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ABSTRACT

In the present work, engineering geological study has been carried out to characterise and map the
engineering geological conditions for the Awassa town and its surroundings, located 275 Km south
of Addis Ababa in the central sector of the main Ethiopian rift. Hydrometeorological, hydrological,
hydrogeological, hydrochemical and geodynamic conditions have been assessed in view of their
relevance for future development of the town as related to Civil Engineering activities and to the
rise of lake Awassa, which is becoming a threat for its future development. The engineering
geological characteristics of the foundation soils and rocks has been assessed on the basis of field
-observations, simple in situ tests, and from the results of the laboratory analysis made on disturbed
samples. Besides, borehole records from existing data have been studied in order to quantify and
correlate the data from the test pits.

. The main rock types in the area are volcano-lacustrine sediments and acidic volcanic rocks
including ignimbrites, pyroclastic fall deposits, rhyolitic lava flows and associated obsidians.
Basaltic lava flows, scorias and basaltic hayaloclasities are also locally exposed. However, the town
is wholly founded on the volcano-lacustrine deposits.

The area generally gets moderate rainfall with moderate inter annual and seasonal variabilities.
Lake Awassa has recently undergone lake level rise. The main causes of this phenomenon are
believed to be high rainfall and reduced evaporation. The extreme value type | distribution is used
for frequency analysis of annual maximum lake levels and the lake levels for different years of
recurrence interval is calculated. On the bases of these calculations, a flood hazard map of the
lakeshore for 200 years return period is established.

Water quality analysis results indicate that the water in the area has no immediate danger on
=engineering works. The waters in the area are of dominantly Na - HCO; type lacking high
concentration of sulphate and/or chloride. However, the groundwater generally fluctuates up to 5Sm
following rainy seasons, and may be critical for civil engineering works close to the lake.

The foundation soil is dominantly a fine-grained type though coarse-grained soils are also found at

different stratigraphic positions. Three dominant soil types are identified in the field: clay soils,

sandy silt soils and silty sand/gravel soils. The clay soils occupy relatively the elevated central and

southeastern part of the town and the possible expansion area while the other types occur in almost
the whole area. According to the Unified Soil Classification system, most of the soils belong to ML
(inorganic silts, very fine sands, rock flour, silty or clayey fine sands, SM (silty sands, sand - silt
mixtures) and CL (inorganic clays of low to medium plasticity, gravely clays, sandy clays, silty
clays, lean clays). Relatively few soil samples are in groups MH (inorganic silts, micaceous or
diatomaceous fine sands or silts, elastic silts), CH (inorganic clays of high plasticity, fat clays) and

GM (silty gravels, gravel-sand-clay mixtures). All the soil types show thickness variation both

laterally and vertically ranging from about 0.85 cm to about 3.5m.

Moisture content at the time of sampling ranges from 25.1 to 29.0% for clay soils, and from 18 to
"46 % for sandy silt and silty sand/gravel soils. The specific gravity of the soils is low, in the range
from 2.2 to 2.5. The liquid limit and plasticity index of the clay soils range from 28 to 53% and

from 7 to 24% respectively. The sandy silt soils have LL% in the range from 26.7 to 56% and Pl %
in the range from 1.89 to 25%.

The soils of the area are found out to be non expansive as revealed by the simple free swell test.
However, some of the sandy silt and silty sand/gravel soils show reduction in volume as large as




29% , thus suspected to have a collapsible structure. These soils may collapse both under load and
when flooded by water and may also result in differential settlement. Transmitting the weight of
the structure to deeper soil or rock layer by means of piles or caissons, and if not, 1o make the
foundation as deep as possible is believed to minimise the hazard.

From engineering geological point of view, the rocks outcropping in the town area are grouped in to
two: strong (basalts and rhyolites) and weak rocks (dominantly of basaltic hayalloclastites and

tuffs). From field Schmidt hammer test result, it is found out lhal the former ones have an
unconﬁned strength in the range from 310 to greater than 700 Kg/cm®, while the latter less than 100

Kg/cm? . The strong ones are found out to be g good sources for aggregates while the weaker ones are
not suitable for most of civil engineering works.

Based on the field and laboratory investigation results, Engineering geological mapping at the scale
of 1:10, 000 was carried out for the town area including the possible expansion area.




Chapter One

General Introduction

1.1 Back ground to the problem

In any country an important aspect of development is the availability of an adequate infrastructure
These structures are founded on or in geologic materials and the influence of the civil engineering
works on the ground and vice-versa becomes so important that a sound assessment of ground
conditions is vital. Moreover, geologic materials are important construction materials and the
assessment of their occurrence and quality is also an important issue. In add;lion to the matenal
properties, hazards such as active faulting, earthquake induced ground shaking, landslides, flooding,
volcanic eruptions and groundwater conditions crcate problems on the safety and suitability of an
;ngineering project. Hence, studies targeted to provide basic information for the planning of land use
and for the planning, design, construction and maintenance of civil engineering works is very
important. Such information is needed to assess the feasibility of the proposed land use or engineering
undertaking, and for the latter to assist in the selection of the most appropriate type and method of
construction, tqQ ensure the stability of a structure in its natural setting and to aid the performance of
necessary maintenance, E,nginccring geological rescarch is, therefore, mainly directed towards
understanding the interrelationships between the geological environment and the engineering situation,
the nature and relationships of individual geological components; the active geodynamic processes and
the prediction of processes likely to result from the changes being made (Price & Rangers, 1982 ). For
::ach situation this implies a unique dynamic geological system of interrclated and interdependent
phenomena and processes which can only be verv incompletely understood Therefore, research and
studies in relation to the principal factors creating the engineering geological conditions of an
individual site or area, i.e. the rocks and soils, water, geomorphological conditions and geodynamic
processes is indispensable.

The area studied is in and around one of the fast growing town, Awassa, in Ethiopia. It 1s
located in central part of the Main Ethiopian Rift, which is characterised by a number of lakes and

active geodynamic processes. It is one of the important sites for settlement and development and lacks




any systematic studies related to the Engineering Geological conditions of the area. Hence the present

work is carried out to fill this gap.

1.2 Relevance of the study

In Ethiopia , for many years the selection of a site for a particular land use, especially urbanisation is
carried out without the basic understanding of the site geological conditions. The town of Awassa is

similarly founded with out the understanding of this basic and important conditions.

Awassa is quite a recent town (founded in late 1950’s), although some tribal settlements were
formerly located in the area (NUPI, 1989). However, it has shown a dramatic growth since its
foundation, particularly since it became the cflpital of the former Sidamo Administrative Region and
especially its growth is fast presently being it is the capital of the Southern Ethiopian Nations ,
Nationalities and Peoples Administrative Regional State. The population has grown from 19,550
inhabitants in 1974 (NUPI, 1989) to more than 89,399 in 1999 (CSA. 1998} Many Engincering
structures were constructed and presently there is a large need and trend to build up many new
engineering projects. However, little was known about the (Engineering geological conditions of the

area. Moreover, the hinterland flooding due to the rise of Lake Awassa is becoming a threat for future

development of the area. In view of this the present study is aimed at evaluating the overall engineering
geological conditions of the area and pin pointing the main existing and potential hazards which may '

endanger or preclude the various types of civil engincering works that may be associated with the

urbanisation.

L.3 Research Objectives
The main research objectives are;
1. To evaluate and characterise the Engincering geological conditions: hydrologic,
hydrogeologic, geomdrphic_, and geological materials pertaining in the s@ic and
surroundings;

2. To produce, compile and evaluate geotechnical and Engineering geological



data of the foundation materials of the Awassa town, and

3. To produce an engineering geological map at a scale of 1: 10, 000 for the

Awassa town area.

The specific objectives are: -

1. To describe the structure and attributes of the rocks and soils connected with engineering

works,

2. To determine some of the important geotechnical propertics of the foundation soil in the
town.

3. To identify and evaluate specific engineering geological problems and natural hazards that
may affect the success of engineering works in the town or the planned development of the

-

town. Moreover, to suggest methodologies to minimise the effects of engineering geological

problems.

4. To produce engineering geological map at a scale of 1: 10,000 accompanied with lithological

and geotechnical description.

1.4 Approach followed and difficulties encountered

When this study was started little was known about the engineering geological condition of
the area. Only very few site investigations were carried out at scattered places and the variation
and type of Engineering geological conditions were not treated. However, related to the
hydrogeological conditions of the area some important works have been carried out though some
of them are regional. General accounts of the hydrogeology of the main Ethiopian Rift have
been given by the Ethiopian« Institute of Geological Surveys (Tesfaye Cherent, 1982), the
hydrogeology of Awassa area by Dessic Nedaw (1997) and Liminological, hvdrochemical, and
palacoclimatological studies have been made since the early 1960s (Talling & Talling, 1963,
Baxter et al., 1963).

In the present study all the available geological, geotechnical, hydrogeological and

meteorological information for the study arca were collected, and the information obtained 1s

fad




used in the planning and sitting of sampling points. Hydrogeological, geomorphological and
geological conditions of the area were evaluated through an intensive ficld work and laboratony
analysis of representative samples. The subsurface ground conditions were assessed with the
help of new 14 test pits (2.5-5.0 m deep) concentrated in areas where geotechnical data are
either scanty or non available (Appendix F). The wall of the test pits was examined to
determine the sequence, thickness, classification and description of each stratum of matenal,
and disturbed sample were obtained for laboratory analysis by trenching vertically into the
trimmed side wall of the pits. A total of 48 disturbed samples were collected from these test pits
and various laboratory tests were performed generally according to the procedures specified by
the American Society for Testing and Materials (ASTM, 1996). Description for soils and rocks
were made according to the International Association of Engineering Geologists (IAEG ) (1981)
recommendations. On site strength test for rocks is carried out using Schmidt hammer

Soil testes were carried out at the laboratory of Civil Engineering Department, Technology
Faculty, Addis Ababa University. Chemical analysis for some of the rocks and water samples
was carried out at the central Laboratory of the Ethiopian Institute of Geological surveys, and

tests for aggregate were carried out at the Building Design Enterprise

Lack of in situ test equipment, undisturbed sampler and difficulty of transporting block

samples made it difficult to carry out tests that require undisturbed samples.




Chapter Two

General overview of the study area

2.1 Location

«  The studied area is located in Southern Ethiopia some 275 km South of Addis Ababa (fig 2.1)
It is bounded within the limits of 6° 48'N to 7°14" N Latitude and 38°16'E to 38"44’E longitude. The
arca is inside the Ethiopian Rift which is one of the major portions of the so-called East African Ruft
System which extends from the Middle East in the North to Mozambique in the South passing through
the Red Sea, Eritrea, Ethiopia, Kenya, Tanzania and Malawi with a total length of 6,500 kn‘; The
investigated area is within the Awassa Catchment, which is one of the nft valley lake cachments,
bounded by the Ziway-Shalla basin in the North and Northeast, the Bilate basin in the West and South

and the Wabi Shebelle basin in the East. The area is accessible from Addis Ababa by the main road
leading to Moyale.

2.2 Climate

The Awassa area has a sub-humid climate (FAO, 1984) and rccerves a mean annual
precipitation of about 963 mm mainly concentrated in the eight-month- long rainy scason. Rainfall 1s
distributed in three main periods: the short rainy season (“Belg™ rain) including the months of March,
April and May; the big rains (“Kiremt”) lasting across five months : June, July, August, September
and October, and the dry spell from November to February. In the study area the wettest months are
May to September with rainfall ranging from 101 to 128mm. The maximum monthly mean recorded 15
in July with 128 mm. The driest months are November to January (15 to 30 mm), with the lowest
values recorded in December. The vanability of the monthly rainfall amounts 1s generally high, the

-highest values of standard deviation characterise mainly April and May ( 49 and 51mm) and the
months across the transition from the Kiremt to the dry spell, i. e., September and October (45 and 54
mm).

The mean temperature varies slightly through the year (17 to 20 “C) characterising tropical

climates (Billi, 1998). Daily maximum and minimum temperatures converge in August, the middle of

the wet season, and diverge during the dry season, Generally temperature varies between 7°C in

w
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Winter and 33°C in Summer, and daily sunshine hours range between 4 during the rainy season and Y

heurs during the dry season. The relative humidity varies between 40 % and 90 % over the year. The

rainy seasons are the most humid.

2.3 Physiography and Drainage
The Awassa town is situated in a volcano-tectonic depression with 40-50 Km diameter (Giday
Woldegabriel, 1986) Awassa Caldera, which is located in the eastern part of the southern sector of the
Central Main Ethiopian Rift (MER). The depression is bounded by remnants of the caldera wall and
some regional and local faults (fig 2.2). The castern scarp forms the edge of the nift valley whose
average throw is about 500 m, whereas the southern and western walls of the caldera, which roughly
form an arc of a circle, are relatively lower with clevation difference from the floor of about 250 m
They are degraded and dissected by gullies and rills. The northern boundary include the Borbora ridge
which overlooks lake Shallo from North and a recent volcanic complex (Chabbi and Urgi) with a
maximum height of 2300 m a. s. 1 which overlooks lake Awassa from north. The floor of the
depression is occupied by open water bodies, lakes Awassa and Shallo, swampy areas, Awassa town
and small volcanic hills. Generally the floor of the caldera is characterised by a rolling ground (2 - 10
) where the elevation decreases towards Lakes Awassa and Shallo. The town is situated roughly on
the centre of the depression between the two lakes, Shallo in the east and Awassa to the west On the
cast, the town is limited by the Tikurwuha river which connects Lakes Awassa and Shallo. The eastern
~and southern sides of the town are agricultural farm lands, which are the only possible directions of
expansion for the town. The town is at an altitude of about 1700 m a. s. 1, though there exist flat-
topped hills like Mount Tabor (1800 m. a. s. 1.) on the south-western side, Mount Alamura (2019 m a
s. 1.) and Mount Kika in the south and south- eastern side.

According to Dessie Nedaw (1997), the Awassa drainage basin has a drainage density of

0.725, signifying that the basin is poorly drained surficially (fig 2.3). No river flows out of the basin

and enters to the basin, thus the basin is closed for surficial flow. As the basin is characterised by a

volcano-
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Figure 3.3 Structural framwork of part of the central sector
of the MER showing the Awassa Caldera Complex
(modified after Woldegabriel, 1987)
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tectonic depression, this makes the drainage pattern to be a radial type essentially centripetal (Dessie
Nedaw, 1997).

Active geomorphic processes are not evident in the area except the erosional processes and
gully development in the south western side of lake Awassa, and the development of ground fissures on
the Western side of the lake. Gullies of 2 to 5 m wide and 3 to 4 m deep are actively discharging
sediments from the elevated hills and ridges to the plain land close to the lake shore. As observed
during the field works of the present study, sediments transported through these gullies are discharged
on the plain land close to the lake than filling the water body. This is due to the loss of energy as the
affluent reach the plain land. The development of ground fissures on the western side of the lake in
recent years is suggested by some workers to be related to the 1960 and 1995 seismic activities These
activities probably resulted in fractures through which ground water flows at a greater than normal
speed eroding the bottom part of the overlying soil cover leading to subsequent collapse of the soil
cover into the underlying fractured bed rocks (AAU and MoWR, 1997).

Though potential landslide sites are rare, human induced mass movement is evident on the Southern
side of Mount Kika. The active quarrying works in the site modified the exposed slope making the site

prone to sliding. Moreover, areas prone to toppling and falling are observed around Kika along the

Borbora ridge and the Southern tip of lake Awassa.

2.4 Land use and Population
The area surveyed is mainly an agricultural area ( fig 2.4). Most of the flat-lying area 1s
occupied by state and private farms which are mainly cultivated for corn. “Enset” is also one of the
widely grown local food source. According to the unpublished land use/land cover map developed by
the Zonal Bureau of Agricultural experts, about 55% of the basin is cultivated, 12 % is bushes. shrubs
and grass land, 11% is mixed farming with agroforestary, 15 % is lake and swamp, 6% is bare soil or
degraded ridge and 1 % is urbanised area.
According to Raunet (1974, in Dessie Nedaw, 1997), 50 % of the basin is covered by clay loam
soil (especially the eastern half), about 30 % of the arca, mainly West of Awassa, is characterise by a

-loamy silty texture, 10 % is characterised by clay soil and the remaining 10 % is fine sandy loamy soil
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However, the soil survey carried out during the present work showed that the soil up on which the
town is founded and the possible extension arca is dominantly silty to sandy loam soil, except in the
south eastern part where clayey loam soils are encountered.

The whole Awassa wereda is highly populated with a density of 4355 inhabitants per square km

(CSA, 1998). The total population of the wereda is more than 410,425 and the Awassa town has a
population of about 89,399 as of July 1999,
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Chapter Three

Geology, Tectonics and Stratigraphy

3.1  General Geological Setting

Volcanic and tectonic events in the study arca constitute an essential part of the volcano-
tectonic history of the Main Ethiopian Rift (MER). The MER is the Northern segment of the East
African Continental rift system separating the 1000km wide uplifted Ethiopian volcanic province
asymmetrically into the north-west and south-cast Plateau. It extends in a NE/NNE to SW/SSW
direction from Lake Abbe triple junction, in the southern Afar rift (9°30°N), to the lake Turkana
region , in the Konso highland ( 5 % 15°N), and lies between long. 37 30°- 40° E. It is a graben, about
800Km long and up to 60- 80 Km wide, having a mean elevation of about 1600m (Mohr 1967). Its
borders form flat shoulders of about 2200m high am.s.l from which several rift margin shield
volcanoes stalk out (Tesaye Korme et al. 1997). The MER is characterised by a great number of step
faults which produced a total altitude difference of more than 1500m (Dipaola, 1972) between the top
of the plateau and the floor of the rift. All these are normal step faults of various dimensions and
throws, commonly arranged in an en echelon style and trending mainly along NNE- SSW and rarely
along NE-SW, N-S and NW - SE directions ( Mohr, 1967, Dipaola 1972 ) (fig 3.1). Actually, the
presently (youngest) structural deformation of the Ethiopian Rift Valley is largely concentrated within
8+ 2km wide belt, characterised by the prominent N-S to NNE - SSW  trending nift floor normal and
-occasionally dilatation faults, called the Wonji Fault Belt (WFB, Mohr, 1962). This fractured belt
maintains a NNE (019”) structural orientation along the entire length of the nft, and has been forced
into “en echelon” transpositions in order to remain within the rift margin envelope (Giday
Woldegabriel, et al, in press). These sites of transposition are characterised by very recent and
closely spaced normal faults, extension fractures (Chorowicz et al, 1994) and other fault-rclated open
structures with significant volumes of fissural basalts and related differentiation products of very
recent age and even historical (Dipaola, 1976). These structures are considered to be important for
groundwater circulation and controlling the drainage system of the rift floor. The nft floor also

comprises calderas which, according to
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and southern sectors of the Main Ethiopian Rift and
ad jacent areas [after Mohr, 1980]).



Mohr & Wood (1978), are generally elliptical in plan view with the long axes ranging in length

between 2 and 17 km. Topographically, the axial part of the rift is the most subsided where intensive

sedimentation and water accumulation takes place.

The MER is divided based on structural features into three geographic areas: represented by
the northern (Fentale-Nazret), central (Nazret-Awassa), and southern (Awassa- Konso) sectors. The
central sector, where the study area belongs to, is a symmetric rift basin where both sides of the nft
margins are fully defined except in the region between Guraghe and Sodo of the western escarpment

.. and in the Shashemene area of the eastern margin (Giday Woldegabriel ct al, in Press).

As summarised by Giday Woldegabricl et al (1990), most of the geological sections exposed
along the rift margins are dominated by Tertiary volcanic rocks except for a few locations where
crystalline basement is unconformabilly overlain by Mesozoic marine sedimentary and / or Tertiary
volcanic rocks (Paleogene volcanic rocks” that are as old as the flows covering the northwestern
plateau). Such pre- Tertiary rocks are presented along the eastern, western and southern Afar margins
( Huchinson & Engles. 1970; Zanettin & Justin - Viseutin, 1974; Black et al., 1975. Chessex. et
al.,1975), Western rift margin (Guraghe Mountains) of the Central scctor of the MER (Giday
Woldegabriel & Aronson, 1986), and at Amaro Horst of the Southern sector of the MER( Levitte et al,

- 1974; Zancttin ctal, 1978). In the broad rift zone of southwestern Ethiopia, crvstalline basement is
unconformably overlain by various Tertiary (12.7 - 494 Ma) and Quaternary volcanic rocks,
including the oldest known (Eocene) flood basalts in Ethiopia ( Davidson & Rex, 1980 Davidson,
1983). This is contrary to previous suggestions that volcanism migrated from the northwestern plateau
toward the Ethiopian rifts (MER and Afar) with time (Pilger & Rosler,1975, Zanettin & Justin-
Visentine, 1975; Morton, et al., 1979; Zanettin, et al., 1980, in Giday Woldegabriel et al., in press)
On the other hand, the rift floor is covered by Mio-Pliocene to Present volcanism (Basaltic, trachavtic
and rhyolitic lavas, and pyroclastic flows and falls), and volcano - sedimentary products ( Abbate and
Saggri 1979 in Tesfaye Korme 1992 ).

- The formation of the MER is attributed to extensional tectonics (Mohr 1967: Kazmin &
Behere 1978), though the direction of relative motion between blocks (extension direction ) is stll
controversial. From fault slip analysis two different directions have been proposed, northwest-

southeast (Chorowicz et al, 1994) and northeast - southwest (Boccaletti et al ,1994 ) Moreover, there




is no universal agreement as to when the rift system began to develop. Many authors (Burke & Dewey
~1970, and others) relate the development of the East African rift to the Afro- Arabian doming n lower
Tertiary times. On the other hand, Mohr 1967; Behet, 1979; Mc Connel et al. 1980) , described the
Afro - Arabian rift system as an expression of a tectonic zone of weakness in the lithosphere which
dates back to the Precambrian. According to Giday Woldegabriel ct al , (1990), the development of
the rift has been episodic rather than continuous, and a two - stage rift development 1s proposed based
on structural and stratigraphic relationships from the Central sector of MER. The initial stage was
characterised by the development of a series of half grabens along the rift with alternating polarity ( in
late Oligocene or early Miocene) and a second phase of symmetrical rifts that evolved from these half
grabens in late Miocene and early Pliocene times. Accordingly, the same workers believe in the
evolution of the rift from alternating half graben to full symmetrical graben with a medially located
neovolcanic zone that is bifurcated to marginal grabens in the northern sector of the MER.

The formation of the rift has been intimately associated with widespread volcanism of
different composition. According to Giday Woldegabriel and Aronson (1988); Hert et al (1986)(in
Tenalem Ayenew, 1998), there exists a relationship between magma composition and rifting Based
on stratigraphic relationships and K/Ar dating of volcanic rocks from the escarpments, flanking
plateaus, and from the rift floor of the Central sector of the Main Ethiopian rift, Giday Woldegabnel
et al.,(1990) recognised six major volcanic episodes in the development of the nft over a time span

from the late Oligocene to the Quaternary. The cvolution of the Central scctor of the MER s

characterised by widespread and voluminous mafic eruptions in the Oligocene that were repeated
during the Miocene time. However, during the Miocene and then volcanism was confined close to the
future position of the rift.

