrubs and hushes, and scarcely
distributed in the rest part of the area, where isolated
Acacia and Eucalyptus  trees together with scattered hushes

and other kind of plants are found., This is mainly due

R, - L T T S RN S CEL .
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to intensive deforestation carried out from immemorial

time by the local peaple for various uses.

1.4 PREVIOUS WORK

Large number of articles have bheen published concerning
the Main Ethiopian Rift and ahout the geology of Addis Ababa
area, However few aspects of the geology of Debre Zeit area
was discussed in these publications with connection to the
Rift and its complex structure.

Genlogists who worked in the immediate vicinity includes
Mohr (1961), in which the geology and origin of explosion
crater lakes is discussed; Haileselasie Girmay and Getaneh
Assefa(1989), inecludes the genlogy and the stratigraphy of
the volcanic rocks of the area, and Morton (19758), which
lists the age of some of the rocks found in the area. Some
others gives few idea abhout its geology: Merla et al
{1973)", Mahr{1971), and Mohr (1985)"

Only one specific work on the area,by Igzaw Solomon (1974)}"
Short report on hydrogeology of Dehre Zeit area'", contains
only the meterealogical data for the last ten years and some
water chemical analysis data.

1.5 METHODOLOGICAL APPROACH OF THE PRESENT WORK
Following up a wide demographiec analysis together with a
detailed socico-econcemiec study of the area and taking into

account the previous literature regarding the peculiar




purpose of the thesis,the present work started in the
begining of 1991 with a geoclogical investigation aimed to
differentiate and map the various lithological units occuring
in the area on 1:25,000 scale in addition teo an accurate
aerial photo interpretation in lahoratory.

During the field work several rock samples have been
collected for thin-section studies,

Starting from May 1991 up to February 1992 an intensive
hydrogeological investigation has been carried out by means

of the following opergtions:

"= ecollection of the available hydrglogical data of the
studied aresa and surrougding;i

- delination of the catchment area and evaluation of the
corresponding hydroleogical balance by means of the following
equation: P = E + R +v.I

where P is the precipitation, E is the evapotranspiration, R
is the runoff and I is the infiltration, all expressed in
mm or in %,

- identification of the hydrogeological basin on the basis of
the hypothesized groundwater cireulation within the various
lithological units characterized hy different hydraulie
properties;

-inventory of the springs, dug wells and hore holes;

- phreatimetric measurements and'construction of piezometric

econtour lines;




- evaluation of the hydraulic parameters of the occuring
aquifers { K, T, and S8 ) by means of logs and pumping énd
recovery tests in the available productive wells;

- characterization of the physical and chemical parameters of
the surface waters and groundwater found in the area with
measurements in sttu ( pH, temperature and electrical
conductivity) and laboratory analysis of samples based on the
quality standards given hy the World Health Organization
{ WHO )}, the United States Public Health Service (USPHS )
and the National Academy of Science and Engineering(NASE );
~evaluation of the .total hydraulie productivity of the

complex hydrogeological bhasin.




2., GEOLOGICAL FRAMEWORK OF THE AREA

2.1 GEOLOGICAL HISTORY AND SETTING OF THE INVESTIGATED

AREA AND SURROUNDINGS

Ethiopia is subhdivided into three physiographic regions:
the western plateau, the Ethiopian Rift Valley and the
south~eastern plateau,

The investigated area is located on the western margin
of the Main Ethiopian Rift valley,

The rift system which forms the Ethiopian rift valley is
known to be one of the latest structural features of the
earth’s crust being also related to the rift valley pattern
of East Africa. The Main Ethiopian Rift runs NNE - SSW
through the southern half of Ethiopia, widening out NE
towards the Afar region and separating Ethiopian plateau
to  the west from the Semalian plateau to the east.,
According to Zanettin et al (1980), the volecaniec rocks
related to the rift have heen outpoured after the formation
of the same rift, when fissural volecanism in the related

rlateau had died out.

ow

Since 8-9 myrs ago, the volcanism has shown different
features in the Afar and Ethiopian rift, in accordance with
their different stages of structural evolution.In fact there

is a general rise in evolution of the floar of the Main

Ethiopian Rift from South to North, Unlike the Main

10
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Ethiopian Rift, Afar tends to he a featureless and
monotonously flat plain, relieved only by young volecanic
cones and fresh graben { Mohr, 1967).

In the Ethiopian Rift valley basalts and rhyolites are the
predominant rocks with some intercalation of trachytes and
pyroclasties.

From Addis Ababa down to the rift floor at Mojo,a great
numher of NE- SW faults occur,upthrown NW,the most important
heing the Dukem fault (Mohr 1967 ).

Mohr (1961) postulated +that the bhasal rocks in the Dehre
Zeit region are probably conﬁzipgggﬁhby”Trag.Sg;ies basaltic
lavas even if not expased in the vicinity of the area, heing
covered by more recent thick lavas and pyroclastics,

Climaxed ahout 5 mys age and lasted up to 1.5 mys

( Zanettin et al 1980 ), intensive voleanic activity,
characterized hy various periods of quiescence, accured
in the Ethiopian Rift, which gave rise to a large scale
acidic volecanics ( trachytes and rhyolites ) constituting
the so called Balchi formation ( Zanettin and Justin-
Visentin, 1974 ).

Many large central volcanoes such as Wochacha ( 4.5mys,
Mohr 1960 ), and Yerer { 3.5mys,Morton 1975 ) etc,were hnilt
during Balchi volcanism, Merla &t al (1973) confirmed that

the last phase of ‘the Trap Series was marked by the extrusion

11




of alkaline silicic lavas of Yerer which may post date the
major rift faulting.

According to Zanettin et al (1980), the basaltic
volcanism followed the Balchi ignimbritic activity is
represented by the Bishoftu formation ranging from 4 - 3 mys
to 1.6 - 1 mys and is coeval with +the fissural Bofa hasalt
{ Kazmin et al 1979 ).

Furthermore, Mohr (1961) postulated the occurrence of a
quaternary extensive volcanic activity which has given
rise to five maars and some cinder cones,

Such a volcanic activity is supposed to be much more recent
than the late Trap Series activity of the Yerer, as it has
been confirmed by Mohr { 1961, 1967 ), in his studies on the
calcareous materials found in the 1lake Hora Hade which
contains plants remains and molluscan shells, in fact he
concluded that the material was deposited from evaporating
water (the source of calcium carbonate was from hot spring)
at the end of an pluvial period.Jt means that the age of the
explosion craters is approximately 10,000 yrs, Taking
into consideration the general NNE-SSW rift alignment and
the occurrence of the Wonji fault belt near hy the studied
area, it is possible to suppose that the NNE alignment.qfrthe
explosion eraters may he caused due to .thé cracksl'or

fractures formed hy the effect of Wonji faulthystem.

12
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2.2 GEOLOGY OF THE INVESTIGATED AREA

In the investigated area the following lithologic units
have bheen mainly identified:; trachytiec domes, rhyolitic
flows, rhyelitic ignimbrites, olivine hasaltic flows,basaltic
cinder cones,surge deposits, ash flows and alluvial sediments

While the mafic voleanic rocks are mainly dominated hy

hasaltic cinder cones and olivine basaltic lava flows
the acidic ones are doﬁinated by rhyolitic flows and
surge deposits with only small outecrops of trachytic
domes. In the studied area, fractures and fanlts are

mostly aligned in NE direction.
A description of the various lithological wunits is given
helow,

TRACHYTIC DOMES

From stratigraphic ponit of view, it 1is the oldest rock
auteroping in the area and probably overlies the deepest
Trap basalt, The trachyte outcrops in different places: it
constitutes the long curved ridge found north of Dukem town
which are aligned in NE direction, and the scattered hills
which are present near hy the village of Yerer-Buti and
at the southern foot of Mt Yerer,

It is thought that the trachytic domes might be
originated as dome structure along the rim of a curvilinear

collapsed caldera. At the foot of the Dukem ridge the unit

13




is characterized by frequent inclusions of basalt fragments

ranging from some centimeters to one meter in diameter. The

olivine rich hasalt has a peorphyritic texture with
rhenocrysts of plagioclase and olivine in a glassy

groundmass,

Two varieties have been recognized:the pink and the pale
grey trachyte, The pink trachyte is characterized by the
Phenocryst of feldspar which are often partially or
completly weathered. At places,typical spheroidal weathering
structure was observed in addition to small sized fractures,
The thickness is quite variahle as it frequentely forms dome
structure, Generally it varies from about 40m to 100mts.

on the Dukem ridge, EW fractures have been recognized

due to the presence of siliciec material as effect af

hydrothermal action along the fractures. The sample from
the trachytic dome showed that it is constituted bhy
rhenocryst of sanidine, plagioclase, dispersed quartz,

hiotite and iron oxide within a glassy groundmass of feldspar

iath (see photo 1a).
K]

«

The pale grey trachyte which outcrops near the village of
Yerer-Buti, iscomposed of plagioclase feldspar phenocrysts,
small fragments of pyroxenes and iron oxides.The rock is
deeply fractured, weathered and partially filled up by
secaondary caleite within the fissured plagioclase phenocrysts

(see phota 1b},

14
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K\AT age determination of the unit showed a pliocene age
of 3.6mys ( Morton,1975 ).

RHYOLITIC FLOWS

The rhyolite outerops in the most elevated parts of the
area:the top and the southern flanks of the Mt Yerer and the
southern most ridge of the Mt Sokoru.The exposed thickngss
of the unit is about 500mts.

On the SW flanks of the Mt. Yerer clear flow banding
structures oceur. As it has bheen obhgervad in the field,
this unit seems to be deeply weathered and fractured.

Coloured from pink to grey, the rhyolite is mainly composed
of plagioclase phenocrysts and hiotite set in a groundmass of
glass and small grains of quartz and opaque minerals ( see
photao 2a}.

According to Zanettin and Justin-Visentin (1974),the unit

can be correlated with the Balchi Rhyolite,
Field observations have shown that the rhyolites of Mt.Yerer
and Mt,Sokoru seems to have different eruption centers.In
barticular, the eruption of the second one is supposed to
have prompted a caldera collapse. Inside and outside the
related depressiqn various post caldera spatter cones have
heen successively accumulated,

According to Morten (1975), the K/Ar age of the Yerer

rhyolite iz 3.3 mys.

15



RHYOLITIC IGNIMBRITE

The ignimbrite occurs North of Godino village and covers
small part of the studied area.The unit is highly welded and
shows vertical celumnar jointing structures, It has exposed
thickness of ahout 50mts,

Coloured from light grey to pale brown, this unit appears
to he a highly welded ignimbrite with flattenedpumice, and
deformed glass shards containg crystal fragments of
rlagioclagse, In some varieties hiotite and plagioclase
feldspar phenocrysts are present together with small
fragments of amphibole, iron-oxide and unidentified rock
fragments (see photo 3a ).

The K/Ar age of the unit according to Morton et al (1979), is

3.2 mys,

OLIVINE BASALTIC LAVA FLOWS

The porphyritic basalts outecrops in different places; near
Bishoftu lake,south west of the Godino village and in the
valley of the Wodecha river, where it shows clear vesicular
structures and underlies a thick yellow surge deposit,

The unit seems to be outpoured from the various cinder
cones outceroping in the area.By means of stratigraphical
correlations, this bhasalt is proved +to be older than the

scoriaceous one., Generally the rock is constituted hy large

16




phenocryst set in microgranular groundmass., The phenocrysts
are large fragments of plagioclase and some idingsitized
nlivines, pyroxenes and abundant opaque minerals., In
some thin sections, a large amount of olivines of various
size and small flakes of plagiclase and pyroxenes set in a
very fine grained matrix have been ohserved (see photo 4a ).
Zanettin and Justin-Visentin { 1974 ), called it Rishoftu

hasalt it can bhe correlated with Bofa hasalt( Kazmin 197

o

).

The K/Ar age of the unit ranges from 1.5-1mys (Mohr,1974).

LOWER SURGE DEPOSITS AND ALLUVIALS
After the extrusion of Yerer rhyolitic dome, a prolonged
explosive phase oceured in the area, which has given
rise to several pyroclastic deposits of many types emitted
from vents along the steep flanks of the mountain.
The maximum thickness of the unit is ahout 40mts and thins
toward Debre Zeit town,
The already mentioned ignimbrite is in fact the oldest

pyroclastic farmation which can be related to thegse events.

