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ABSTRACT 

In the present work, engineering geological study has been carried Qlll (0 cha racterise and map the 
engineering geological conditions fo r the Awassa town and its surroundings, located 275 Km south 
of Add is Ababa in the central sector of the main Ethiopian rift . l-lJdrometeorological. hyd rolog ical. 
hydrogeological. hydrochemical and geodynamic conditions have been assessed in view of tht;:ir 
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 engi neeri ng 
geological characteristics of the foundation soils and rocks has bee n assessed on the basis o f fi eld 
-obse rvations , simple in situ tests, and from the results of the laboratory analysis made on d isturbed 
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 acid ic volcan ic rocks 
including ignimbrites, pyroclastic fall deposits, rhyolitic lava flows and associated obsidians . 
Basaltic lava flows, scorias and basaltic hayaloclasi ties are also locall y exposed . However. the town 
is wholly founded on the volcano-lacustrine depos its. 

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 1 d istribut ion is used 
for frequency analysis of annual maximum bike levels and the lake levels for di fferent years of 
recurrence interval is calculated . On the bases o f these calculations. a flood hazard map of the 
lakeshore for 200 years retu rn period is established. 

Water quality analysis results indicate that the wate r in the area has no immediate danger on 
'l!ngineering works. The waters in the area are of dominant ly Na - HCO) type lacking high 
concent ration of sulphate andlor chloride. Howeve r. the groundwater genera lly fluctuate s up to 5m 
following rainy seasons, and may be critical for ci vil enginee ring works close to the lake . 

The foundation soil is dominantly a fine-grained type though coarse-grai ned soils are also fo und at 
different stratigraphic positions . Three dominant so il types are identified in the field : clay soil s, 
sandy silt soils and silty sand/gravel soils. The clay soils occupy rel at ively the elevated central and 
southeastern part of the town and the poss ible expansion area while the other types occur in almost 
the whole area . According to the Unified Soil Class ification system, most o f the so ils belong to ML 
(inorganic silts, ve ry fine sands, rock flour , si lty or clayey fine sands. SM (silty sands. sand - silt 
mixtures) and CL ( inorganic clays of low to med ium plasticity, gravely clays. sa ndy clays. silly 
clays , lean clays). Relatively few soil samples are in groups MH (inorganic si lts, micaceous or 
diatomaceous fine sands or silts, elastic silts), CH (i norganic clays o f high plast icity . fa l clays) and 
GM (silty gravels, gravel-sand-clay mixtu res) . Al l the soil types show thickness variation both 
laterally and vertically ranging from about 0 .85 COl 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 si lt 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 plast icity inde x of the clay soils range from 28 10 53% and 
from 7 to 24 % respectively . The sandy silt soils have LL% in the range from 26 .7 to 56 % and PI % 
in the range from 1.89 to 25% . 

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

IX 
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29% . thus suspected to have a collapsible structure . These soils may collapse both under load and 
when nooded by water and may also result in differential seulement. Transmitting the weighl of 
the structure to deeper soil or rock layer by means of piles or caissons. and if not. to 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 10 
two: strong (basalts and rhyolites) and weak rocks (dominantly of basaltic hayalloclastites and 
tuffs). From field Schmidt hammer lest result, it is found out that the fanne r ones have an 
unconfi ned strength in the range from 310 to greater than 700 Kgfcm1, while the laner less than 100 
Kgfcm

2 
• The strong ones are found out to be good sources for aggregates while the weaker ones are 

not suitable fo r most of civil engineering works . 

Based on the fie ld and laboratory invest igation results, Engineering geological mapping at the scale 
of I : 10,000 was carried out fo r the town area including the possible expa nsion area. 

x 



Chapter One 

General Introduction 

1.1 Back ground to the problem 

, In any country an important aspect of development is the availabil ity of an adequ ate infrastructure 

These structures are founded on or in geologic materials and the influence of the ci vil engi neering 

works on the ground and vice·vcrsa becomes so important that a sound assessment of ground 

conditions is vital. Moreover, geologic materia ls a fC important construction materials and the 

assessment of their occurrence and quality is also an important issue. In addition to the matenal , 
properties, hazards such as active faulting, earthquake induced ground shaki ng: landslides, fl oochng, 

volcanic eruptions and groundwater conditions create P! oblems on the safety and suitabi lity of an 

engineering pr9.icct. Hence, studies targeted to provide basic information for the planning or land use 

and for the plruming, design, construction and maintenance of ci vil engineering works IS very 

important. Such information is needed to assess the feasIbility of the proposed land use or engmccnng 

undertaking, and for the lattcr to assist in the selection of the most approp riate type and method of 

construction, tQ cnsure the stability of a structure in its natu ral setting and to aid the performance of 

necessary maintenance . Engineering geological research is, therefore, ma in ly directed towards , 
understanding the interrelationships between the geological environment and the engineering SJluatlon. 

the nature and relationships of individual geological components; the active geodynamic processes and 

the prediction ofp roccsses likely to result from the changes bcing madc (Price & Rangers, 1 ~82 ) . For 

each situation this implies a unique dynamic geological system of interrelatcd and interdependent 

phenomena and processes which can only be very 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 fas t growing town , Awassa, in Eth iopia . [ t IS 

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 senlement and development and lacks 



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

work is carried out to fiU 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 sitc geological conditions . The lown 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 

fonner ly located in the area (NUPI, 1989). However, it has shown a dramatic growth since its 

foundation, particularly since it became the capital of the fonner Sidamo Administrative RegIOn and , 
especially its growth is fast presently being it is thc capital of the Southern Ethiopian alions , 

Nationalities and Peoples Administrative Regional State. The population has grown from 19,550 

i~labitants in 1974 (NUPI , 1989) to more than 89,399 in 1999 (CSA, 1998} Many Engineering 

structures were constructed and presently there is a large need and trend to build up man y ne\\ 

engineering projects. However, little was known about the/(Engineering geologica l conditions of the 

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

development of the a rea. In view of this the present study is aimed at evaluating the ovcrall engineering 

geological conditions of the area and pin pointing thc main existing and potcnt ial hazards which may 

endanger or preclude the various types of civil cngineering works that may be associated With the 

urbanisation. 

1..3 Research Obj ectives 

The main research objectives are: 

I . To evaluate and cha.racterisc the Engineering geological conditions: hyd rologIc, 

hydrogeologic, geomorphic, and geological materials pertaining in th.e site and . . 
surroundings; 

2. To produce, compi le and evaluate geotechnical and Engi neering geological 

2 
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data of the foundation materials of the Awassa town, and 

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

Awassa town area . 

The specific objcctives arc: -

L To describe the structure and attributes of Ihe rocks and soils connected with engineenng 

works . 