3.2 Tectonics

The tectonic history of the present study arca shares the tectonic activity and history of the
MER. Bater et al, (1972) attributed the major uplift and graben faulting in the central sector of the
MER to the early Pleistocene, however, Giday Woldegabriel et al,, (1987) has presented abundant
evidence signifying that faulting coincident or nearly coincident with the present margin has had a
longer episodic history. According to the later, faulting commenced approximately in the early

Miocene (as evidenced by the intercalated fluvial sediments with Oligocenc lavas at Agere Selam) and




there were major episodes in the late Miocene (topographic confinement of the 8.3 Ma ignimbnite to
the present main Guraghe escarpment), the Pliocene (the containment of the 3 6 Ma crystal rich tuff of
the Butajira Ignimbrite with the rift margin) and the late Quaternary. The castern rift margin in this
sector of the MER is fully developed along its length except in the northeastern part of the Awassa
caldera area. The age of the rocks exposed on the rift wall varies from upper Pliocene to Miocene in
the middle section and Oligocene to Pliocene in the southern part of the central sector (Giday
Woldegabriel, 1987). The total composite scarp height increases from the NE (Chilalo area), where
the scarp rarely exceeds 100m exposing Quaternary rocks, to the SW (Agere Selam), where fault
scarps of 500-800m are associated with Pliocene and other lavas (Giday Woldegabriel, 1987) This
disparity, according the same author, has been caused by in filling of both lavas from the shield
volcanoes at the rift shoulder flowing towards the rift and by ignimbrite from the nft floor where
volcanism ultimately exceeded the rate of spbsidence.

Similarly, the present western rift margin in this part of the MER has been formed by 9.7 Ma
as demonstrated by the containment of during cruption of flows of these ages by the major fault
scarps (Giday Woldegabriel, 1987). Accordingly, the central sector of the MER 1s formed in two
stages: an early stage (late Oligocene-carly Miocene) of a series of alternating half-grabens along the
rift with major border faults on one side which was replaced in late Miocene-carly Pliocene time by the
Present stage of a mostly symmetrical rift. According to the same author, the present symmetrical nft
was fully formed by 3.5 Ma.

The Pliocene age Awassa Caldera (Mohr 1983 ; Giday Woldegabriel (1987), Giday
Woldegabriel et al., 1990) underlain by ignimbrites (Dipaola, 1972) is by far the largest in the East
African rift system, spanning half the breadth of the rift floor, approximately 50x40 km (Giday
Woldegabriel, 1986). The caldera is composite and contains the younger 15 km diameter Corbett
caldera nested within it near the northern margin. It is located at the intersection of the nft axis by a
major north-westerly lincament on the western plateau marked by strato volcanoes and three other
small calderas, the Wagbeta caldera complex, extending 400 km from Awassa (Giday Woldegabnel,
1986).

The main Awassa caldera is asymmetrically overlapped and displaced against the castern nift

escarpment causing this rift margin arcuate, while Corbetti is along the rift axis. These calderas with



only slightly eroded walls are relatively young features along the eastern marginal graben of the rift
floor. More than 500m of mostly air fall ash and ignimbrite are exposed in the caldera wall against the
castern escarpment (Giday Woldegabriel, 1987). However, the northern and southern w alls of the main
Taldera are subdued perhaps due to rifting and burial along the MER. The northeastern wall of the
Awassa caldera is poorly defined, though a NW-SE (N 45 W) fault (Werencha fault) with a down
throw of about120m to the south has exposed some of the stratigraphic successions This scarp is
beneath sediment, ignimbrite and young pyroclastics on the west of the Shashemene -A wassa highway,
but cast of the road it gains topographic expression eastwards. The scarp 1s made of dommnantly of
crystal rich, columunarly jointed light gray ignimbrite footed and topped by pumice deposits. Blocks of
ignimbrite prone to falling and toppling are evident. The Corbetti caldera is thought to be related to
this transfer fault (Mohr 1976). Further east along this fault, near the castern rift escarpment a large
rhyolite volcano, collapsed on the south-west, is exposed. This was interpreted as a caldera by
Dipoala (1972). The western wall of the Awassa caldera, i.c., the Abaya ndge, 1s well preserved and
affected by the regional faults, WFB, running NNE-SSW.

The floor of the caldera is mostly covered by Lake Awassa and Shallo plus a marshy arca
However, numerous smaller volcanic structures also occur within the caldera. South of Awassa town
a remnant of what is probably an old rhyolite edifice rises above the plain. It is composed of rhyolite
with layers of obsidian flow, tuff or pumice breccia, and ignimbrites covered by a layer of
hyaloclastites all of which dip south and terminate abruptly on the north at an arcuate, eroded scarp
It is suggested by some workers (UNDP, 1973, Tesfaye Korme et al., 1997), that this scarp marks the
edge of a cauldron subsidence. But evidence of the western and south-castern caldera rim is lacking It

“is also suggested that, the swampy plain east of Awassa occupies an old caldera as indicated by the
arcuate arrangement of young extrusions with in the caldera (UNDP,1973).

The floor of the caldera is also highly dissected by normal faulting especiallv to its southern
and western side (fig 3.2). Normal faults running in NNE-SSW (N 20" E) direction with down throws
up to 100m are clearly visible cutting the young pyroclastic and lacustrine deposits. In the Southern
side of Lake Awassa, a transverse escarpment with a northerly down thrown is clearly evident, which
has limited the size of the ancient large lake. Faults may act cither as path ways for water movement

or as flow barriers. At the foot of some of the faults which bound the basin there exist springs, hot and



cold, indicating that these faults act as conduits. Faults at the floor may possibly be filled with a

weathered glassy volcanic ash and act as barriers.

The occurrence of differently oriented fractures is also noted in the caldera floor Fractures
running in N10° E to N 60° E and N100° Eto N 115" E are evident especially on the flat topped
hyaloclastites. The former group is dominant and run for longer distances than the latter which 1s
infrequent and short. Most of the fractures are widely spaced, 0.5 m, filled and form irregular blocks

These fractures, especially the former ones may be signatures of the effect of the northwesterly
lincament on the western plateau,

The occurrence of deep seated extension fractures in the study area 1s reported by Tesfaye
Korme et al. (1997). According to these workers, the rhyolite ridge in the south east side of Awassa
town, is a type-B volcanic neck. These ridges are short and steep hills of trachytes and/or rhyolite
lava necks, commonly associated with calderas and are of the result of ejection of volcanic matenals
into radial or annular fractures formed by pressure exerted by the magma chamber. Their trends do not
necessarily coincide with the strike of extension fractures in the region It is suggested from their
arrangement that, the young basaltic cinder cones of 0.52 + 0.06 Ma age (Mohr, 1980 ) distributed 1n
the caldera floor, may be similar injections into fractures. Columnar Jomnting 1s also observed in the
ignimbrite beds located in the NW-SE transfer fault arca on the northeastern and southern sides of
Lake Awassa. All these various types of geological structures, especially the boundary faults, play a

significant role in the recharging and circulation of water within and possibly out of the catchment

3.3 Stratigraphy and Volcanism

A regional stratigraphy for the central scctor of the MER has been provided by Dipaola
(1972). Studies on specific segments of the central sector of the MER have been made by other
Investigators who have defined the major stratigraphic units in the region (Laury and Albritton 1973
UNDP,1973 ). Subsequent detailed investigations and geochronologic studies further refined the
stratigraphy of the central MER and documented the cruptive history of individual Volcanic centers

within the region (Mohr et al. 1980; Giday Woldegabricl et al. 1990,1992, in press).

'f




Table. 3.1 Stratigraphy of the central sector of the Main Ethiopian Rift
(after Giday Woldegabriel et al,, 1992)

Ethiopian Rift Valley 7° - Central sector of man Ethiopian  Awassa caldern: Eastern wall  Aluto are (rift Mloor)

8"40 lat. north and Tift (Glday Woldegabriel et al,  (Giday Woldegabriel ot s, Geothermal well LA.3 (E1GS,

adjacent plateau (Di Paola,  1990) 1990) 1985} Glday Woldegabriel et

1972) al., 1990)

Alluvium and lacustrine Silicic and mafic rocks of the Wonji  Silicic and mafic rocks of the Silicic, trachaytic and basaltic

sediments (recent) Group (S 1.6 Ma) Wonji Group (£ 1.6 Ma ) units of the Wonji Group (< 1 6
Ma )

Alkaline and peralkaline silicic

flows (Holocene)
Trachyte flows and basaltic

il (recent Pleistocene)

Alkaline and peralkaline silicic  Chilalo trachytes and silicic rocks Chilalo trachytes (Trachaytic Chilalo trachyte (Late Pliocene)

rocks (early Pleistocene — Late  (Late Pliocene, 3 - 1.6 Ma) wll) (1.85 Ma)
Pliocene )
Alkaline and peralkaline silicic  Butajira ignimbrites (Pliocene, 4.2 - Dutajirs ignimbites (1 55 - Butajira ignimbrites (Early 1o
rocks (Pliocene ) 3Ma) 3.69 Ma) Mid - Pliocene )
Basalts and ignimbrites plateau  Guraghe basalts plus silicics Guraghe basalts plus silicics
trap series (pliocene - Early (Miocene, 11 -5 Ma ) flows (8.7 - 8.8 Ma XLate
Eocene) ' Shebele trachytes (Mid-Miocene, Mincene)
1712 Ma)

Kella basalts (Oligocene, 31 - 29
Ma)

Pre-Tertiary units (Mesozoic and
Precambrian)

A summery of the stratigraphic nomenclature and K-Ar ages for the pyroclastic units in the
MER is given by Giday Woldegabriel et al.(1992) and is presented in Table (3.1) According to this
nomenclature, the oldest rhyolitic units in the region are silicic centers of mud- Oligocene 1o late
Miocene age (31Ma and 10Ma) and several tuffaccous units ranging from Mid-to-Late Miocene age
(Ca. 17-8 Ma). These silicic tuffs are intercalated with basaltic flows along the nft escarpment and

shoulders of the central sector of the MER (Giday Woldegabricl et al | 1990) The Miocene silicic
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rocks are smaller in volume when compared to the voluminous basaltic flows According to Gidas
Woldegabriel et al. (1992), the Plio-Pleistocene units of the central sector of the MER are anributed

to three time - stratigraphic groups: the Butajira ignimbrites (4.2 - 3 Ma), the Chilalo Trachytes ( 3 -

1.6 Ma ), and the Wonji group (< 1.6 Ma), which crop out along the rift escarpments, fault scarps

within the rift and caldera walls, The Plio-Pleistocene felsic centers and calderas generally occur at the
intersection of major faults and fissures related to the rift axis and transverse faults Most of the felsic
eruptions were preceded by voluminous basaltic volcanism and faulting (Giday Woldegabriel, in
press). According to the same author, the overall the stratigraphic evolution of the central sector of the

main Ethiopian rift is characterised by widespread voluminous mafic eruptions in the Oligocene that
were superseded by rift related downwarping, uplift, and extension Similar volcanic and tectonic
is.ctivities were repeated during the Miocene time. However, during the Miocene, volcanism was
confined close to the future position of the rift valley. In the central sector of the main Ethiopian nft,
rift - bound silicic volcanism increased with time and dominated the Plio - Pleistocene actvity except
for localised fissural basaltic eruptions along the Quaternary rift axis .

The part of the Ethiopian rift investigated for this work is exclusively made up of Volcanics
and volcano-sedimentary products ( fig 3.2), deposited starting from late Miocene to Present several
pyroclastics, rhyolite lavas, basaltic flows and cinder cones and flat topped hyaloclastites are exposed
along the walls and floor of Awassa caldera. The geochronology of these deposits has been given by
Giday Woldegebriel et al. (1987, 1990). Based on previous works and present field investigations, the
following stratigraphy is proposed for the study area and presented below, from younger to older

B Volcano- lacustrine deposits

W Recent acidic volcanics

B Recent basaltic flows, basaltic hayaloclastites and scoria cones

B Old alkaline silicic rocks

®  Basalts and ignimbrites of the plateau trap series
3.3.1 Basalts and ignimbrites of the plateau trap series ( Late Miocene)

These are the most ancient rock exposed in the area. These rocks are exposed locally at a
quarry site close to the base of the eastern caldera wall where the caldera wall is asymmetncally

-overlapped against the eastern rift escarpment. According to Giday Woldegabriel et al . (1990) these
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rocks are geochronolgically grouped under Gurage basalts and consist of fine grained mugeante
overlain by 30 to 50m thick welded tuff dominated by collapsed pumice clasts and sparse feldspar
phenocrysts. They contain abundant welded shards which are moderately devitrified These rocks are
suggested to be the foundations on which the mega Awassa caldera was constructed, and have ages of

9.8 and 9.7 Ma, respectively ( Giday Woldegabricl, 1987, Giday Woldegebriel et al., 1990) They

belong to the trap series which is mostly made of basaltic lava flows with subordinately associated

ignimbritic units intercalated between the basic lavas (Dipoala, 1972)

-3.3.2 Old alkaline and Peralkaline Silicic rocks ( Late Pliocene - Early Pleistocenc)

This unit includes the rift pyroclastics and old rhyolite lava flows that are found In the studs
area, these rocks are widely distributed and cover a large area. The caldera wall to the east and west
are dominantly made of these formations. In the castern wall of the caldera overl ving the late Miocene
welded tuff | ignimbrites and tuffs of this group are exposed. The age of these deposits ranges from 3 7
to 1.6 Ma (Giday Woldegabriel , 1987). Generally on this part of the caldera, overlying the late
Miocene welded tuff, pumiceous deposits, laminated surge deposits which show cross bedding, a
perlitic crystal rich tuff characterised by strongly welded shards, pumice fragments and few lithics are
exposed, totally reaching a thickness of about 200 m Rocks of these group are also exposced on the

~western side of Lake Awassa, especially on the western caldera wall where more than 200m thick
unwelded pumice outcrop is exposed. The rhyolite ridges at Wondogenet (Mt Abaro), at the
southwestern edge of the Awassa caldera which has an age of 2.45Ma (Giday Woldegabriel. 1987)
and probably the rhyolite necks at the south eastern side of Awassa town are also included in this

group. These lavas show vertical sheeting and flow folding structures.

3.3.3 Recent Basaltic lava flows, basaltic hyaloclastites and scoria cone
(Recent Pleistocene)
This unit is represented by small monogenic cones which are sprinkled forming the only relief
~ in the floor of the caldera. The scoria is found mainly associated with scoracious basalt flows Iis
colour ranges from dark brown to reddish brown and the individual grains range from lapilli to bomb

size. These deposits are extensively used as a construction material especially for road construction




The flat topped hyaloclastites, generally yellowish to brown in colour, consist mainly a fine glass
material containing large (as large as 42 cm) blocks of basaltic, rhyolitic and ignimbritic matenal In

most cases these rocks show layering and cross bedding. These rocks are |
side of lake

argely exposed n the ecastern

Awassa. For instance, mount Tabor, part of Tumura and Alamura are made of these
rocks. Exposures of the basaltic flows are not common in the study area, though some are exposed in

“the southern side of the caldera. Mohr et al. (1980) reported an age of 0.5 + 0.06 Ma for this rocks in

the area,

3.3.4 Recent acidic Volcanics (<1.6 Ma)

These rocks are the youngest volcanic products in the study area They are exposed in
the north, east and North -western part of the water shade of lake Awassa basin  Most of
these rocks consist pyroclastics, such asiunwelded pumice flows, pumice falls and ashes, and
rhyolites with associated obsidian flows. The products of Chabbi volcano, the rhyolite beds

exposed on the NW-SE transfer fault east of Chabbi, the pyroclastic deposits overlying the

Pliocene deposits on the eastern and western caldera wall, are included in this unit

335 Volcanlo-Lacustrine deposits (Pleistocenc to Recent)

The volcano-lacustrine deposits, which cover mainly the floor of the caldera are the only non
volcanic formations in the area. These sediments are mostly of volcanic origin. Their thickness reaches
up to 50m , especially on the western side of lake Awassa, as evidenced by bore holes log scctions and
hand dug wells. These lacustrine deposits are the result of the recession of lake Awassa which in the
past occupied larger part of the floor of the caldera. Most of the lake sediments are intercalated with

~recent volcanic materials as seen in bore hole logs and sediment cores drilled on the lake floor (Telford.

1998).




Chapter Four

_Hy drometeorology, Surface Hydr ology, Hydrogeology and Hydrochemistry

4.1 General

Hydrogeological conditions, including surface hydrology affect land use planning,

site

selection, construction, performance, durability, cost and even the safety of engincering structures

(Dearman, 1991). Ground and surface water also play important role in present day geomorphological

processes, weathering, slope movements, volume changes by shrinking and swelling of susceptible

soils. Groundwater may also influence methods of excavations by producing scepage forces and uplift

pressures. Subsurface water is normally under pressure which increases with increasing depth below

_the water table to very high values. Such water pressures have a significant influence on the
engineering behaviour of most rock and soil masses and their variations are responsible for changes in
the stresses in these masses, which affect their deformation characteristics and failure (Bell, 1993)
Moreover, rocks and soil properties are largely dependent on their moisture content

Both surface and underground waste disposal may be influenced by hydrogeological
conditions. The stability of slopes, the development of sinkholes and subsidence phenomenon 1s also
governed by prevailing hydrometeorological and geological conditions Hydrological conditions can
also affect engineering structures through inundation, like the case in the Awassa area where the lake
inundated more than 200 hectares of farm and grass land, and demolished more than 360 residential

-houses and governmental and non governmental organisation’s buildings (MoWR, 1999). Flooding of
rivers has also a paramount impact on the use of flood plains. Hydrometeorological parameters are
also important in the designing of bridges, culverts and dams. Beach side erosion is also an important
impact of water bodies which endangers beach side development.

The chemistry of water can also influence the development of an area, the use of engineering
materials like concrete, timber and still. For instance, sulphate rich waters can attack concrete, and
those of acidic waters can corrode steel structures.

Thus, in view of all the above, the aim of this chapier is to assess thc overall

hydrometeorological, hydrological, hydrogeological and hydrocheniical condition of the waters

- available in the study area.




42 Hyd rometeorological variables

Hydrometeorological variables are important in defining hydrological elements  like
precipitation, evaporation, runoff and infiltration which are in turn important vanables required for
defining and characterising the water balance of a given area. Hydrometeorological vanables are also
important in land use planning, design and site selection activities.

4.2.1 Precipitation

A 26 years recorded data obtained from National Meteorological Service Authonty (NMSA)
for Awassa station is analysed and synthesised . It is found out that the mean annual ramnfall 1s about
963 mm. The mean monthly precipitation range from 15 to 128mm, and total annual precipitation
-l:anges from 725 to 1200mm. There is an eight month long rainy season extending from March to
October. All the rainy months have big rainfall, through the months of July, August and September are
exceptionally the wettest months. The area gets more than 88% of the total ramfall dunng the eight
rainy months and only 12% during the dry months. The monthly rainfall coefficient ranges from 03
(January) to 1.6 for the months of July, August and September (Dessic Nedaw, 1997) The
precipitation of the area shows seasonal and inter - annual variability. For instance, ramfall amounts
of above average by about 28, 20, 24, 23, and 17% were recorded in 1977, 1983, 1986, 1996 and
1998 respectively. Similarly, rainfall amounts below average by about 23, 18, 25, 21, and 22% were
recorded in 1973, 1980, 1984, 1990, and 1993 respectively. Fig 4.1 shows scasonal and annual

—variation of rainfall in Awassa area for the periods specified.

Recorded rainfall data for the near by stations, Wondogenet, Morcho, Yirba Dubacho and
Haisawaita are also available and considered ( ). The data show comparable range of seasonal and
inter annual -variability to the Awassa station, which is preferably used in this work due to its
closeness to the lake and its relatively longer record These stations also revealed similar above annual
average rainfall during the last three years, as large as 50% in the year 1996 (fig 4 2) Using the record

from these stations and the corresponding influence arca in the Awassa basin, the
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weighted mean anmval rainfall of the basin, using Thiessen polygon method, is found
1099mm.

-

out to be

4.2.2 Temperature

Temperature plays an important role on the evaporation process and on the suitability of a site

for settlement. Twenty six years temperature data recorded at Awassa station show that the monthly

muinimum temperature varies slightly from the lowest values in November, December and J anuary (9 |

0 * i
t0 10.2°C) to a maximum of about 14°C in May to July, to decrease again following the same pattern

The highest monthly temperatures are recorded in February and March (29 to 292 C) and decrease to

their minimum value in July-August (23.6 to 24 'C) that is during the big rains of the “Kiremt™ when

the sky is partially covered by clouds and the insolation is remarkably reduced The maximum
;emperatures rise again in the following months mirroring the pattern of the first half of the year The
mean monthly average values are close to each other (18.4 to 20.85), 19°C being the mean vearly
average. Fig 4.3(a &b) shows the variability of mean monthly values as recorded from Awassa

meteorological Station.

4.2.3 Humidity

The moisture content of air, expressed in weight per unit volume 1s called the absolute
humidity. But for most practical purposes the relative humidity is taken into consideration Relative
humidity is the ratio between either the amount of water vapour actually contained per unit volume and
the amount that it could hold at the same temperature when it is saturated or the actual vapour
pressure and the saturation vapour pressure at the same temperature.

From six Year data recorded at the Awassa Station , it is found out that the mean monthls
relative humidity ranges from 55 to 78, 67 % being the mean annual value July, August and
September are the most humid months while December, January and February are the dniest months

(Fig 4.4).
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4.2.4 Wind Speed

A twenty- years recorded data at the Awassa Station was analysed and it is found out that the mean

monthly wind speed ranges between 73 and 106 km/day, 96 km/day being the mean vearls average

January, February and March are the most windy months, while September. October and November

are the least windy.

4,2.5 Sunshine Hours

In the study area, the mean monthly sunshine hours range from 3 to 10, where 7 hours is the

mean monthly average as revealed from the 24 years recorded data at the Awassa Station - The months

of November, December, January and February have the least cloud cover while the months of July,

August and September have the highest.  *

4.2.6 Evaporation

Evaporation is the mass transfer of moisture to the atmosphere from open surface water
bodies including the oceans, soil and bare rock surfaces. Its rate depends on prevailing weather
Battcms including temperature, solar radiation, air mass saturation deficit, wind speed cte. It can be
measured using different technique including pans and can be calculated from empirical equation
among which the Penman method is the most widely employed.

Thirteen-years evaporation data obtained from National Meteorological Service Authonty,
which was recorded using class A, U. S. Weather Bureau land pan, is used for this work The data
show that high evaporation occurs during the dry months. Since pan evaporation is higher than lake or
reservoir evaporation, correction factors are usually used to approximate the measured evaporation
rates to the natural open water -surface evaporation. Pan cocfficients of 0.75 to 0.85 are commonls
used for Class A pans (Fetter, 1994). Taking the average 0.8 cocfficient, mean annual lake

evaporation is estimated to be 1658 mm. Values of 1358 mm and 1568 mm arc obtaned applying

Penman and energy balance methods, respectively. However, the latter two values seem to
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largely underestimated the evaporation rate as compared to the nearby Ziway-Shalla basin, which is
greater than 1600 mm, hence the evaporation rate 1658 mm from recorded pan evaporation is used in
this work. As seen in figure (4.5), evaporation is below average since 1996, This could be the effect of
the increased rainfall during these times, which has increased the humidity of the area slightly, and

also the slight decrement of wind speed. There may also be errors introduced due to measurement

error, rainfall uncorrected measurement.

4.3  Surface hydrology

Lake Awassa, the main water body in the area, is about 18 km long and 5.5 km wide covering an
area of about 94 km”. The maximum depth of the lake is 21.65 m (Telford, 1998). Lake Shallo, which
has a surface area of 12 km’, to the East of the town is connected to Lake Awassa via Tikurwuha
river. According to Mohr (1960), these two lakes were once together 140 years ago including the
swampy area towards the east of the town which covers about 64 km’. This swamp is now covered by
junicas and papyrus plants and is a discharge area for the waters coming from the castern and south
castern sides (i. e., Wesha, Werka, Birira, Gomesha and Kedo rivers, fig 2.3). Most of these strcams
have separate drainage systems and follow separate courses before finally entering the swampy arca
(Dessie Nedaw, 1997).