Successively several periodic depositions of base surges
interbhedded with ash flows, alluvium etc,, have occured
to form the actual stratigraphic sequence of the

investigated area,

17
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Quite continuous hase surge deposits (surge 1 ) are
present in fact in the northern and central part of the
area, hut mainly in the deepest fluvial gorges and gullies
where they reach their maximum thickness {( esp. in Wodecha
river valley ).The different horizons are all characterized
by the same NS flow direction with a gentle gradient towards
9SW and SSE in the western and eastern zone respectively. The
ocenrrence of two vents localized on the lower slopes of Mt.
Yerer are the prohable sources, They have given rise to more
or less coeval surge deposits, bhut separated hy a small
trachytie ridge near by the village of Yeraer-Buti,

The surge of the eastern zone is younger than the olivine
hasaltic lava flows, as it is found to overlie them south of
Godinoe village.

The surge deposits are characterized by different facies
depending on their distance from the vent, While in the
proximal facies they show well sorted granular structures
with dune, antidune, cross hedding and sinusoidal lamination
morphologies, in the distal facies they are mainly
characterized by planar structures with very thin layers
and inverse graded bedding.

Having a light yellow dominant colour, the surge deposits
of the studied are strongly different from the light gray

ashes, the brown alluvium and the bhlack cavering soils.

19
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A grain size analysis of a local surge sample is shown in
fig.2.

SURGE DEPOSITS ASSOCIATED WITH EXPLOSION CRATERS ( surge 2)

Important surge deposits outecrop in the central part
of the investigated area, mainly around the explosion crater
lakes( surge 2 }, Characterestic dune and antidune forms
ocour with impact sags of porphritic basalt and
scoriacious basalt near the vent besides ém&ll fragments
of unidentified rocks,

The unit is composed of a repeated sequence of thin
graded bedding layers, and 1is found to be thick near the
crater rims ( about 50 mts at the rim of BRishoftu lake) and
then thining away from the lakes,

The general color of the unit is white-grey and the dominant

grain sige varies from fine sand to silty ( see fig.3 ).

BASALTIC CINDER CONES

The unit is exposed in the form of cinder cones which
are variously distributed in the area. Some of them are
exposed within the collapse caldera. The exposed thickness of
the unit is about 100mts.

The scoriacecus basalts are coeonstituted hy vesicular
ejecta thrown out by a lava with high gas content during
volcanic eruption,

The polor of these basalt varies from dark to reddish-hrown

as a result of evident oxidation phenomena,
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ALLUVIAL SEDIMENTS

The alluvial sediments are mainly exposed along the
gullies of the intermittent streams occuring in the flat
central part the area above Debre Zeit and in the lower
course of the Wodecha river.The unit is covered by black clay
horizon . Despite the great lateral variability, the unit
shows a regular vertical sequence from coarse sand neér the
bottom to the clay at the top. Generally these sediments

are very loose so that they can beeasily eraoded away.
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3. SURFACE HYDROLOGY

Within the investigated area two main hydrbgraphic

hasins can he recogniged: the Yerer-Sokeru and the Wodecha 2

basins{see the figure on annex 12). The first one, having an

areal extent of 180 sq.km and a more or less oval shape, is

mainly constituted of a pattern of seasonal and intermittent

streams which are characterized by an endorheic behaviour

in their lower course, where they approach the central
part of the studied area.

It is alsa peculiar that it has its wide mouth in the
south - western side, which is «clearly open towards the
Dukem river without any evidence of runoff. This bhasin 1is
bounded in the NW by the trachytiec domes aligned in NE
direction, in the North hy Mt.Yerer, in the East by
some scattered spatter cones, in the South by the rhynlite
ridge of Mt Sokoru,

The second one, with an areal extent of 87.4 sq.km and is
elongated in N-S direction, constitutes part of the western
branch of +the largest Mojo catchment area (1205 sq.km ).

In fact, the hydrographic net of this hranch hegins far away
in the Narth giving rise to a first catchment areanamed here
as Wodecha § (175 sq.km Jthen it crosses the investigated
area{ Wodecha &, 87.4 sq.km ) and finally it has an evident

open mouth towards the east,
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The main water course in the studied area is the Wodecha
river which is characterized by a perennial flow, being alsa
supplied by several seasonal rivers coming frmm the steep
flanks of Mt, Yerer and Mt.Sokoru,

Being adjacent, in its western side, to the Yerer-Sokoru
hasin, the Wodecha 2 catchment area is bounded to the East by
a hilly ridge formed by ignimhrites and several‘scattered
spatter cones,

In the following discussions, the general hydrological
considerations are reported together with the presently
available data for the ahove mentioned hydrographic

basins.

3,1 PRECIPITATION

Convective and orographic are the most frequent type aof
precipitatian; the cyclonic ones heing limited onlyto the
wettest periods, characterized by heavy storms as a result
aof the monsoon cycles of Indian Qecean.

Only two rain gauge station are found in the studied area and
both are located in Debhre Zeit town at an elevation of about
1900 m a.s.1. These are the Agriculture Experimental Center

and the Air Force Station. However,the former station does

ot

not provide a cohplete recored, the only station that can be

v

vsed is the air farce station,
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The station has a 39 years of complete precipitation data
from which reliable annual average rainfall depth of 859.9 mm
is calculated. This value can be considered as the minimum
amount of precipitation depth for the whole area because of
its elevation characterestics, Most of the studied hasin
(60%) actually found at an altitude close to that of the Air
force station being the rest much higher. Since the amgunt of
rainfall is influenced by the elevation of the area, We can
helieve that no value smaller than R5H9, Gmm should
characterized the average annual rainfall depth of the
studied area.

According to the long record of data of the ahove mentoned
station we can observe, see fig 4, that the annual trend is
characterized by:

-a big rainy period in the months of June, July, August and
Septemher;

- a small rainy period in March, April and May and,

- almost dry perioed in Octoher, November, December, January

and Fehruary.

3.2 EVAPOTRANSPIRATION

The total amount of water which returns bhack to the
atmosphere within a given time by means of the evaporation
from land or free water hodies and transpiration from the

vegetation cover, is called evapotranspiration rate.
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the actual is the evapotranspiration that actually occurs
under given climatic and soil moisture conditions. The
former is temperature dependent parameter, while the later
is ruled by temperature and availability of water
(precipifation and soil moisture) at the place,.

In the investigated area, the mean annual . temperature |is
19,1°Cwhile the mean yearly maximum temperature is 26,4°C and

the mean yearly minimum temprature is 11.3%.

C.W. Thornwaite carried out many experiments all over the

Inited States in order to correlate temperature and
evapotranspiration,From this work he devised a method

(Thornwaite, C.W, and Mather J.R., 1957)which enahles us to
~stimate the gross peotential evapotranspiration from
short, close vegetation set with an adequate water supply.

If "t" is the mean monthly temperature of the caonsecutive
moenths of the year expressed in degree | centigrade, the

monthly heat index ( j )can be expressed as:

=) (1)

So that the yearly heat index J is given bhy:

12
J=f. j for twelve months. (2)
i=1 ' ’

Accordingly, the gross potential evapotranspiration (PE)
for any month with mean temperature t, is given as
iot
PEu,d(—E—) in em per month (3)
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Where azo. 49230+ (1702x10° - (?7ixi0 )J +(6?5x10 )J

This potential evapotranspiration is a theoretical standard

monthly value based on 30 days and 12 hours sunshine per
day.It has been adjusted for the number of days per month and
length of day {a function of latitude).That 1is,the above
gross potential evapotranspiration is multiplied by
appropriate latitude factors ( see table 2 ).

To calculate different hydrologic parameters, the procedure is
given as follows (leopold,B. and Dunne, T. 1978).

In tahle 2, row 2 (mean monthly heat index) and row 3 (gross
potential evapotranspiration )} have been calculated by
equations 1,2 & 3 abhove using TDC (mean monthly temperature )
listed in row 1. The values listed in row § (corrected
potential evapotranspiration) have heen found by multipling
values from row 3 (gross potentisl evapotranspiration ) by

row 4 { latitude correction factor ),

The difference bhetween precipitation ( row 6)and
corrected potential evapotranspiration ( row 5§ ) gives
values in row 7, This defines two seasons: a wel season

lasting for four months ( June, July, August and September)
when rainfall exceeds evapotranspiration and a dry
season lasting for the rest eight months when the water
demand is not satisfied hy precipitation fallen “in the

corresponding month,
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The severity of dry season increases during the sequence
of months with excessive potential evapotranspiration, and

this is expressed in row 8 ( as accumulated potential water

loss}, which is the accumulation of negative values of row 7

( P-CPET )for the dry season.The sum begins at the end of
wet month ( September ),

The cover of the plain area is dominated by clay and silty
clay soils {in the swampy and alluvial zones )as indicated on
the lithological logs (see figs.6 and 7 ). The available
water holding capacity of these soils is approximately
30% (160mm of water depth per meter depth of soil) (
Thornwaite C,W and Mataer J.R 1957 )., Assuming that the
average root penetration of crops, grasses, shrubs etc,
in. the studied area, is in about 0.5m in the =soil, then
the root zone could held (0.5m x 150mm per meter =) 75 mm
of water at field capacity,

If a soil with an available water holding capacity
of 75 mm is subjected to a potential water loss of 45,8
mm,, the amount of water which will be retained by the
soil is 43 mm, This value of soil moisture is eﬁ?ered for
Octoher in row 9 { soil moisture ), The same was done for
the other dry season months. The value of scil moisture is
found by reading the graph found in annex 8 (soil moisture

graph ). Scil moisture values for the wet season months

32
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are obtained by adding the excess precipitation from row
7 ( P- CPET ) to the soil moisture level at the end of dry
season month ( May ).

From row 9@ ( soil moisture )the change in soil moisture
was entered in row 10,

When precipitation exceeds the corrected potential
evapotranspiration, ( row 5 ) the actual evapotranspiration
{ row 11 ) equals the potential rate( months of June, July,
August and September ). When corrected rotential
evapotranspiration exceeds precipitation, actual evapotransp-
iration is the sum of precipitation and the amount of saoil
moisture withdrawn from storage{ months of January, February,
March, April, May, Octaober, November and December), This
method enables the evaluation of soil lmoisture deficit by
subtracting actual evapotranspiration from the rotential. The
values of the so0il moisture deficit that 1is mainly an
agronomical quantity are listed in row 12,

Moisture surplus (Leopold B, and Dunne T, 1978) or water
surplus (row 13) is the amount of water that given by the
difference hetween precipitation and actual -
evapotranspiration when precipitation exceeds the actual
evapotranspiration, originates both runoff and infiltration,

Figure 5 shows the main hydrologic characterestics aof Dehre
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The graph indicates +the seasonal pattern of:
- precipitation

- actual evapotranspiration

- potential evapotranspiration

- s0il moisture deficit

-~ snil moisture utilization

- s0il moisture recharge and

- moisture or water surplus,

The moisture deficit indicates that the plants are under
stress, If the cover is a valuable crop, the whole water
halance parameters would indicate the timing and magnitude
of irrigation which is necessary to remove the stress,

RBased on abaove caleulatian, the annual actual

evapotranspiration is 606.2 mm. Out of

0
N
w0
w

mm of
precipitation, 253.8 mm of water is surplus and is available

for infiltration and runoff,

The annual average potential evapotranspiration is
857.1mm. Generally in the area, evapetranspiration plays
the most important role in the logs of surface and

subsurface waters,
3.3 RUNOFF ‘
Runoff is the total amount of water that leaves the hasin
flowing down through the drainage system constituted by

hydrographic net,
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It occurs gheq the rate of precipitation exceeds the
infiltration demand of the soil,

Due to the peculiar character of the runoff, it has to be
known that it mostly depends oﬁ the geology, geomorpheology
and the size of the drained area.

In the northern and western part'of the study area, runoff
occurs from a relatively imperviocus portion of highly
elevated part of the area which ., passes over a more
pervious soil and is partly or completely absorbed hefore
reaching the flat areé close to Dehre Zeit.

In the eastern part of the area all intermittent streams
drains only towards the Wodecha river. Generally in the area
all the rivers have a certain runoff during and immediately
after the rainfall, while in the dry period, they always sink
down to the river hed,

In the eight months of a year, except June, July,._AuggﬁF
and Septemher, the runoff is_Yénx%§@§¥%\P§“ﬂ?g?Q?FUQfnb%ngD

temperature and consequent evapotranspiration, But in the

four rainy months, the runoff carried by streams drains from
Mt.Yerer and neighbhouring hills, towards the lake Cheleleka

and the large swampy area which is covered hy fine

grained seils.

In the central part of +the area, since the topography is
flat and due to clayey nature of the cover soil, the
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runoff is sluggish so that it gives rise ta appreciabhle

ponding or surface storage for long period and thus create

aopportunity for infiltration te occur.