.L To detenninc some of the important gcolccimicai properties of the foundation soil in the 

town. 

.L 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 sugg:st mcthod~logics to minimise the effects of engineering geologLcal 

problems. 

4. To produce engineering gcologic~1 map at a scale of 1: 10,000 accompanied with hthological 

and geotechnical description. 

1.4 Approach followed and diffi culti es encountered 

When this study was started little was known about the engineering geological condition of 

the area. Only very few site investigat ions were carried out at scattered places and the variation 

and type of Engineering geological condi tions 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 Ethlopian Rift have 
~ 

been given by the Ethiopian · Institute of Geological Surveys (Tcsfaye Cherem. 1982) .. the 

hydrogeology of Awassa area by Dcssie Nedaw (1 997) and Liminologlcal, hydrochemical. and 

palaeoclimatological studies have been made since the early 1960s (Tall ing & Talbng, 1965. 

Baxter et aI. , 1965). 

In the present study all the available geological, geotechmcal , hyd rogeological and 

meteorological infonnation for the study area were collected, and the information obtained IS 
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used in the plarming and sitting of sampling points. Hydrogeological, geomorphologIcal and 

geological conditions ofthc area wcrt evaluated through an intensive fi eld work and iaboralor: 

analysis of representative samples. 111e subsurface ground condItions were assessed wllh the 

help of new 14 test pits (2.5-5 .0 m deep) conccntrated in arc.'lS where geotechnical data are 

either scanty or non available (Appendix F). The wall of the test pits was examined to 

dctcnnine the sequence, thickness, classific.'\tion and description of each stratum of material, 

and disturbed sample were obtained fo r laboratory analysis by trenching verticall y mto the 

trimmed side wall or the pits . A total of 48 disturbed samples were collected from these test pits 

and various laboratory tests were pcrfonncd generally according to the procedu res specified by 

the American Society for Testing and Materials (ASTM, \ 996). Description for soils and rocks 

were made according to the International Association of Enginccring Geologists (IAEG ) ( 1981) 

recommendations . On site strength te~st 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 Duilding Design Enterprise 

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

samp les made it difficult to carry out tcsts that require undisturbed samples . 
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Chapl er Two 

General overview of the study a rc:1 

2. 1 Location 

The studied area is located in Southern EthIopia some 275 km South of AddIs Ababa (fig 2 I ) 

It is bounded within the limits of 60 48 ' N to ,0 14 ' N L1titudc and 38°16'E to 3So44'E longItude The 

area is ins ide the Ethiopian Ri ft which is one of the major portions of the so-called East Afri can RIft 

System which extends from the Middle East ill the North to Mozambique in the South passmg through 

• the Red Sea, Eritrea, Ethiopia, Kenya, Tanl.'lnia and Malawi with a tOlal length of 6,500 kill' TIle 

investigated area is within the Awassa Catchment, which is one of the rift valley lake cachmclll s. 

bounded by the Ziway-Shalla basin in the North and Northeast , the Bilatc basin in the West and South 

and lhe Wabi Shebcllc basin in the East. nib area is accessible from Addis Ababa by the mam foad 

leading to Moyale. 

2.2 Cl imate 

l1\e Awassa area has a sub-humid climate (FAD, 1984) and recclves a mean annual 

precipitation of about 963 nun mainly conccntrated in the eight-month- long rainy season Ramfall IS 

distributed ill three main periods: the short rainy season ("Belg" rain) includ ing the months of March , 

Apri l and May; the big rains (" Kiremt") last ing across five months : June, July, August, September 

and October, and the dry spell from Novembcr to Febnlary . In the study area the \\'ClteSI months are 

May to September with rainfall ranging from 10 1 to 128mm. The maximu m monthly mean recorded IS 

in July with 128 nun. The driest months are November to January (15 to 30 mm), WIth the lowest 

values recorded in December. The variability of the monthly ra infall amounts IS generall y hIgh . the 

highest values of standard deviation characterise ma inly April and t\'lay ( 49 and 51mm) and the 

months across the t ransition from the Kircmt to the dry spell, i. C., September and October (45 and 54 

mm). 

The mean temperatu re varies slightly through the year (17 to 20 (lC) characterising tropIcal 

climates (Bi lli, 1998). Daily maximum and minimum temperatures converge in August, lhe mIddle of 

the wet season, and diverge during the dry season. Generally temperature va ries between 7°e In 
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Winter and 33°C in Summer, and daily sunshine hours range between 4 dun ng the rainy season and 9 

heurs during the dry season. The relative humidity va ries between 40 % and 90 % over the yea r The 

rainy seasons are the most humid. 

2.3 Physiography and Drainage 

TIle Awassa town is situated in a YOIC.1Ilo-tcctonic depression with 40-50 Km diameter (Gida)' 

Woldcgabriel, 1986) Awassa Caldera, which is located in the eastern part or the southern sector of the 

Central Main Ethiopian Rift (MER). 111e depress ion is bounded by remnants of the caldera wall and 

sOllle regional and local faults (fig 2.2). TIle eastern scarp forms the edge of the rift valley whose 

average throw is about 500 m, whereas the southern and western walls of the caldera, whIch roughly 

fuml an arc of a ci rcle. arc relatively lower with elevation difference from the floor of about 250 m 

11ley arc degraded and dissected by gullies and rills . TIle nonhem boundary include the Borbora ridge 

which overlooks lake Shalla from Nonh and a recent volcanic complex (Chabbi and Urgi) with a 

maximum height of 2300 m a . s. I which overlooks lake Awassa from north. The floor of the 

depression is occupied by open water bodies, lakes Awassa and Shalla, swampy areas, A wassa town 

and small volcanic hills . Generally lhe floor of the caldera is characterised by a roll ing ground (2 - 10 

0) where the etevation decreases towards Lakes Awassa and Shallo . The town is situated roughly on 

the centre of the depression between the two lakes, Shalla in the east and Awassa to the west On the 

cast, the town is limited by the Tikurwuha river which connects Lakes Awassa and Sha lla The eastern 

-and southern sides o f the town are agricultu ral fann lands, which arc the only possible directions of 

expansion for the town. The town is at an altitude of about 1700 III a . s. I., though there ex ist fl a t-

topped hills like Mount Tabor (1800 m. a. s . l.) on the south-western side. Mount Alamura (20 19 m a 

s. I.) and Mount Kika in the south and south- eastern s ide. 

According to Dessie Nedaw (1997), the Awassa drainage basin has a drai nage densit), of 

0.725, signifying that the basin is poorly drained surficially (fig 2.3) . a n ver flows out of the basm 

and enters to the bas in, thus the basin is closed for surficial flow. As the basm IS charactensed by a 

volcano-
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t:Clonic depression, this makes the drainage pattern to be a radial type esscnllally centripetal (Desslc 

Ncd3w, 1997). 