For characterisation and evaluation of the impact of the lake Awassa level rise in the recent years,
depth- area and depth - volume curves were constructed on the basis of the lake bathemetry reported
by Telford (1998) and presented in figure (4.6 a & b). Volumes between consecutive depth contours 15

computed using the formula (Garg, 1976)
h
V(AA,)= E(A‘ + 4, +44)

Where V(A 4,) is volume between two adjacent contours with contour difference h and A,

and A, are areas enclosed by the upper and lower contours respectively.

4.3.1 Runoff

asin as a whole there is no river which flows out of the catchment

of the whole catchment runoff value can

Considering the Awassa b

and coming into it, so that for water balance computation
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be assumed zero (Dessie Nedaw, 1997). However, if we consi :
catchment, the runoff from the catchment area feed lake Awassa ‘:cr & “;’“rfa"c ek
n two different ways. The northern.
southern and western part of the basin areas are poorly drained and feed the lake as an overland flow
without well defined channel except in the southwestern part where few gullies are developed. While
the eastern and southeastern part of the drainage area has a relatively dense drainage pattern and all
the runoff from these part of the catchment feeds lake Shallo and the adjacent swampy area. Overflow
from lake Shallo drains into lake Awassa through the Tikurwuha, lake Awassa’s primary affluent
river. Lake Shallo serves as a regulating reservoir of Tikurwuha river as seen from figure (4.7).

Tikurwuha river is gauged since 1980 at two points, at the bridge site and farther upstream at
Dato village. The flow record from the gauge at the bridge site has errors introduced by the backing up
of lake Awassa (Tesfaye, 1982) and can not be used. While the recorded gauge data at Dato village is
used in this work, since it is far from the lake boundary and not likely affected by any backing up of
lake Awassa. However, as seen in figure (4.7), the level of Tikurwuha has gone above the level of
Shallo since 1992, as differed from the previous years. This might arise due to some errors related to
recording of the level of Shallo lake where its level was higher than the staff gauge in this year, and
the re-establishment of the staff gauge in the following years (personal communication with the
personnel of the responsible office).

The nineteen years recorded gauge data at Dato village is collected from the Hydrology
Department of the Ministry of Water resources (MoWR) with missing data in some years. A long term
mean annual flow of about 83mem is estimated where more than 65% of the flow of this river occurs
in the months of August to December. The highest volume of flow occurs in the month of October
which likely contributing to some degree to the subsequent rise of lake Awassa during the month of
November.

Surface runoff from the remaining ungauged 430 km’ catchment area, feeding the Awassa lake, s

estimated to be 62 mem, assuming a runoff coefficient of 0.15 on the bases of the morphology,

* v . . ﬂ:
vegetation cover, and land use of the ungauged catchment. The contribution of direct surface runo

ich is 627 total
therefore, to the lake Awassa hydrological balance is about 145 mem, which is 62% of the

surface input,

- e
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4.4  Hydrogeology

4.4.1 General

Subsurface water is often critical in various engineering works. As a result, problems related
to groundwater are of prime importance in Geotechnics and Engineering Geology. Groundwater has
impaired the functions of dams, levees, and canals. It has shortened the design life of paved highways
and airport runways. Subsurface water has contributed to the failure of slopes and building
foundations, etc. These effects make understanding the occurrence, engincering significance, and
control of subsurface water of vital interest to engineering geologists (Johnson & DeGraff, 1988)

The position, velocity of movement and chemistry of groundwater are significant for many
aspects of engineering activities. According to Rethati (1983), three positions of groundwater are of
prime importance: the instantaneous water level observed during the survey, the construction water
level at the time of construction and the maximum water level during the time of the project. Among
these, the first is a prerequisite of the reliability of boring and sampling, so of any pedological and
geohydrological survey too. If, at the time of construction, the groundwater level exceeds the plane of
the foundation, the dewatering of the working pit has substantial technical and economical
consequences. There are foundations, for instance highway system, piling without casing, which can
not be applied below the groundwater level except under very favourable conditions. For such type of
foundations lowering of the groundwater is a prerequisite which would increase the cost of foundations
and require extra time, especially if, due to an increased corrosivity, the groundwater must be held
back from the structure during the strengthening of the concrete. The position of the groundwater level
and its velocity of movement can also determine the method of dewatering and the selection of the
system of foundations.

The velocity vector characterising the horizontal motion of groundwater is necessary for the
Rethati. 1983). These include: the calculation of the swelling

solution of a large number of problems (

effect of subsurface walls, the judgement of the danger of infection of waste-water scepage systems

made up of drain-pipes or shafts, the determination of the flow path of leaking water from basins and

sment of the origin of waters

of corrosive compounds originating from industrial plants, and the asses

ing i ' ing groundwater may wash out the cement content of
seeping into basement and mine-Spaces. Streaming £ \




sliding, tilting and buoying, bearing capacity and  settlement The buoyant force, , exerted by
gravitational water filling up the pores becomes important during construction if it approaches the
dead weight of the structure. With the exception of geometrical data, any other component of the
bearing capacity of a foundation is a function of the groundwater stage. The upward movement of the
capillary fringe due to a gradual rise of the groundwater can increase the water content of the soil,

which ultimately decreases shearing strength and volume-weight of the soil However, the nature and
magnitude of the groundwater effect is 2 function of stratification and the physical properties of the
soil. The bearing capacity of fine soils is primarily determined by cohesion which is largely determined
by the water content.

Generally, the damaging role of groundwater to buildings can be active and passive (Rethati,
1983). In the first case, damage is caused by the mere presence of motion of the gravitational water, in
the second category the effect is indirect: damage may be caused by the fact that the groundwater level
is underneath the plane of foundation. According to the same author the damaging cffect of water
flowing below a foundation include:
- Deterioration of consistency of the subsoil with an increase of its compressibility
- Increase compaction of the soil, subsurface erosion and development of cavities due

to leaching- out of the fine particles.
= The effect on the soil and the foundation of the chemical components carried by the

water.

- Shrinkage and swelling of fine soils
- Subsidence of macro-porous and granular soils, etc.

Which of the above phenomena occur depends on the physical and chemical characteristics of the
soil and the infiltrating water , the magnitude of the load on the soil, and the characteristics of the
Structure and the speed of flow.

A lowering of the water table itself may cause the motion of buildings, though most of the time

the resulting movement is below the permitted level (Rethati, 1983). The development of high velocity
B



of flow during dewatering is much more dangerous, Pumping in the layers close to the ground surface
lowers the groundwater level and this can initiate smaller or larger settlement of the buildings in the
surroundings due to the reduction of natural stresses existing in the water supply layer. Similar cases
may happen if excessive water is withdrawn from the lacustrine sediments of the study arca.

The seasonal fluctuation of the groundwater table has also an important role. A change in the
water level modifies the state of stress of a soil mass as well as the physical parameters of the affected
layers causing deformation in the subsoil. When the groundwater level rises it diminishes the shear
strength of the soils, increases its compressibility and side motion, may cause the collapse of loess
soils, loose granular soils and up fills. A decrease in the level of the groundwater table may also causc
a substantial shrinkage of the upper soil. Fluctuations of the groundwater table always result in soil
compaction (Rethati, 1983). Fluctuations of the groundwater level in the study area reaches 4 to Sm
which has a potential to cause similar effects or problems.

Hence, in view of the significance of the hydrogeological conditions, an attempt was made in
this study to asses the overall hydrogeological features.

A number of hydrogeological studies have been conducted in the arca (Grove et al, 1975,
Tesfaye Cherenet,1982; Dessie Nedaw, 1997, MoWR, 1999). However some of the studies are
regional and the others are purpose oriented on localized areas for water supply and irrigation, Based
on these studies and hydrogeological investigations carried out for the present study, it is tried to

understand the hydrogeological condition around lake Awassa. In the region more than 40 bore wells

and numerous hand-dug wells are found. The locations and the names of some of these wells and hand-

dug wells used for this work are indicated in Appendix A. The depth of the bore wells ranges from 18

to 275m and the static water level varies from close to the surface to more than100m. The depth of

hand-dug wells reaches up to 50 m.

4.4.2 Hydrostratigraphy

From existing geological well log and geology of the area, the geological formations of the

lake catchment are found out to be dominantly Quaternary acidic volcanics: rhyolites, obsidian flows
and pumice falls; ignimbrites and tuffs, and volcano-lacustrine sediments, though there exist limited

amount of scoria and associated lavas and hyaloclastites (fig. 32&48).



Volcamo-ocsiting seluminty- dominantly distributed at the castern and western side of the

lake and they overlay the ignimbrites (Tesfaye Cherenet, 1982). They are characterised mainly by
reworked pyroclastic materials with intercalations of water deposited volcanic ejectas and tuffs. These
deposits are generally fine to medium grained and sometimes consist alternating fine and coarse beds
The lithology of the sediments is the function of their mode of origin (Tenalem Ayenew, ll998), that 1s
whether they were quiescent lake deposits, water deposited volcanic ejecta, or coarse sediment
introduced into the lakes by flood events. Some of the bore wells, especially in Shallo farm, and almost
all the hand-dug wells extract water from aquifers of these materials. The groundwater is generally
unconfined, and the sediments have medium to high transmissivity values, in the range from 52 to
2080 m*day (MoWR, 1999) and yield of wells is often between 1- 8 I/s (Tesfaye Cherenet, 1982).
Tenalem Ayenew (1998) has found transmissivity values of 10 to 520 m*/day and permeability values
ranging from 3.1 m/day to 71.7 m’/day for similar deposits in the Ziway-Shalla basin. In the study
area average thickness of the lake sediments ranges from 30 to 50 meters. The temperature of the
groundwater varies from 21 to 30°c and conductivity from 230 to 2630 ps/cm (MoWR, 1999)

Recent acidic volcanics and pumice falls:- are dominantly distributed around the Corbett
caldera north of lake Awassa though they are also found to the northeast shade of the catchment, and
as isolated lava flows in the caldera floor. The hydrogeologic characteristics of these deposits is highly
variable and is highly controlled by the degree of fracturing and the degree of sorting of the pyroclastic
material. The pumice falls are characterised by a high intergranular permeability which becomes

highest when sorted (Tesfaye Cherent, 1982). These volcanics show moderate to high degree of

jointing which induces secondary porosity. Their thickness is so limited that, they are not common

aquifers in the area. However, they are good areas of recharge. Tesfaye Cherent (1982) reported

permeability ranges of low to high (0.1 to 80 m/day). While Tenalem Ayenew (1998) reported values

of the range of 1 to 2.5 m/day for similar volcanics in the Ziway-Shalla basin.

AN
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Igmmbrfrﬁ and tuffs:- outcrop in the castern, southern and Western parts of the basin’s
water shade while they underlay lacustrine sediments around the lake It is mostly well jointed
especially columnar jointing and has a high to moderate permeability, depending on the degree of
fracturing, but it has a low permeability where it is pumacious or massive (Tesfaye Cherent, 1982).
Similar rocks in the Ziway — Shalla basin have permeabilities in the range of 0.02 to 4 I‘.ﬁ m/day and
transmissivity values between 1 and 1300 m’ /day (Tenalem Ayenew, 1998). In the study arca these
rocks are as thick as 200m, though their higher topographic position forming the surface water shades
of the basin favour them to act as recharge arcas than as aquifer. Those found below the lacustrine
deposits are also not that much important because of their great depth (Dessic Nedaw, 1997).

Scorias and associated basaltic flows:- these rocks are exposed locally only close to the
textile factory East of Awassa town, but are good aquifers when found extensively. Though their
importance as aquifers is very limited, due to their limited extent in the study area, they are found to be
highly productive. There are about 9 wells tapping from the aquifer, all located in the compound of
Awassa textile and Almesh cheep wood factory. The yicld of these wells range from 300 to 740 litters
per minute (Dessie Nedaw, 1997). According to the above author, these geologically recent deposits in

most cases form unconfined aquifers with a thin cover of volcano lacustrine deposit.

4.4.3 Hydrogeological Features
To assess the hydrogeological conditions of the study arca, some hydrogeological data,

especially static water levels were collected. However, most of the bore wells are blocked and there 1s

no access for water level measurements. Therefore, water levels are taken from previous studies which

may introduce errors in groundwater levels. Besides error can be introduced since the depth of

penetration of the wells into the aquifers is not clearly mentioned in the previous studies. In this work

emphasis is given to the hand-dug wells as they portray the shallow groundwater condition which

might have higher impact on engineering structurcs. However, the sensitivity of the altimeter used for

measuring ground elevation was SO Jow that most of the clevation data was taken by cross-referencing

with the point elevation on the 10,000 scale topographic sheet. The position of the hand-dug wells

were determined using Magellan PX GPS. Because of the above mentioned problems, it was not easy
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1o precisely define the actual local groundwater flow direction and velocity in the area. But it was

possible to define a crude generalisation.

4.4.3.1. Depth to Groundwater Level

The groundwater depth generally increases as a function of the distance away from the
Awassa lake. In the Southern and Southwestern side of the lake, groundwater depth increases from
zero meter at loke spring, located at the shore of the lake, to more than 82 meters (MOWR, 1999)
around the surface water divide of the lake catchment. The hand-dug wells measured on this side reach
up to a depth of 50m and have an average water level depth of about 35m during the time of
measurement (May, 1999). To the east and northeast of the lake, where the town 1s located, the density
of hand-dug wells and bore wells is high. A Groundwater divide is identified between lake Awassa and
Shallo, and the groundwater depth decreases towards both lakes, On the divide the groundwater depth
goes up to 67 meters and decreases in both directions of the lake (MoWR, 1999).

The threat to the foundation of the town duc to high water table conditions is anticipated only
close to the lake, though for high rise buildings and sensitive engineering structures care  should be
taken since water level fluctuations may reach up to 4 to 5 meters. In addition, the water level
fluctuations in lake Awassa may cause a local rise and fall of the water table in the surrounding arca
and even a reversal in flow direction.

In this work, it was planned to measure the range of fluctuation of the groundwater table in
response to the rise of lake level and to assess its impact on the geotechnical properties of the
foundation soil of the town. However, the attempt is not successful due to the dry period which
prevailed in 1999. As defined by Rethati (1983), high groundwater level occur in the middle of late
rainy seasons, and low water levels occur in late Autumn, after dry seasons, and higher

spring, after

drops of the groundwater table usually occurs after higher level of groundwater table conditions. He

also pointed out that the limited amount of rainfall that spells during the dry seasons has no importance

in recharging the groundwater. If similar conditions are assumed for the study area, the measurements

made for this work (Appendix A ) in carly May after the high water table condition in the spring of

1998, due to high precipitation and increased lake level, may portray the lower water table condition

which may be used for design purposes. The lack of a continuous recording
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tem of dwat i & Jos
e groundwater tables in the area made it difficult to predict the time and magnitude of high

and low water levels, which are more important for engineering design

4.4.3.2. Groundwater flow

Groundwater flow directions can be determined using groundwater table map constructed
from water-level readings made in a number of water points, each of which is open only in the aquifer
of interest, and all the readings should be made within a short period of time (Fetter, 1994) Since there
is no enough data about the type of aquifer and depth of penetration for bore wells, most of the dug-
wells water table data is used in this work to get a rough estimate of the groundwater flow direction
“The dug-wells are believed to drain the shallow groundwater in the lacustrine sediments

The groundwater level map (fig. 4.9 ), made from the measurements of this work in earls
May and for some bore wells made on the time of drilling, revealed that a general groundwater flow
towards lake Awassa from south, east and some wedge shaped arca on the western side of the lake.
though the major groundwater inflow to the lake is observed from the southern side of the lake
catchment which emerges as spring at the shore of the lake. The total discharge of the springs 1s
estimated to be less than 50 I/s (MoWR, 1999). The map also revealed two possible directions of
groundwater qutﬂow from the lake, to the northern and western dircction  Though no detailed
estimates of its subsurface outflow have been published, outflow of groundwater from the lake in the
“northern direction was reported by different workers (Darling et al., 1996, Telford, 1998, Tenalem
Ayenew, 1998) using tracer techniques and ground flow modelling. Darling et al (1996), presented
strong evidence on the bases of a mixing model using isotopic data indicating a northward flow from
the lake with around 50% by volume of the lake water outside the caldera to the East and Northeast
Tenalem Ayenew (1998) estimated a northward out flow of about 12,345 m*/day from ground water
modelling and Telford (1998) estimated an outflow of about 7% by volume of the lake water towards
lake Shalla using chemical modelling. This figures are far from each other signifying the subjectivity

of the methods and assumptions used in the analysis.



':1.5 Hydrochemistry

4.5.1 General

The chemistry of water (the water quality) has a significant effect on the development of an

area. The chemical and biological characteristics of water determine its use for domestic, industrial or
agricultural purposes. Besides the chemical constituents of water especially the groundwater may have
a negative impact on engineering structures. The corrosive nature of some groundwater and the
complex technical task in protecting underground structures against corrosion has been documented
since long time. Recent researches on concrete also revealed the effect of the chemistry of water The
concomitant presence of sulphate and chloride ions in sea water and and saline soils and groundwater
causes deterioration of reinforced conerete structures due to reinforcement corrosion and sulphate
attack. The reaction between the cement phase - tricalcium aluminate (C;A) - and sulphate 1ons forms
enttringite and gypsum if the (C;A) content is above a certain level, which leads to degradation of
concrete into a non-cohesive granular mass and disruptive expansion ( Amoundi et al, 1994)
Corrosion of reinforcement with subsequent cracking and spalling of the concrete cover is promoted by
the penetration of oxygen and exacerbated by the ingress of free chloride ton from the pore clectrolyte
solution (Buenfeld et al., 1984).
Rethati (1983) categorised materials that are corrosive to concrete, mortar and certain stones
and bricks according to their effects as follows, considering only the components of groundwater
a) Dissolving materials: those soft waters with a total salt content of less than 200mg/l, total
hardness of 6 German degrees, or of alkalinity less than 2.5
b) Materials causing double decomposition: those acidic waters (P"<7), water containing
alkaline bases (if p"* >9), and salts that leach out, dissolve or transform the components of
cement : magnesium-, ammonium-, zinc-, copper- salts (generally above 1000 mg/l),

chlorides, nitrates and acctates (above 500 mg/l).



¢) Materials causing swellino- s _
18 swelling: those solutions containing sulphate ions (SO.) above a

concentration of 400 '
mg/l and salts (e.g. sodium carbonate ) which appearing in crystal

form in concrete
exerts a larger crystal pressure than the tensile strength of concrete

Rethati (1983) also pointed out corrosion accelerators: streaming and repeated exchange of corrosive

fluids, repeated drying out and wetting of the structure, repeated fluctuations of temperature and

permanent contact between corrosive groundwater and concrete. These all show the significance of
chemical characteristics of water in engineering practices.

Hence, an adequate solution to the problem of corrosion is possible only if an appropriate
chemical and hydrogeological data is available. In this work it is attempted to better understand the

chemical behaviour of both surface and groundwater using previous data and chemical analysis made

for this work. Besides the chemical data is used to constrain and quantify the water balance
components of the lake water and to assess tlhc possibility of the use of the lake water for irrigation,

which at the same time may reduce the problem of town ward inundation of the lake due to the lake

level rise.

452 Major Cations and Anions

The water bodies in the Awassa catchment show a large variability in their cation and anion
contents as sholwn in table 4.1. In almost all the samples the dominant cation 1s sodium, followed by
potassium in surface water bodies in the rift floor and hot springs, and by calcium in upland rivers,
cold springs, shallow dug wells and bore wells. Magnesium constitute the minimum n all the samples
Bicarbonate is the most dominant anion followed by chloride and sulphate. The water bodies in the
floor of the caldera are of Na- HCo; type ( fig.4.10) while the water bodics in the mountanous areas
show the equal importance of Ca®* and Mg™. The pH of the water samples in the basin ranges from
6.6 to 9.2. The high bicarbonate concentration in the existing pH range could be attributed to the
-dissociation of water and fluid rock interaction in the form of hydrolysis under the presence of soil
carbon dioxide(Fetter, 1994) and /or the flux of mantle carbon dioxide which occurs in most parts of

the rift ( Berhanu Gezaw et al., 1996). The surface water bodies and cold springs are soft waters

while the groundwaters and hot springs are in the range of medium to hard waters,



Type Na' N Ca Y (= C HCO," [NO, [CO," SO [SiO; [ Tot Handness [Temp [pH [Cond  TDS
mg mg 1 mg mg 1 mg/1 mgl |mgl [mgl |mgl |mgd |mgl fmgl o mS/om |mg/l
tivers draming Average 26.02 837 1868 3167 .96 4.90 49 7.36
the eastern mide of Maximum 4299 1212] 4108 814 851 13.93 136 K3 =
the water shade Minumum 10.81 5.08 222 219 248 1.44 28 o] I _
y stan deva 13.75 3.16 14.60 252 FXE] 5.11 ) i | |SES
Shallo Swamp Average 385 2.4 6.9 23 99| 33 29 27 74
Manumum 823 211 1.6 4.13 181 55 6.24 30 7.8
Minimum 3.22 196 2 1.2 a6l 11 0.48 10 6.6
}_ st.dev 42| 103 48 15 72| 31 3 0.7
Tikurwoha river Average 81 121 93 34 12.8 84.5 2.8| 35 7121
Maximum 178 22 13 E; 19 151 425 47 7.7
Minimum 29.9 6.7 4 2 5.32 18 0.96 19 6.57
st.dev 60.1 6.2 35 1.3 6.9 223 1.55
Lake Awassa Average 184.3 334 103 54 331| 82| 334 104] 171 %01 38 89| s416] 908
Maximum 235 as 50.5 152 48| 9.7] a5 185 432 1 77 92| 1050] 1063
Minimum 137 24 3 12 138] 59| 288 13 oo1] 43| 20 87| 741 765
st.dev 26.8 6.6 11.4 32 88| 15| 547 77.15] 17.1] 28 02| 955 1286
Cold Sprigs Average 24 44 12°8 5.7 73| 05| 463] 76 8.5 s6| 208 7.6] 2428 155.4
Maximum 37 5 24 107 133 21 146 13 46 104] 283 83| 305 311
Minimum 11 391 6| 3 4| o1 ass] o4 0 27| 205 6.8 208 104
st.dev 13| 055 5.4 26 45| 08| 658 44 156 25| 06| 335| 7193
Shallow Dugwells Average 140.5 163 26.7 10 333] 65| 363 428 234 95
Maximum 270 23 47 20 62 10| 743 18] 110 167
Minimum 19 6 15 2 10] os] 100 0 5 58
Bore wells Average 153.3 123 21.6 10.2 21.1] 41| 400[ 35 17.4[101.8 106.4] 249 795 723
Maximum 235 20 36.8 21.6 60| 11| 915 8.8 70| 150 170 31 8.7 1205
Minimum 18.1 3 6 1.2 b e 0.1 0 0 0] 88 20 20 6.8 90
Hot springs Average 414 39.5 25.1 5.8 80.3[ 49 104 8.2 2377.3| 1765
Maximum 714.7 67.3 44.1 9.1 153.8 12 5 198 86| 3610 2713
Minimum 180 19.9 5.6 1 11.5 1 0.96 7.6] 1598 801
st.dev 2126 15.1 142 3.1 49.2 4.7 74.7 8.2| 1079.9] 917.3

Table 4. 1. Average Concentrations of Major cations and anions and other water quality parameters.