The steep nature and impervious character of +the hills
accelerate the rate ofrunoff, so that there is very small
chance for the runoff to percolate into the soil,

The only runoff that leaves the studied area is carried
by Wodecha river, The river initially carries water
coming from the northern Wodecha ! then it receives a
supplementary feeding hy the small tributaries which flow
down from Mt.Yerer,

Because Wodecha river is a tributary eof Mojo river, in
order to determine its runoff coefficient, due to ahsence
of gauging station, a computation of the runoff value, taking
in to consideration the Mojo basin, has heen carried out.
Also in this case it has to be observed that the runoff
coefficient is the smallest possible due to the different
morphological conditions of the Mojo and Wodecha & basins,
the last one being characterized by steeper slopes and a
higger mean ‘altitude than the first. The s0il
coverage and the geology of the two basins is similar,
Therefore, because of the lack of runoff data in the area,
the above assumption can help wus te determine the runoff

value for the area.

37




Based on the available runoff data from 1962-1989,( 1981 &

1982 is missing ), the calculated mean annual runeff for
Mojo river is ( RM ) 149.42 million cubie meter of water.
The annual average precipitation in the Mojo basin is 894.5
mm with in the area of 1205 sq.km. The runoff coefficient in
the Mojo‘river is:

Rum

M A

where Pu is annual precipitation in Mojo bhasin

Ry is annqal runoff in Mojo basin

AM is surface area of Mojo bhasin

Hence, the runoff coefficient in the Majo basin is 0,138,
Since Wodecha river is the part of Mojo basin and carries
water while entering into the area, the determination of
initial runaff value is necessary., Therefore the area drained
by Wodecha river hefare entering the studied area ([ Awi )
is 175 sq,km. Taking the precipitation (PM) and the runoff
coefficient ( 884 ) of Mojo river, the initial amount of
runoff {( Rwi ) that enters into the area is:

Rwi = ( PM x SM ) x Awvi

Hence, Rwi bhecomes 21.585 x 10'm

The surface area drained by Wodecha river in the studied area
( Avz ) 1is 87.4 sq.km., The annual minimum precipitation
in the studied area (Ps) is 859,9 mm. Hence, the amount of

surface runoff ( Rwz ) added to the Wodecha river from
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the water shade of the studied area is:
Rv2=(Ps x OM ) x Avz
= 10,365 x 10°n°

Therefore, the total runoff that leaves the studied area
through Wodecha river is simply the sum of Rwi and and Rw2
which is equal to 31,96 million cubic meter. Assuming 20% of
infiltration from the river, the net runoff value will
become 25.668 x 10%m.

The total runoff in the Yerer-Sokoru basin,with the surface
area of 182.0 sq.km, precipitation of B859.9 mm and runoff
coefficient 0,138, is 21.5885 x IOdma. This value in
Yerer-Sokoru basin does not leave the hasin instead seeps in-

to the soil.,
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4. WATER-BALANCE
The main purpese of the water balance calculation is to

know the amount of water which infiltrates at different
depths to recharge the groundwater circulation occurring in a
given area,

In fact infiltration is one of the main factor controlling
the hydrological cycle, besides Precipitation,Runoff and
Evapotranspiration.

It can be calculated by means of the following equation,

I =P-(E+R)

In the investigated zone two main catchment areas occur.
These are characterized differen%ly hy runoff and

infiltration processes, Accordingly the water bhalance

avaluatiaon has bheen splitted into two parts.

YERER-SOKORYU BASIN ( Y-S )

Ay-s= 182 sq ., km,

Ey-2=606.,2 mm

Ry-s= 118.6 mm

Then Iy-s = 859.9 - ( 606.2 + 118.8 )
= 135.1 mm

It means in % : Ey-s =70,5% of Py-s

Ry-s =13,8% of Py-=




Iy-s=15.7% of Py-s
In terms of water volume measured in ma,

6 2
Vy-s(E} = Ey-s x Ay-a = 0,60682 m x 182 x 10 m

110,328 x 10°n°

Vy-s(R) = Ry-s x Ay-s = 0.1186 x 182 x 10°n°

21.585 x 10°m°

Vy-s(I) = Iy-s x Ay-s = 0,1351 m x 182 x 10°m°

=24,588 x 10%n°

Due to the fact that the Yerer-Sokoru basin is properly an
endorheic hasin, hoth volumes Vy-s(R) and Vy-a(I) can bhe
considered as availahle for groundwater recharge. So that,
hesides the water loss due to the evaporation processes,

Vy-=(E), the total amount of water which infiltrates within

the Yerer-Saokeoru bhasin is given hy

Vy-s = Vy-s(R) + Vy-a(I) = 46.173x18 &

Going into detail, for a most precise water halance
evaluation, it can he said that this total amount of water,
which is availabhle for groundwater recharge, has to be
reduced to a certain value depending on two other type of
water loss:

- the first one derives from the direct evaporation which
takes place from thick free-water reservoirs as the ecrater
lakes occuring in the eastern border of this basin, with a

total surface of ahout 5 =sq.km.
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Given 2218 mm of the mean yearly evaporation rate for
thin free water surfaces , with the reduction caefficient
(0,7) for thick free water reservoirs, the water loss will
be:

Vi = 2,218 m x 0.7 x 5 x 10°n°=7.763 x 10°m"

- the second loss derives from the direct evaporation which
takes place from very thin free water reservoirs as the
swanpy area and Cheleleka lake, occuring in the lower part
of'this bhasin, which are partially flooded for at least two
months of the year: i.e, July and August, when high
concentration of rainfalls occur. So that with 2218 mm of
yearly evaporation,‘the mean monthly evaporation rate for
thin fres water reservoir becomes 2218/12= 184,83 mm.

The total area which is completly floodéd during the two
months ié ahout 6 sé.km. The water loss in volume will be:
Vew = 0.18483 m x 6 x 10°0° x 2 = 2.218 x 10°m"

Taking into account-these water losses, the total amount of
water which is actually available for groundwater recharge
within the Yerer - Sokoru b;sin is given bhy:
;yfe = ;y-s - ( VL + Vsv ) = 36.192 x 10%m°
"WODECHA 2 BASIN( Wz )

Avz = 87.4 sq.km

Pyz =859.,9 mm

H

Evz 606.2 mm

n

- Bw2 118.6 mm
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5. HYDROGEOLOGY

5,1 GENERAL

The veolcanic rocks have been always considered very
important from the hydrogeological point of view.In fact most
of the time, although very heterogeneous, they have been
recognized as important groundwater bearing formations.

Notabhle is also the fact that the groundwater circulaticn
in these units is normally not very deep, so that frequent
springs or geometrically well defined productive aquifers
occur,

Quite unknown are the natural processes which give rise to
the occurrence and circulation of groundwater in volecanic
rocks as heterogeneous and anisotropice media, moreover
characterized by an extreme range of variability regarding

their composition, structure, fracture pattern, weathering,

)
o+
0

In fact, the information concerning the main factors
controlling these processes are often contradictory.

In general it is possible to say that unweathered lava
flows have a high permeabhility due to peculiar flow structure
as clinker or scoria beds, vesicles, lava tubes, irregular
interflow openings, contraction joints formed during the
solidification of lava and stream gravels and paleosols

buried hetween successive flows ,
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Clinker beds, lava tubes and interflow openings are
generally parallel to the flaow surface, while contraction
joints are narmal, Therefore,the horizontal component of
permeability of lava flow probably exceeds tﬂe Yertical
.However, permeability in both directions ig so great
that the difference hetween them are difficult to determine,

" Weathering causes a decrease in the size of the openings in
the lava flows and reduction of the permeahility. The effect

of weathering reachs greater depth adjacent to wvalleys or

Domés, dikes and sills are impervious while cinder and
apatter cones are the most permeable units., Consolidated
and unweathered cinders are very permeabile while ashes have
a great range of variability.

Tuffs and ignimbhrites are generally the most impervious
rocks.They never act as aquifers, but over small areas they
are perching membhers,

Hydraulic coductivitiy of sediments, bhased on primary
permeability, is a function of the grain size, shape and
sorting of the original sediment,

Recent alluvium includes highly permeabil river channel

deposits through which much of the groundwater recharge

Consolidated rocks contain secondary porosity and

permeability due to fracturing ., Sedimentary aquifers are
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deposited in sedimentary hasins and its variabhle thickness is
due to the deposition of the aquifer material over the
eraoded surface with high relief or dissection of the top of
the aquifer after deposition, Higher well vields can be
obtained from tﬁicker sections of the aquifer.
5.2 HYDROGEOLOGY OF THE AREA

The hydrogeological characterestics of the rocks outcroping
in the area is discussed with particular reference to
their infiltration capacity together with their availability
to store or transfer groundwater downwards.

From hydrageological point of view, the rocks exposed in the
area can he divided inte two groups: volecaniec rocks which
are relatively impervicus and alluvial sediments which are

pervious,

5.2.1 VOLCANIC ROCKS

The volcanic rock group includes materials having a wide

range of hydrogeological properties such as trachytes,
rhyolites,basalts, scoria and pyroclastic rocks,

Rhyolites and trachytes can bhe considered practically
impervious as groundmass,even if intersected hy frequent
tectonic or secondary discontinuities, Since the upper part
of the trachyte dome and Trhyolite flow is weathered,;a

reduction of the size of fractures and other openings
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nccurs, with a consequent progressive decreasing of the
permeability of the complex rock bodies,

The surface water which drains from the mountain and hilly
sides, constituted by impervious units, feeds the groundwater
aquifers occﬁring downstreams; in fact no infiltration
capacity of the foCk hodies is expected.

The ignimbrite which outcrop in the NE part of +the ares
are highly welded so that - they can bhe considered as
impervious units, bheing only affected hy a limited
permeability where intersected by local vertical joints.

The spring found west of the Godino village is supposed to
be properly recharged by the groundwater opassing through
these fractures,

Porphyritic basalts which outcrop in the upper part of the
Wodecha river bhed and near the Bishoftu crater lake are
characterized by a vesicular texture as a result that it has
a great porosity but a low rermeabhility due to the fact
that the vesicles are poorly interconnected,

Eventhough not expased, the olivine porphyritic hasalts
(trap series) found as inclusicns at the foot of the Dukem
trachyte dome, are supposed to be the hedrock of the whole
area aon which pyroclastics and alluvial sediments are
deposited, They are found as alternate flows of
amygdaloidal, olivine, vesicular and scoriaceous basalts (see

fig. 6), which are found to he heavily fractured and weathered,
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VESICULAR BA_SALT ‘
WEATHERED SCORACEOUS BASALT

SCORACEOQUS BASALT

51

<
Y((‘
<

87

<<t

VESICULAR BASALT

S
20

6D

6 <
©
A0

SCORACEOUS BASALT

OLIVINE  BASALT

<

12

Y
<<
X

<<
<
<.<.<

VESICULAR BASALT

£t

. YOLCANIC ASH

il

105!
1145

{

SILTY CLAY

102

( Source

<w<l
<o
<e<

OLIVINE  BASALT

ROCK FRAGMENT AND MUD

EWWCA , CENTRAL REGION)

V.S = 1:600
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Flg-7 LITHOLOGICAL LOG FOR YERER~BUTI ns{33)

Or===] BLACK CLAY

Depthim) 32523
. 72| BLACK FINE SANDY CLAY
-:<.|BLACK,MEDIUM ~ SANDY CLAY
21 Jf Z

%152~ REDDISH CLAY

REWORKED PYROCLASTIC MATERIAL

51 BLACK, MEDIUM TO COARSE
VVV v
vyY
v Wy WEATHERED BASALT

sl VAl

» * ‘| REWORKED PYROCLASTIC MATERIAL

57let s BLACK, COARSE

Yvy

v Yyl BASALT, BLACK, RELATIVELY FRESH
653~

(Source EWWCA, CENTRAL REGION)
ViS = 1600
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Due to well developed primary and secoandary porosity, this
complex unit is found to be the best and the most productive
aquifer in the aresa,

These different basalts are found to be interbedded hetween
massive bhasalt and clayey horizons, derived from weathering,
so that groundwater occur within a multilayer aquifer under
semiconfined or confined conditions, where the thin clayey
layers play an important role as leaky aquitards.

Among the pyroclastic materials, surge deposits (surge 1)
outcroping in the central part of the investigated area,
covered by top layer of bhlack soil, are characterized hy
high infiltration capacity and by moderate permeability
due to their well sorted granulometric condition.

Surge deposits alternate with old alluvials, ash hed and
paleosals, Because of this peculiar stratigraphic sequence,
the complete unit can be considered as multilayer aquifer
system, where ash beds and paleosols may act as confining
beds or aquitards, The unit is found to be affected hy
fractures and faults which may act as easy ways for
groundwater flow or storage,

The grey surge (surge 2) associated with explosion
craters are characterized by a very low infiltration
capacity and a low vertical permeability. This is mainly due

to the poorly sorted granulometric condition and to the high

51




weathering of the top layers. Only where thin gravelly beds
are present in the sequence, a certain horizontal groundw-
ater flow may occur fed by the lake waters during their
.seasonal fluctuation (see fig.15).Consequently the horizontal
permeability of the unit is greater than the vertical one,
Over small areas, the unit may act as perching aquifer.