Active geomorphic processes arc not evidellt in the area except the erosional processes and 

gu lly development in the south western side of lake Awassa, and the development of ground fi ssu res on 

the Western side of the lake. Gull ies of 2 to 5 m wide and 3 to 4 m deep arc actively dlschargmg 

sediments from the elevated hills and ridges to the plain land close to the lake shore As observed 

during lhe field works oCthe present study. sediments transported through these gull ies arc discharged 

all the plain land close 10 the lake than fi ll ing the water body. 111i5 is due to the loss or energy as the 

affiucilt reach the plain land . TIle development of ground fi ssures on the western side of the lake in 

~cccnt years is suggested by somc workcrs to be related to thc 1960 and 1995 seismic activit Ies These 

activities probably resulted in fractures through which ground water flows at a greater than nonnal 

speed eroding the bottom part of the overlYjng soil cover leading to subsequent collapse of the SOI l 

cover into the underlying fractu red bed rocks (AA U and MaWR, 1997) . 

Though potential landslide sites arc rare, human induced mass movement is evident on the Southcrn 

side of Mount Kika. The active quarrying works in the site modified the exposed slope maki ng the sIte 

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

Borbara ridge and the Southern tip of lake Awassa. 

).4 Land lise and Populati on 

The area surveyed is mainly an agricultural area ( fig 2.4). Most of the fla t-lymg area IS 

occupied by state and private fanns which arc mainly cultivated for corn. '·Enset" IS also one of the 

widely grown local food source. According to the unpublished land usclland 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 fanning with agroforcstary, 15 % is lake and swamp, 6% 15 bare SOli or 

degraded ridge and I % is urbanised area. 

According to Raunet (1974, in Dessie NOOaw, 1997), 50 % of the basm is co\erOO b~ clay loam 

soil (especially the eastern half) , about 30 % of the area, mainly West of Awassa, is charactcnsc b~ a 

-loamy silty textu re, 10 % is characterised by clay soil and the remaining 10 % is fi ne sandy loamy 5011 
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However, the soil survey carried out during the present work showed that the sOli up on which the 

town is founded and the possible extension area IS dominantly si lty to sandy loam soil, except In the 

south eastern part where clayey loom soils arc encountered. 

The whole AW3Ssa wercda is highly populated with a density of 435.5 mhabitants per square kin 

(CSA, 1998). The total popu lation of the wereda is morc than 41 0,425 and the Awassa (0\\11 has a 

popu lation of about 89,399 as of July 1999. 
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Chapt er Th ree 

Geology, Tectonic and Stratigraphy 

3.1 General Gcological Setting 

Volcanic and tectonic events in the study area constitute an essential part of the volcano­

tectonic history of the Main Ethiopian Rift (M ER) . 11lc MER is the Northern segment of the East 

African Continental rift system separating the IOOOkm wide uplifted Ethiopian volcanic province 

aSYllUTIctrically into the north-west and south-cast Plateau . It extends in a NEJNNE to SW/SSW 

di rection from Lake Abbe triple junction, in the southern Afar rift (9i)30 'N). to the lake Tu rkana 

region . in the Konso highland (5 0 \S'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 foml flat shoulders of about 2200m high a m.s.L from which sevcral rift margm shield 

volcanoes stalk out (Tesaye Komle ct al . 1997) . "111e MER is characterised by a greal number of step 

fau lts 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 arc normal stcp faults or various dimenS ions and 

throws, commonly arranged in an en echelon style and trending mainly along NN E- SSW and rarel y 

along NE-SW:N-S and NW - SE directions (Mohr, 1967, Dipaola 1972) (fig 3.1) Actually. the 

presently (youngest) structural defonnation of the Ethiopian Ri ft Valley IS largely concentrated wlthm 

8± 2km wide belt, characterised by the promi nent N-S to NNE . SSW trending rift floo r normal and 

...{)Ccasionally dilatation fau lts, called the Wonji Fau lt Belt (W FB, Mohr, 1962). ThI s fractured belt 

maintains a NNE (0 19'1 structural orientation along Ihe cntire length of the nft, and has been forced 

into "en echelon" transpositions in order to remain within the rin margin envelope (G\day 

Woldegabriel, et ai, in press). These sites of transposition are characterised by very reccnt and 

elosely spaced nonnal faults , extension fractures (Chorowiez e1 ai, 1994) and other fau lt-related open 

structures with significant volumes of fissural basalts and related differentiation products o f ver: 

recent age and even historical (Dipaola, 1976) These structures are considered to be Important for 

groundwater circulation and controlling the dramage system of the rtrt floor . The nft floor also 

comprises calderas which, according to 
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Mohr & Wood (1978), are generally elliptical in plan VICW with the long axes r:lIlgmg In length 

between 2 and 17 km. Topographically. the axial part of the rift IS the most subsided where mtenSlve 

sedimentation and water accumulation takes place. 

The MER is divided based on structural features into three geographic areas: represented b} 

the northem (Fcntale-Nazret), central (NazrcH\W:lSSa). and southern (Awassa- Konsa) sectors The 

central sector, where the study area belongs to, IS a symmetric fin basin where both Sides of the nft 

margins arc fully defined except in the region between Guraghc and Soda of the western esca rpment 

_ and in the Shashcmenc area of the eastern margi n (Giday Woldcgabricl ct 31 , III Press). 

As summarised by Giday Woldcgabricl ct al (1990), most of Ihe geological sections c.xposed 

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 I or Tert Ia!) 

volcanic rocks (Palcogene volcanic rocks~ that are as old as thc flows covering the northwestcrn 

plateau). Such pre- Tertiary rocks are presented along the eastern, wcstern and southern Afa r marginS 

( Huchinson & Engles. 1970; Zanettin & Justin - Viseutin, 1974; Black et aI. , 1975. Chesscx . CI 

al., 1975), Western rift ma rgin (Guraghc Mountams) of the Central sector of the MER (Glda> 

Woldegabricl & Aronson, 1986), and at Amaro Horst of the Southern sector of the MER( Levltte el al. 

_ 1974; Zancn in ctal , 1978) . In the broad rift zone of southwestern EthIopia , crystall ine basemCTlt IS 

unconformably overlain by various Tcrtiary (12 .7 - 49.4 Ma) and Quatcrna!)' voicalllc rocks, 

including the oldest known (Eocene) flood basalts in Ethiopia ( Da vidson &. Rex , 1980: Davidson, 

1983). TIlis is contrary to previous suggestions that volcanism migrated from the northwestern plateau 

toward the Ethiopian rifts (MER and Afar) with time (Pilger & Rosler, 1975. Zanettln & Juslln­

Visentine, 1975; Morton, et aI., 1979; Zanett in, et aI., 1980, in Giday Woldegabriel et al., In press) 

On the other hand, the rift floor is covered by Mio-Pliocene to Present volcamsm (Basaltic, traCha)1lC 

and rhyolitic lavas, and pyroclastic flows and fall s), and volcano - sedImentary products ( Abbate and 

Saggri 1979 in Tesfaye Korme 1992 ). 