] The major ion chemistry data also show some degree of change in concentration of natural
waters in the basin as they flow from the mountains towards lake Awassa ( table 4 1), The most dilute
waters are found in streams, cold springs and groundwater in the upland arcas Lake Shallo (swamp)
and the Tikurwuha show concentrations intermediate between upland waters and lake Awassa Telford
(1998) suggested evaporation concentration and the addition of saline thermal waters for the
geochemical evolution of these waters,

The concentration of shallow groundwaters, measured in wells and bore wells, especially
circulating in the lacustrine sediments, revolves around that of the lake, suggesting that these waters
are either influenced by the lake water mixing or/and the chemistry of the aquifer material that is the
lacustrine sediments. The most concentrated waters in the catchment arc from the thermal springs

~which can be accounted for by the high degree of rock water interaction at hugh temperature

The river water samples draining the mountainous areas show a highly vanable 1omc
composition. However, the variability is larger for cations than anions which are dominated by
bicarbonates. The data show the equal importance of Ca®* and Mg™ to Na™ in these water bodies
reflecting variations in the lithology of the rocks which they drain, where more basic volcanics exist
These waters have average pH of about 7.5 and Ca**/ Mg ratio greater than unity.

Shallo swamp, Tikurwuha and Lake Awassa have lower concentrations of Ca™" as compared
to the other v;zatcr bodies in the basin. This which could be due to the precipitation of caleite from
solution and selective removal by micro-organisms. The presence of up to 27% calcite in Awassa lake

~ and Shallo swamp sediments was reported by Telford (1998). The pH of these water bodies ranges
from 6.6 t0 9.2, and they get more alkaline towards the lake (8.9 on average )

Lake Awassa is found to be fresh (dilute) despite its location in a topographically closed basin
as a terminal lake. It is an oligosaline ( Telford ,1998) bicarbonate dominated lake where Na' + K’
and HCOy + CO;” constitute greater than 80%. Groundwater outflow towards the lower-lying and
deep lake Shalla has been suggested (Telford, 1998) as the most plausible mechanism for maintaining
the low salinity of the lake. Total dissolved solids values reported at differcnt times show the dilution

of the lake with time (Appendix B). This could be due to the high inflow than normal into the lake of

low TDS waters.



§
2

Bore hole samples
Hund dug wells
Cold springs

Lake Awassa

Lake Shallo/swamp
Rivers other than Ti
Tikurwuha river
Hot spring

PO®X+e900

Figure 4.10 Piper tri - linear plot of the different water bodies



Shallow hand :
dug wells, cold springs, and bore wells also show high degree of variability in

the major cations reflecting their degree of water rock interaction and variations in the lithology of the
rocks within which they circulate. In all of these water bodies Ca”? > K* which can be due to the
dissolution of calcite in the soil horizons and/ or cation exchange: Na® for Ca”. The occusrence of
exchangeable Ca™ in the soils as large as 22% has been revealed in recent works carried out by
Ministry of Water Resources (from archives of MOWR). The pH of these waters range from 6.5 to
8.7 and the average value is around 7.9. The cold springs plot, in the tri-liniar diagram (fig. 4.10), n
similar fields to those of river samples, reflecting a common origin , that is indicating direct recharge
from rainfall with limited rock water interaction. Samples from hand dug wells and bore wells to the
south of the lake and around Wondogenet show relatively higher values of Ca™* and Mg as compared
to the others, probably due to differences in lithology within which they circulate.

The deterioration of concrete, asbestos- cement, reinforced concrete and the corrosion of iron,
steel, copper and other metals in contact with water is determined by the constituents and
environmental conditions of the water. Natural waters contain gases, colloidal matter, and a variety of
electrolyte and non - electrolyte materials; these, together with pH, determine the extent of corrosion in
a system and define the “aggressivity “ of the water (WHO, 1984). Different metals have different
range of stability under natural water systems. The Presence of anions that form soluble compounds
with a metal increase the “corrosivity ** of the water with respect to that metal, where as anions that
form insoluble compounds may increase that metal’s passivity (WHO, 1984). Comparing  the
chemical constituents of the waters of the study area with the limits given by Rethati (1983), as
45.1, it is found out that the impact of the waters of the study area on civil

discussed in section

engineering structures is little or non¢ since the waters are generally far from the limiting conditions

4.5.3 Water Quality

Whether a water of a given quality is suitable for a particular purpose depends on the criteria

or standards of acceptable quality for that use (U.S environmental protection agency. in Todd 1980)

In li ith this quality limits especially chemical constituents, of water supplies for drinking,
n line wi ) )

itability > wate ies in the study arca
: » IR ed to asses the suitability of the water bodies in \
industrial and irrigation purposes ar¢ us



Most of the water bodies within the Awassa catchment arca have chemical constituents within
the limit of the acceptable and allowable ranges for drinking water set by WHO (1984) except for
some ions: fluoride, silica and in some cases bicarbonate. The cold springs and rivers are suitable for
drinking where the fluoride content is exceptionally within the acceptable and allowable limits (table 4
|. and Appendix B). The source of high fluoride concentration in most of the waters of the main
Ethiopian rift valley is not yet well known. However. it s suggested to be from chemical weathering of
acidic rocks and magmatic intrusions ( Berhanu Gizaw, 1996 ),

The suitability of water for irrigation is contingent on the effects of the chemical constituents
of the water on the plant and the soil. Salts may harm plant growth physically by limiting the uptake of
water through modification of osmotic pressure , or chemically by metabolic reactions such as those
caused by toxic constituents. On the other hand slats may cause changes in soil structure, permeability
and aeration which indirectly affect plant growth (Todd, 1980). The suitability of the waters of the
study area for irrigation is assessed based on the irrigation water classifications schemes which employ
sodium concentration. Sodium concentration is usually used in classifying an irrigation water because
of its effect in reducing soil permeability and hardening of the soil (Tamiru Alemayehu, 1992).

The Sodium Adsorption Ratio (SAR) as recommended by Richard (1954, mn Tamiru
Alemayehu, 1992), given in equation 4.5.3, and the soluble sodium percent as defined by equation
(4.5.3b, Wilcox 1955) are calculated for some of the water samples of the study area and it 1s tried to
cvaluate their suitability for irrigation using the Wilcox (1955) classification method (table 4.2, fig

411 a &b). It is found out that most of the water samples, except for some dug wells, rivers and cold

springs, are doubtful to unsuitable for irrigation according to the above classification system. The
SAR values also showed medium t0 high salinity risk in using this waters for irrigation Particularly

the Awassa lake water is totally unsuitable for irrigation.

£



ECX10°6 [Na% SAR

BH-1 12458 729 6.7
BH-2 1162.3 709 6.1
BH-3 12595 76.4 78
BH-4 138.2 709 1.8
BH.* 1173.8 747 70
BH-6 2039 13 LS
BH-7 901.1 824 B0
BH-X 11555 7 139
BH-9 1139.0 SR € 118
BH-10 909.2 87.7 102
BH-11 1113.0 7.7 T4
BH-19 198.2 62.4 14
Dw.] 5068 442 17
Dw-2 1040.3 66.4 49

Dw-3 3832 55.1 F
w4 239.6 51.6 1.1
Dw.S 1020.1 910 12.9
Duwe6 14532 836 10.8
Dw-7 796.9 82.8 T4
1404.2 80.5 93
2418 71.2 2.7
239.7 489 1.3
113.0 513 09

Table 42

Soluble sodium percent and sodium adsorption ratio (SAR)
for water samples from Aawssa catchment

Rvl 3086 69.6 P
Rv2 8465 957 18.1
Ryv3 308.0 8318

HEvd 2290 642

RvS 5679 85.7

La-1 11980 949

La-2 1120.0 939

La-3 8930 948

La-4 1054.0 853

La-S 1074.0 93.7 15.8
La-6 11580 931 155
La-7 9150 20.6 113
13-8 836.0 878 9.2
La-10 756.0 88.0 &K
La-11 8810 90.1 10.9
La-12 1303.0 744 67
La-13 1074.7 86.4 9.7
La-14 871.5 95.0 16.3
La-15 9386 95.5 18.2
La-16 859.0 95.0 16.3
1a-17 £46.9 883 9.6
Las-15 195.0 733 25
Las-16 3040 1.7 3
Las-17 390 487 04
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The water quality standards for industrial use depend on the function of the industry
Recommended water quality criteria for selected industrial processes are given in Appendix €
According to this criteria. most of the waters of the study arca are unsuitable for food processing,
brewing and carbonate beverage industries which require more or less potable water This 1s due to
their higher concentrations of fluoride. silica and bicarbonate. Most of the waters are also unsuitable

for paper industrics and laundering. However, they can be used for textile. tanming and washing

purposes.
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Chapter five

Recent Lake Awassa level fluctuations and Lake water balance estimation

5.1 Recent Lake Awassa level fluctuations

Late Quaternary lake level changes in the Ethiopian rift especially i the Ziway-Shalla basin
(north of the study arca) has been studied and reported (for example, Leaky, 1931, Nilson, 1940).
Bishop. 1976. Grove and Goudic. 1970: Grove ¢t al., 1975; Gasse and Street, 1978a; Strect, 1979
Benvenuti et al: 1995: Tenalem Ayenew, 1998). Some studies led to a detailed reconstruction of Late
Quaternary lake level oscillations and climatic changes in the Ethiopia rift (Gasse and Street, 1978a,
Strect. 1979: Benvenoti et al.. 1995). However. the Late Quaternary lake level changes in lake Awassa
is not studicd in detail. probably duc to lack of well preserved lacustring terraces and strand lines

Relatively few historical data arc available on the lake level changes of lake Awassa before
1969. As pointed out by Telford (1998). European explorers who visited the area at the close of the
19" century provide the first written descriptions of lake Awassa. Neumann (1901) found lakes
Awassa and Shallo united. at lcast in the wet scason. while Bourq (1903) travelling in 1902, drew the
lakes as being separate. with lake Shallo smaller than drawn by Neumann (1901). Baxter et al (1965
i Telford ct al. 1998). reported the change in the recorded maximum water depth from 21.6m i 1937
to 17.8m in 1964. Grove ct al (1975) reported undated beach terraces cut into volcanic debris up to
40m above the modern lake level to the north-west of lake Awassa These volcamc debries are
1998) as Holocene volcanic activity would have buried carhier

probably Holocene in age (Telford.

terraces. This rise is insufficient to causc lake Awassa to overflow mto lake Shallo. for which a 60m

risc is required. and there is no cvidence of an overflow channel joining the two lakes (Grove et al.

1975).

Lake level measurement of Lakec Awassa was started in 1969 with daily and monthly records

The monthly lake level records since October 1969 ull December 1998 are made available for this

work from MoWR . With in (e recorded time a total increment of about 3.22 meters is observed

This corresponds to an average annual increment of 0.11 meter of the lake level. The maximum level

g 1 g ( P x
recorded so far was 3.82 meters in the 13" of Nov.1998 T'he monthly
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lake level records indicate that the lake had no clearly defined trend before 1996 (fig 3.1 The
fluctuation recorded is gencrally in accordance with temporal changes in rainfall in the basin For
instance. sharp increases in the level of the lake were observed i 1977, 1983 & 1986 corresponding to
he increased amount of precipitation above average by about 28%. 20% and 24% respectiv ely (fig
42 and 5.1). However. since 1996 on-wards the lake level showed a significantly rising trend. During

this period the rainfall recorded at Awassa station has shown an mcrease from average value of 17%

to 23% as shown in fig (5.3).

Rainfall at Awassa station and monthly lake levels has no good relation (-0.1) as scen n fig
(5.2). However. a onc month shift of the five month moving average ranfall records gives a better fit
with monthly records of the level of lake Awassa (fig 5.4). This means that the poor corrclation of the
monthly catchment rainfall and the corresponding lake level 1s i part duc to delayed runoff. This ime
lag 1s expected since the flow of the main affluent river of lake Awassa, Tikurwuha is regulated by the
Shallo swamp which in tumn gets water from rivers draming the highlands of the Eastern platcau
Morcover. groundwater feeding the lake starts after heavy rainfall and continugs to do so for delayed
periods of time.

A lake level can be influenced apart from the various inflow and outflow components of the
water balances of the lake. by volcano- tectonism and sedimentation (Karrow, 1963: Slay, 1973a. m
Tenalem Avenew. 1998). delayed groundsater (Winter. 1978a.b in Tenalem Ayenew, 1998), long
distance transfer of groundwater across surface dranage divides. and climatic factors (Strect. 1978.
1980). At present there is no active volcanic activity in the catchment except for geothermal activitics

in the northern side of the watershade. These activities have little or no role in changing the level of

the rift lakes (Tenalem Ayenew. 1998). The increase n sedimentation could have influenced the level

of rift lakes. However. in the casc of lake Awassa. the possibility of large volume sediment transport 1S

unlikely. Due to the regulating offcet of lake Shallo. where most of the sediment coming from highland

crosion get deposited. the main affluent river. Tikurwuha, practically carnes little or no sediment

¢ measurement made on August. the middle of the wet scason.

This is confirmed by a single tim

Samples taken at different depths were fltered using 0.45 pm filtering paper and the suspended

sediment load was calculated to be 1350 PPM. A total scdiment transport of about 1660 PPM is

estimated assuming and
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adding 15% t0 the suspended sediment transport to allow for the bed load contribution. A rough
estimate on the total sediment transport can be made by adding 10 - 20% to the suspended sediment
transport to allow for the bed load contribution (Raghunath, 1985). The ephemeral rivers draning he
southern, southwestern and northwestern side of the lake deposit most of the sediment on the plain
close to the lake boundary before reaching the lake, so that their contribution is minimal. Besides,
Telford (1998) estimated a sedimentation rate of 1.7 mm/year from dated sediment core obtained by
coring the lake bottom at a water depth of 12m, showing the minimum effect of lake sedimentation.

The increased occurrence of carthquakes in the catchment and near by basins, however, may
resulted in new fractures which might have influenced the present day hydrologic regime of lake
Awassa. But groundwater input to the lake from outside the surface water catchment will be negligible
as lake Awassa is the clevated lake in the rift valley (T clford, 1998).

In 1996 there was a large increment in the amount of rain fall in the central and southern
sector of the Ethiopian rift (fig 5.4 and ). Hence, all the rift lakes show relatively high levels as a
response of the high inflow (fig 5.5.)- In the following years the amount of rainfall was still above
average especially to the southern sector of the rift, so that the southern rift lakes Awassa, Abaya and
Chamo show an increasing trend in spite of the differences to the individual lake characteristics as scen
in fig (5.5). The subsequent €Xcess rainfall in the catchment of the study arca supported by reduced

evaporation will result residuals to increase hence to result in a continuous rise of the lake level. Tt is,

therefore, more plausible to conclude that the present day lake level increment is due mainly to the

change in the amount of rainfall and evaporation in the catchment. This is in agreement to the

L ]
conclusion by Makin et al (1975 in NUPI, 1989). He noted the occurrence of cyclic or long term

variations, in addition to the seasonal fluctuations, due 10 periods of several years when the net surplus

is above or below the long term average. Water balance calculations made on monthly basis showed

good estimates of the lake level comparable to the recorded ones supporting the above conclusion (fig

56).

62
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5.2 Lake water balance Estimation

Lake water balance studies are used to estimate the flux of water, inflow and out flow, to lakes
and identify the role of the different hydrological clements, so that the major factors that contribute to
periodical lake level fluctuations can be best understood. Despite limitations on the hydrological data
for surface water and groundwater components, an attempt has been made in this part of the study to
estimate the water balance of Awassa lake with the aim of identifying the major factors that contribute
to the periodical rise in the level of the lake, which recently has become a treat for further development
of Awassa town, Identifying the major factor(s) contributing to the lake level rise, definitely, will help
in the selection of the type of the remedial measure to be taken in order to alleviate the problem of
hinterland inundation.

In a water shade where the surface water and groundwater divides coincide and hence with no
external inflows or outflows of groundwater across the water shade boundary, the water balance

equation for lakes for any time interval may be written as

SI+G]+PL 'EL'SO'GO + A =4S,

Where

Si = surface inflow into the lake

G = groundwater inflow

Py = direct precipitation on the surface of the lake

EL = evaporation from the surface of the lake

So — surface water outflow from the lake through rivers

Go = groundwater outflow from the lake
A — abstraction ( agricultural , industrial etc. )

AS, = net change in lake volume for the balance period.
Where all the above terms are expressed in mm OF volumetric measurements, though for lakes
with a surface area varying considerably during water level fluctuations, using volumetric

measurements is preferable (U'NESCO, 1974 ). The change of water volume for the balance period 15
calculated as the difference between water volume at the beginning and at the end of the period.



For closed or endorheic (those without surface outflow) lakes, where the underground flux
components (Gi and Go ) do not contribute significantly to the balance, the equation for mean water
balance under equilibrium condition can be reduced to the form

Si+ P = E

However, many studies showed the importance of groundwater in the hydrological balance of
lakes (Winter, 1978a in Tenalem Ayenew, 1998). In this study the unmeasured components of the
groundwater flux are considered as a residual of the total annual water balance and incorporated in the
AS, term. As a result the general form of the annual water balance equation for the closed Awassa
lake can be written as:

S;+ P - EL=AS, (since there is no significant amount of abstruction

from/to the lake)

Using the values 145mem (= runoff from ungauged arca plus mean annual discharge of
Tikurwuha river as discussed in section 4.3.1 ) for §; , 88mem (= 0.963 x 91 x 10°m’, where 91Km’
is the average lake area taken for the balance period) for Py , and 151mem (= 1.658 x 91 x 10°m’) for
E,, AS, will be 82 mem. This amounts to an equivalent water depth of 900 mm. This figures show
that the lake is not in equilibrium condition, and require either groundwater outflow to take place to
maintain balance or/and an increase in lake volume. As seen from the recorded data, there is a raising
of the lake level, esp. since 1996, and also the occurrence of groundwater outflow towards the lower
lying and deep Shala lake was reported by different workers using isotopic evidence (Darling ct

3 al.,1996 ) and chemical and groundwater flow modelling (Telford , 1998 ; Tenalem Ayenew, 1998).

Monthly water balance estimation is attempted and compered with the measured mean

monthly lake level (gauge height). The estimation is carried out considering the whole inflow and out

flow components with simple assumptions as discussed below.

Inflow components:
-Total monthly rainfall on the lake surface ( computed from measured rainfall data
as recorded at Awassa station)
red data at Dato village)

~Total monthly Tikurwuha river discharge (measu
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- Runoff fro
m ungauged catchment area computed using a runoff coefficient of
0.15.

Out flow components:

~Total monthly evaporation from the lake surface (computed from measured pan
evaporation data as recorded at Awassa station and using a pan coefficient of
0.8)

Groundwater inflow and outflow is assumed to be equal in all the months, though not true in
reality, due to difficulty to estimate accurately. However, since groundwater outflow probably
remains relatively constant in relation to the other water balance components (Street, 1980), the above
assumption, G, = G; will subdue the effect of groundwater inflow. Hence, the role of groundwater
inflow for the recent lake level rise can be ?ssessed indirectly from the result of the monthly water
balance computation by making comparison to the measured change in volume of the lake (or lake
level) with the calculated one. That is, a good correlation between them shows the minor role of
groundwater inflow to the recent lake level risc and to the errors of the estimation and assumption of
the components and this computation. This is what is found out in the present study

The result (fig 5.6) show a good correlation (0.99) between the caleulated and measured lake
levels supportil;g that the lake level rise is due to the change in environmental conditions especially
rainfall and evaporation. However, this does not mean that the groundwater inflow will not increase as
rainfall increases. Both groundwater and surface runoff increase as rainfall increases and also a
change in vegetation cover of the catchment with time will play a role in the increment of the runoff
But what the result shows is that the major cause of the recent lake level rise is due to change in
environmental conditions in the catchment area, especially rainfall and evaporation. The other

components are results of these environmental conditions.
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Chapter Six

Flood hazard mapping

6.1 General

Flood hazard mapping is a means of providing flood plain information for planming and
management programs. Proper use of such maps will help to prevent improper land development n
flood plain areas, restrict uses that would be hazardous to health and welfare, encourage adequate lake
shore line maintenance, preserve potential for natural groundwater recharge during flood events and
avoid water pollution resulting from the flooding of sewage treatment plants and solid waste disposal
sites that were located on flood plains.

A flood hazard map uses at its basc a standard topographic map which includes contours that
define the ground clevation at stated intervals. The area which will most probably be mundated by
various floods of defined frequencics 1s superimposed on the map to designate the “flood hazard map
(Foster, 1983). This requires the use of statistical methods since it is very rare to have a satisfactory
record long, continuous and homogencous enough to match the expected life of many engineering

works required to be designed. As many peak values as possible are needed in assessing  flood

frequencies.

Many hydrologic variables follow different distributions. For mstance., annual precipitation .

calculated as the sum of the cffects of many independent events. tend to follow the normal

distribution(Chow 1988). The log normal distribution has been found 1o deseribe the distribution of

hvdraulic conductivity in a porous medium( Freez, 1975 ) The exponential distribution 1s used o

describe the inter arrival times of random shocks 10 hydrologic systems. cuch as slugs of polluted

off the land surface, while the log-parson type

runoff entering streams as rainfall washes the pollutants

[11 distribution and extreme value distribution. for frequency analysis of annual maximum floods (



Storms, floods, and droughts are extreme events in hydrologic systems. The magnitude of such an
extreme event is inversely related to its frequency of occurrence, where very sever events OCCurming
less frequently than more moderate cvents. In order to relate the magmtude of such extreme events 10
their frequency of occurrence, frequency analysis of hydrologic data, through the use of probability
distributions, is commonly employed (Chow, 1988) The hydrologic data series analysed are assumed
to be independent and identically distributed, and the hydrologic system producing them 1s considered
to be stochastic, and space and time independent. This requires a careful selection of hydrologic data
{0 be used so that the assumption of independence and identical distribution are satisfied. In practice,
this is often achieved by selecting the annual maximum of the variable being analysed with the
exception that successive obscrvations of this variable from year to year will be independent (Chow
1988). The results of flood peak frequency analysis have been used for many cuguwcrinb; purposes: for
the design of dams, bridges, culverts, and flood control structures, 10 determine the economic values of
flood control projects. and to delincate flood plains and determine the effect of encroachments on the

flood plain.

In the study area, the raising of Lake Awassa level has caused economic and social damages
The lake has already inundated part of the southern and western part of the Awassa town including

private and govcmmcntal buildings. agricultural land, grazing land and recrcation sites along the

beach. As it has the potential for further engineering and related damage a flood risk analysis and flood

hazard mapping is attempted in this work. This work may assist official and private bodies making

decisions and alternative plans concerning the development of specific lands subject 10 flooding. The

most frequently used probability distribution, the extreme value type | or the Gumbel's method 18

adopted for this method gives the prediction of floods of a particular frequency exceeding the obsery ed

floods by a safe margin than the other methods ~ ( Ranghunath, 1085 ). and only peak readings could

be taken. It is also this method that 1s used in the National Urban Planning Institute of the country

(NUPI, 1989).
The annual maximum hvdrologic data series 18 used i this work. This sernes takes only a

single maximum value in each year of record sO that the number of data values equals the record

scords (tabie s assumption
i i .k lake level records (table 6.1) and bascd on the assump
length in years. Using a 29-years of pea
ifference in mflow and out flow, and that the sclected

that level fluctuations are mainly due 10 the d



Year Maximum gauge level
1970 1.46
1971 1.57
1972 1.96
1973 1.65
1974 115
1975 1.18
1976 0.93
1977 1.74
1978 2.25
1979 23
1980 2.09
1981 .48
1982 12
1983 225
1984 208
1985 .48
1986 1.84
1987 192
1988 239
1989 22
1990 22
1991 | 83
1992 204
1993 234
1994 238
1995 2.03
1096 3.12
1997 3.15
[T A S

W 2.00

Table 6.1 Annaual Peak Lake Awassa Levels (1970 - 1998)



annual peaks arc ind
; cpendent of one another the extreme value type 1 (EV 1) probability distribution

function is used.