The uﬁweathered scoriaceous hasalts of the spatter cones
are found to be highly pervious as they may absorh greater
amount of surface waters, Being too small to act as aquifers
the unit can be considered as important recharging areas far

the deepest multilayer aquifer systems.

5.2.2 ALLUVIAL SEDIMENTS
The alluvial sediments cover the majority of the central
and lower part of the studied area, reaching their maximum
thickness at the lower course of the Wodecha river, Hence
they are frequently interbedded with thin layers and other
cOoarse grained pyroclastics giving rige to peculiar
efosiqnal features,

These sediments, highly porous and permeable due to
their loose nature, are moreover characterized by an
extremely high infiltration capacity which allows the river
water and rainfall to seep directly in to them down ta thel

bed rock at great depths, Their grain size constitution,




which varies from coarse to gilty and clayey , give rise to
the occurrence of highly vielded unconfined, semiconfined
and confined aquifers together with local perched ones.

Only when the clayey material ceonstitutes the top sail
swampy area and Cheleleca lake) a lower infiltration capacity
accurs, allowing the rainy waters and runoff to form ‘ponding
areas of great extent.

The different hydrauliec properties of the solid rocks and
the loose pyroclastic and alluvial sediments, together with
their areal distributien make it possihle to identify the
nccurrence of important hydrogeological basins in the area,
These bhasins have comparabhle areal extent, and bhoundaries
of the two catchment areas of Yerer-Sokoru and Wodecha 2, so
that it collects all their groundwater which move towards the
open mouth occuring south of Dukem town. This is coanfirmed by
the results obtained by means of a phreatimetric study
carried out in 1991 which has allowed the construction of the
groundwater level contour lines of the lower part of the area
which contains several productive wells {see hydrogeological
mAY) .

Due to this peculiar configuration lof the groundwater
flow, for a more detailed discussion abhout the main
hydrogeological basin, it is convenient to split it in ta

three suh-hasins: the Yerer, Sokoru and Wodecha 2,
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occuring both from the wild water films coming from the
rhyolite ridge of Mt. Sokoru (infact no runoff at all occurs)
and from the very frequent spatter cone structures,

The moderate groundwater potential of this aquifer, due
to its small areal extent, is confirmed by the oceurrence of

cne productive well which has the yield of about 6 1/s.

3. WODECHA 2 SUB-BASIN

Thig sub-basin, which is located in the eastern part of the
studied area, gives rise to the main discharging area of the
above mentioned most productive aquifer, as it 1is confirmed
by the shape of the groundwater level caontour lines,

This sub-basin is characterized by a complex aquifer
occuring within the alluvial sediments limited in depth by
basalt and ignimbrite hed rock.It is mainly fed by the
Wodecha river especially during the flood periods, but also
by the scattered spatter cones and hy the groundwater flow
coming from the multilayer system of the eastern part of
surge 1.

This aquifer seems to be hydraulically interconnected
with the lake waters particul;rly with ( Kuriftu, Rishoftu-
Guda and Hora ) which are found along the main groundwater

flow direction
Infact the level of fluctuation all over the year, of thoth

lakes and groundwater are quite correspondent.
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The static level measurement taken in Auguét 1991
showedl meter increament as compared to that of May 1991,

The high groundwater potential of this aquifer is
confirmed hy the occurrence of several well fields
(WSSA,central region), where yields of about 15 1/s maximum
and § 1/s minimum values are common.

As it is ghown by the shape of the groundwater level
contour lines, all these three sub-hasins converge towards
the main aquifer occuring in the lower part of the
investigated area. This area can be considered as the mediun
through which the discharge of the whole hydrogeological
basin takes place,

Although there are several well fields in the area, which are
affected by a significant groundwater exploitation, the
actual hydraulic potential of this important aquifer has
not yet been ascertained, especially if the total availahle
discharge volumes, evaluated in the chapter of the water

halance, are taken into consideration.
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6. WELL AND SPRING HYDRAULICS

The main source of groundwater supply is from dug wells
and bhore wells and small amount from springs.
DUG WELLS

Dug wells are usualy of 1 to 2m in diameter and 9 to 13mts
in depth excavated in weathered volcanic material.They are
more than 50 in number and are generally circular in plan,
They have concrete and wood linings and are abundant in Dehre
Zeit town. Some of them are fitted with surface pump which
can discharge less than 1 1/s. The majority are equiped with
pully. In a day, the wells can notdischarge more than &
harrels but the amount of water is large in the morning,

Depth te the static water level varies from 8;5 to
10.5mts. In rainy seasons the wells are rich in waterpr aﬁd the
static levél become shallow but during dry season some wells
dry up. Generally they are located in an unconfined aquifer
which is the first upper aquifer in the area.

BORE WELLS

Bore wells have been successful mainly for the supply
of drinking water to Debre Zeit, Dukem and sone village
dwellers,

Bore wells located in recharging zones have '.very - low
vield, The diameter of the hore wells vary from 15cm to 20cm
and the measured maximum depth is 138m, Thé yvield of tﬁe.

wells varies from 0.7 to 15 1/s,
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Pumping test data are available only for very few wells,
All wells are well equiped with steelh casings and
electrical suhmersihle pump. One bore well was abandoned in
the area. While 29 are functional,

"Bore wells are located in the semi-confined aquifer which
is made of basalt.They showed one meter inecreament in static
water level from may to august 1991,

SPRINGS

Only three perennial springs are found in the area.The
Godino and Buti springs are used for various purpose in the
domestic consumption, Concrete reservoir is built on Godino
spring from which water is tapped by local populatien through
out the year,

However, the Buti spring is located in the gully cut out

surge, it 1is covered by flood during rainy season. Buti
spring 1is recharged by water that percalates through
surge deposit, Thus, its discharge is smaller than Godinao
spring.

The main recharge of the Godino spring is pravided hy the
water that percolates through the fractures developed in
the ignimbrite and it seems to be a contact spring.

Tehel spring was discoverd while quarring the scoria cone
for construction purpose, The appearance of the water is very

clear because of the high filtration capacity of the scoria.




6,1 HYDRAULIC ANALYSIS

Under natural conditions, an aquifer is usually in a state
of dynamic equilibrium,i.e a volume of water recharges the
aquifer is equal to the volume of discharged water,
The aquifers which are found north,west énd soguth of the
area are poor in water and the resulting water tahle is very
deep indicating a deficiency in the amount of potential
recharge. As shown in table 4, a lot of bore wells ‘are
tabulated, but for 90% of wells, pumping test, recovery test
and lithological log data are nat available,

For the present discussion, twe bhore wells, the most
representative of thé whole basin, are selected with their
lithological logs, pumping testand recmvery-test data.

Since there was no ohservation well nearby the
discharging well to measure the effect of drqydown further
away, no measureas of storage coefficient were
possihle,Transmissivity and hydraulic conductivity have been

calculated using the Jacah’s straight line method.

2.3Q

T30 &s

(1}

Where T = transmissivity(ma/day/m)
Q :ardischarge(ma/day or 1/s)
4S5 = change in drawdown per log cycle(m)
Applying this equation for Yerer-Buti well knowing that @ =

2.5 1/s (or 216 m /day) and from fig 8, AS = 0.5n
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Thus T

2.3 x3215 m /day
4 x 3.14 x 0.5m

=79.1m3/day/mwhich is equivalent to 0.92#10-3m2/s.
The hydraulic conductivity can be caleculated by dividing
transmitivity by the saturated thickness of the aquifer.
Hence ‘k=T/M (2)

where k= permeability or hydraulic conductivity of the

medium
T= Transmitivity(ma/day/m)
M= saturated thickness of the aquifers(m)

=22.71m,

Thus k= 79.1m3/day/m
22.71lm

. ~3
=3.6m/daywhichisequivalentto4.05x10 “ecm/s,

From the ahove value,the transmissivity and permeahility of
the rocks

in the central part of the catchment basin is O.QXIO—Smes
and 4.05x10"30m/s respectively., These values are in agreement
with those of unconfined aquifers,

The pumping test and recovery test data plotted on fig 11
showed that the recovery is slow. BRecause of the shortage of
water, at the end of recovery test, the water level did not
reach the original static water level., This is attributed +to

the phreatic nature of the aquifer and shortage of potential
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rechargefThe pumping season, Cctober which is dry, has its
contribution on the shortage of the recharge,
Applying equations (1) and (2) for this well, the
transmissivity is 7.6mﬁfday/m {i.e 8.8x10_5m2/s) and the
permeability is 0.13m/day i.e 1.5x10~4cm/s (fig 10), This
values are in agreement with those of semi-confined aquifers,
According to Johnson (1966), transmissivity values of
an aquifer with 14.9m?/day/m is sufficient to meet domestic
needs while the value greater thgn 149.2m3/day/m can be used
for industrial and irrigation purposes.
The yield of the springs found in the area increases during
rainy meonths of June, July, August and September, eventhough
there is a time 1lag bhetween precipitation and increase in
the discharge of the spring.
The hydrogeological hypothesis of the most indispensable
aquifers in the area is discussed taking inta account the
porogity and permeability of the rock,., Both poraosity and
permeability of hasaltic rocks decrease with time. Part of
this reduction, however, is only apparent hecause the more
porous and permeable part of the rock is easily destroyed hy
erosion and, therefore, may not he preserved in geologic
time, The‘primary porosity and permeahility of +the rock
at depth can be minimized hy weathering and compaction
of weathering products., The accumulation of secondary

minerals in the voids also decreases the porosity and
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permeability of the rock
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basalt is smaller than that of vesicular

R e AU ISR AT T U g W
BTSSR AN R LTI I

O T

i.e the porosity of amygdaileidal

basalt. But the

permeabilty can not be easily determined 7because the voids

may or may

not he interconnected,

The water rich aquifer in the area is located at depth and is

made of basaltic material of different flow

units which

possess different permeahility value, Henée, the permeability

of scoriaceous basalt will he very high in the

the fracture or crack size in the rest basalt

the fractures are wide enough to increase

sequence if

is small. If

zenital and

azimutal permeability, the scoriaceous basalt will have low

permeabilty.




TABLE 3 DUD WELL AND BORE WELL INVENTORY
c g?tio Map Ele. |Date|ca|Tot. [Pump 3‘33 li')znan Type He Hater
§ owne; o raggre a.s. |comp 3: dep. |pos. oY ve eval [ of Ve uge
i\ 1(m) |[{G.c|in|(m) |(m) {.7 (m) pump
1 '% f?r Elgl
n ant.
. arm®  1:26000 1810 1881 6 80 48§ B7.4 -  sub. P
Poultry f
od ra.
94 Ero. ,» 1800 1850 8 - @8 88.22 - ,, 34
3 ],, . +» 1988 8 130 78 54.49 - ,, - .
4 '
Leml
EBPA5® ., 1010 1079 & 120 - B4.44¢ - ,, 0.8 ,,
S [,, 'y 1810 1880 8 120 78 54.43 - ' 0.7 ’s
8 {HSSA
(DCA) 5 18688 1990 8 B0 B5.28 42.84 - PN 3.8 constr,
7 ;ea
omeatic
of 11 »» 1860 1883 6 102.8 67 38.5 40.43 ,, 4 Fosioilc
g |,, . 1880 1967 8 78 88 39,1 - s» 3.3 .
|-
ofi +s 1880 - @ - w0 - -~ ,, 3.3 factory
10 |DCA domesgtic
ketena2z ,, 1800 19888 - 81 37,88 - ,, . Oomestic
11 |DCA
ketonad ,, 1880 1881 8 - - 37.78 = ' - '
12 -
T?l hu domestic
(dug®well) ,, 1890 1880 - 9.18 - @g.72 - . - cattles
13| WSSA ‘s 1885 A B A H D O N D
14 JAto
. lantatl].
d88°%8t) ., 1ses 1882 - 10 - s.88 - - - PAns
18 | AL
?lgau domaptlic
dug well) ,, 1890 1887 - 10.4 - 8.8 - - - planta.
1B ﬁata
dmasu
( ug well) ,, 1895 - - 13 - 10.88 - - - domestic
17 domeatic
Tekle . i870 1880 - 10.3 10.1 9.1 -surface - planta,
18 |Veterin mestic
°col1235Y ,, 1880 1888 8 - -~  18.28 - sub., - ? gf?e ’
18 |Animal &
Eigﬁ‘ﬁ"égs medicine
devp't® ,, 1880 1sss 8 - - 19.9 - ,, -
20 ‘s v+ 1BBO 1863 8 SO - 20.2 - ,, - .
21 [HSSA
shimbra
meda 1 1882 1987 8 868.17 85.68 23,1 38.68 ,, S5 domestic
22 s sy 1B92 1887 8 91 43.59 18.38 - ,, 18 .
23 . s 1892 1987 8 77.82 43.18§ 21.23 38.4 ,, 18 '
24 N . 1890 1987 8 79.39 B0.75 17,87 33.8 ,, 15 1
25 . »» 1880 1987 8 78.94 47.71 16,56 33.84 ,, 1§ .
28 s - 1890 1887 8 78,49 40.8% 15.13 32.17 ,, B 5
27 |Hana ent
fheeom™ert  1gs0 - 8 38 - 21.38 - - 'y
28 [Alr forc
nang?fngt.),, 1880 - 8 - - 20 - ys - '
281Hero's
center »» 1880 1878 8 71 47 - - +» 5.8,
30 '
domes.
(dug well) ,, 1880 18583 - 18 2] B.7 = surface - planta
32 |Tedecha yr» 1848 1987 6 130.6 124.48 48,42 - sub 2.9 domes
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...contl, table 3

32 | Dukem 1886 B8 138 133.8B 98.8B 3.8 domes.
33 |Yerer-Buti 1087 8 20.80 2.8
A.F food
u groo? 8 18.2 ~ food pr
38| Alr force ,, - - -
TABLE 4 SPRING INVENTORY
Ha T d kind
3 " 32 [mefe POrOnR 1 on o
g sgr?n P g:grq or 178 ge;grll
P 9 P ° interm P
1 |Godlino slopd
CONCT
spring 23 j9break perenn e?g
2 [Tebel 20| -~ ' none
3 [Buti
apring 20| cntac ' none
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7. WATER CHEMISTRY

7.1 Sampling and analyses
Chemical analyses were carried out for representative samples
collected from hore wells, springs, dug wells,lakes and river
water, In August and May }991, 1 liter of water was collegted
within plastic bottels.