TIle fo rmation of the MER is attributed to extensional tectomcs (Mohr 1967; Kazmlll & 

Behere 1978), though the direction of rclative motion between blocks (extensIon di rection) IS stilI 

controvcrsial. From fault slip analysis two different directions have been proposed, northwest­

southeast (Chorowicz et ai, 1994) and northeast - southwest (Doccale!ti ct ai, 1994) r\'lorcovcr. therc 
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is no universal agreement as to when the rift system began to develop lany au thors (Burke & l)e.., ~ 

-1 970, and others) relate the development of the East Afncan nft to the Afro- Arabian doming In lo\' er 

Tertiary times . On the other hand, Mohr 1967; Behet, 1979; Mc Connel el ai , 1980} , descnbed the 

Afro· Arabian rift system as an expression of a teclonic zone of weakness In the IIthosphcre \\hlch 

dates back to the Precambrian . According to Giday Woldegabriel el 31, (1990), the development of 

the rift has been episcxlie rather than continuous, and a I WO - stage rift development is proposed based 

on structural and stratigraphic relationships from the Central sector of MER The mi lial slage was 

characterised by the development of a series of half grabens along the fin with alternating polarity ( In 

late Oligocene or early Miocene) and a second phase of symmetrical ri ft s that evolved from these half 

grabens in late Miocene and early Pliocene li mes. Accordingly, the same workers beli eve 10 the 

- evolution of the rift from alternating half graben to fu1\ symmetncal graben With a medially 10C.11ed 

ncovolcanic zone that is bifurcated to marginal grabens in the northem sector of the ME R 

The formation of the rift has been intimately associated wilh widespread volcani sm of 

different composition. According to Giday Woldegabric1 and Aronson (1 988), Hen et al ( 1986)(10 

Tenalem Ayenew, 1998), there exists a relationship between magma compoSition and rifhng Based 

on stratigraphic relationships and KJA r dating of volcanic rocks from the escarpments. nanking 

plateaus, and. from the rift floor of the Central sector of the Main Ethiopian nft, Glday Woldegabnel 

et 31. ,( 1990) recognised six major volcanic episodes in the development of the rift over a lime span 

from the late Oligocene to the Quaternary. llle evolution of the Central sector of the MER IS 

- characterised by widespread and voluminous mafic eruptions in the Ohsocene that were repeated 

du ring the Miocene time. However, during the Miocene and then voicalllsm was confined close to the 

fu ture position of the rift. 

3.2 Tecto nics 

The tectonic history of the presenl study arca shares Ihe tectonic aClivity and history of thc 

MER. Bater et ai, ( 1972) attributed the major uplift and graben fault lllg in the central sector of the 

MER to the early Pleistocene, however, Giday Woldegabriel et aI., ( 1987) has presented abundant 

evidence signifying that faulting coincident or nearly coincident with the present margm has had a 

longer episcxlic history. According to the later, fau lt ing commenced approximately III the earl y 

Miocene (as evidenced by the intercnlated fl uvial sedi ments with Oligocene lavas at Agere Selam) and 
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there were major episodes in the late Miocene (topographic confinement of the 8 3 Ma Igmmbnte to 

the present main Guraghe escarpment), the Pliocene (the containment of the 3 6 Ma crystal nch tuff of 

the Butajira Ignimbrite with the rift margin) :lnd the late Quaternary The eastern nft margin 10 thiS 

sector of the MER is fu lly developed along Its length cxcept 10 the northc:lstern part of the A wassa 

caldera area. The age of the rocks exposed on the rift wa\l vanes from upper Pliocene to Miocene In 

the middle section and Oligocene to Pliocene in the southern pa rt of the central sector (Glda) 

Woldegab riel, 1987). TIle total composite scarp height increases from the NE (Ch]lalo area), where 

the scarp rarely exceeds 100m exposing Quaterna ry rocks, to the SW (Age re Sclam), where fau ll 

_ scarps of 500-800m are associated with Pl iocene and other lavas (Gida)' Woldegabriel, 1987) TIllS 

di sparity, according the same author, has been caused by in fi ll ing of both lavas from the sh]eld 

volcanoes at the rift shoulder flowing towards the rift and by 19n1lnbrite from the nft floor where 

volcanism ultimately exceeded the rate of spbsidence 

Similarly, the present \\'estern rift margin in this part of the ME R has been fonned by 9 7 Ma 

as demonstrated by the containment of during eruption of flows of these ages by the major fa ult 

scarps (Giday Woldegabriel, 1987). Accordlllgly. the central sector of the MER IS formed In [ \ \ 0 

stages: an early stage (late Oligocene-carly ","'Ilocelle) of a senes of alternatlOg hal f-grabens along the 

rift with maj(;>T border faults on one side which was replaced in late r ... llocene-early Pliocene lime b) the 

_ Present slage of a mostly symmetrical rift. Aecordmg to the same author, the present symmetTlcal n ft 

was fu lly fo nned by 3.5 Ma. 

llle Pliocene age Awassa Caldera (Mohr ,1983 ; Glday Woldegabncl (1987) . G lda~ 

Woldegabriel et at , 1990) underlain by ignimbrites (Dipaola, 1972) ]s by far the largest 1Il the East 

African rift system, spanning half the breadth of the rift floor, approxi mately 50x40 km (G\(ia ~ 

Woldegabricl, 1986). The caldera is composite and contains the younger 15 km diameter Corbctu 

caldera nested within it ncar the northern margin . It is located at the in[ersectlon of the nft aXI s b~ a 

major north-westerly lineament on the western plateau marked by strato \olcanocs and three olher 

small calderas, the Wagbeta caldera complex, eXlendl11g 400 klll from Awassa (G]day Woldcgabnel. 

- \986) . 