6.2 Flood Probabilities

Flood frequency analysis entails the estimation of the peak discharge (level the case of
lakes) which is likely to be equalled or exceeded on average once in a specified period, T years. This 15
called the T-year event and the peak, Qi is said (o have a retum period or recurrence interval of
years. The return period, T years, is the long-term average of the intervals between Successive
exceedences of a flood magnitude, Xy, measured over a very large number of occurrences However,
those intervals may vary considerably around the average value T. Thus the return period of an event
of a given magnitude may be defined as the average recurrence interval between events cqualling or
exceeding a specified magnitude .

The probability P = P (X = X;) of occurrence of the event X =Xy in any observation may be
related to the return period in the following way (Chow, 198%) for cach observation, there are [wo
possible outcomes: cither “success” X2 X (probability P) or “failure” X<Xy (probability 1-P). Since
y of a recurrence interval of duration t is the product of

the observations are independent. the probabilit

the probabilities of t-1 failures followed by one success. that is, (1-P)" ' P, and the expected value of

t, E(t). is given by:

E(!) = zf(l = IJ)' ‘P = pt 2(1 =p)™ 3(1 - p)r’” L mlp-l ' 6 2a

=pli+20-p+ 31 - p) +40 - P |

The expressions within the brackets has the form of the power SErics expansion

(1+x)" =1+nxt [nn -1/ 2 + [n(n = 1)/ 6Jx '+ }

x=—-(1-p) and n=-2 socquation (6.2a) may be writicn as

4 ‘

E(1) :[H‘T“ﬂ oy



Hence E(t) =T = 1/ P that i |
at i
is the probability of occurrence of an event i any observation is the

inverse of its return period:
P(X2Xy)=U/T
and if F(X) is the probability of X < X,
F(X)=1-P X)=(T(X)- 1 )/ T(X)
and the probability that a T- year return period event will occur at least once in N years 15 the
complement of the situation where no T- year event occurs in N years, which requires a sequence of N
successive “failures™, so that
P (X < X cach year for N ycars ) = (1-P)" and the complement of this situation will be
P(X>Xr at least once in N years ) = | - (1-P)", and since P = /T

P(X=X; at least once in N years ) = | - (I- 1T

6.3  Estimation of the T-year flood using EVI

The equation of the Gumbel extreme value distribution (EV 1) is given by (Chow, 1988)
- X-u
F(x)= exp[— exp(— ] -wSXSX 6.3a
a -

where F(X) is the probability of an annual maximum X = X as defined previously, and the

parameters & and u are related to the moments of the data serics of X values and given as follows

6 '
a = £ S where = the sample standard deviation
I1
u=x-057"2a ¥ = the sample mean
The parameter U is the mode of the distribution (point of maximum probability density) A

reduced variant y can be defined as

x—u

¥ =

substituting the reduced variant in {0 equation (6.3a) gives

I(x) = cxp[-exp(l . _1'1]

solving for y

-9



e
y=-In|In(——
[n( I"(A‘))_l cxh

since UT  =PX>Xy)
=1-P(X<Xy)
=1-F(Xy)

SO FXy) =([T-1)T

and substituting into equation (6.3b)

Yr = _h{ln(?_'?—;l)} 6.3¢

for the EV 1 distribution, X; related to v, by the following cquation (Chow, 1988)

6.3d

XT.—n+o:yT

According to the same author. it is also possible to calculate by an alternative method, using

frequency factors as follows:

The magnitude of Xy of a hydrologic cvent may be represented as the mean 1t plus departure

A X, of the variant from the mean

K= i A X, 6.3¢

The departure may be taken as equal to the product of the standard deviation & and a

frequency factor Ky . that is , AX; = K10 The departure AX; and the frequency factor Ky are

functions of the return period and the type of probability distribution to be used the analysis

Equation (6.3¢) may. therefore, be expressed as

Xr = H e Kr' )
which may be approxinmtcd by

= r 631
xTZX‘I‘ KTIS )



where Ky for the ex : tvpe | distri
treme value type | distribution 1s given by the following expression as

derived by Chow (1953):

K; = —-Jﬁg{o.sm + |r1[|n(

.
Ty

In the study arca, from 29- years of peak lake level records (table 6.1), the mean and standard
deviations are computed to be 2.00 and 0.628 respectively. Using these statistical data lake levels are
calculated for different return periods using equations 6.3a and 6.3f which gave the same result. Using
1678. 4 m a.s.]. as the elevation of the zero staff gauge level (NUPI, 1989 ), lake arca and lake
volume for the different return period lake levels are calculated and presented in table 6.2

The flood risk zones of two hundred years retum period is bounded on the topographic base
map ( fig 6.1). assuming that there is no dike and having as many interpolated points as possible. On
the other hand, the return period of the lake level which would safely be protected by the existing dike
(crest elevation 1681 m as.l. NUPIL 1989) is estimated to be about 10 vears, for a free board of
(.25m above wave water level, which 1s above the acceptable nsk (0.5 for a design life of 50 ycars )
to provide a physical protection. Around cities flood protection structures like levees are generally
designed using return periods in the range of 50 - 200 vears with corresponding risk of failure i the
range of 0.6 - 0.2 fora design life of 50 ycars (Chow, 1988). Since sclection of 100 or 200 year flood
ble risk, 0.4 or 0.2 respectively. it 1s a common practice to provide a

implies a certain level of accepta

physical protection for all floods up to the magnitude of the 100 or 200 vears flood This requires,

raising of the crest level of the existing dike by additional 1 or | 5 m with a frechoard of not less than

Im above the design lake level.



Gauge height (m) actual prob. of
Return period lake level in Lake lake Area| Calculated using Gumbel 95% confidence (above zero stafl exceedence in
meter Volume limit gauge)
In years (a.s.l.)** 1n mem n Km2 Method Upper(X) Lower(X) N=29 vear
2 1680.30 1064.63 | 94.18 1.90 1.94 1.86 1.000
5 1680.85 1122.14 | 95.80 2.45 2.52 2.38 0.998
10 1681.22 1161.03 | 96.84 2.82 2.91 2,713 0.953
20 1681.57 1198.96 | 97.81 3.17 3.29 3.06 0.774
50 1682.03 1248 96 | 99.04 3.63 3.78 3.48 0.443
100 1682.37 1287.09 | 99.93 3.97 4.15 3.80 0.253
200 1682.71 1325.64 |100.80 431 451 411 0.135
400 1683.05 1364.69 |101.65 4.65 4 88 4.43 0.070
500 1683.16 1377.37 | 101.92 4.76 4 99 4.53 0.056
\ 1000 1683.50 1417.12 |102.74 5.10 S3 4 85 0.029

** Calculated using 1678.4m a.s.l. as the height corresponding to the zero
staff gauge level (NUPI, 1989)

Table 6. 2. Flood frequency analysis result calculated using EV L




R T
- — - —

_AKE AWASSAH




Chapter Seven

Engineering Geological Characteristics of the Soils and Rocks

7.1 General

The importance of the ground conditions at a particular site and the mfluence they have on a
project depend on a number of factors, such as the type of structure bemg proposed, the sensitivity of
the structure or any installed machinery to ground movements, the size of the project and the type of
soils and rocks underlying the site. Henee, the consideration of the ground conditions at a site and an
appreciation of their significance to proposed project 1s important at all stages of planning, overall
design, detail design and construction, In this context an attempt has been made 1o charactense the

Engineering Geological characteristics of the soils and rocks of the study arca.

7.2 Methodology
} .
All the available information for the study area was cullccw:f. that is acrial photos, general
geology maps. site investigation reports, bore hole and excavation records. , Natural cuts were
inspected and foundation excavations for buildings, swears and other purposes were recorded.  The

information obtained is used in planning the location of new 14 test pits (2 5-5 0 m deep. concentrated

in arcas where geotcchnical data arc cither scanty or non available ( Appendix F ). The trimmed

surface of the side wall of the test pits 18 examined to determine the sequence, thickness, classification

and description of cach stratum of material, and disturbed sample 1s obtained by trenching vertically

into the trimmed side wall of the pit with a cut and uniform crossection A total of 48 disturbed

samples are collected from these test pits and various laboratory fests were performed generally

according to the procedures specified by the American Socicty for Testing and Matenals

(ASTM,1996) and the British Standards Institute (BSI, 1988) Description for soils and rocks were

made according to the [nternational Association of Engincering Geologists (IAEG) (1981)

r the chemical analysis and pH determination. which were carried out at

recommendations. Except fo

the laboratory of Building Design Enterprise, all soil testing was carricd out at the laboratory of
< ’



Department of Civil Engincering, Addis Ababa University. A total of more than 44 bore holes (6 -

30m depth) and more than 20 pits was analysed and used for the present work

7.3 Lithological Description of the Soils

The arca the Awassa town is founded, s largely covered by thick ( > 30m ) soil In the
present study the soil investigation was carried out only in the existing built up arcas and possible
arcas of expansion especially to castern and southeastern side of the town. From the limited filed
investigations (pitting) and a study of available site investigation reports, the soils of the study arca arc
lithologically classificd into the following types:

Clay Soils
Sandy Silt Soils
Silty Sand /Gravel Soils

7.3.1 Clay Soils

These type of soils cover the central. the castern and the south-castern part of the study arca
and generally occur in the relatively clevated parts. They commonly overlay sandy silt soils and in few
places silty sand soils and weathered ignimbritic or tuffaccous rocks. Their thickness ranges from

0.85m to 3.5m. They are generally dark brown in color, though light gray and dark gray vaneties arc

also encountered. They exhibit a range of consistency from medium stiff to hard and have low to

medium plasticity and toughness. They are slightly cracked, columnar 1o prismatic and sometimes

sub-angular blocky. These soils usually contain significant amount of sand and silt, hence silty and

sandy clays arc not uncommon. They arc supposed to be residual soils 1¢ highly weathered products

of the underlying ignimbritic rock.

7.3.2  Sandy Silt Soils

part of the investigated area at different stratigraphic positions

These soils oceur in almost all

i i | i b o a d ﬂ(‘ﬂh“fil‘qh.'l'l'l wart l‘lf ﬂ]c town ﬂ.l'll.l llSllﬂ"\
They especially outcrop extensively to the northern an I

interstratificd with silty sand soils. They underlay the clay soils to the castern. central and south-
It ) b 3. 4 2

y ' s various ¢© Juding dark yellowish brown and light
; e Soils have various colors mc g g
castern part of the town. These s0

Thev are massive in structure and sometimes show

gray in dry statc and olive vellow color when wet



/ vish mottlin, i
yellov sh mottling and contain carbonate concretions as large as 12 cm in diameter. These soils are a

result of high degree of weathering of the underlying ignimbritic rocks and/or lake deposits especially

those below the ignimbritic layer.

7.3.3  Silty Sand/Gravel Soils

The silty sand soils occur in similar arcas as the sandy silt soils. They are commonly found
interstrtified with the sandy silts and become dominant close to the lake. They are loose, massive and
usually moist having light gray color. They are found usually below sandy silt soils except close to the
lake where they may be found on top of the former ones. In some places they overlay immediately the
weathered ignimbritic unit and it is suggested that these soils also have similar origin 1o the sandy silt
soils.

The silty gravel soils arc commonly found at depths below 3m and become important more
towards the lake. They have light gray color and contain rounded pumice clasts as large as 20 cm
embedded in the fine soils. These soils are su pposed to be waterline (reworked) pyroclastic ejectas. In
some places gravely pumice fall deposits are encountered near 10 the surface showing reverse grading
These may show the relatively recent recession of the lake
All the above lithological types show thickness variations both laterally and in the vertical direction

Decp site investigation bore holes and dug wells revealed the occurrence of relatively thin
anges from 4 to 8m underlined by lacustrine sediments of

layer (1.5m) of igmmbritic rock at depth r

loose sandy silt and silty and gravely sand soils. These soils occur continuously or interstratified to

highly to moderately weathered weak tuff. However, to the south-castern side. around the textile

factorv. basaltic rocks which are vesicular on top are found below the silty/sands soils underlying the
ignimbritic rocks.

In the investigated arca in addition to the above mentioned lithological units scorias dominated

by lapilli and block size materials were encountered at two points forming small hills. They are
©

- Al o ~ 1 ] - - ‘
considered as soils from engineering point of view but since they cover a vern small area not

investigated in detail in the present work.




1.4 Laboratory analysis and results
7.4.1 Mineralogical and Chemical composition
7.4.1.1 Mineralogical Composition

Determination of non clay mineral types was done on sand and gravel fractions of few samples
using magnifying glass. Accordingly, the soils of the study arca mainly consists of quartz, feldspar,

micas and rock fragments as would be expected in a volcanic terrain characterised by silicic volcanics

The types of clay minerals present is assessed indirectly. The Atterberg limits of the soils, the
position of the soils on the Casagrande plasticity chart and the activity of the soil can give an
indication of which minerals are present. Accordingly, using the suggestions pmpuscd. by Hortz and
Kovacs (1991, Appendix D) and Mitchell (1976, Appendix D ) kaolinite, illite and Ca-montmonillomte
are the most probable types of clay minerals constituting the soils of the study area. However, for

practical works mineralogical test is recommended.

7.4.1.2 Organic matter content

The organic matter content may have a marked influence on the physical propertics of soils

The natural water content of organic soils is high. The liquid and plastic limit tend to increase whercas

the plasticity index decreases with increasing organic content Organic soils are also highly

er content of the soils of the study area have been determined for

compressible. Hence. the organic matt

a number of selected samples by the ignition loss method, according to ASTM D 2974-87 procedure,

and presented in Table 7 | The clay soils show the highest ignition loss value in the range from 4.5 to
é ¢ i y s
1mi i L0/

7.2%. The sandy silt ad silty sand soils have similar values ranging from 2.9 to 5% Usually soils
' 0’ - -

Cwel . considered as organic soils (Alkhafaji and

ini i han 25% by weight are considered as org
containing organic matter greater the \

[l 9 Ii T | b I L il - as e L.IlIIC -~ 0']._
n ) S(}'IQ i ll“, Sllld\ 1rea © n 1“. L['“qldt fl.,li as mon \J S s
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Sample : : —
Tpa-sl P D(: gl!‘(i? Lithological type organic matter content (%) |
Tp5-Sl 045-12 .
TpS-gZ 12 -23 : i
Tp7-Sl 0.65-1.05 Ty sl
Tp7-S2 1.05-14 . i
Tpl0-S1 0.4-05 3
Tpl0-S2 05-13 73
Tpl4-Sl 0.4-0.9 45
Tpl-SI 0.2-0.75 %)
Tpl-S4 4.0-50 3
Tp3-Sl 0.7-17 46
Tp3-S2 1.7 2.1 3 4
Tp4-S3 2.5+=33 Sandy silt soil 4.7
Tps-S3 23-425 1]
Tpl1-S2 185-3.1 5
Tpl4-S2 09-255 19
Tpl4-S3 3.0-38 3
Tpl-S2 0.75-14 32
Tpl-S3 14-40 32
Tp4-S2 09-14 Silty sand/gravel soil 29
Tp6-S4 42-50 4
Tpl0-S4 26-50 33

Table 7.1 Organic matter content of the soils of the study arca

7.4.1.3 Carbonate Content

A soil’s carbonate content affcets the physical and chemical conditions of the soil

environment. Carbonate in soils occurs primarily in the form of calcite. CaCO,, which acts as a

cementing agent, forming aggregates out of the fine clay platelets (Mathwson. 1988). This results in a

decrease in the plasticity and increasc in the strength of the soil |

The presence of calcium carbonate (CaC0Oy) on the soil samples of the study arca 1s tested by

dropping 20% hydrochloric acid on to the surface of them. If the soil 1s calcarcous, effervescence

results due to the reaction between the hydrochloric acid and the carbonates. From the intensity and

duration of the reaction the carbonate content can be estimated

Soils of the study arca show varying degrees of intensity and duration of effervescence, from

sting, respectively . according to the way of description

nil to fairy strong and from nil to not la
suggested by the Swiss Society for Testing Materials According to the correlation suggested by the |

same society (Kezdi, 1974 Appendix D) . these ranges of intensity and duration of the cffervescence
ame society ; : '

R1




suggest a carbonate content %. "
28 of less than 5%. The soil samples relatively close to the lake Awassa and

Tikurwuha river and i :
shallo lake have higher values relative to the others.  However. carbonate
reti . !
concretions arc common at depths of 2.5 to Sm in most of the test pits. Besides, the occurrence of as

large as 27% of CaCO:s 1s reported by Telfored (1998) from a cored lake bed sediment

7.4.1.4 Sulphate and Chloride content and pll of the soils

The ground or groundwater may contain chemicals capable of causing damage to the building
materials of engineering structures and may cause their serious deterioration. The principal
constituents that cause concrete to deteriorate are sulphates, which are most common in clay soils and
acidic waters. The concomitant occurrence of chlonde (Cl) is also reported to be injurious for
concrete. In view of this, the sulphate and chloride. as well as the pH of some of the soil samples are
determined in the laboratory according to the BSI (1988,1990) procedures and presented i table 7.2
The result show that the soils of the study arca have less than 0.08% sulphate, less than 0.004%
chloride and a pH of around 8. However, pH values as low as 5 8 are reported by recent investigations
carried out by MoWR (1999). The same work. also reported that the soils of the study arca have
cation exchange capacity (CEC) in the range from 2 to 43 meqg/100gm

Total sulphate contents of more than 0.2 percent by weight n soils are potentially aggressive

(BRE, 1981). Hence. the sulphate content of the soils of the arca investigated is not likely to cause

any damage to building materials.

Depth (m) Sulphate Chlonde pH

Sample
; content (%) | content (%)

TplS4 | 4.0-50 00192 . ;
Tp?—SZ 105-14 0.08 0.002 8
Tps-S2_| 1.85-245 |0.0064 0.004 5
Tp12.S2| 0.9-26 |[0.0064 0.002 -

Table 7.2 Sulphate and C hloride content and pH of soils




7.4.2 Physical (Index) Properties

Soils are ' hete
| | 5 'rc usually heterogencous and complex materials  The complexity 15 contributed by
their existence in almost innumerable varicties by its combination of solid. hquid and gases, where in
many instances the solid particles vary in size from big boulders to collowdal size  To understand the
behaviour of the soils, methods of evaluations have been centred around their physical property as the
physical characteristics are of importance to the engineers. The physical properties of soils which
serve mainly for identification and classification are commonly known as index propertics
For the disturbed soils samples collected from the field, determination of the following

physical properties was carried out.

7.4.2.1 Moisture content

The moisture content of a soil has a profound influence on its properties. It affects
the shear strength, the consolidation properties and its response 10 compaction. It may also
affect future swelling or shrinkage of the soil. Moisture content tests are therefore frequently

carried out and are routinely included as part of the standard procedure for most tests

The moisture content of some of the representative samples is determined according to the

ASTM (D2216) procedurc and presented in Table 7.3. The weight of the natural soil sample was

carried out in the ficld immediately aftcr sampling to minimise the loss of moisture as a result of long

stay and high temperaturc condition of the arca. The result revealed that the clay soils have a moisture

: 2 : - ( 2.7%
content of 25.1- 29%, silty sand soils have 24.6 10 45 7% and the sandy silt soils have 18 to 427

The low moisture content of the clay soils could be due to the loss of moisture by evaporation since

they are close to the surface.

11



Sample | Depth (m) |  Lithological Type Moisture
Tp5:52 13 e W)
Tp6-S2 1.1 i
Toss 1 Clay soils 25‘ |
Tpl-S4 49 223 ,4
Tp2-S2 0.65 29
Tp2-S3 1.6 423
Tp3-S2 2 sandy silt soils 32 7
Tp4-S4 4 336
To583 | 41 I8
Tp6-S3 | 285 36.3
Tp8-S4 42 2.7
Tpl-S3 2.1 287
Tp3-S3 45 Silty sand/gravel soils 246
Tp6-S4 5 457

Table 7.3 Moisture Content of soils of Awassa area

7.4.2.2 Specific Gravity

The specific gravity determination of the soils was carried out for all samples according 1o the

ASTM ( D 854) procedure. An accurale value of specific gravity is required to compute the voud ratio

of a soil. unit mass of soil and in Stock’s law in hydrometer analysis In the present study, since the

specific gravity is required for the latter usc, specific gravity determimnation is carried out on that

portion of the sample that passes the 2.0 mm sieve (table 7.4). This analysis showed that the clay soils

have a specific gravity in the range from 2.19 to 7 50 and that of silty sands and sandy silt soils 18

from 2.18-2.48. These values are less than the normally used values (2.5-2.8). which could be due to

ction of the soil that 1s used for analysis. For

the presence of some organic mattcr and /or due to the fra

determination of the specific gravity of soil masses usually that portion of the soil passing 4.75 mm

sieve 1s used.

7.4.2.3 Grain Size Analysis

Soils are commonly found in a wide range of particle sizes and shapes.  The particle size
oi ) -

i ;1 : ; - soils especially coarse
istributi , prading, is an important property of soils ¢
distribution, usually referred to as the grading
and to infer a number of engineering propertics of these soils

grained soils. Itis uscd for classification



Sample | Depth (m) Lithologic Type Specific gravity Gravell  Sand | sile [ clay
Tp4-S1 [0.5-09 : . % : P
Tps-S1  |0.45-1.2 ;i 4 e o] g
Tp5-S2  [0.2-23 s - . A
Tp6-S1  [0.45-0.85 229 o+ % 2
Tp6-S2  0.85-1.75 24 24 Q.S T
Tp?—Sl 0.65-1.05 Cla‘\- S’Di’! 232 22 66 12
Tp7-S2  [1.05-1.4 25 2 - 5
Tp8-SI  [0.45-0.5 )35 2 p 41
TplO-Sl 04-05 2131 11 59 10
Tp13-S1 [0.45-18 133 3 5 3
Tpl4-S1 [0.4-09 231 W 48 M
Tpl-84 4.0-50 2.33 24 67 0]
Tp2-S2  [0.35-0.75 242 21 49 28
Tp2-83  0.75-3.0 243 30 61 7
Tp3-S1 0.7-1.7 2313 47 46 7
Tp3-S2 [1.7-2.1 Sandy silt soils 228 3 58 8
Tp4-S3  [2.5-33 229 12 16 58 14
Tp4-S4 3.3-4.0 2.32 20 A 13
Tp5-S3  [2.3-4.25 2.33 4 62 1
Tp6-S3  [1.75-4.2 235 25 62 1
Tp8-S4 [3.75-4.2 248 16 18 6
Tp9-S1  [0.45-0.95 23 26 59 1S
Tp9-S2  [0.95-1.55 238 RR] 50 O
Tp9-S3 1.55-3.9 2.31 22 67 11
Tp9-S4  [3.9-4.75 227 38 59 :
Tpl0-S3 [1.3-26 2.39 3{71 ‘;’1‘ g
Tpl1-S1 [0.25-1.85 244 = s 14
Tpl1-S2 [1.85-3.1 2.37 2‘4 &' e
Tpl2-S2 [0.9-2.6 2.35 o {2' .
Tp13-S2 |1.8-3.25 213 i ¥ %
Tp13-S3 [3.25-38 ;45 > = =
Tpl4-S2 |0.9-2.55 2 : = :
Tpl4-S3 [3.0-3.8 = - = -
Tpl-SZ 10.75- 1.4 22.‘ 55 19 0
Tpl-S3  [1.4-4.0 i3 = e y
Tp2-Sl 0.1-0.35 237 16 0 18 f
Tp3-S3  [2.1-5.0 T 2 = 5
Thoss [12-30 el ime] | Jec 1 @)
Tp8-S2  |1.85-245 | Silty Sand/gravel Soil | 270 g o % 1 £
Tp8-S3  [2.45-3.75 943 51 39 8
Tpl0-84 [2.6-5.0 " 37 15 16 2
Tpl 1-S3 3.1- 5.0 22_“ 56 40 4
Tpl2-S1 [0.2-0.9 226 ” 30 2 3
T'pl2-S1 26-37 2122 62 14 22 2
I'PIZ‘S“‘- 42-44 2.33 206 30 40 4
Tp13-S4 |3.8-4.55

Table 7.4 Specific gravity

R5

and granulomel ric composition of the soils of

Awassa arca




Grain size analysis was carried out for all soil samples brought from the test pits according to the
ASTM (D 422) procedure. The analysis consisted first dryving the soils sample and then pulvenising it
before letting run through a nest of sieves. The soil passing the No. 10 sieve was subjected 1o
hydrometer analysis and the result obtained was expressed by a plot of percent finer (passing) by
weight verses the size of the soil particles in millimetres on a log scale. From the curve thus drawn
the relative amount of each type of soil constituting the sample was computed. The (irm.n size analysis
results for all the samples tested in shown in Table 7.4 and their range of distribution i fig 71 The
size range of each group was adopted from ASTM (> 4.75 mm-gravel, 475 - 0075 mm - sand,
0.0075 - 0.002 mm silt, and less than 0.002 mm clay).