For the hore hole water;, samples were collected in
t.he.J mornings after the static level measurement has bheen
taken,

For the lakes and the river, sémples were collected as near
to from the central points as possible,

The chemical cemposition of the ground and surface waters
have heen assessed leaving bhehind the hacteriologecal test
hecause of the short time needed to transport incubated water
samples to the labaratory.

Chemical determination was carried out on major cations like
sodium, potassium, calecium, magnesium, iron, manganese and on
major anions like «chloride, nitrate, nitrite, flouride,
hicarhonate, carbonate, sulphate and phosphate. Other minor
components like aluminium, ammonium and gsilica have heen
determined bhesides hicarbonate alkalinity, carbonate
alkalinity and total hardness as CaCoaof the water,

Chemical analyses were carried out in the laboratory of
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type. The sampled groundwaters cluster in a group which has
practically constant percentage of bicarbonate and carbonate
ions and variable cation content that ranges hetween 60 and
90% in Ca+Mg. The relative abundance of these elements can
be related to dissolution processes of minerals such as
olivine, pyroxenes and plagioclase as well as from the
dissolution of volcanic glass.

Among lake waters, only the BRishoftu Guda and Kuriftu

samples clearly fall within the groundwater group in
Fig 12 suggesting probable interconnection between
groundwater circulation and lake waters. The other lakes

are found in quite different position. Hora lake is shifted
to the left side of the diagram because of the presence
of rather larger amount of Cl1 probably due to pollution
(derived from the settlements around the lake) as suggested
also by the relatively high nitrate content., Hora lake
could simply represent a polluted product of water similar
to those of the groundwater group.

Quite different characterestics are shown, on the
contrary, by Bishoftu lake, In fig. 12 this lake water has a
HCOQ+ Coaperéentage similar to that of the groundwater group
hut with Na +'K contents clearly prevailing over Ca +Mg which
classify this fluid as water of the sodium bicarbonate type,

Figure 12, in which bicarbonate content is plotted vs TDS

for the different water points, stresses the difference
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better the relationships between groundwater and water from
the lakes,

As a final observation, the magnification of the lower left
side of fig.13 1is given on figure 14. It shows £he
oceurrence of less saline waters in recharging =zone and

relatively saline waters in the discharging zone.

7.3 WATER QUALITY CRITERIA FOR DOMESTIC USE

The suitability of waters for domestic purpose is checked
comparing with the international standard values set hy WHO
(1962), USPHS (1962), NASE (1972). The standard values given
hy the abhove oarganizations ére hased on two criteria:
1.5y the presence of ébjectiohable tastes, odour , or color
and
2. the presence of substances with adverse physiologlcal
effects |

The chemical constituents of all waters fall within the
standared limits {see tahle §). Taking inte consideration
only the chemical compasition, thereA is no objection
concerning’fhe quality of water for domestic consumption.

But lake waters, bhecause of pollution it recieves from
various source, are not used as a source of water for potable
supply purposes,

High sodium waters are generally unsuitable for drinking.

The most hazardous ion ta health, flouride, 'which is

abundant in the rift valley waters, is very small in =all
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waters found in the area with average value of 0.76 mg/l
ascompared tn waters found in Metehara (2.4 mg/l), Nazreth

(4.6 mg/1), Bulbula (14.75 mg/l), Koka (29.5 mg/l),

etec, (source WSSA central region water quality control
gservice),

The lower concentration of flouride in the studied
area cén he explained as a consequence of mild volecanic
activity and faulting in the afea investigated,

The oaverall ammonium and nitrate aboundance in the area |is
small which indicates the presence of small amount of
contaminants,

All waters are found to he hard waters with the- total

hardness greaterAthan 150 mg/) as CaCOg ( Kashef, 1988 ),
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parameters

Maximum acceptable

Maximum allowvabi g

Taste Tasteless -
Oodour Odourless -
Golor Colortess, & 50
Turbiditly Clear,s 25
Setilleoable solids Absent
Floating solids Absent
Suspended Solida Absent
Filtreable residue dried
o 500mg.- L
al 105 ¢
pH ?7-8.5 0,2
Total solids 500mg .- L 1500mg- L
Digsolved solids 500mg.- 1 1000mg-1L
Total hardness as CaCo 100mg -1 Boﬁmg/l
Carbonate alkalinity
as Caco - 120mg -1
Bicarbonate alkalinity
as CQCoa N - 150mg- L
Ammonium {NH )} - 0. 5mg-l
T godium (Na ) iomg. L zoomg-L
Poltassium <k+%+ - 2000mg-sL
Calcium (Cazi 50mg.-L 150myg -1
Magnesium (Mgzi 50mg. 1 150mg-L
Iron {Fezi 0. 3mgr 1 gt
Manganese (Mn 3 0.05mg-l 0. 5mg -1
Chloride (ely 200mg.- 1 250mg -1
Flourids (F} 0. gmgL 1. 4mg- 1
Nitrite (Ng—J gL 2mygsl
Nitrate <N05> 10mg-L 45mg.s L
Bicarbonuate (Hco;) 150mg.-L 500mg./L
Carbonate (co™y - 2omgsl
sulphate (soi-) 200mg.-1 460myg .1
Total silica teio ) 40mg i s50mg- 1

Table §,Drinking water standard according to WHO,NASE,& USPHS

WHO=World Health Organization ,1962

NASE=Nationa Academy of Science and Engi rin
USPHS=United States Public Health Service, 196
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T.4 WATER QUALITY CRITERIA FOR AGRICULTURE

As the salt harms the growth of plants, sodium
concentration has been used to check the suitahility of +the
waters for agricultural purpose., The two important effects
of the sodium are a reduction in soil permeability and a
hardening of thé soil, Both effects age caused by the
replacement of calcium and magnesium ions by sodium ion.

A simple method of evaluating the effects of high sodium

water 1is expressed assodium-adsorption-ratio ( SAR )

as recomended by Richards (1854),
Na

Y{ca+mMg ) /2

SAR =

where the concentration of the canstitueqts are expressed in
meaq/l.

The ahove formula has bheen used to classify the waters found
in the area for irrigation. The values are presented in tahle
B,

A low SAR {2 to 7) indicates little danger for sodium;medium
hazards are hetween 7 and 18, high hazards hetween 11 and 28

( Fetter, 1988 ),

Well Owner or Location Well code SAR
1, Debre Zeit Swine farm 1 1.0
2. Poultry Devp’'t and Food P.En. 4 0.8
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3. Adea Flour Mill 7 0.8

4. Adea Flour Mill 8 0.3
5. Debre Zeit Maize Mill g 1.2
6. WSSA(shimbra meda) 22 . 0,7
7. WSSA(shimhra meda ) 23 0.7
8., WSSA(shimbra meda) 24 0.9
9, WSSA(shimbra meda)’ 25 0.9
10, ‘Air force 28 1.2
11. Tedecha Farmers 31‘ 0.9
12. Godino spring - 1.0
13, Lake Hora - ' 0.2
14, Lake Rishoftu - .7
15, Lake Bishoftu Guda - .6
16. Lake Kurfitu - 0:7
17. Ate Gizaw {dug well) 15 0.8
18, Wodecha River - 0.1

Table 6, SAR of waters found in the area

The SAR values of all waters in the hasin ranges from 0.1
to 9.7, The values indicates that the ground, surface and
spring waters have very small amount of sodium- so that the
waters have very good quality for irrigation.The chemical
constituents of each water arealse helaow the standard
limit.Therefore, no objection will rise to use the waters

found in the area for irrigation purpose,.
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Another classification of water for irrigation is with
respect to electrical conduectivity and percent sodium as
recommended by Wilcox (1955).

The sodium content is usually expressed in terms of rercent

i

as;:
_  {Na+K)100
ANa = atHg+Natk (1)
where ionic concentrations are given in meq/lL. The
electrical conductivity (EC) caused by cations have heen

calculated using the following formula, equation 2, at a
standard temperature,.

Imeq/t of cations = 100EC x 10d (2)

The EC denotes electrical conductivity of most waters with EC
ranging hetween 100 and 5000 micromhoes/cm at 25°C { Kashef
1984),

Representative samples of waters were taken to calculate per

‘ent sodium and EC appling equation 1 and 2 the values are

listed in tahle 7,

Well Owner or Location WELL CODE  %Na ECx10°
al 250
1. Debre Zeit Swine farm 1 23 458.04
2. Poultry Devp't and F.P.E. 4 16,7 636,17
3, Adea Flour Mill 7 18 734.1
4, Adea Flour Mill 8 8.6 78,44
5. Debre Zeit Maize Mill 9 34 697.07
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6. WSSA(shimbra meda) 22 22.4 657.4
7. WSSA(shimbra meda) 23 22.5 594.4
8 WSSA(shimbra meda) 24 28.9 | 633.4
9. WSSA(shimbra meda) 25 28.9 633.4
10,Air force 28 34.1 743,44
11,Tedecha 31 25.86 451.9
12 Godino spring - 28.5 713.4
13.Lake Hora - 6.5 704.0
14.Lake Bishoftu - 83.9 2109.04
15,.Lake Bishoftu Guda | - 30.4 747,04
16 Lake Kurfitu - 51.0 418.5 °
17.Ato GIZAW (dug well) - 21.7 1223.04
18.Wedecha river . - 8,1 446,4

Table 7, ZNa and EC of waters in the area.

Based on the electrical conductivity and percent sodium, the
quality classification of water for irrigation. is given in
fig 16.
From the graph it can he concluded that most waters have gaad
quality except some lake waters which have unsuitable and
prermissible quality for irrigation,

Accbrding to the quality criteria of waters for irrigation
which was set hy California Water Pollution Contrel BReard,
the maxiﬁ;m acceptahle and the maximum allowable

concentration of sodium ion in the water 1is 50 mg/l and 300

mg/l respectvely.
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The sodium content of almost all water found in the area
is bhelow the range given abave. Which indicates,|except lake
Bishoftﬁ water, the suitability of groundand surfacewaters
for agricultural purpose.