The main AW3ssa caldera is asymmetrically overlapped and displaced agamst the eastern n ft 

escarpment causing this rift margin arcuate, while Corbell i is along the ri ft aX IS These calderas with 
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only slightly eroded walls are relati vely young fe.1tures along the eastern marginal graben of the nft 

floor. More than 500m of mostly ai r faU ash and igmmbnte are exposed In the caldera wall against the 

eastern escarpment (Giday Woldegabriei, 1981) liowever, the nonhem and southern \\ alls of the mam 

't:.1ldera are subdued perhaps due to ri fting and buri:lI along the MER The nonheaslcm wall of the 

Awassa caldera is poorly defined, though a NW·SE (N 45 W) fault (\Verencha fa ul t) wHh a down 

throw of about 120m to the south has exposed some of the stratigraphIc successions TIus scarp IS 

beneath sediment, ignimbrite and young pyroclaslics on the west of Ihe Shashemene -Awassa hlgJl\\a~ , 

but cast of the road il gains topographic expression eastwards . -Ille scarp IS made of domlllanlly of 

crysta l rich, columunarly jointed light gray ignimbrite footed and lOpped by pumIce deposits Blocks of 

ignimbrite prone to fa ll ing and toppling are evident The Corbetti caldera is thought to be related to 

this transfer fault (Mohr 1916). Further east along tills fault , ncar Ihe (;3Slern flft escarpment a large 

rhyolite volcano, collapsed on the south-\,\cst, is exposed This was IIl1crpretcd as a caldera b) 

1)ipoola (1 972). The western wall of the Awassa caldera, i.e., the Abaya ndge, IS well preserved and 

affected by the regional faults, WFB, running NNE-SSW. 

TIle floor of the caldera is mostly covered by Lake Awassa and Shallo plus a marshy arca 

However, numerous smaller volcanic structures also occu r wilhin the ca ldera. South of Awassa to\\11 

a remnant of what is probably an old rhyolite cdifice rises above the plnln . It is composed of rhyolite 

with layers of obsidian flow, tuff or pumice breccia, and ignimbntes covered by a layer of 

hyaloclastitcs all of which dip south and temlinatc abru ptly on the non h at an arcuate, eroded scarp 

It is suggested by some workers (UNDP, 1913; Tcsfaye Konne et ai , 1991). that this scarp marks the 

edge of a cauldron subsidencc. But evidence of the westem and south-eastem caldera Ti m IS lacklllg It 

-is also suggested that, the swampy plain cast of Awassa occupies an old caldera as mdlcated b) the 

arcuate arrangement of young extrusions with in the cnldcra (UNOP, 1973). 

The floor of the caldera is also highly dissected by nonnal fau ltmg especiallv to 115 southern 

and western side (fig 3.2) . Nomlal faults running in l\~E-SS\V (N 20° E) direction \\l th dO\\11 thro\\ s 

up to 100m are clearly visible cutting the young pyroclastic and lacustnne depoSIts In the Soulhem 

side of Lake Awassa, a transverse cscnrpment with a non hcrly down thrown is clearly evident , which 

has limited the size of the ancient large lake. Faults may act either as path ways fo r water movement 

or as flow barriers. At the foot of some of thc fault s wh ich bound the basm there eXi st spnngs, hot and 
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cold, indicating that these fau lts act as condu its F:tuhs at the floor may possibly be filled \\1th 3 

weathered glassy volcanic ash and act as barriers 

The occurrence of differently oriented fractures IS also nOted In the caldera floor Fr3clures 

running in NJO
o 

E to N 60
0 

E and NIOOO E to N 1150 E arc eVident especially on the fl at lOpped 

hyaloclastites . The fonner group is dominal1l and run for longer d,stJ.nccs than the latter \\ h,ch IS 

infrequent and short . Most of the fractures arc widely spaced, 05 m, filled and fonn Irregular blocks 

'nlCSC frac tures, espccially thc former ones may bc slS!laturcs of thc effect of the nort h\\esterl} 

lineament on the western plateau . 

The occurrence of deep seated extcnsion fracturcs in the study arca IS reported by Tesfa) e 

Korme et al. (1997). According to these workers, the rhyoli te ridgc III thc south cast sldc of Awassa 

town, is a type~B volcanic neck. These ridges arc short and stcep hills of trachytes andlor rh)ohte 

lava necks, conunonly associated with calder:.as and are of the result of ejection of volcamc matenal s 

into radial or annular fractures fonned by prcssure cxerled by the magma chamber Thei r trends do not 

neecssarily coincide with the strikc of extcnsion fractures in the region It IS suggested from thei r 

arrangement that, the young basaltic cinder cones of 0.52 ± 0.06 Ma age (Mohr. 1980) dlSlnbulccI III 

the caldera Ooor, may be simi lar injections into fracturcs. Columnar JOlOtm& IS also observed III the 

igni mbrite bed~ located in the NW-SE transfcr faull arca on thc northcastern and southern Sides of 

Lake Awassa . All thesc various typcs of geological structures, cspecially thc boundar) faull s, pia) a 

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

3.3 St ratigraphy and Volcanism 

A regional stratigraphy for the ccntral seclor of the MER has been pro\lded b~ Dipaola 

( 1972). Studies on specific segments of the central scctor of thc MER ha\e been made b} other 

investigators who have defined the major str3tigraphlc ullliS in the regIon (L.lu ry and Albntlon 1975 

UN OP,1973 ). Subsequent detailed invcstigations and geochronologiC studlcs further refined the 

stratigraphy of the central MER and .documented the eru ptivc history of indiVidual Volcalllc centers 

within the region (Mohr et al. 1980; Giday Woldegabnc1 et al. 1990,1992, in press) . 
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Table. 3. 1 Stratigraphy of lhe central sector of the Main Ethiopian RIft 

(after Giday Woldegabriel et al., 1992) 

Ethiopian run Valley" - Ctntral ..,.,tor orma1n Ethiopia" ................. Ideno: 1'..&1ltn, .. ~11 "'lulO IU (I1n noor) 

8°40 lat. north and rift ,Cld '" Id b I )' 0 t ~a l1el t l .1.. (Gld~,. WoldtClIbrid t l al.. Ceol htn " al .. ·f lll .... . ) ( EIGll.. 

adj acent JlIA l t~ u (DI h ob , 1990) 1m) I 9115)(C ldA,. WoldeClIbritl , I 

1972) 

Al lu vium and bCIJstrUw: Si licic and malic rocks oft/I\: Won;, S,hcic and m.oflc rO( ohM 

sedimellts (recenl) 
Groop ($1 .6MI) \\onJi~p( S; II5M.) 

Alkaline and penlkaline l ilicic 

flo .... s ( Holocel1~) 

Trach)'tc flows and basaltic 

_ tulT{rteml PltiSlocene) 

rocb (tarl,. PleiSlocene - Laic (Lalt Pliocene.) • I 6 MI) 

Pliocclle) 

lull){ 115MI) 

Alkaline and pcn.lkaline "I itic I3utaj ira ignimbrilcl {Pliocrno:," 2· D~lIjI1ll1F1'mb" lea (J H • 

rocks (Pl iocene) 3 MI) 

Basalts and ignimbri lts plaleau Oura~ ba5.lts plu •• ilicia 

\raj) _its (plioccne. Earl)' (Miocene. t I . j 11.11) 

17. 12 M.) 