All the soil samples are composed of a relative proportion of different size groups as naturally
expected, although one group dominates the others in relative percentage. Silt and sand size matcrials
predominate in most of the samples with fewer clay and gravel size materials. The range of gram size
distribution for the different lithological type soils is presented i Table 7.5 Though, the soils grouped

under the clay lithologic type contain large proportion of silt and sand size materials as compared to

the clay size materials, they were identificd as clay soils in the ficld on the basis of field identification

tests. This is confirmed as discussed latter through the routine laboratory analysis and using the

Unified Soil Classification System. This could be duc to cither the silt 1s of finer silt type approaching

clay size material or the clay size materials are of active type dictating the property of the soil mass

Gravel | Sand % | Silt %o Clay Yo
Clay Soils - §-49 39-66 |7-34
Sandy Silt Soils - 14 -47 45-74 |3-29
_____._.—-—-—'—'_'_'_'_._.———'—'-._-.—-—— [
Silty sand/gravel 3-62 14 -77 16-41 |2-8
soils

iz¢ distribution of the various soil types

Table 7.5 Ranges of gramn s

b
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7.4.2.4 Consistency (Atterberg) Limits and Index Values

The degree of coher .
cnee y
between soil particles (consistency) 1s an important property of finc

soils. Their engincering use is a function of this property. When fine soils (silts and clavs) are
remoulded over a wide range of water content, the consistency can vary to a great extent  The
consistency of the soils in the study arca was roughly determined in the field as soft, firm, suff and
hard using field identification tests. To prove and quantify the range of consistency, the Atterberg

limits of the soils is determined in the laboratory according to the ASTM procedure, designation D

4318. From these limits index values are calculated

The results of the Atterberg limit tests, liquid limit and plastic limit of soil samples are shown

in Table 7.6. The result show that the clay soils have liquid limits in the range from 28 0 to 53% and

sandy silt soils from 26.7 to 56%. These soils have plastic limits in the range from 13.2 to 29% and
24 24 to 33.9% respectively. The fine portion of silty sand and gravel soils are non plastic except for
few samples where they have got liquid limits ranging from 33.8 10 49 5% and plastic limits i the
range from 25.87 to 31.13%. The comparison of the plastic limit with the moisture content of the soils,
for which moisture content is determined, indicates that these soils were above their plastic state when

they were sampled out.
Plasticity index which is shown in table (7.6) is the numerical difference between the higuid

and plastic limits. It represents the range in water content through which a soil is in a plastic stage

As seen in this table (7.6). the clay soils have a plasticity index of 7 240 % and the sandy silt soils

have in the range from 1.89 to 25%.

Description of plasticity of fine soils in terms of their range of liquid limit and plasticity index

are given in Appendix D. Comparison of the liquid limit and plasticity index of the soils of the study

area with ranges given in these tables show that most of the fine soils have low to mtermediate

plasticity with very few samples in the range of high plasticity

The consistency limit test results also show that the clay and sandy silt soils have comparable range of

liquid and plastic limits. though the clay soils have relatively larger plasticity index values. This could
?

be due to dominance of silt size materials in both soil types and/or minor difference in mineralogy

where the clay soils are dominated by relatively active clay minerals than the sandy silt soils.



Sample | Depth (m) | Lithologic Type |11 [PL Jp1

Tp4-S1  [05-09 o
Tp5-S1  |0.45-12 ;; 2
Tp5-S2 - 2

P 0'.2 & 30.55| 21371 918
Tp6-S1  [0.45-0.85

3591 2407 1183
Tp6- -
p6-S2  |0.85-1.75 4631 26.58| 1972

iﬂ;_gé ?gg = :25 Clay Soils 3157 24.84| 1086
bl 519 28.2 23.7
Tp8-S1  [0.45-0.5 40.8] 23.25] 17.55
Tpl0-S1 [0.4-0.5 13 22 11
Tpl0-S2 [0.5-1.8 "
. 49.85] 27.221 22.63
Tpl3-S1 |0.45-1.8 53 29 2'4
Tpl4-S1 0.4-09 30.16] 13.22] 1694
Tpl-SI 0.2 -0.75 34| 2921 189
Tpl-S4  [4.0-50
Tp2-S2  [0.35-0.75 so|l 26| 25
Tp2-S3  [0.75-3.0 51 31 20
Tp3-S1 [0.7-17 12| 2424] 39
Tp3-S2 |1.7-2.1 Sandy silt soils 267 25.13] L.57
Tpd-S3  [2.5-33 ae L. 2
Tpd-S4  [3.3-4.0 96| 3386 574

Tps-S3  [23-4.25
Tp6-S3 [1.75-42

Tp8-S4 [3.75-42 56 12 2
Tp9-S1  [0.45-0.95 285 2562 288
Tp9-S2  [0.95- 1.55 ' 47.4] 2928 18.12
Tp9-S3 [1.55-3.9 159| 3054 536
Tp9-S4 [|3.9-4.75

Tpl0-S3 |1.3-26 13| 2979 321
Tpl1-S1 [0.25 - 1.85 s0| 2902 2098
Tpl1-S2 |1.85-3.1 18.5| 3035 815
Tpl12-S2 |0.9-2.6

Tpl13-S2 |1.8-3.25 488| 3137 1743

459| 2998 1592

Tpl3-S3 [3.25-38
37| 28.54 846

Tpl4-52 [0.9-2.55
Tpl4-S3 [3.0-38
Tpl-S2  [0.75- 14
Tpl-S3  [1.4-40
Tp2-S1  [0.1-0.35
Tp3-S3 [2.1-50
Tpd-S2  [09-14
Tp6-S4 [|42-50 _
Tps-S2 |1.85-245 | Silty Sand/gravel Soil
Tp8-S3  [245-3.75
Tplo-S4 [2.6-5.0
e lo30 wss| 3059] 1396
Tpl12-S3 [2.6-3.7

Tpl2-S4 [4.2-44
Tpl3-S4 |3.8-4.55 [_,,”——_——L————L——

city index values of the soils of Awassa arca

495 3113 1837
338] 2587 7.93

Table 7.6 Atterberg limits and plasti

1_|”
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In this work, it is also at
+ tempted to ev T
i pted to evaluate the application of the one point method( Murthy,
992) for the determinati i | '
) etermination of the liquid limit of the soils of the study arca 1t is found out that the one
oint method usin, i : _
2 g Equation (7.4.2.4a ) gives relatively comparable values to the liquid limit of the
soils determined by i ==y
y three point method (table 7.7) This method can be used for simple practical
applications but it will not totally replace the three pomt method

N
I.:.r ) = iy sty )
L (%) =w (25) 74348

Where w (%) is the water content corresponding to the number of blows N, and
n, an index whose value vary from 0121 to 0.068. An average value of 0 |
gives best estimate for the soils of the study arca

LL (%) is the liquid limit determined by one pomt method

7.4.2.5 Activity of the Clay Soils

From the result of Atterberg limits and particle size distribution determination, it is tried to
cstimate the activity of the clay soils of the study arca (table7 8 ). The activity of clay soils is simply

the ratio of the plasticity index to the clay fraction in percent of the whole soil. The result show that

the clay soils of the study arca have activity values of 0.55 to 212, 1¢ in the range of mactive to

highly active clays according to the classification by Head (1984, Appendix D)

e —
Sample | Depth (m) Lithologic Type [Activity |
Tp4-Sl 05-09 055
Tp5-Sl 045-12 | ui
Tp5-S2 02-23 0.77
Tp6-Sl 0.45-085 0.59
Tpe-S2  [085-175 . 1.79
Tp7-S1 0.65 - 1.05 Clay Soils 091
Tp7-S2 1.05-14 0 ??
Tp8-S1 0.45-05 059
Tplo-S1  |04-0.3 | "I
Tplo-s2  [0.5-18 151
Tpl3-Sl 045-18 ‘I 8
Tpld-Sl 04-0Y 2.12
y soils of Awassa arca \

Table 7.8 Activity of cla

ny



7.4.2.6 Free Swell

This test is a ! sl s a- P
very simple laboratory test proposed by Gibbs and Holtz (1956 m Girmay Mahan,

1992). It is defined as the increase of the soils volume from a loose dry powder form when it 15 pored
into water expressed as the percentage of the original volume. The test gives a fair approximation of
the degree of expansiveness of the soil sample. For the present work, the test is carried out by poring
very slowly of 10 cubic centimetre of that part of the dry soil passing No. 40 sieve mto a 100 cubic
centimetre graduated measuring cylinder and letting the content stand for approximately twenty four
hours until all the soil completely settles on the bottom of the eylinder. Then the final volume of soil 15

noted.

Final volume — Initial volume of soil -
—_————— x 100
Initial volume

Free swell (%) =

Table 7.9 shows the free swell values for the tested samples.  The soils of the study arca exhibit
different ranges of frec swell values, - 29 to 30%. According to Head (1984 m Lulseged Avalew,
1992). soils with frec swell values less than 50% are not likely to show expansive properties hence the
soils of the study are can be considered as non-cxpansive However, the negative values mean that
there are reduction in volume due to hydro- compaction which 1s commonly a property of collapsible
soils. Collapsible soils are soils that are susceptible to large decrease n bulk volume when they

become saturated. In most cases the deposits are characterised by loose structures of bulky shaped

grains, often in the silt to finc sand size range (Mitchell , 1976). They may be residual, water

deposited, or acolian deposits (Dudely, 1970 m Mitchell ,1976)

Large negative values arc observed for sandy silt and silty sand/gravel soils especially at

depths of below 2m which could be of collapsible soil types The confirmation of these soils weather

they belong to collapsible type or not requires detail mvestigation using undisturbed samples. At this

point it is worth mentioning that precaution should be taken in the foundation depth of large scale

engincering structures since these soils are distributed almost m all of the investigated arca




Table 7.9 Free swell

Sample |D : — —
Tpi-;l n_:lil:gm] Lithologic Type | free swell (%)
Tps-SI |0.45-12 2
Tps-S2 [0.2-23 7.3
TP6-S1 [0.45 - 0.85 =)
Tp6-S2 0.85- 175 l‘,\
Tp7-S1  [0.65 - . .

Tp7-52 [1.05- :T Clay Soils 0
Tp8-S1 [0.45-0.5 1
Tpl0-S1 [0.4-05 A9
TpI0-S2 [0.5-18 1%
Tp13-S1 [0.45- 18 I
Tpl4-S1 [04-0.9 4
Tpl-S1 (0.2 -0.75 p—_l
Tpl-S4 [4.0-50 115
Tp2-S2 |0.35-0.75 10
Tp2-83 [0.75-3.0 17
Tp3-SI [0.7-17 0
Tp3-82 |1.7-2.1 Sandy silt soils 0
Tpd-S3 2.5-33 175
Tp4-S4 |33-4.0 45
TpS-S? 2.3-4.25 29
Tp6-S3 [1.75-42 |
Tp8-S4 [3.75-42 16.5
Tp9-S1 [0.45-095 0
Tp9-S2 0,95 - 1.55 20
Tp9-83 |1.55-3.9 20
Tp9-S4 |3.9-4.75 20
Tpl0-S3 1.3 -2.6 14
Tpl1-S1 [0.25- 185 17.5
Tpl1-S2 [1.85-3.1 10
Tpl2-S2 0.9 -2.6 .20
Tp13-S2 [1.8-3.25 20
Tp13-S3 [3.25-38 25
Tpl4-S2 0.9 -2.55 4
Tpl4-S3 [3.0-38 10
Tpl-S2 [0.75-14 5
Tpl-S3 |14 40 11
Tp2-S1 [0.1-0.35 1.5
Tp3-S3 [2.1-50 0
Tpe-S2 [0.9- 14 0
Tp6-S4 [42-50 -25
Tp8-S2 [1.85- 9 45| Silty Sand/gravel Soil -16
Tps-S3 [245-375 -17.5
Tpl0-S4 [2.6-50 -10
Tpl1-S3 [3.1-50 -10
Tp12-§1 [0.2-09 10
Tpl2-83 [26-37 -12.5
Tpl2-S4 [42-44 -20
Tpl3-84 |38 -4.55 -13

(%) for soils of Awassa




7.4.2.7 Other Relevant Engineering Properties

Due to lack of undi

undisturbed soil sampler and In situ test cquipment, determination of soil
yroperties i i : : i
properties that require undisturbed samples were not carried out in the present work. However, from
existing site investigation reports and recommendations a summary of the range of values of some of

these properties for the soil types in the study arca is presented in table (7.10 ) In situ test results are

also included.

Soil type Clay soils Sandy silt Taa_ll_\ -\.'l;t-l.-r’Et:I\cl
soils soils

Shrinkage limit(%) 15-28 0-30 058 bt

Dry unit weight (Kg/m') 7901 - 1350 | 658 - 1360 | 947 - 1340 -

Natural unit weight (Kg/m') 1197- 1750 | 816 1830 | 11591730

Void ratio 105-201 | 1002-257 | 089 185

Unconfined compressive Strength (Kg/em') | 14-35 08-37 B0eiaars: | w e

Angle of internal friction(}) 22 -2 23-138 21-36

Cohesion (Kg/cm’) 001-005 1000-003 |000-003 .

Standard penetration test (SPT)(blows) I1-40 13-47 1936 o

Table 7.10 Compiled relevant geotechnical propertics of soils of the study arca
(source: Archives of Building Design Lnterprise and Burlding Collage Soil Testing

Departments)



Chapter Eight

Engineering Geological Classification of the soils and rocks

8.1 General

Engincering geological classification involves grouping of soils and rocks nto categorics
which exhibit similar propertics so as to provide a systematic method of description. The classification
usually takes into consideration both the field and laboratory results then with a joint guidance 1t 15

possible to identify, characterise and delincate uniform soil and rock types

8.2 Classification of the soils

The classification of soils into different groups has been employed differently in different
disciplines. However, a classification that has engincering applications 1s widely employed n
engineering geological and civil engincering disciplines These classifications involye a combmation of
particular size and measures of plasticity and are a textural - plasticity soil classification. The most
widely used ones are those that divide soils m an orderly, casily remembered system of groups, of
classcs. that have similar physical and engineering propertics and that can be identified by simple and
inexpensive tests (Johnson, 1988). These groups ideally provide cstimates of both the engmeering

characteristics and performance of soils for design and construction engineers

In this work the Unified Soil (lassification System (USCS) 1s employed. This system was

developed co-operatively by the US. Army Corps of Engmeers (USAE) and the US  Burcau of

Reclamation (USBR) and published in 1933 by both agencies (USAE, 1953. USBR, 1953). It has

since been adopted by the American Society for Testing and Materials (ASTM. 1983 in Johnson,

1988). It is routinely used world-wide and 1s accepted as for international peotechnical commumication

(Mirza, 1982 in Johnson, 1988).

The USCS method is based on grading of the constituent particles and plasticity finer than

s . « No. 200 siev
0 425 mm. Accordingly, when more than half of the soil sample 1s larger than the No. 200 sicve, 1t 1S

lassificd as coarse grained and is further subdivided by sieving and gradation. When more than half
classitie -

Oy




Sample Depth (m) Lithalogic Ty . P o .-
ko [Gravel” [Sand s Jetay [ VSCS Clastication

\\min description
Tp4-S1 0.5-0.9 =111
49 39 12ice Sandy sl clay
Tps-S1 0.45-12 Mi
45 X 71 Sandy Sahty clay
1ps-s2 [02-23 A ol o
II‘P(I'Sl 0.45 - 0.85 = -‘U 1:] Cl Sanddy Jean clay
Tp6-S2 0.85-1.75 3 2001 Lean clay with sand
o 214 65 1jct Lean clay with sand
Ip7-Si 0.65-1.08 Clay Soils 2 66 1211 e y
Tp7-82 1.05-1.4 R 58 l:l cH If:l)‘l‘l:lm 2
Tp8-Sl 0.45-0.5 5 ]
A F d A% Wy Lean clay
I'plo-81 04-05 1 59 (1] (§] Sany |
andy lean clay
.I'.pIU-S'Z 0.5-18 26 b |1 Lean clay
Ip13-S1 10.45-18 o os2l  ifen ety
Ipl4-S1 04-09 44 a8 gjCl Sandy lean clay
Tpl-S1 0.2 -0.75 471 48 RIML  [Sandy Silt
Tpl-84 4.0-5.0 rl ] 67 aInt Salt with sand
Tp2-82 0.35-0.75 23 49 2RIMH [Sandy elastic slt
Tp2-83 0.75-3.0 30 ol g L Swnby elastic sl
|]!3‘S| 0.7-1.7 47 A TIMI Sandy milt
Tp3-82 1.7-2.1 Sumdy silt soils " SR RN Sandy mlt
I'p4-53 2533 12 16 ht 14]8M wandy «h
Fpd-54 33-40 b1 il (R1 LA Saolt Wtk sand
Tp5-53 23-425 L] 062 UL Samdy mlt
Tp6-S3 1.75-4.2 25 62 (RILE Sandy sill
TpR-S4 375-42 A6 AR aiMI Sandy elastic Salt
1p9-S1 (.45 - 0.95 26 39 15161 Sl with sand
Tp9-82 0.95-1.55 44 0 6iMI Sandy silt
Tp9-83 1.55-39 2 67 11|MI Stlt with sand
'I-P‘)_S“ 3.9-475 1% 9 A Sandv sl
Tpl0-83 13-26 27 68 S{Mmi Silt with sand
Tp11-81 0,25 - 1.85 20 51 29IMIT [ Elastic silt with sand
Tpl1-S2 1.85-3.1 1] 56 14101 Sandy sl
TpI2-52 09-26 24 0y 10]MI Silt with zand
Tpl 152 1.8-325 12 62 HIMS Sanddy Silt
Tp13-83 325-38 14 (] 22IMI Silt
Tp14-§2 0.9-2.55 20 LT 22IMI Silt with sand
Tp14-83 30-38 21 74 SIMI Silt with sand ]
Tp1s2 07514 n 27, 21SM Silty Sand
Tp1-83 1.4-40 54 19 LY "t||!\ 's".uhl
Tp2:51 048 vk 19 d 5“ .'\.I|I\ Sand
I 16 42 iR 41SM Silty sand with gravel
I'p3-S3 2.1-50 - .
= iA 20 TISM Silty Sand
I'p4-S2 09-14 1 14 29 VISM Silty mand with gravel
Tp6-54 42-5.0 3 A F1] 1|8M Silty sand
Tps-52 1.85-2.45 Silty Sand/gravel Soil : - .
3 68 25 41sM Silty sand
Tp&-83 245-3.75 31 19 BISM Silty sand
Tpl0-84 26-50 11 45 16 2|SM  |Silty sand with gravel
’|'p| 1-83 3.1-50 5 40 41SM Silty wand
Tpl2-8i 02-09 4 10 73 UGM  [Silty gravel with sand
Tp12-83 26-3.7 2 4 1 2lcint Silty gravel
Tp12-54 4.2-44 2% 0 40 4lSM  [Silty sand with gravel
Tpl3-s4  [3.8-4.55 L N

assa arca according to USCS

Table 8.1 Classification of soils of Aw




64
60
56
4 A-tne
48 ;
44
40
2 36
E 32
i = U-line
= 4 |
é 24 7 |
20 A |
16 .. !
12 | :
3 e e
L d 5
| ... ! . .
L et
e e A saE RS RPRIRZEE
Liqid Limit (11X%)

Fig 8.1 Positions of the Soils of Awassa area on the Casagrande plasticity chart
ig 8.




m
_

]

== =] = W=t = =3} R — Al == ¥ g i —_ — A -- 14 s sustio Ll 13310 put Ity
=iy 1 e ' " ot = - L ol o1 Jend wiy eed | snemszdum re Lyombwid
! | | ' | i ' | yirs o1 wapaw jo siep duediQ |
— t | < J - e o ] 2 g, | sood | 4Im 100d # wmovusdun | NI siep 1)
| \ | Ry | | ) | | sarmyd whiy ge singa »utliog]
a | | | | , RENR. | | | i \ ~ ﬂ
l - (t 1 ot | 8 | “ } = _ = g 2 1 pod | Wiy | 1woed wnongadw o1 | HIN it s eos
| | I . | | ! o1 ey [LLIRCE e 2 Laa 3o Apumy aug sncasewon
| | | | | _ | ’ p a0 wnoartre mips durliou]
-— - | u 1" I 1 =& e | - | - 1 % e | wmpu s00d | s=oruadu 08 70 Liantepd =0y jo
: | | | wored ! _“ saoaadiaEan | s Legaape 2rurdio put s 215tliQ _r
] { | ]
£ ¢ | 6 - w _ e lg= < 4 gy | weipam | oamy | snoadun 72 sy wea: adegs Qs ‘eiep _
! | | | o1 pool | ure rgings (aarad ‘aoneed |
| i _ : (| 1 wrinaw o) w0 Jo sirpy nurdioug
- 1" o1 AR ° [T SN & & Loy g wmrsW iy smoatadu 01 TN Lt 1M ynm UM
m | | yen03d | 1 : t i | snouasadian | suy faiwjr o A Csnoy X304
| ! | I e 12 | i | ozt auy Lo pue nips uTiaong
: § R 1 8 r z § i - T £ pecd | mO s | snoraadun os w3t e
| ' A i o1 pocd | <Pty paprd ool “tprws L3av)
s Py | BN o5 4 e ! Gpend = $ r ney | m%) 2008 ﬂ.su:..;uﬁ orf NS 35T A
| | _ uor0id oL i ,:u_r.h.s.: pore paprd {20l spums Aupg
" ! c 1 !
- e o ¢ .y e :.ua,n..- - - . sy mop Lias oo | snomaad as fauy AU I3 351 ‘spuUNs
I ; » » 1 . i Ljiav=al spaes pap 3 aunad
) i t ok b :
! i : y i |
r I = F AR H—— o=y # i = - wagana a1l Bau | W | snoiazad "y sauy oL JC ANy
q f | : i [4 _ " | ’ pund Spaarid aputy papualepaay
Al | .“ m i _ i . a3 - - .
- | 3 9 4 | i y B S ' 1 pool wot Ko ¢; pool | snowAzadun o 1o} s3iniv AmaepuEseia Tl
i 1 | : | 1 * i Fare:d duood tspaswid faari)
4 3 n e T it ' . s = - : f5 18 | 21538 ool snoassdwiol! Vo ~ unpniw g s-pues. Tl
_“ - | t ‘ 1 srasadiiag — paread Apocd “gja-rad Qg __
S £ ' ¢ £ = F =4 &= N - e | noold snoaadad Lian Fi] $305 OU JC 3NN “RAIRINIW DU
" : - ' | 3wl sl paprid {uood
£ i E it = - —8 i 3 1 - — ; BN ﬂ ikl A2 $3uy OU 4C iy TeAMINIL
1 ! { ; ’ - —n_..nf..o.a.- sgppamaf papwSoam /
srnicea ' ! 1
yameog ; Fi¥3%d | " o ] i . ; ) (e
Suise): ATIH u_“n....-—..- _ wrued wTsod u:_.r__.”.m-_ _ dur | Juﬁﬂ”ﬂuﬁ TR ﬂ.u.M..r.ﬂu s .ﬂc«-qw ’
i [ L 1-TF ] few) 10U S e A%E3Y - jpus | 9D 2 uouanus ¢ 3 o, pasedwo)
405 15044 afriag sfrdasg | paiaed ' uo1s0s3 | : ; Toauak un) T _ﬂot-mEvU PASEEWOTy Uy~
; _ P wed ! 3. _ P ool "ipfunal oY uaym Anpasswing sjoquwhg sdn2in nog jo
s g | ! _ | " ! ; US L gy wituang : drain sawray joaiddy
: ! d ENJOAN .. -15:3adWwo) Suurays
si{tmprey | suencpuncy _ cucnIeg (ruty | wrg Y=t peloy :
$247 snour s 10) QupQEasag 20Ty { samuadosd wrnndw]
% (1661 Jaubep J214Y) LiBU) 280 Butizauibuy 78 -21981



of the soil sample 1 .
ple 1s smaller than the number 200 siove, it is classificd as finc - grained and is

subdivided primarily by liquid limit v
P v by |Iqllld limit values and degree of plasticity commonly using the plasticity chart
or A- line diagram. This classification is presented in Appendix D

The soils of the : o
study area. according to this classification scheme. are dommantly fine

grained soils with intercalation of coarse grained soils. Some of the soils fall above the A-line and most
below the A-line, showing the dominance of silty soils in the arca (table % 1 and fig 8. 1) Most of the
soils belong to ML ( inorganic silts, very fine sands, rock flour, silty or clayey fine sands),

SM ( silty sands, sand - silt mixtures) and CL (inorganic clays of low to medium plasticity, gravely
clays, sandy clays, silty clays, lcan clays) and few are in groups MH (inorganic silts, micaceous or
diatomaceous fine sands or silts, clastic silts), CH (inorganic clays of lngh plasticity, fat clays) and
GM ( silty gravels, gravel-sand-clay mixtures)

In table( 8.2) a general performance characteristics of USCS group 1s presented  From this
table, it can be seen that the soils of the arca which mostly belong to ML, SM and CL groups mn the
USCS are in the range from poor to fair for most civil engincering works except for SM soils which
can be good to some of civil engineering works.