Besides sodium hazard, salinity hazard of the waters
isassessed by plotting conductivity (micromhes) vs sodium
adsorption ratio(SAR), (see fig 17),

From the plot it is observed that all ground and
surfacewaters have medium to very high salinity hazard and
low sodium hazard.But still one lake (Bishoftu) indicates
high sodium hazard and very high salinity hazard. The

presence of high salinity indicates poor drainage and less

opportunity for leaching excess salts.
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WATER QUALITY CRITERIA FOR INDUSTRY

Water quality standards for industrial use depend on the
function of the industry. Recommended water guality criteria
for selected industries are given in table 8{source American

Water Works Association 1971).
food processing industries
of drinking waters ( Kashef 1986 ). These industries are
most abundant industries feound in the area,
standard water quality criteria,

area fits the water qpality need of

and other simillar industries found in

The water quality criteria for

is more or less similar to those
the

Based on the

the waters found in the

food processing

the area,

A = Excellent ¢ = Bore well water
B = dood B = Lake waler
%¥Na C = Permissible N = spring vater
D = Doubtful O = Dug wvell vater
100 e E = Unsiutable A = River wvater
.
ag
D
a0 /
o y
-
=
4¢C
B
-+ ...
S
20 A - '
A *
»
e ]
. -
A
+ + + 4
1000 2000 3000 3
Ec % 10
Fig.16 ,Classification of water for ivrrigation (after Wilcox, 1955
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Paramelers

Acceptable value

Turbidity
Color

Taste and Odour

Dissolved solids

Total hardnese as Caco

Total alkalinity as Can

1-40

5-40
Inoffensive
850mg- L
10-250mg -1
30-250mg.-1L

Total solids i00omg./ 1
pH . >7.5

Sodium {Na) soomgst
Potassium (K } -

+
Maghesium (Mg% 40mg-s L

+
Calecium (Cdz) gomg.-i

+
Iron tFez) o. 2mg- i

+
Manganese {Mn ) 0. 2mg- L
Chloride (el 300mg- L
Flouride {(F) img-i
Nitrite {No) -
Nitrats (Né) 20mg.r L
Bicarbonate (Heé} 300mg -1

Z-
Carbonate (Cg) -
Zz2-
Sulphate (Sg) -
Silica (Sio) 50mg-/ L
Table 8 ,Waler gquality criteria for food processing

food canning and freezing industries.

source-American Waler Works Associalion

Water guality and Treatment,Mecrav-Hill
NevYork, 19714
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8. CONCLUSION AND RECOMMENDATION

CONCLUSION
Due to the similarity in hydraulic preperties of the rocks
exposed in the area, one hydrogeological basin has heen
recognized which has the same boundaries of the twa catchment

areas: Yerer-Sokoru and Wodecha 2, The main hydrogeonlogical

basin is divided in three sub-basins: Yerer, Sokoru and
Wodecha 2,

The main hydrological elements such ag rainfgll,
evapotransfiration éhd runoff ha;é strong seasonal variations
in the ageé. Tﬁe smallest ﬁoséibie avef%gé.;giﬁfall depth in
the area is 859.9 mm, - The average yearly temperature is
19.10Gwhile the mean yearly maximum temperature 1is 25.40C
and the mean yearly minimum temperature is 11.300.

Due to the high daily temperature, the Potential
evapotranspiration (857.1mm) is- higher than the Actual
evapotranspiration (606,2mm),

Because of the large valqe of evapotranspiration, hardly
any precipitation infiltrate in to fhé ground. The amount of
rainfall, which is able +to escape the evapotrangpiration
processes recharges the aquifer of the area,

~

Since the ruanf of the Yerer-Sokoru hasin infiltrate

directly into the alluvial deposits, the only runeoff that

leaves the studied area comes through Wodecha river and is

88




AR ERPELNE K 25 TS R v R G 3 I PR ANY e TN Ao ol b by e b Ml B A L A S e et A el P I R D A

25,568 million cubic meter of water, The amount of water
which is actually available to recharge the ﬁgroundwater
circulation within the hydrogeological basin is 54,391
million cuhic meter,

The most important aquifer found iﬁ the area, which is
recognized by means of several field checks and periodical
rhreatimetric measurement is loecated in the lower.part of the
area and is made of various bagthic flow units. The
groundwater occur ;ithin the uncongined, semiconfined or
confined conditions, where the thin clayey layers play an
important role as leaky aquitards.

The hydraulic conductivity and transmissivity of the
aquifers found in the north western part of the area is 1.5 x
10H4cm/s and 8.8 x 10_5 mz/s while in the central part of
the area the former is 4,05 x lo-acm/s and the later is 0,9x
10~am2/s’ These results represent the smallest values in

the area,

All +the three sub—;asins play the most important
recharging function, while Wodecha hasin is known to have the

highest groundwater potential,

From the shape of the groundwater level co tour line it is

T e T

confirmed that the three sub-basins converge towards the main

aquifer ocecuring in the lower rart of the area which is

considered as a medium through which the discharge of the
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whole hydrogeological basin takes place. The general trend of
the groundwater flow direction is East - West,

The complex multilayer aquifer seems tobe hydraulically
connected with the lakes particularly with those aceuring
v

along the main groundwater flow direction { i,e Kurfitu,
Bishoftu Guda and Hora), .

From the geochemical point of view, Bishoftﬁ Guda and
Kuriftu lake fall in the groundwater group while Hora lake
shows large amount of chloeride concentration. But Rishoftu
lake represents the most mature water in the area as it
contains large amount of hicarbonate,

From lake level fluctuation data it is known that in
Septemhber and Octoher the level was increased indicating that
the groundwater has infulence an the lakes.

Most of the waters show generally a low degree of
water-rock interaction with TDS (total dissalved solids)

values ranging between 300 and 700 mg/1l.The most concentrated

water in the study area is from Bishoftu 1lake which has a
salinity of about 1600 mg/l.High saline waters are located
within the discharging zone and less saline waters in the
recharging zone,

The sampled groundwater has .constant percentage of
bicarhonate and carhonate ions and variabhle cation content

that ranges bhetween 60 and 90%,(eq %),in calcium and
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magnesium.Generally they are calcium magnesium bhicarbonate
type waters,But Bishoftu lake is sodium hicarbhonate type,
RECOMMENDATION )

High sodium hazard can be prevented by ecation exchange
processes, Organic manures can help in ckecking the 1increase
in the exchangeable sodium in soils.

The waters with high Sélgnity hazard can be used under
pro%er s80il drainage condition and for medium to high salt
tolerant crops such as barley, cotton, heets etc, If the
fertility condition of the soil is improved, other Crops  CcAan
also he irrigated with the water.

Assuming the necessary daily water consumption of the
population in the bhasin is 100 1/day/person, since in the
coming 30 yeafs the total population will be about 1000 000,
the amount of water required will be 36,5 million cubie
meter,

Since towns are highly populated, their water consumption
is large as compared to  rural villages, Because of the
location of Debhre 2eit town on the main aquifer, good
productive wells can be}constructed.

Due to poor productivity of the aqu}fer found in the
farmer’s vil{age and the lack of electricity, deep hore wells
can be constructed with proper installation of hand PURDS .

out of 64,391 x lodm; of total available water, the

remaining 17.891 million cubic meter can bhe used for
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industrial and agricultural purpoée. Most part of the
remaining watér (about 10 million cubic meter)has to he given
to the industries and the rest 7.891 million cubhic meter has
to he alloted to the agricultural purpose, Additional water
for the agricultural work can be taken from Wodecha river hy
construction an earth dam south of Godino village.

The anly ﬁay to increase the groundwater recharge of the
whole area is by using the runoff from Wodecha river for
artificial recharge and by connecting the Yerer-Sokoru
catchment arearwith Wodecha catéhment area Ey means of an
underground tunnel and several hydrauliec installations.

The proper place for future estabhlishment of industries in
the area is in the vicinity of swampy area,

The most important water management which has to he
practiced in the area is planning and protection of the water
from contaminants,

The following are recommendations for planned. groundwvater

utility in the area:

1. cotrolled withdrawals of the water in order to preserve
aquifer collapse and to prevent the overdaft of the aquifer
to maintain the water level shallow which encourage plant
growth,.

2. proper artificial recharge of the multilayer aquifer which
are found north,west and south of the area hy collecting

seasonal surface runoff.
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3. protecting the aquifers from contamination.
4.conjuctive use of groundwater and surface water for
irrigation.

Abandoned wells which are found in the area have to be
back~filled forever. If they remain open, the aquifers can he
easily contaminated by solid and liquid waste digposal.

Before costruction of cesspools, septic tanks, gasoline
storages ete, approprate aetermination of depth of the wgll
and thickness of the wall has to he done bhecause of the
location of Debre Zeit town on the main dischanging zone.
Infact, immediate contamination of groundwater may result
from leakages. Generally, in the studied area, planning is
necessary to develop the best policies for the regulation of
contaminants that are discharged into the groundwater and

surface waters,
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Annex 1 Pumping test of Tedecha well |

Pumping test
Owner -WSSA
Location -Tedecha ‘
Pumping date -10, 08, 1987 '
Total depth -140m
Pump type -Electrical submersible |
Type of test -Constant rate I
Pumping rate -2.91/8
Elapsed time Hater level Drawdown .

t{min) B.G (m) S(m)

0 45.42 0

0.8 48.70 " 3.18

1 52.80 7.28

1.8 §3.80 8.38

-3 55.28 8.78

2.8 £8.57 11.08

3 57.60 12.08

3.8 58,35 12.83

4 59,00 13.48

4.5 59,60 14.08

s 60.12 14.60

8 60.98 15.48

7 61.70 18.18

8 62,31 16.78

8 82.91 17.30

10 83,40 17.88

12 64.G7 18,88

14 64.68 19,18

18 65.23 19.71

18 65,70 20.18

20 68.12 20.60

25 68.03 21.41

30 87.85 22,03

35 68.05 22.83

40 68.52 ‘ 23.00

45 68.93 23.41

80 69.27 23,75

55 69,57 24.05

80 69.88 24.33

70 70.33 24.81

80 70,73 25.21

80 71,11 28,59
100 71.48 26.83
160 72.70 27.18
200 73.49 27.97
280 74.13 28,81
300 74.50 28.88 _
350 74.88 20.33 ¢
100 74.908 208,46

pumplng hours=7:08 ; \
9%
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ANNEX 8 LAKE LEVEL FLUCTUATION

LAKE HORA

YEAR

JAN

FEB HAR APR MAY JUNE JULY AUG.

SEPT OCT.

ROY.

DEC,

is88
1887
1988
1889
AVE.

0.37
0.28
0.37
0.33

- - -

0.30 0.38 .28 0.48
0.19 0.12 .08 0.04

- - - 0.29
0.28 0.25 .28 0.28

0.84
0.08
0.24
0,28

0.84 0.87
0.18 0.27
0.34 0.81
0.34 0.48

0.686
0.82
0.48
0.8t
0.89

0.83
0.62
0. 47
0.88
0.58

0.83
G. 44
0.42
0.81
0.48

0.44
0.58
0.40
0.45
0.47

LAKE BISHOFTU GUDA

1887
iss8
1688
AYE

0.80
0.84
.58
0.83

0.73 0.79 0,87 0.83 0.81
0.50 0.48 0.4C 0.42 0.42

0.83 0.50 0.88
0.59 0.68 0,61

0.84
G.80

0.80
0.81

0.80 0,89
0.82 0.69
6.80 0.78
0.67 0.78

0.88
0.81
0.81
0.83

0.79
0.81
0.78
0.78

0.87
0.71
0.686
0.68

0.81
0.62
0.60
0.81

LAKE BISHOFTU

1882
1883
1684
1885
1886
1887
1988
18380
AYE

0.58
0.78
1.63
1.80
1.78
1.77
1.63
1.62
1,41

0.89 0.58 0.568
0.7¢ 0.76 0.80
1.64 1.83 1.89
1.58 1.83 1.82
1.80 1.83 1.82
1.73 1.78 1.83
1.50 1.43 1.38
1.688 1.73 1.84
1.41 1.41 1,42

0.88
0.85
1.88
1.88
1.86
1.78
1.38
l.84
1.43

0.57
0.81

1.84
1.81
1.88
1.81

1.38
1.77
1.43

0.82 0.71
0.94 1.10
1.7t 1.78
1.80 1.77
1.88 1.08
1.79 1,80
1.45 1.52
1.85 1.88
1.48 1,57

0.77
1.25
1.77

1.82
1.79
1.63
2.01
1.89

0.78
1.37
1.88

1,91
1.71
1.64
1.88
1.88

.74
1.49
1.83

1.84
1.62
1.80
1.92
1.58

c.76
1.57
1.81

1.82
1.58
1.60
1.81
1.88
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Annex 10 Ground and Surface waters chemlcal analysis