Kcll a basalll (OligOCCllf.ll ·29 

Ma ) 

PTe-Ttrtiasy units (MC50L(IIC and 

Precambrian) 

16\l ~t.) 

no .... (117. III ~l. XLa ' ~ 

M,oc~) 

MI. . 1990) 

\/n'lI of the WOOlJ' Oroop (S; I 6 

MI ) 

OuI.lJIl' 'FI,mbnln (f..,l )' 10 

Mod - Ploocrnc ) 

A summery of the stratigraphic nomcnclaturc and K·Ar ages for the p) roclasllc umts In the 

MER is given by Giday Woldegabriel ct al.(l 992) and is presented In Table (3 I) Accordmg to th iS 

nomenclature, the oldest rhyolitic units in the region arc silicic ccntcrs of mid· Oligocene to late 

Miocene age (31 Ma and IOMa) and several tuffaceous units rangmg from Mld-to·Late t-.'lloccne age 

(Ca. 17·8 Ma) . These sil icic tuffs are intercalated \\1th basaltiC flows along the nft escarpment and 

shouldcrs of the central sector of the MER (Giday Woldegabriel et ai , 1990) The Miocene silicIC 
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rocks arc smaller in volume when CQmp;'lrcd to the voluminous b3.S.lIlIC 00\\$ According to Glda\ 

Woldegabriel et al . ( 1992), lIle Plio-Pleistocene units of the centrol sector of the MER are annbuled 

(0 three time - stratigraphic groups: the Outajlr3 IgmmbnlCS (4 2 _ 3 Ma), the Chllalo Trach)1es ( 3 _ 

1.6 Ma ), and the Wonji group « 1.6 ~'Ia), which crop OUt along the nft escarpments. fault scarps 

within the rift and caldera. walls. The Plio-Pleistocene felsic centers and calderas general!) OCcur al the 

intersection of major faults and fi ssures rcl:ltcd to the nft ;'Ixis and transverse faul ts ~ I os t of Ihe felSIC 

eru ptions were preceded by voluminous basaltic volc.1nism and faulting (Glday Woldcgabncl, In 

press). According 10 thc same author, the oyerall the stratigraphic cYOlutlon of lhe ccntral sector of the 

main Ethiopian rift is characterised by widespread voluminous mafic eruptions In lhe Oligocene th:11 

were superseded by rift related downwarping, upl ift, ;'Ind extenSIOn Sunll:l r voicalllc and tectonic 

aetivitics were repeated during the Miocene Illne lIowever, durmg the Miocene, yolcanlsm \\3.$ 

confined close to thc future position of the rift valley. In the central sector of the mam Ethiopian nft. 

rift - bound si licic volcanism increased with tllne and dominated liIe Plio _ Pleistocene actl\H~ e'(cept 

for localised fissural basaltic eruptions along Ihe Quaternary riO ;'IXIS 

The part of the Ethiopian rift investigated for this work IS excluslvel} made up of VolcaniCS 

and vOlcano-sedimentary products ( fig 3.2), deposited starting from late Miocene to Present several 

pyroclastics, r~yoli te lavas, basaltic flows and cinder cones and nat topped hyaloclasll lcs arc cxposed 

along the walls and floor of Awassa caldera . "nle geochronology of these depOSits has been guell b\ 

Giday Woldegebriel et a!. (1987, 1990) . Based 0 11 prcvious works and present fi eld lnVtSllgatlons, the 

!ollowing stratigraphy is proposed for the study area and presented below, from you nger to older 

• Volcano-lacustrine deposits 

• Recent acidic volcanics 

• Recent basaltic flows, basaltic h;'lyaloclastltcs and scona CQnes 

• Old alkaline silicic rocks 

• Basalts and ignimbrites of the plateau trap senes 

3.3. 1 Basalts a nd ignimbrites of the plateau tnlp series ( Late Miocene) 

These are the most ancient rock exposed in the nrca. These rocks are e'( sed locall~ at a 

quarry site close to the base of the eastern ca.ldera wall where the caldera wall IS as}mmetncaJh 

-overlapped against the eastern rift escarpment According to Giday Woldegabnel et ai , (1990) Ihese 

23 



rocks are geochronolgically grouped under Gu rnge basalts :md consist of fine grained mugCJ.me 

overlain by 30 to 50m thick welded tufT dominated by collapsed pumice clasts and sparse feldspar 

phenocrysts. They coma.in abundant welded shards "hlch arc modcrntcly deVltnfied These rocks are 

suggested to be the foundations on which the mega Awassa caldera was constructed, ilnd h.nc ages of 

9.8 and 9.7 Ma, respectively (Giday Woldegabric1, 1987, Giday Woldegebnel et ai, 1990) The~ 

belong to the trap series which is mostly made of basaltic lava flows \qlh subordlnatel) aSSOCHued 

ignimbritic units intercalated between the basic lav:ls (Dlpo:lla, 1972) 

..3.3.2 Old alkal ine aud Peralkaline Silicic rocks ( Late 1)liocenc • Ea rly Plei stocene) 

This unit includes the rift pyroclastics and old rhyolite la va flows thai are fou nd In the stud, 

area, these rocks are widely distributed and covcr a large area. 'n le caldera waU to the east and \\est 

arc dominantly made of these formations. In the eastern w311 of the caldera overl Ying the la te ""!Ioccne 

welded tuff , ignimbrites and tuffs of this group are exposed Thc age of these deposllS ranges from 3 7 

to 1.6 Ma (Giday Woldegabriel , 1987). Generall) on this part of the caldera. overlYlOg the late 

Miocene welded tuff, pumiceous deposits, l.:umnatcd surge depoSits \\h leh show cross bcddillg. a 

perlit ic crystal rich tu fT characterised by strongly welded shards, pumice fragments and fe\\ lnhlcs are 

exposed, totally reaching a thickness of about 200 m Rocks of Ihese group are also exposed on the 

- westen! side of Lake Awassa, especially on the western c:llder:l wall where more than 200m thick 

utlwc\ded pumice outcrop is exposed. 'n ,e rhyolite ridges :ll Wondogenet (Mt Aba ro), at the 

southwestcm edge of the Awassa caldera which has an age of 2 45Ma (Glday Woldegabnel. 1987) 

and probably the rhyoli te necks at Ihe south eastem side of Awassa town arc also Incl uded III thiS 

group. These lavas show vertical shccting and flow folding structu res 

3.3.3 Recent Basaltic lava non's, bas:llt ic hY:llociaslit es :lIId sco ria cone 

(Recenl Pleistocene) 

This unit is represented by small monogcnlC cones whIch arc sprinkled forming the onl~ rehef 

- in the floor of the caldera. Thc scoria is found mainly associaled \\'llh scoraCIOUS basa lt flo\\s Its 

colou r ranges from dark brown to reddish brown and Ihe indIvidual grams range from laplllI to bomb 

size. 1l1esc deposits arc extensively used as :\ construction material especially for road conStrucllon 
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The flat topped hyaloclastites, generally yellowIsh to brown m colour, conSist maml)' a fme glass~ 
material containing large (as large as 42 em) blocks of basaltic, rhyolitic and IgrllmbntlC malenal In 

most cases these rocks show layering and cross beddmg These rocks are largely exposed m Ihe eastern 

side of lake Awassa . For instance, mount Tabor, part of Tumura and Alamuro are made of these 

rocks. Exposures of the basaltic flows are Tlot COmmon in the study area, though some are e'<posed In 

the southern side of the caldera. Mohr ct al . (1 980) reported an age of 0,5 ± 0,06 Ma for (hiS rocks In 

the area . 