The lithological types described i chapter (7) well much with the dommant classification
groups. The clay soils include the CL and CH groups, the silty sand and silty gravels are grouped n
the USCS as SM and GM respeetively. The sandy silt soils grouped as ML and MH Henee, the

description given in chapter (7) for the lithological types applics also to these groups

8.3  Engineering Geological Classification of Rocks

The bases for the classification of rock units in the study arca is restricted on their lithology

and index values for the material strength as determined by the use of Schimdt hammer test and simple

field hammering tests. In the area investigated, the build up areas and the possible arcas of expansion

of Awassa town, three different types of rocks outcrop: basalts with associated scoria, rhyolites and

is carried out on representative fresh basalt and rhyolite samples

hyaloclasites. A chemical analysis
identification and assessment of occurrence

and presented in table (8.3). The analysis 1S carried out for

of these rocks for engincernng purpose

of defective substances which impair the us¢




Basalts: these rocks out o
crop on the south-castern side of the town close 1o Textile Factory. They are

black in colour and occur i i
n a form of medium to very large blocks forming a small nidge running N

A z : L

110" S along with the associated scoria. The basalts have a vesicular texture and 1s more of scoracious
type. As scen in table (8.3) these rocks contain lower amounts of S10: hence are of good rocks as
concrete aggregates. When these rocks are hammered they give strong rebound and require many
blows of a geological hammer to break intact rock specimens. hence described as very strong rocks (
Grade Rs ) according to Hoek’s Classification (Appendix D). However, from the results of Schidt
hammer test performed in the field the strength of these rocks range from 290 - greater than 650
Kg/cm®. Except for their limited volume, these rocks can be good sources of aggregate for concrete

and asphalt.

Rhyolites: These rocks form isolated ridges in the castern and south-castern side of the town. When
fresh they are gray in colour. They are fine grained i texture and may require petrographic or
chemical analysis for identification. The chemical analysis result is presented m table (8 3) They are
fractured and slightly weathered in most of the top part and along the fracture plancs. Those m the
castern side are normally in medium to very large block forms forming small hills. The rhyolite ndges
to the south-castern side are also fractured but not in separated blocky forms. The fracture spacing

ranges from less than 2 cm to grater than Im. They show flow foliation oriented in N 70" E which adds

the anisotropy of these rocks. Due to this inense fracturing they are casily quarried for road

construction as well as for concrete aggregatc These rocks are described as very strong rocks (Grade

R; ). according to the Hoek’s classification (Appendix D), on the bases of ficld hammering test. They

give a strong rebound and requirc many blows (o break them From ficld Schmdit hammer test result,

it is found out that these rocks have a strength in the range from 310 to greater than 700 Kg/eny

Since the rhyolite ridges are widely used as a source of aggregate, Various aggregate tests were carnied

out in this work to evaluate their performance (table 8.4). As seen in this table these rocks are of goad

content which may be active for alkali- silica

quality as an aggregatc source except for the high silica

reaction when they arc used as conerele aggregale




Table 8.3 Chemical analysis data for rocks of the study area

Sample Locatio Si0), ALO , ———
Type n 105 | FeOy [ CaO | MO [Nay0 [ K0 [ MmO | i, [ /0, |10 |
Basalt Tumura 47.92 15.87 |
: . . . 232 | 889 LT
e - 346 1.68 012 2 7
hyolite Kika 7582 | 994 4.30 014 013 145 41l :: ;’I :(:i :: :: 3 Jllt
: ’ 06

Table 8.4 Aggregate test result for the rhyolite sample from Kika ridge

Test type Y i
Sound.ness test by sodium sulphate % I’;:::):;ult % ::::::Tum alloweble As1!:|o:F :’:m.
Abraer(m Yo wear 1018 % wear 50 A:‘i'I‘M G -‘i
S:l ri ppmg : above 95% above 95% " ASTMD1664
Flakiness Indies 23% 35% BS 882
Bulk specific gravity 2402 |
Bulk specific gravity(SSD) 243 E
Apparent specilic gravity 246
Water absorption 0.67%

Hyaloclastites and tuffs: As described in chapter (3) these rocks form isolated flat toped hills in the
study area concentrated in the castern and south castem side. They are light gray to yellowish i colour

and contain large blocks of different rock fragments embedded i fine grained matrix. They are highly

weathered and affected by two sets of joints oriented N 30" E and N 115" S The jomts are field i

most of the places with calcite and clay like materials and are close to widely spaced ( 2 cm to 1m) In

some places these deposits show layering. According to the same classification system used for others,

these rocks are described as rocks of very weak to weak strength (group R, - Ry ) on the bases of field

hammering test. From Schmdit hammer rebound test performed m the ficld, these rocks have

compressive strength values of less than 100 Kg/em’

102




Chapter Nine

Engineering Geological Mapping

9.1 General

ngineering Geological mapping is a type of geological map which provides a generalised
representation of all those components of geological environment of significance i land use planning,

design, construction and maintenance as applied to civil and mining engincering (Anon, 1972)

In engincering geological mapping, the classification of rocks and soils are based on the
principle that the physical or engineering geological properties of a rock or soil in its present state are
dependent on the combined effects of mode of origin, subsequent diagenetic and tectonic history, and
on weathering processes (IAEG, 1981). This approach makes it possible to determine the reasons not
only for their spatial distribution as shown on the map, but also the reasons for the lithological and
physical characteristics of the rocks and soils involved

IAEG(1981) has suggested the following classification based on lithology and mode of origmn

for the purpose of engineering geological mapping:

The Engineering Geological Type (ET) - has the highest degree of physical homogeneity It should be

uniform in lithological character and physical state. These units can be characterised by statistically

determined values derived from individual determinations of physical and mechanical properties and

are generally shown only on large-scale maps

Lithological Type (LT): 1s homogencous throughout in composition, texture and structure, but usually

is not uniform in physical state. Reliable values of average mechanical properties cannot be given for

the entire unit: usually only a gcncml idea of engineering propertics, with a range of values, can be

presented. These units are used on large-scale, and where possible, on medium-scale maps

a sct of penctically related hthological types developed under

Lithological Complex (1.C): comprises

1 e - ions Within 2 litholo; ncal C()ﬂ'l['lll.t( the ip"l{li!l
if nd gCOILl.l(IIIIC (,OlldIlI(ll )4
specttic pa]acogcographtml d

tive for that complex, but a lithological

arrangement of lithological types 1S uniform and distine




complex is not necessarily uniform in cither lithological character of physical state In consequence. it
is not possible to define the physical and mechanical propertics of the whole lithological complex, but
only to give data on the individual lithological types comprising the complex. but only to give data on
the individual lithological types comprising the complex and to indicate the general behaviour of the

whole lithologica ol ' :
gical complex. The lithological complex 1s used as a mapping unit on medium - scale and

some small-scale maps.

Lithological Suite (LS): comprises many lithological complexes that developed under generally
similar palacogeographical and tectonic conditions. It has certain common lithological charactenstics
throughout which impart a general unity to the suite and serve to distinguish it from other suites Only
very general engineering geological properties of a lithological suite can be defined. These umts are
only used on small- scale maps.

A full description of a soil or rock for engincering purposes mvolves the assignation of the

appropriate geological name together with as much detailed information as can be gamed from the
examination of a sample or exposure. The description may be systematic if a limited range of standard
descriptive terms is used and for case of application cach deseriptor may be classified On the other
hand, a classification should place the soil or rock in a limited number of groups cach with definable

propertics, which can give a good guide to engineering performance (IAEG, 1981)

In engincering geological mapping, a three-part approach (o engimeering geological description

and classification has been adopted ( IAEG. 1981), mvolving: (1) a taxonomic classification of rock

and soil units delincated on engineering peological maps at various scales, (1) a lithological

classification, and the assignment of fundamental lithological names to rock and soil umts, and (i) a

description of rock and soil material and mass and the assignment of descriptive names for rock and

soil types. In the present study the latter two ar¢ used

9.2 Delineation and Engineering Geological Characteristics of the Mapping units

The domain of the engineering geologists 15 in MOSL Cases within the top few meters of the
1¢

? | " lq arc (‘Ir C[lllcal mpor ldIILL n an LI'IL.'II‘IL‘LIIIIQ gm %

all matcrial which ¢

an be excavated without the use of explosives of

The term “soil” is used for




uipment for looseni :
equip ening , and are mapped in an arca if their thickness exceeds Im (Soesters and
R . 1980). : .
angers, 1980). According to this authors, the thickness of Im is chosen for two reasons: first, the
urface morphology .
B rphology of the underlying bedrock is usually recogmsable through the overlying soil 1f its

thickness 1s less y
than Im and not recognisable when the thickness exceeds Im Second, the

engineering geological i :
& g geological importance of a soil cover of less than 1m 1s rather limited In the study arca,
however, the top 30 to 50 cm thick soil is not critically evaluated and may not be ‘considered for

mapping purposes since people in most cases excavate to a depth of this much level for different

purposes including for foundation.

Based on the 1AEG (1981) reccommendation, above described, the surface engineerning
geological mapping of the Awassa town arca at a scale of 1:10,000 is carried out (Appendix F) on the
bases of identifying the main lithological units and/or combination of units having similar enginecring
geological properties, as mapping units. The mapping units are charactensed and described based on
the information obtained from ficld observation and sampling followed by systematic laboratory tests
such as index propertics. Considering the scale and purpose of the map and available information four

mappable units are delineated and their engineering geological charactenistics are described as follows

Lean and Fat Clays  this lithological unit comprises the soil groups CL., CH and the CL-ML soils

They are dark brown in colour with dark gray varictics They are shightly cracked, columnar to

prismatic and sometimes have sub angular blocky structure. Their thickness varies both vertically and

laterally, ranging from 0.85 to more than 3 meters. These soils have natural unit weight n the range

from 1197 to 1750 Kg/m“ and dry unit weight from 791 to 1350 Kg/m' The liquid Tt for this type

ranges from 28.0 to 53%, plastic limit from 13.2 to 28 2%. shrinkage limit from 15 to 28%, plasticity

i i % ¢ « swell less than 30, hence they are non
index from 7 to 24%, organic content from 4.5 10 7.2% and free swell les \

expansive. This soils have unconfined strength in the range from 14 to 3. 5Kg/cm’, angle of mtermal

friction. cohesion and natural void ratio in the range from 2 to 32 degrees. 0.01 to 0.05 kg/em™ and

1.05 to 2.01, respectively. as obtained from cxisting site investigation reports. These soils arc not

able amount of silt and sand size

suitable as foundation or fill material. They usually contain apprect

materials.




Sandy Silt and silty S N S :
i y Sand/Gravel soils - This unit compnse the soil groups MS, SM, and GM Duc t
§ MS, SM, ) uc o

similarities in thei ineeri .
| CIrengineering propertics, except for Atterberg imits where SM/GM  sails are

commonly non i W TS o
" y plastic, and distribution in the arca. these lithological units are mapped as  one umt
1y commonly occur interstratified to cach other. They are light gray and olive vellow 0 colour
dry and wet state respectively. These soils become dominant i all the sites of the study arca below a
few meters from the surface. The sandy silt soils are the most dommant groups These soil groups are
suggested to be of collapsible type showing reduction n volume when saturated  The important
engineering properties are presented in table (9.1). These soils are fair to good for most of el

engineering works.

Table 9.1 Summary of geotechnical propertics of sandy silt and silty sand/gravel soils

Propertics Sandy Silt Silty Sand/gravel soils

| Liquid limit (%) 26.7 - 56 nonplastic
Plastic limit (%) 2424 -110 T e e I
Plasticity Index (%) 189 - 25 i
Shrinkage limit(%) 0-30 L }
Natural unit weight (Kg/m’) 816 - 1830 1s9-1730
Unconfined Comp. Strength (Kg/em®) 08-37 09 : S

| Angle of internal friction (degree) 23 -38 21 - 36 ____ N ___
Cohesion (Kg/em’) 0.00 -0.03 0.00 - 0.0 T
Void ratio 1.002 - 2.57 0,89 - 1 88 &= Laera
Standard Penetration Test (SPT) value 13- 47 19.36 ______ e

Strong rocks (Basalts and Rhyolites): these umits form simple ridges m the study arca They are

fractured and commonly occur in medium to large blocky forms. Their strength ranges from strong to

very strong, according to the Hock's classification system, and are weathered on top parts and along

wed in the ficld they have a COMPEIESSIVE

fractures. From Schmidt hammer rebound tests perforn

ge from 290 Kg/em’ to greater than 650 kg/em’

and showing flow folding structures These

strength in the ran The basalts are black in colour and
vesicular and scoracious while the rhyolites are light gray
owever, they are good sources

rocks are not suitable for foundation from topography point of view. H

of aggregates.

yming simple peaks distributed here and there,

s and tuffs). these rocks ft

ghly weathered They form flat tops and contan

Weak rocks (Hayaloclastite

are very weak to weak rocks (Ry - R) and hi




dominantly fine grained material with blocks and bolders of various rock typos. Thoy ave affcted by

two scts of fractures oricnted N 30" | and N 115°'S which arc mostly flled W St

material, as discussed in chapter 3. These rocks are unsiutable for foundatson

In addition to the above mappable units, the scorias are mapped as separate units. They are

reddish brown in colour forming small hills, and are dominantly of lapilli 1o block size They are

widely used as a source of construction materials especially for road construction




Chapter Ten

Seismicity of the Study area

10.1  Seismicity of the area

Engineering wor! : -
5 g works and carth processes interact in two distinet and important ways  First

r 1 Ll
natural processes influence how structural and other development occurs.  Sccond, structures and

development can alter natural processes, creating changes that may be undesirable (Johnson &

DeGraff, 1988).

Forecasting, or prediction, the interaction of engineering works with carth processes 1s
necessary for safety and reliability. Lowrance (1976 i Johnson & DeGraff. 1988) points out that
being safe, or free of risk, is a matter of degree rather than being absolute An element of risk s
involved in engineering works, as it is with most human endeavours. Measuring nisk for geologic
processes 1s based on knowledge and principles.  Acceptability of that measured nisk s generally
dictated by social, political, and economic factors. Therefore, determming acceptable risk requires the
engineering geologist to participate in formulating public policy (Johnson & DeGrafl, 198%)

The Ethiopian rift system, where the study area belongs, the Gulf of Aden and the Red sea are
Characterised by a significant Seismic activity (fig 10.1). They arc characterised by several
intermediate size (5.5 < Magnitude (M)< 6.5) and a few larger carthquakes (6.5 < M < 7.5) (Fekadu

Kcbede, et al. 1996, 1997).

Since scismic instrumental recording started i Ethiopia m 1959, a number of destructive

carthquakes have occurred in and around the country. This includes the carth- quakes that occurred in

and around the study area. For example, the Awassa carthquake in 1960 with Mp=6.3; the 1983

Wendo-Genet and the 1985 Langano carthquakes with Mb=5.1 and Mb = 4.6, respectively: the 1987

carthquake episode in the south most rift of Ethiopia. with maximum magnitude Ms=6.2 ( Fekadu

Kebede and Like Mariam Asfaw, 1996, 1997) and the 1995 Awassa carthquake Mb=3.0 (Atalay

Avele, 1998). These recent events indicate the level of seismic activity In the study area and MER

: SiSIMIC ~rustal deformation contributing
ajor zones of scismicity and crustal deformation ¢ f

The occurrence of the various m

However, SCISMIC SOUTCE 20MCS  \Wwere

3 . s " 0
to seismic hazard in the region I noted long g
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not identified until recently. F :
y- Fekadu Kebede et al (1996) identified cight source zones in the region (fig

10.2 ) and presented briefly the main sei
p efly the main seismo-tectonic features currently known for cach scismic zone

According to these workers, the study arca, Awassa. is within the

e

source zone 2 which s charactensed

by large and intermediate-size carthquakes with a focal depth ranging from 9 to 15 km

Earthquake waves or motions propagated to a site may induce two kinds of influence on
structures, 1.c. the vibrational effect of the structure induced by vibration through foundation and the
static deformation effect or the ground failure cffect indirectly to the structure by the fatlure of the
foundation (HU and SM). Since these two kinds of effect are different n mechanism and in the way
they affect the structures. commonly two scts of maps 10 show the results of these two effects, one for
ground failure and another for ground motion is employed  However, in the case of the study arca
only the latter type of map which is constructed on the regional bases is only available.  Fekadu
Kebede and Likemariam Asfaw (1996) presented seismic hazard map of Ethiopia and the
neighbouring countries indicating horizontal peak ground acceleration as a function of g and modified
Mercalli intensity levels for different years of return period and probability of not beng exceeded
(Appendix E). According to their work, the study area is within the zone where the horizontal PGA
values are 0.08g. 0.12g and greater than 0.12g for 0.01. 0005 and 0.0033 annual probabilities of

exceedence, respectively. The corresponding intensity values are VIL - VI, 1X < X, and X-XI . Smce

the area of study is a region where various cconomic development activities are currently being

undertaken, and knowing that the region is also associated with PGA values greater than or equal to

0.1 (for annual probabilitics of exceedence less than or equal to 0.01), necessary precautions should

be taken both in the construction of new structures and in the reinforcement of the existing ones

According, to the Ethiopian building Code of standard (EBCS, 1995), the study arca is within

Zone 4 with o, (the bedrock acceleration ratio) of 0 1 (Fig 10.3)

: ' I ‘L‘ ' h( AWEVer, arc

r the site surface geology effects (personal communication with

more regional and do not conside
is an important factor i changing the

Laikemariam Asfaw). However, the cffect of site geology

cismic response of foundations

scismic wave movements and hence the s
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10.2  Influence of Soil on Seismic Response and Movements

Soils rest on bed
rock thr hich eo
ough which scismic waves are transmatted 1o them  Dunng an

earthquake the behaviour s 0o
q of the subsoil with respect to the bedrock is similar to that of a structure with

respect to the soil. The thi
P hickness of the various soil strata and their elastic properties determine the

type of seismic movement which wi :
vp ent which will be produced at the soil surface by a given movement on the

surface of the bedrock. i TR e ; .
ck. The soil characteristics thus modify the intensity of the seismic movement and

also modify its frequency content or response spectra.  Observations has shown that the effects of
carthquakes at comparable distances in places with different types of terram can have varyving mtensity
as much as several degrees on the modificd Mercalli scale owing to the influence of the subsoil
(Mohammed Ezzat Sobaih, 1999). Generally intensitics are greater i soft terrams than m firm
terrains.

The characteristics of the subsoil also have an important effect on the frequency content of the
surface movement. Since the reaction of a structure to an carthquake depends on the value of its
characteristic period in accordance with the response spectrum, it may happen that in soft terrams with
a response spectrum giving high acceleration values for high periods, more rigid structures (those with
short characteristic periods) suffer less damage than more flexible structures. The opposite 15 applied
for buildings with foundations on firm soil or bedrock (Mohammed Ezzat Sobaih, 1999)

Hence. in areas where there is thick soil column like the study arca where the foundation soil 18
more than 30m thick, the foundation soil of buildings must be regarded as one of their fundamental
rmations and resistance of the soil should be dealt with as part of the

structural members. The defol

e - o it is gencrally not possible to change the soil
design in the same ways as beams or walls. Since 1t 15 gencraih i B

conditions. the structure and foundations should be sited to the specific charactenistics of the soil at the

building site.