Hater BWilne poultry Adea Adea Debre Zeit
point |[farm devp'tk Flour Flour MHalze
#1 feed pro Hill Hill Kill
Parameter 4 .7 #8 | s0
Appearance [Colorless|colorlens|colorlesalcelorless{colorless
Odour O0durless jOdourless [0Odourlesa {0Ddourless|O0Odourless
Taste Tastloss [Tastless |Tastless |[Tastless |Tastlesn
Color(true/Colorless|ColorlessiColorliess|Colrless |[Colorless
Turbidlity Clear Clear Clear Clear Clear
PH 7.78 7.93 T.40 7.84 8.08
Ele.con 800 800 547.9 800 850
Hs/cm
TDS(mg/1) 405,84 497.87 833.18 513.87 604,867
. g/t 27.14 17.48 28.4 11,04 40.7
Na . .
C Mmeq/1 1.18 0.78 1.10. .48 1.77
A X 26.8 11.8 18 7.1 28.4
ng/l 16.6 11.7 3.9 23.4
T +
i meqg/l 0.4 0.9 K1l 0.1 0.8
X 8.8 4.7 1.8 8.6
0] 2+mg/1 42 85.8 6.1 83.2 50
Ca
N Heg/l 2.1 3.0 2.8 3.2 2.8
% 46.8 417.2 38.14 47.2 38.9
) 2+mg/l 10.8 27.12 41.8 34.586 25.8
Hg
neg/l 0.9 2.3 3.44 3.0 2.1
X 20 38.2 48,9 44.2 30.1
2+mg/} 0.01 0,03 0.03 0.01 0,02
Fe
meq/} 0.0004 0.001 0,001 0,004 0.0007
b4 0.004 0,02 0.01 0.0085 0.01
2+ mg/l 0,02 0.1
Nn
meg/l il 0.0007 K1l 0.004 il
% 0,01 0.06
Total meq/l 4.85804 8.3817 7.341 6.7844 68,8707
% 100, 008 100.03 100.08 100,068 100.01
A mg/1 11,88 16.8 11.3 13.2 8.8
N -
I c1
o neq/sl 0.3 0.8 0.2 0.4 0.3
N % 6.5 7.9 4.3 5.8 4.2
S _mg/l 0.002 0,007 0.01 0.00686 0.018
H02
meq/1 0.00004 0.00001 0.0008 0.0001 0.004
b4 0.008 0.00062 0.008 0.002 0.08
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...cont lnued

RPN TUR I N ST NP PR Py s PR

Annex 10

mg/} 2.6 0.9 0.8 9.68 3.28
N
Al Ca
neq/1 0.04 0.01 0,008 0.18 0.08
N X 0.9 0.2 0.1 2.3 0.7
1 mg/l- 0.88 - - 0.87 0.3 “0.45° 0.48
o F
neq/1l 0.49 0.08 0.02 0.02 0.02
N % 0.9 0.08 0.3 0.3 0.3
-mg/1 |2B4.94 3B87.46 439.2 378.2 406.04
S |Heo
a3
meq/1 4.2 B.8 7.2 6.2 8.8
% a1.7 1.1 - 98.8 91.0 82.0
c%-aq/l
3 i1 N1} N1l N1l Nil
noq/l_
X
2. 1 1. .0
SO‘mg/ [+) 8
N1} Nil Nl
meg/) 0,02 0.2
X 0.3 2.8
a-mg/1 0.03 0.18 0.3_ | 0.72 _0.48. 7. |
04 '
. meg/1 0.0008 0.0003 0.009 0.01 0,008
% 0.01 0.005 0.12 0.2 0.1
Total meq/l 4.88064 8.236031; 7.5578 8.8101 7.183
% 100.01 100.0 100.428 |100.002 [100.18
+ mg/l :
KD ND ND 211] KD
0 meq/1
T {nk ng/1 0.08186 0.078 0.08 0.0774 0.1838
dmeqg/l 0.003 0.004 0.04 0.004 0.01
H Sélalmg/l 43,228 10.928 59.0 8.868 30.28
E 2810
2
Car.ug/l
R aTia?g
as N1l Nil Niil Hil Nil
CaCo
S 3
Bicamg/1l| 127.0 293.0 360.0 310.0 332.0
alka.
a
Cago
3
Tot.mg/1]180.0 252.0 312.0 302.0 232.0
hard.
as
CaCo
3

Date of analyslis=Hay 29,1881

Nd= Not detectabls, ND=Hot Determined
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.continued Annex 10

Hater HSSA HSSA WSSA WSSA HW3SA
Para, 0. 822 #23 #24 #28 #28
Appearance {Colorless|Colorless|Colorlesa|Colorlean|Colorlenn
Odour Odourlees |0dour 1 ess |Odourless |Odourlens |Gdourless
Taste Tanteless |[Tastelens |Tasteloas |Tasteless {Tastoless
Cotor{true) [Colorleas |Colorleas|Colorless|Colorless{Colorlesnn
Turbldity Clesar Clear Clear Clear Clear

pH 8.10 8.80 _ 8.80 7.01 8.00
Ele.Conduc.

MHe/cm 540 830 830 830 840
TDS(mg/1) 531.74 836. 40 568,33 668.33 418.73
C Bg/l 24.81 23.082 30.89 30,58 32.89
Jut |
A rmaq/1 1.07 1.04 1.33 1,33 |- 1.43
X 18.3 17.81 21.0 21.0 22.8
ng/ 1 ig8.8 11.7 i0.8 19.8 18.8
T <
meq/1 0.4 0,3 0,8 0.5 0.8
I X 8.1 8.0 8.0 8.0 8.0

2+mg/l €62.0 |__88.2 832 _ ]| 83.2 60.0-

Ca
0 meq/) 3.1 3.8 4.20 4.20 3.0

X 47.2 58.0 68.1 68,1 47.8
mg/1 18.2 12.9 3.38 3.38 17.28
N | 2+
Hg
weq/l 2.0 1.1 0.3 0.3 1.4
S X 30.4 18. 862 5.0 8.0 22.1
0s™7 1 0.01 0.01
Fe Nd Rd Nd
Baq/1 0, 6007 0. 0007
X 0.01 0.02
g/l 0.1 0.1 0.1 0.1
2+ il
Hn meq/1 0.004 0,004 0,004 0.004
4 0.08 0.07 0.03 0.03
Total megq/1 6.874 5.0844 8.334 8.334 8,330
X 100.06 100.00 100.13 100,13 100,00
w3/l 28.70 8.80 24,78 24.7T5 24.78
cl
meq/1 0.84 0.3 0.7 0.7 0.7
A X 12,70 5.0 11.0 1t1.0 11.0
_ ng/l 0, 0118 0.01868 0.033 0.033 0.0168
N %oq/l 0.0002 0.0004 0.0007 0.0007 0.0004
k4 0,008 0,07 0.01 0.01 0.008
ng/1 13.20 2.33 10.282 10.252 12.34
No
I meq/ 1 0.2 0.04 0.2 0.2 0.2
X 3.03 0.7 3.2 3.2 3.2
ng/ 1 0.9 1.78 0.65 0.65 0.3
o - o
weq/ 1 0.03 0.1 0.03 0.03 £ 0.01.
s X 0.8 1.7 0.8 0.5 i ooves
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...continued Annex 10

rg/}1 338.1 333.1 331.8 392.8 244.0
Heco
A geq/l 8.5 8.8 5.44 8.4 4.0
N X 83.8 91.2 86.8 83.4 91.05
ng/l )
I cg- N1l Nil Ril Nil Nil
Smeq/l
0 X
_mg/1 4.0
So Nil
N 4mq“ 0.08 Nil Nt Kil
S X 1.3
52971 0.375 0.3 0.18 0.15 0.28
P, : :
meq/l 0.01 0.008 0.008 0.008 0.008
% 0.2 0.1 0.08 0.08 0.1
Total mg/1 8.5803 8. 0204 8.3387 8.3357 6.3384
X 100.0385 100.07 100.0 100.0 100.008
=g/l ND ND ND WD ND
pag/1 | - - : -
0 | + mg/! 0.032 0.032 0.0675 0.0845| Nll - N
imeq/1 0.002 0.002 0.004 0.004
T |sil-mgrs1 45.0 70.0 78.0 78.0 20.0
sio
H 2
1Al BETY NIl M1 N1 i1
o |8,
Blo.mg/1{ 275.0 273.0 269.0 289.0 272.0
R |&aco
3
Tot.
0g/1 229.0 225.0 232.0 232.0 222.0
S |har.
as
Caco

Date of analyslis=may 20,1891
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...continued Annex 10 :
N Alr force] Tedecha Godino Dug well |Wedecha
Paranm. P 28 #31 spring river
Appearance [colorlessjcolorless |[colorless|colorless not clear
Odour odourless|odourless [odourless|odourless| odourless
Taste Tasteless | Tasteless |Tasteleas|Tasteless| Tasteless
Color{true) |colorless|colerless |[colorleasjcolorless| muddy
Turbidity clear clear clear clear Turbld

pH 7.20 7.20 7.40 8.7 7.8
Eles.cond.

Hs/cm 1000 480 880 2800 650
TDS(mg/1 } g18.22 376.19 816.189 1017.30 387.08
By/1 44,39 28.4 36,18 38.4 3.7
[ :
Na -
neq/l 1.83 1.18 - 1.83 1.87 0.16
A X 26.0 28,48 21.8 13.6 3.8

+ ng/l 23.4 0.4 18.8 38.7 8.0
T K

meq/1 0.8 0,008 0.5 0.89 0.2

X 8.1 0.002 7.1 8.1 4.8 R
1 2+ng/l 81.6 - 41.7 74.0 1 97.2 | S57.2
Ca
0 meqg/l 2.6 2.08 4.00 4.85 2.8
X 38.0 46.03 68.1 39.7 68
2+mg/l 28.58 15.6 13.2 57.4 14.8
N |Mg ) :
meq/1 2.3 1.28 1.1 4,72 1.2
X 30.9 28.32 18.4 3s.8 26.9
s 2+mg/l 0.01 0.01
Fe
Nil Ril Ni}
meq/l 0.0004 0.0004
4 0.005 0.003
2+mg/l 0.1 0.1 0.1
Mn N1l Nil 3
meq/l 0.004 0.004 0.004
b 4 0.05 0.08 0.08
Total meq/1 T.4344 4.519 7.134 12.2304 4.464
X 100,088 99.802 100,00 100.003 |100