3.3.4 Rece nt 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 pan of the water shade of lake Awassa basin Most of 

these rocks consist pyroclastics, such as'unwelded pumice flows, pumice fall s and ashes. and 

rhyoli tes with associated obsidian flows. The products of Chabbi volcano, the rhyollle 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 unn 

3.3.5 Volcano-Lacustrine deposits (Pleistocene to Recellt) 

The volcano-lacustrine deposits, which cover mainly thc floor of the caldera arc the onl) non 

volcanic fonnalions in the area. These sediments arc mostly of volcallIc ongm Thclr thlckncss rcaches 

up to SOm , especially on the western side oflakc AW3ssa, as evidenced by bore holcs log sccllons and 

hand dug wells. These lacustrine deposits arc thc result of the receSSion of lake Awassa \\hlch III Ihe 

past occupied larger part of the floor of thc caldera. Most of the lake scchmcnts arc Intcrealaled \\ Ith 

-rccent volcanic materials as seen in bore hole logs and sedi ment cores dnlled on the lake floor (Telford 

\998). 

" 



ChaJller Four 

_Hydrometeorology, Surface Hydrology, I-I yd rogeology and By" rochemisl ry 

4.1 Genera l 

Hydrogeological conditions, including surface hydrology nfTect land use planning. site 

selection, construction, pcrfonnancc, du rability, cost and e\len the safety of englneenng structures 

(Dearman, 1991). Ground and surface water nlso play impon3n! rotc in present day geomorphological 

processes, weathering, stope movements, volume changes by shnnkmg and swel ling of suscept ible 

soils. Groundwater may also influence methods of excavations by producing seepage forces and upllf! 

pressures . Subsurface water is nonnally under pressure which increases with increaSing depth bclo\\ 

)he water table to very high values. Such water pressures have a Significant mOuencc on the 

engineering behaviour of most rock and soi l ~masses 3nd their v3rim lons 3rc responsible for changes In 

the stresses in these masses, which affect their deformation characteristics and r311ure (Bell , 1993) 

Moreover, rocks and soil properties arc largely dependent on their moisture content 

Both surface and underground waste disl>osai may be 1l10uenced by hydrogeologica l 

conditions. The stability of slopes, the development of sinkholes and subsidence phenomenon IS also 

governed by prevail ing hydrometeorological and geological condit ions H)drologlcal COndl1l0nS can 

also affect engineering stntctures through inundation, like the case III the Awassa area \\ here the lake 

inundated more than 200 hectares of faml and grass land , and demolished more than 360 rCSIdenll31 

_houses and govenunental and non governmental org3msatlon's bUl ldll1gs (MaWR. 1999) Floodlllg of 

rivers has also a paranlOunt impact on the usc of flood plai ns H)'drometcorologlea l pa rameters arc 

also important in the designing of bridges, culverts and dams. Beach SIde erOSIon IS also an Imponant 

impact ofwaler bodies which endangers beaeh side development . 

The chemistry of water can also influence the development of an area, the use of englllccnng 

materials like concrete, timber and still. For instance, sulphate neh \\aters can attack concrete and 

those of acidic waters can corrode steel structures 

Thus in view of all the above, the aUlI of thIS cha r:er IS to asc;ess the o\erall , 

hydromcteorologicai , hydrological, hydrogeological and h),drochcnllcal condition of the \\aters 

- available in the study area. 
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-4.2 Bydrometeorological variables 

Hydrometeorological variables are Important In definmg hydrological elements like 

precipitation, evaporation, runoff and infillr31l0n which arc In fUm Important vanablcs required for 

defining and characterising the water balance of a given area. Hydromctccrologlcal vanables aTC also 

important in land use plaruting, design and site selection activities 

4.2. t Prec ipitation 

A 26 years recorded data obtained from National Meteorological eNlce Authont) (Nt'.·t A) 

for Awassa station is analysed and synthesised . It is found out that the mean annual ramfall IS about 

963 mm. The mean monthly precipitation range from 15 to 128mm, and total annual prcclpll3uon 

ranges from 725 to 1200nun. 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 cptcmber arc 

exceptionally the wcttcst months. The area acts more than 88% of the total rainfall dunng the eight 

rainy months and only 12% during thc dry months. 11le monthly rainfall coeffiCient ranges from 0 3 

(January) to 1.6 for the months of July, August and September (Dessle Nedaw. 1997) Thc 

precipitation of the area shows seasonal and inter· annual vanabillty For mSlancc:, ramfall amounts 

of above average by about 28, 20, 24 , 23, and 17% were recorded In 1977, 1983, 1986. 1996 and 

1998 respcctiv,ely . Similarly, rainfall amounts below average by about 23. 18, 25 , 21. and 22% \\crc: 

recorded in 1973, 1980, 1984, 1990, and 1993 respectIvely. Fig 4.1 sho\\ s scasonal and ann ual 

variation of rainfall in Awassa area for the periods speci fied. 

Recorded rainfall data for the ncar by stations, Wondogcnet, Morcho, Yuba Dubacho and 

Haisawaita are also available and considered ( .). 111e data show comparable range of seasonal and 

inter annual -variabili ty to the Awass.'l station, which is preferably used In thIS work due to Its 

closeness to the lake and its relatively longer record These stations al so revealed SimIlar abo\e annual 

average rainfall during the last three years, as large as 50% In the year 1996 (fig 42) Usmg the record 

from these stations and the corresponding influence area In the Awassa baSin. the 

27 



! 
• a • . , 

1300 
1200 
1100 
1000 
900 

800 

700 

600 

SOD 

400 
300 
200 
100 

0 

If!l Jan 

lJ Feb 
. Mar 
_ Apr 

_ May 
D Jun 

!l Jut 

8 Au 

. Sep 

. Oct 
_ Nov 
. Oec 
. tolal ra in faU 

Fig 4. J Seasonal and annual variation of rainfall in Awassa area for the period specified 
as recorded at Awassa station. 