The amplification factor of the ground for peak acceleration 1S affected by the shear wave

locity of the surface layer ( Midvikawa and Kobayashi (1980 n Mohammed , 1996) Figure (10.4)
velocity
velocity of the surface layer is cvaluated using

shows this relation. For the study arca the shear wave

fohammed , 1999)

the modified Imai’s formula (1975) by Sruempel ct al (1984 n N




vs — 899 X N"l

Where =
N - the number of blows in standard penetration test

V; = the horizontal shear w ave velocity

Considerin :
g only N values of the top 5 - 8m thick soil column for an average N value of 17,

V, is calculated t :
; 0 be 210 m/sec. This shear wave velocity corresponds to an amplification factor of

55 in fig (104 hich is i .
g ( ). which is in agreement to the commonly used amplification  factor for Holocene

unconsolidated deposits, F = 4.5 - 5.5, (Mohammed, 1998,1999) This means that the horizontal
ground motion in the study arca may exceed 0.55g for annual probabilitics of exceedence less than or
cqual to 0.01. Hence, the seismic coefficient that has to be used i the design of structures in the arca

has to consider the amplification of the soil column

10.3  Liquefaction Potential of the soils

In a narrow sense the word liquefaction means a complete loss of shear strength which can
occur when a loose cohesionless soil is subjected to shear stress, either monotonic or cychic In a
broader sense. this term has also been used to denote a partial loss of shear strength due to build-up of
pore water pressure ( Kezdi, 1988 ) . It results from the transfer of intergranular forces to the water
which fills the pores. The resistance of these soils depends on the pressure transmitted by the contact

between the particles. Therefore, when part of the intergranular pressure 18 transferred to the water, the

soil looses a corresponding portion of its resistance. When the pore pressure induced by the carthquake

passes away, concentrated currents of water rising through crevices are generated and carry sand up to
Y s

the soil surface, building it up into mounds resembling small volcanoes, which are charactenstic signs

of such phenomena (Mohammed Ezzat Sobath. 1999)

The vulnerability to liquefaction during an carthquake depends on various factor among which

the magnitude of the stresses o strains induced i 1t 1s an important. Sced and Idniss ( 1971), based on

3
contemporary records of damage due to the carthquakes experienced at Nngata i Japan for about 370

re damages (owing o liquefaction) where only caused in three instances

years, discovered that seve
though the duration of shakmg 158 a

when the ground acceleration exceed 0138,
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contributive factor. :
Moreover, for a given magnitude of carthquake, M, there appears to be a limit
cpicentral distance, R, bey Sl d _ S ) Hting
. R, beyond which liquefaction 1s unlikely to occur. The limiting distance, R in Km

i >6 '
or M = 6 may be expressed as (Kuribayashi and Tatsuoka 1975 i Kezdi, 1988)

log R=077M-3 6
This means that the stud :
udy area can be affected by intermediate and large carthquakes
(26.5 M) even occurring on the plateau
Empiri i i i i
pirical correlations with dynamic penetration resistance based up on past performance in
cartl
rthquakes are probably the most common method used around the world 1o evaluate liquefaction
potential in situ (Carlton, and Kavazanjian,). Sced et al (1981, 83, 84) developed correlations based
upon the peak shear stress ratio induced by carthquake. According to these authors, the index used o
determine soil resistance to liquefaction during an carthquake can be determined convermently from the

relationship:

av
Y~ 065 x /= x == xr
60 g éﬂ "
Where g = maximum acceleration at the ground surface
8, = total overburden pressure at depth under consideration

§'s = cffective overburden pressurc at depth under consideration
ry = astress reduction factor which decreases from a value of | at

the ground surface t0a value of about 0.9 at a depth of 351

correlation is normalised standard penctration

nder an effective

The soil penetration resistance used in the

resistance. Ny, where Ni , is the penctration resistance the soil would have u
can be determined from the value of N measured in

overburden pressure of 96 KPa. The value of Ny .

a standard SPT investigation by means of the formula:

1158
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NI=CN>{N

where Cy is a correction coeffici i
icient w '
t which may be read off from charts such as that shown m figure

10.5). AnSP ' Fati
( ). An SPT energy ratio of 60 percent, (N, ), is used for the correlation as defined below

(N )so=N; x (ER,/60)
where  ER,, is the estimated rod energy of the hammer type used in SPT

(N, )eo is used in the correlation because of the fact that no procedure is likely to deliver 100% of the
theoretical free fall energy intended when the test was first developed, and uses instead a standard

energy delivered to the drill stem equal to 60 % of the theoretical free fall encrgy (Seed et al . 1984)

The relationship developed by Seed and others, between t,./0, and the SPT blow count
normalised to an effective overburden pressure of 96 KPa and an SPT energy ratio of 60 % . (N o
for sites, dominated by sands with Significant amount of fines. which have and have not liquefied

carthquakes with magnitude = 7.5 is shown in figure ( 10.6). In the present study it has been attempted

to employ the above correction to assess the potential of liquefaction of the soils which are close to the

lake boundary using reported SPT valucs up to depth of 15m. However, no data is found about the

type of hammer and estimated rod energy. For rough evaluation uncorrected Ny value 18 used i this

work. The result is plotted in figure (10.7). As seen in this figure hquefaction 1s very unlikely. In the

n carthquake magnitude of 7.5 18 assumed

analysis a value of A cqual to 0. 1g and 0. 55g. and a



?
&

.......*, .

o
N
B

cycie Stress ratio
?
L]
-

9
[

v 30 ye [0
(M)go

Figure 10.7 Field liquefaction behavior predicted for the study site using SPT- stress rab)
Proposed by Sced ¢l al (1984). for M = 7.5 canthguake

for a_., 0 55

L for 0 lg

o.chan



Conclusion and Recommendation

Based on the increasi
casing
5 demands of peoples 1o construet new infrastrocture i the town of
Awassa. in relation .
¢ to the development of the town being the capital of the Southern Nation

Nationalities and Pe i
’ coples Region, and the threat of the lake Awassa level rise to imundate part of the

town, an cngiceering g 1 , .
& g geological study addrcssmg h.\'dr"gt'ulnglcai. hydrological and  geotechmcal

conditions is carried out in and around the town of Awassa

The area is  within the Main Ethiopian Rift where recent tectonism, volcanism and crustal
deformation is active. There are many signatures of these activitis, and the study arca i1s located m
one of these signatures: Awassa mega caldera. The area is characterised by volummous deposits of
silicic volcanic products ( Miocene to Recent) to the large part and some lacustrine deposits occupying
the floor of the caldera. The area is dissected both by regional faults bordering the Ethiopian nift and
many small to large faults within the caldera. The faults have gv.mcrall_\ NE/SW orientation though
faults oriented transverse to the regional faulting directions are also encountered.  The arca 18
geomorphlogically characterised by rolling type ground with some volcanic peaks, fablt scarps and
remnants of the old Awassa caldera wall and the peaked walls of the nested Corbbeti caldera. The

floor of the caldera is occupied by water bodics, marshy arcas, and doted volcanic cdifices. Active

geodynamic processcs, currently visible, arc lacking except for the ground fracturing to southwestern

side of the lake Awassa, and fumarolic activitics on the Corbbeti caldera to the north of the study area

The arca gets an average precipitation of about 963 mm concentrated in the cight month long

rainy season with moderate scasonal and inter-annual variability. The variabilitics are sometimes as

S Igpecl eased amount of rainfall 18 recorded since
large as morc than 25 % of the mcan. Espectally an mcrea

(otal cvaporation and risc in lake level, which has resulted

1996 with a concomitant decrement 10

enormous loss of private, government and non government property

The fluctuation of the lake level with rainfall of the catchment 1S poorly correlated However, a

¢s a better fit e idencing the

i I le of delayed runoff and
few months shifting of the rainfall giv role ©

ake Shallo and the swampy arca on the amount of discharge
i« al L g

groundwater inflow. The routing cficet of |

of Tikurwuha river plays an important role for the time lag



The water bodies in th
¢ study arca generally show 3 large variability in their cation

content though most of them are a Na - HCO
i

and amon

Ivpe wale
ype waters. Some degree of geochenical evolution (i

concentration) is evident as ?
the water flows from the uplands towards the rift and finally reaching the

lake. The variability of th istry
Y ¢ chemistry of the water bodies is a simple reflection of the degree of water

rock interaction, the chemistry i
istry of the aquifer, external source of solutes via hot springs and degree of
soil water interaction : ” ;
and removal of chemical constituents from the system through precipitation and

extraction by micro-organisms.

The groundwater flow condition of the arca 18 not assessed m detail due to lack of sensitive
cquipment to measure clevation and in accessibility of most of the water points. However, based on the
available data, it is possible to say that groundwater gencrally flows towards the two lakes occupying
relatively the lower elevations and finally reaching to its destination, lake Awassa Groundwater is
found relatively at shallow depths (< 40m) and in most cases in unconfined condition. A danger to
foundations close to the lake and even towards the centre, due to large scale fluctuation of the
groundwater table up to 5m, is anticipated and necessary precautions should be taken in both m the
construction of new structures and reinforcement of the existing ones

The chemical constituents of the waters of the study area made them unsuitable for various
purposes. In most of the cases the above maximum concentration of fluoride. bicarbonate, silica and

total hardness made most of the water bodics unsuitable for drinking, brewing, food processing etc

The use of these waters for irrigation may result salinity hazard, except for few dug w ells and springs

Especially lake Awassa is totally unsuitable for irrigation, Their effect on construction matenals

concrete brick and masonry is found out to be negligible. However, the degree of “aggressiv itly “ is a

function of the material type.

Water balance estimation of the lake revelled the non-cquilibrium condition of the lake where

anct surplus in subscquent years of high rainfall under reduced evaporation resulted a significant

r observations made on the southern rift vallev lakes, and the

rise in the lake level. Besides the simila

t also support the effect of such environmental change as a
il

monthly water balance computation resul

This 1s found out 1o be in agreement 1o the conclusion of

major cause of the recent lake level risc.
ect the hinterland mundation of

remedial measures 10 prot

Makin et al, (1975 in NUPI, 1989). Hence,




the lake due to level ri :
rise should consider and evaluate the role, variability and penodicity of such

micro environmental changes.

| The selection for method of controlling the hinterland mundation of lake Awassa requires A
detail study involving risk and economic analysis and environmental impact asscssment, which s
begor B9 & of present study . However, it is possible to forward some recommendation. A
number of possible solutions are available including: transferring of water 1o neyghbouring catchment,
using the lake water for irrigation. strengthening of the existing dyke, construction of detention
structures ctc. However, transferring of water to neighbouring catchment may have ccological and
environmental impact, besides it requires a constant running cost for pumping of water sinee it is nol
possible to transfer water to near by catchment area by gravity for topographic constrans The lake
water is found out to be unsuitable for irrigation as discussed above so that this will not be a solution
Hence, it seems more plausible to strengthen the existing dyke for an acceptable risk, safety factor and
return period of lake level with a deeper cut off trench and appropriate construction matenial to protect
vulnerable arcas, supported by the construction of detention structures on the main affluent river,
Tikurwuha, and applying soil conservation methods in the catchment The runoff from the town could
be collected using a good network of ditches, which collect water from the town, and it can be

transferred to the lake after the nceessary treatment.  The development of vulnerable arcas should be

carefully done on the bases of risk analysis. Especially siting of economical and social facihities n

these arcas should be avoided or relevant engincering design should be applied

The foundation where the town lics 15 found out to be a thick soil stratum (> 0m) . Three

dominant lithological types are dentified in the ficld: Clay soils, sandy silt soils and silty sand/gravel

ratory analysis The fine soils are dominant in most of

soils. This is confirmed through a routine labo

the sites and the course soils are more restricted towards the lake and at depth The ongins of these

trine deposits and/or residual soils

o and the possible cxpansion arca. While the

i ed to be either lacus The clay soils occupy relatively
soils is suggested to be eithe

the elevated central and south-castern part of the tow

' e clay ¢ These soils are
other types occurring in almost all the arca. They commonly underlay the clay soils. The

d soon The clav soils arc mostly fractured and hlocky

dominantly massive showing no Jamination an

ificat . the clay soils contain the groups CH, CI
ing to the USCS classification scheme, \

in structure. Accord



d fi L- i JN
and few CL-CM soils. The sandy silt soils embrace soil groups ML, MH and MSL. and the sl wl
/gravel soils contain the groups SM GM and SML s MSL. and the silty s
5 sols

Mineralogical and Chemical I of qua
I I ﬂ.nal)'ms Of lhl: mpic! “‘llﬁalﬂd “l‘ OCCUImencc { uanz,
feldspars, mica flakes and rock fra ts, and presence of Kaolin ¢ and Ca- montmonliontte
gmen p mite, il Ca- montmonllonite 1s
suspected indirectly f f I ct WO
pected v form the other parameters of the clay soils. The soils arc generally morgamc and

their car i
1eir carbonate content is below 5 %. The content of Sulphate and Chlonde are negligible in the soils

of the area and hence, it is unlikely to create concrete deterioration

Index properties of soils was determined using the procedures designated by ASTM (1996)
Moisture content at the time of sampling ranges from 25 1 to 29 0% for clay soils, and from 18 to 46
% for sandy silt and silty sand/gravel soils, indicating that some of the samples were above ther
plastic limit at the time of sampling. The specific gravity of the soils is low, w the range from 2.2 10
2.5. The liquid limit and plasticity index of the clay soils ranges from 28 to 53% and from 7 10 24%
respectively. The sandy silt soils have LL% in the range from 26.7 to 56% and Pl % m the range from
1 89 to 25%. The silty sand /gravel soils are almost non plastic except for few samples where the fines
portion have got some degree of plasticity. The clay soils are in the range of inactive to highly active
types.

The soils of the area are found out to be non expansive as revelled by the simple free swell
test. However, some of the sandy silt and silty sand/gravel soils show reduction i volume as large as

29% , thus suspected to have a collapsible structure. Making some msitu fests like insitu density, and

laboratory tests on undisturbed samples like consolidation 15 recommended to better characterise the

compressibility of these soils and to measure the specific subsidence. These soils may collapse both

under load and when flooded by water and may also result differential settiement. To minimise the

hazard it is advantageous to transmit the weight of the structure to decper soil of rock layer by means

of piles or caissons, and if not. to make the foundation as decp as possible whereby the thickness of the

nce hazard and, consequently, the absolute magnitude of the subsidence . might

layer subject to subside

dence, water had to be prevented from entering the zone under the

be reduced. In order to prevent subsi

foundation slab. at least in concentrated quantitics

rv strong and some very weak to weak rocks formung small

The occurrence of strong to ve



hvaloclastites and i
' truction mat fﬂﬂ‘s 3 tfzc second. The sirong varcies are found out to be sutable as source of
con.s mc.lon el ol aggregate source, while the latter ones arc unsuitable to most of
engineering uses. They are highly weathered and very weak
) Mappi.lble units are selected on the bases of the scale and purpose of the map Luthological
units and engineering properties employed for the selection. Hence, four umts are dentified and
mapped: clay soils, sandy silt and silty sand/gravel soils, basalts and rhyolites and Hyaloclastites. In
addition, the scorias though occupy very small arca, mapped as one unit from the pomt of their
importance as construction materials.
¢ The seismicity of the area requires attention in the designing of structures The thick soil
column amplifies the seismic movement as large as 5 times, hence may affect the structures very
severely. The seismic coefficient to be used in the design, therefore, should consider the charactenstics
of the foundation soil: consistency, compaction, homogeneity, damping and amplification propertics
Knowledge of the foundation soil is essential for carthquake - resistant design In the case of 4 design
in which only static loads are considered, it may be more cconomical (o compensate for an nsufficient
knowledge of soil properties by providing a greater margin of safety i the design However, for a
proper carthquake resistant design it is necessary 1o know the mechanical properties of the foundation
soil. since in some cases a soil which behaves well under static loads will present serious problems
when subjected to seismic loads, and it will not always be possible to remedy those pr oblems by using
a larger safety factor for static loads.

A better characterisation and definition of the seismic response of the foundation soils

requires intensive investigation applying geophysical methods which could be an area of future

rescarch. Applying the geophysical methods especially seismic survey 10 define the shear wave

response of the foundation soils will make it possible to carry out 4 microzonation of the study area

and its surroundings.
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TAHLE WATER QUALITY CRITERIA YoR
(Water Quality Criteria, U.5. g s - :
i o, 1968),
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Determinand pressure pressure Ind ::1" :::w Chemical Gm;l ::: ¢ Coment
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APPENDIX D

SOIL AND ROCK DESCRIPTIVE TERMS AND CLASSIFICATION
SCHEMES
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Plasticity index
W
=]
T

20

Chiorites Liquid limit
Location of common clay minerals on Casagrande plasticity chart (Holtz & Kovacs 1981),

Table Atterberg limit values for the clay minerals (Mitchell 1976).

Mineral* : Liquid limit (%)  Plastic limit (%) Shrinkage limit (%)
Montmorillonite (1) 100-900 50-100 8515

Nontronite (1) (2) 37-12 19-27

Ilite (3) 60-120 35-60 1517

Kaolinite (3) 30-110 25-40 2529

Hydrated Halloysite (1) 50-70 47-60

Dehydrated Halloysite (3) 35-55 30-45

Attapulgite (4) - 160-230 100-120

Chlorite (5) 4447 3640

Allophane (undried) 200-250 130-140

—— v, @ Al
*{I)meumcfm.ﬁghﬂvdmmfwmwmw“fwm and trivalent. (2) Al
samples 10% clay, 90% sand and silt. (3) Various ionic forms. H:;!u values are fynh- and trivalent;
lowest are for monovalent. (4) Various ionic forms. (5) Some chlories are nonplastic.




Table Correlation Suggested . .
(after Kezdi, 1g9g74) by the Swiss Society for Testing Materials
Intensity Duration | Approximate Carbonate
Content
of effervescence
nil nil 1%
| weak short 1102 %
fairly strong not lasting 2104 %
very strong lasting >59%

Terms for the Description of fine soils (after IAEG, 1981)

a) using liquid limit

Term Range of liquid limits (%)
Low plasticity under 35
Intermediate plasticity 35-50

High plasticity 50-70

Very high plasticity 70 - 90

Extremely high plasticity | over 90

b) using Plasticity index

Term Plasticity index (%)
Non plastic under 1

Slightly plastic 1-7

Moderately plastic 7-13

Highly plastic 17 - 35

Extremely plastic over 35

Activity of clays (after Head, 1984)

e
Description Activi
Inactive clays < 0.75
Normal clays 0.75-1.25
Active clays 125-2
Highly active clays >2
; /




Activities Of Various Minerals ( after Holtz & Kovacs

1981).

Mineral Activity ¥
Na- montmorillonite PG ¥
Ca- montmorillonite 15 o7
Illite 08=13

Kaolinite 03-05 i 0
Halloysite (dehydrated9 05

Halloysite (hydrated) 0.1

Attapulgite 05-12

Allophane 05-12

Mica (muscovite) 0.2

Calcite 0.2

Quartz 0
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Field estimates of uniaxial Compressive strength (Afler Hoek et al 1995)

Field of ive arenpth.
Grade®* Term Uniaxial comp.” Poimtload  Ficld e amples
estimatc of weagth -
strength (MPa)  indet (MPa) % >
R& ﬁmm! > 150 >10 Rock material only chipped under  Fresh i chen. dishawe
wroag repeated hammer blows.
gr sty rings el granite quantoe
RS Very 100-250 410 Requires many blaws of 3 peolog Amphubrdie. wndurne hiush
wrong ﬂl_muhdmm‘l pabbrs. phens pranedus
Lpeciment Timeshmne murbie i otar 1t
R Swong  30-100 4 Hand held epecimen brokea by 3 | marble i e
single blow of geolopical hammer  wandunac. achit, shake
R} Medium  25-50 12 Firm blow with geological peck  Claysione. coal. comrete b
wrong indents rock 10 § mm, knife juut  shalle whtusone
wrapes surfae
[ & Weak 5-35 ais K nife cots material but 100 hard 10 Chalk mchull posach
shape ima triavial ypecimens
Ri Very 1-5 ove Material crumbies undet fum Highly weathered o shiered sk
weak blows of peologecal pck. van be
“haped with kmife
RO Eureme- 0.25-1 ves Indented by thumbnail Clay powge
Iy weak ——

* Grade according to ISRM (19811

== A1 rnk types exhibit a broad range of uniavial compresuve srengthy which reflet ihs Netenogmeits m sumpadsss
and amiitropy in structure. Strong rocks are chanctensad by wel interlocked crystal fabric and fow s
e Racks with 3 uniatial compressive strength helow 25 MPa are Tikely 10 y1chd Dighly ambguns fesallc wakes ust

load testing



APPENDIX E - Seismic Hazard Maps of Egp;
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APPENDIX F

ENGINEERING GEOLOGICAL MAP, LOCA ATION OF SAMPLE
,AND T THE SECTIONS ALONG

POINTS AND LON PROFILES
HEPROFILESA A B-B, AND C - C
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Lean and fat clays
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Fig. Engineering geological map of Awassa Town arec

(Reduced from 1:10000 scale map)




Lean and Fat Clays :

This lithological uni i ;

et mm!;i‘. nﬂt;c:ﬂp;;; the .i:ﬂll‘ groups CL, CH and the CL-ML soils. They are dark brown in colowr with dark
thickness varies both m-:'g I cracked, columnar to prismatic and sometimes have sub angular blocky struc

weight in the range from ;;;;y and laterally, ranging from 0.85 to more than 3 meters. These soils hay e
ranges from 28.0 to 53% & ’ﬁqx"”‘]“"d‘”" unit weight from 791 to 1350 Kg/m? Rr&wdlml:lﬂ':m 55
24%, organic Sk ﬁ;mp#:s;rr limit from 13.2 to 28.2%, shrinkage limit from 15 to 28%, plasticity index !'erm
unconfined strength in the mu. to 7.2% and free swell less than 30, hence they are non expansive. This soils have
the range from 2 to 32 de, ge ,.f‘i';ﬂ:n 14103, SKR.-’r?gZ, angle of internal friction, cohesion and natural voud ratio in
investigation reports. m“fr:;.j; alr:! "’:; fw_S :fmu and !.Iﬂj to 2.01, respectively. as obtaned from mmn,. site
amount of silt and sand size materials, suitable as foundation or fill morerial They wsually contan appreciable

Sandy Silt and silty Sand/Gravel soils :

z:ru :::H Zflfrfpnse the soil groups MS, SM, and GM. Due to similarities in their engineering properties, except for
erberg limits w.'l.ere SM/GM soils are commonly non plastic, and distribution in the area, these lithological wmis are
?rapped as one unit. They commonly occur interstratified to each other. They are light gray and olive yellow in colowr
in dry and wet state respectively. These soils become dominant in all the sitex of the study area below a few meters from
the uf}face, Tﬁf sandy silt soils are the most dominant groups. These soll groups are suggested to be of collapsible type
sh:_:wag reduction in volume when saturated. The important engineering properiies are presented in table (9.1). These
soils are fair to good for most of civil engineering works.

The Snm!y s:'l'l.n?i!fhcvea Liquid limir of 26.7 - 56 %, a Plastic limit of 24.24 - 33.9 %, a Plasticity Index of 1.89 -23
%. a shrinkage limit of 0 - 30 %, a natural unit weight of 816 - 1830 Kg/m3, an unconfined compressive strength of 04
- 3.7 Kg/em2, an Angle of internal friction of 23 - 38° a Cohesion of 0.00 - 0. 03 Ke/cm?, a Void ratio of 1.002 - 2.57

and Standard Penetration Test (SPT) value of 13- 4.
¢, have a shrinkage limit of 0 23 %, a natural unit weight of 1159 - 1730

2 an Angle of internal friction of 21 _M: *, it Coheston of
Test (SPT) value of 19 -36

The silty sand/gravel soils are non plast
Kglm3. an unconfined compressive strength of 0.9 < 2 Ky/em
0.00 - 0.03 Kg/cm?, a Void ratio of 0.89 - 1.85 and Standard Penetration

Strong Volcanic Rocks:

Hayaloclastites and tuffs

Scoria:

They are reddish brown in colour formin
source of construction materidl

basalts and rhyolites form simple ridges in the study area. They are fracrured and
Jorms, Their strength ranges from strong to very strong, according fo the
ered on top parts and along fractires From Schmidt hammer rebovind rests
n the range from 290 ancm? 1o greater than 650 kg/cem

are light gray and showing fliw
However, they are good

These units which are commonly
commonly occur in medin (0 farge blocky

Hoek's classification System, and are weath

performed in the field they have a comperessive strength 1
The basalts are black in colour and vesicular and scoracious while the rhyvolites

folding structures. These rocks are not suitable for foundation from topography point of view
sources of aggregares.,

simple peaks distributed here and there, are very weak 1o weak rocks (R} - R2) and highly
dominantly fine grained material with blocks and bolders of various rock

these rocks forming
300 E and N 1150 S which are mostly filled by calcite and

weathered. They form flat 10ps and contain
5. They are affected by o sets of fractures oriented N

clay like material.. These rocks are unsuitable for foundation

¢ small hills, and are dominantly of lapitli 1o block size They are widely used a3 @

Is especially for rodd construction
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Figure

Profile along A - A

All woundarles ketween the different units are approximate

cloy soils
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Profile along C

All boundaries ketween the

dif ferent units are approximate
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