g/ 1 24,76 9.9 13.2 412.9 29

A le1 )
MHeq/1 0.7 0.3 0.4 1.21 0.82
N x 9.1 8.8 5.8 8.0 18.4

g/ 1 0,033 0.12 0.018 0.018 0.085
I {No

2maqg/1 0.0007 0.003 0.0004 0, 0004 0.0021
0 % 0.009 0.07 0.008 0.003 0.08

ng/ 1 18.28 2.1 61.6 82.0 0.88
N -

No

Smeq/1 0.3 0.04 1.0 1.1 0.01
S % 3.9 0.9 14.0 8.0 0.22

mg/ } 0.58 ¢.89 0,589 0.7 0.48

-
pag/ 1 0.03 0.08 0.03 0.04 0.03
% 0.4 1.2 0.4 3.0 0.67
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...contlnued * Annex 10
=g/ 382.8 244 348.9 430.1 219
o0 g1 8.4 £.0 8.7 7.0 a.8
X 83.4 81.08 80.0 44.3 80.8
mg/1 - - - : -+t - 242.4 .
2- Hil Nil Nil Nil
°%3 meq/1 8.07
X 38,1
mg/ 1 12.0 1.0
sa- Nil Ni1 N1l
4 meq/1 0.26 0.02
4 3.2 0.3
&3/1 0.15 | _ 0.19 0,81 0.1
o Nil
4 maq/l 0.003| - 0.008 0.01° 0.0032
K 0.04 0.08 0.07 0.08
Total maq/1 7.8807 4,383 7.1564 13.3804 4,4653
X 1006.049 |100,.02 100.038 100.673 100,00
0 '13+'°°/1 HD ND ND ND NIL
Al meq/l
+ mg/l _ 02987 N1 7777”0.1969_ HD 0.0854
T 4 meq/l 0.02 0.006 10,008 |
sg;-mg/l 37.725 38.3 108.5 69.6 25.0
H 9102 -
car.mg/ 1 198.4
‘Z' N11 N1l Ni1 N
E|caco
3
giﬁ.mgll 322.0 200.0 288.0 368.1 188
R as’
Caco
3
Tot.mg/1 |248.0 130.0 240.0 482.0 203
had.
S |28eo
. 3
Water Lake Lake Lake Lake
int Hora Blashoftu|Bishoftu Rurliftu
Paramete. Guda
Appearance Not clear |Hot clear|Not clear| Mot clear
Odour Odourless |Qdourless|Odourless jOdourlesss
Taste Tasteless |Tasteless|Tasteless |Tasteless
Color{True) [Colorless|Colrless |Colorless{Colorless
Turbidity S1.turbid (S1,turbid|5]l.turbid|{S1.tubld
pH 7.30 7.37 7.25 8.38
Ele.Cond.
Us/cm 36800 2400 1500 380
TDS (mg/1)} 534,56} 1575.88 644,87 313.35
c +ng/l 8.0 289.7 23.0 23.7
A Na
T moq/ 1 0.26 i2.8 1.00 1.03
1 b 4 3.7 59.7 13.4 24.8
0 . mg/ 1 7.8 199.5 49.7 43.0 !
0 K
g meq/ 1 0,20 5.1 1.27 1.10
b4 2.8 24.2 17.0 26.3
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...cont1lnued Annex 10
mg/1 35.8 48.4 48.8 27.2
at
naq/l 1.78 2.28 2.4¢ 1.38
% 28.3 10.7 32.7 32.8
24_-.;/1 88,32 13.7 33.8 8.4
Hg
meq/l 4.80 1.13 2.76 0.69
% 68,2 5.4 38.9 18.8
2+ng/l 0.01 0.02 0.13
Fe Nil
meq/1 0,0004 0.0004 0.08
X 0.001 0,008 0.1
2+ng/l
Mn Nil Ni1l NN Nil
meq/1
x
Total mg/1 7.04 21.0004( 7.4704 4.185
% 100.0 100.001 [100.008 |100.0
mg/1 118.8 76.8 19.8 21.48
! meq/1 3.38 2.14 0.56 0.61
A % 47.8 10.1 7.8 14.8
wmg /1 0.0198 0.0402| 0.0231 0.0165
";2
meq/l 0.0004 0.001 0. 0005 0.0003
N X 0.008 0.005 0.007 0.007
mg/ B.18 3,52 4.8 8,72
Ho
3meq/1 0.1 0.08 0.08 0.09
I X 1.4 0.28 1.1 2.2
mg/1 1.33 0.38 .27 1.4
-
meq/l 0.07 0.02 0.01 0.7
% 1.0 0.08 0.1 18.7
o mg /1 235.83 658.9 418.4 169.9
Hcc-a
3meq/l 3.52 10,8 6.80 2.78
% 50.0 51.2 91.0 66.5
mg/1 242.4
N cg- Kil Hil N1l
3 meq/l 8,07
% 38.2
mg /1 1.0 1.0
sg- Hil
S 4 meq/l 0.02 0.02 N1l
% 0.08 0.3
mg/1 0.14 0.27 0.16 0.08
Po_
4 meg/1 0,003 0.008 0.003 0.001
% 0.04 0.04 0.04 0.02
Total meq/1 7.0434 21,117 7.4735 | 13.3804
100,048 100.005 |100.047 |188.873
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. ..continued Annex 10
+
ATt ! ND ND ND ND
moaq/l
o + my/1
ND 14} ND ND
T 4 meq/l
H sill’.ng/l T".7 4830 53.8 18.3
2 02
N 02. B
E gﬁ.uq/l Wil 202.0 218.0
Ezco Kil
R 3 - .
glg.nq/i 109.3 832.0 118.0 137.0
s |2co
3
'ﬁgﬁ"‘”” 332.0 248.0 2682.0 103.0
8o
3 _

Date of analysis= august 15,1891
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Annex 11 Monthly runoff for MoJjo river

Area

1208 sq.km

YEAR

JAN FEB

KAR

APR HA

Y JUNK

JUL  AUG

SEP OCT NOY DEC

1882
1863
19684
1986
19688
1967
1968
1389
1870
1871
1972
1973
1974
19786
1976
1877
1878
1978
1880
1981
1982
1983
1084
1888
18886
1887
1888
1989
AYE.

0.81 0.82
0.8 0.42

0.07 1,02
1.23 2.41
§.87 7.38
.24 0.79
12.6 9.44
1.98 1.87

0.E8
0.30

1.46

10.13 9.9

0.68

1.86 1.7
1.24 3.1

0.0
3.14 2.1
8.4

2.04 1.8656

B 2.7
9 8,87
1,82
7 1.61
5 3.49
12.2
1.26

10.84 12.12 16.8124.4

1.68

c.e8 1.2

8 2.11

- 24.81
82.28
65.83
27.98
115,2
89.865
46.26
148.8
26.64 59.84 33

42.21 128.8 22,1¢ -

17.46 26.07 8.11%

§8.33
60.8
16,89
20.48
30.2
26.6
9 37.82

37.48 6.83 0.87 0.88
6.1 0,82 0.38 0.48
32,83 3.19 - -
18.38 0.1 - 0.07
20.28 0.76 - -
34,17 2.16 6.63 1.4
12,1 1.59 0.80 3.4
18.7% 6.83 4.25 -
12.33 9.87 11.33
0.08 0.44
1.3 0.92 1,09

1.418.06 10.18 10.58 9.34 12.28 34.86 84.4 31.24 11.34 10.4 11.32
11.06 10.04 13,38 8,11 12,77 14.77 76.16 60.83 32.66.48 B.38 6.21
17.898 83,71 35.84 26.43 4.87 B6.98 B.81
9.38 11.13 14.73 18.8 81.22 12,2 22.5 32.08 24.5
' 23.85 33.07 68.15 18.33 18.02 1.18 0.13

8.83 8.28
8.05 7.38
0.13 2.38
5.8 8.08
0.77 0.68

0.82 0.889
0.44 0.38
0.8 0.38
0.93 0.8

0.72 0.75
0.79 0.88
.83 0.83
2.91 3,18

Honthly runoff

5.32
8.3

0.42
8,22
0.78

£.03
0.8

0,37
1.18
2,78
0.48
0.73
3.78

8.94 0.87

0.43 0.98
12.3 6.51
0.74

0.81 3.54
0.31 1,05
0.77 2.52
2.68 1,50
2.07 8.58
0.82 1.2
1.40 0,33
4.19 4,87

8.44

1.28 12.18 25.34
2,76 11.63 285.29 40.01

§.81
5.82
0.80
14.91
3.88
3.28
0.38
8.11

9.03 58.1

15.26 82.84
28.17 69.38
18.8 77.4¢
13.35 40.03
3.14 10.2
21.17 58.31
17.83 27.31
29.63 62.18

in million cubic meter,

3
YEARLY AVYERAGE= 148.42 X lg H

18,88 1.858 0.68 0.7
2.78 0.88 0.87 0.79
6.09 0.99 0.72 0.77

25,2 0.73 0.8 0.52
9.651 0.88 0.78 0.67
11.87 0.82 0.90 1,03
12.83 0.9 0.B8 0.78
2.44 0.88 0.83 0.59
28,88 2.68 0.24 0,87
23.48 1,27 0.70 0.83
19.34 4.34 3,69 3.18
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Annexi2STUDIED AREA & MOJO RIVER CATCHMENT “BASIN

P [~] CATCHMENT BASIN
N FOR M0JO RIVER
[~) sTuDiED AREA
N \ . MAIN BASIN
t , o _
,]o 1. YERER SUB BASIN
8 2.WODECHA2 SUB BASIN
3, SOKORU SUB BASIN
SCALE - 1: 250,000

TONAZRETH 4 w;
MOJO RIVER ODECHA1
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PHOTO 1, SAMPLE FROM TRACHYTE DOME

a) pink trachyte 5x
plagioclase feldspar rhenocryst

b) pale grey tracﬁjﬁe - N 5x
plagioclase feldspar pPhenocryst
feldspar lath
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PHOTO 2 SAMPLE FROM RHYOLITIC FLOW

a) 10x
rlagionclase feldspar
biotite, quartz

16
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PHOTO 3 SAMPLE FROM RHYOLITIC IGNIMBRITE

a) 65X

collapsed pumice with plagioclase crystal
hiotite, opaque minerals , iron oxide

?




PHOTC 4 SAMPLE FROM OLIVINE BASALTIC LAVA FLOW

a) fx
nlivine phenocryst
plagioclase feldspar, pyroxene
feldspar lath




REFERENCE

Armolik, N., and Jacks,G., (1974) ,HYDROCHEMISTRY .

Geohydrological investigation of groundwater in granitic

racks in sardinia, Report 3:2(A (91-96),Stocholn.
Davis, N.S., De Wiest, J.M,,(19668),NYDROGECLOGY. John Wiley
and Sons,"Ipc., New York 463 P.
Fetter, C.W.,(1988), APPLIED HYDROGEQLOGY .Merrill publishing ;
Company. Columbus 592 P,
Gihson, I.L., and Tazieff, H.,(1970),7HE STRUCTURE OF AFAR
AND THE NORTHEEN FART OF THE ETHIOFIAN RIFT Phil.Trans.
Roy. Soc. Lond. V 287,
Grigg,N.S.,(1985) ,WATER RESCOURCE PLANNING, McGraw-Hill B.C,
New York, p328.
Haileselassie Girmay and Getaneh Assefa, (1989), THE ADDIS
ABABA- &AZRETH VOLCANICS., Sinet, V12, Nol,
fééaw Solomon, (1974),5HORT REPORT ON T&E HYDROGEOLOGY aor
DEBRE ZEIT AREA. Eth. Inst. Geol, Surv. A.A
Johnson, E.E., (1966),GROUNDWATER AND WELLS. 1% ed, Saint
Paul,; Edward, E.,Johnson Inc,440p,
Juch, D.,(1975), GEOLOGY OF THE SOUTH-EASTERN ESCARPHMENT OF
ETHIOPIA BETWEEN 39 AND 42°LONG. EAST. PP 567-574.
Justin- Visentin,E., Niceletti,M., Tolmoes, Zanettin, R,
(1974), MIOCENE AND PLIOCCENE VOLCANIC ROCKS OF

ADDIS ABABA - DEBRE BERHANE AREA. Bull.Volca. 38,

119



Kashef,A.A.I.,(1986),GROUNDWATER ENGINEERING. McGraw-Hill

Inc. New York, 512 P.
Kazmin, V., (1875), EXPLANATION OF THE GEOLOGICAL MAP OF
‘ETHIOPIA. Eth. Inst. Geal, Surv.,A.A.
Kazmin, V., and Seifemichael Berhe, (1978),GEOLOGY AND
DEVELOPMENT OF NAZRETM AREA ,NORTH ETHIOPIAN RIFT.
Eth. inst. Geel. surv.A.A
Kazmin, V., Seifemichael ,R,, Niecoletti, M. ,and
Petruccianic,C., (1979),EVOLUTION OF THE NORTHERN
PART OF THE ETHIOPIAN RIFT. Atti del symposium an the
"Geodynamic evolution of the Afro- Arabian Rift system",
Acc,Naz. Linceci. Roma,
Ketema Tadesse, (1980),HYDROGEOLOGY OF THE BORKENA RIVER
BASIN. Msc.Thesis., Addis Ababa University.
Leapold, B.and Dunne,T., (1978) ,WATER IN =~ ENVIRONMENTAL
PLANNING. W,H. Freeman company. San Francisco,818p.
Miller, J.A.,and Mohr, P.A., (1966),AGL OF WOCHACHA TRACHYTIC
CARBONTITE VOLCANIC CENTER. Bull.Geop. Obse, V 2, 1-5, A.A.
Mohr, P.A., (1961),THE GEOLOGY, ORIGIN AND STRUCTURE OF
BISHOFTU EXPLOSION CRATERS. Bull, Geop.Obse,V 2, NoZ,A.A,
Mohr,P,A.(19687),THE ETHIOPIAN RIFT SYSTEM. Bull. Geop.Obse,
vV 11, A.A.
Mohr,P.A, (1971) ,THEGEOLOGY OF ETHIOPIA. H.S.I.UPress 2B88p 4.4
Mohr,P.A, (1974) ,ETHIOPI AN RIFT GEODIMETER SURVEY .,

Smithsomian Astrophysical Obse. Spe., Rep. P 338,

SR Tal




PO S A

Vernier, A., and Barberi, G., (1977), SUB-SURFACE HYDROLOGY
OF TEMPIO-PAUSANIA. Geohydrological investigation of
groundwater in Sardinia. Report 3:24A,(83-89),
Stocholm.

Vernier, A., Getaneh Assefa and Hailesellasie G.,{(1985).LITH-
STRATIGRAPHY OF TREVOLCANIC_ROCKS OF ADDIS ABABA. Presented

at the first Ethiopian Geoscience and Mining Engineering

congress, 25-27 jan., 1985,A.A,
Vernier,A.,, (1981), GROUNDWATER IN SARDINIA.Atti del fac,
ing. Cagliari.
Vernier,A., Tesfaye Chernet and Haileselassie Girmay,
(1986) ,HYDROGEOLOGY OF ADDIS ABABA AREA. Atti,
del fac ing.Cagliari.

Vernier,A., Tesfaye Cernetand Haileselassie Girmay, (1985},
FRELIMINARY ANALYSIS OF GOUNDWATER RESQUCE IN
PRECAMBRI AN ROCKS IN ETHIOPIA. Atti, del fac. ing.,Cagliari.

Vernier,A., (1987), ASPECTS OF ETHIOPI AN
HYDROGEQLOGY . Presented
at an international meeting on the geology of Somalia
and surrounding regions.
Geosom,Magadishu, Nov 24-Dec 1,1987,

Walton, W.c.,(1970), GROUNDWATER RESOURCE EVALUATION. McGraw-

Hill Book Com. New York,644p.

122