2500 

2000 

I ISOO 

= 
~ 
S 1000 , 

'00 

Fig 4.2 

II A....aSSl. • MOfocbo o Wondo&ener • H.i$l",r . 

Annual rainfall for stations in and around Awassa basin 

.;;' , .. -, 



weighted mean annual rainfall of the basin, using Thiessen polygon method, IS found OUt to be 

1099mm. 

4.2.2 Temperatu re 

Temperature plays an important role on the evaporation process and on the sUllabll1t\ of a site 

for senlemen\. Twenty six years temperature data recorded at Awassa station show that the monthh 

minimum temperature varies slightly from the lowest values in November, December and Januar) (9 I 

to 10.2 0c) to a maximum of about 14°C in May to July, to decrease again followmg the same pallem 

The highest monthly temperatures are recorded in February and March (29 to 292 °C) and decrease 10 

thei r minimum value in luly·August (23.6 to 24 °C) that is during the big rams oflhe " Klrcmt" \\hen 

the sky is partially covered by clouds and the insolation is remarkably reduced The ma-":Imum 

temperatures rise again in the following monJhs mirroring the pattern of the first half of the )car The 

mean monthl y average values are close to each other (18.4 to 20.85), 19°C bemg the mean )earl) 

average. Fig 4.3(a &b) shows the variability of mean monthly values as recorded from Awassa 

meteorological Station. 

4.2.3 B Ullli ~ ity 

llle moisture content of air, expressed in weight per un it volume IS called the absolute 

humidity. But for most practical purposes the relative humidity is taken into consideration Relall\ e 

humidity is the ratio between either the amount of water vapour actually contamed per uM \ olume and 

the amount that it could hold at the same temperature when it is satu rated or the actual \apour 

pressure and the saturation vapour pressure at the same temperalure 

From six Year data recorded al the Awassa Stalion , it is found out that the mean monthh 

ranges 'rom 55 to 78, 67 % being Ihe mean annual value July, AuguSt and relative humidity LI 

September are the most humid months while December, January and February are the dnest months 

(Fig 4.4) . 
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4.2.4 Wind Speed 

Wind speed has a strong influence On e . 
vapor3t1on and IS also Imporunt In hlgh"3\ and 

building design where it may be an important SOurce r 6 . 
o oree acting On bUildings and nmnmg \ehlcles 

A twenty- years reoorded data at the Awassa Station was an 1 'sed d . 
a) an II IS found out thaI the rneolIl 

monthly wind speed ranges between 73 and 106 kmlda 96 kmlda 
y, y being the mean \earl~ 3\Cmge 

January, February and March afC the most windy months ,L ' I S 
• \\111 e eptcmber, October and ~o\ember 

are the least windy. 

~.2.5 Sunshine Hours 

In the study area, the mean monthly sunshine hours range from 3 to ]0, \\here 7 hours IS the 

mean monthly average as revealed from the 24 years recorded data at the AW3ssa Station The months 

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

August and September have the highest. 

4.2.6 Evaporation 

Evaporation is the mass transfer of moisture to the atmosphere from open surfacc Water 

bodies including the oceans, soil and bare rock surfaces . Its rate depends on prevaillllg \\ ther 

panems including temperature, solar radiation, ai r mass saturation deficit, wmd speed etc It can be 

measured using different technique including pans and can bc calculated from empmcal cquatlon 

among which the Penman method is the most widely employed. 

Thirteen-years evaporation data obtained from National Meteorological Service Authont~ 

which was recorded using class A, U. S. Weather Bureau land pan, is used for thiS \\ork The data 

show that high evaporation occurs during the dry months. Since pan evaporation IS higher than lakc or 

reservoir evaporation, correction factors are usually used to approximate the measured c\aporatlon 

rates to the natural open water -surface evaporation. Pan coefficients of 0.75 to 0 85 arc commonh 

used fo r Class A pans (Fener, 1994) . Taking the avcrage 0.8 coeffiCient, mean annual lak.c 

~vaporation is estimated to be 1658 rum. Values of 1358 mm and 1568 mm afC obtamed apphm8 

Perunan and energy balance methods, respectively. Howcver, the latter two values seem to 
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largely underestimated the evaporation Tate as compared to th b ' 
c ncar y ZI\\'3y-Shalla basm., wtuch 15 

greater than 1600 mm, hence the evaporation rate 1658 mm fro ..1 _ .1 
m fCCOruw pan evaporation IS used In 

this work. As secn in figure (4.5), evaporation is below average s' 1996 Th' mee . IS could be the effect of 

the increased rainfall during these times, which has increased th h ·d' f th ' c urn. II)' 0 C area slightly, and 

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

error, rainfaU 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
2

. The maximum depth of the lake is 21 .65 m (Telford, 1998), Lake Shallo, which 

has a surface area of 12 km2
, to the East afthe 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 covcrs about 64 km2
• This swamp is now covered by 

junicas and papyrus plants and is a discharge area fo r the watcrs coming from the eastern and south 

eastcrn sides (i . e., Wesha, Werka, Birira, Gomesha and Kcdo rivers, fig 2.3) . Most of these streams 

have separate drainage systems and follow separate courses before finally entering the swampy arc.l 

(Dessic Ncdaw, 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 is 

computed using the formula (Garg, 1976) 

V(A,~) = !'. (A, + ~ + J~A, ) 
J 

Where V (A1Az ) is volume between two adjacent contours with contour difference h and AI 

and A2 are areas enclosed by the upper and lower contours respectively. 

4.3.1 Runoff 
. . hich flows out of the catchment 

Considering the Awassa basin as a whole there IS no nver w 

. f h vhole catchment runoff valuc ean 
and coming into it, so that for water balance computation 0 t e \ 
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be assumed zero (Dessie Nedaw, 1997). However, if we consider the.r. . 
SUIlacc drainage v,1thm the 

catchment, the runoff from the catchment area feed lake Awassa in t . d ' ~ 
"'0 IIiCrent ways. The northern 

outhem and western part of the basin areas are poorly drained and f("".1 ' 
S \M.I the lake as an overland now 
without well defined channel except in the southwestern pan where fi II" cw gu ICS arc dcv~lopcd. While 

the eastern and southeastern part of the drainage area has a relatively d d ' cnsc ramagc pattern and 311 

the runoff from these part of the catchment feeds lake Shallo and the adi,-- t ~ ""n swamp), area, Overflow 

from Jake Shalla drains into lake Awassa through the Tikurwuha lake A ' . , wassa s pnmary amuent 

river. Lake Shallo serves as a regulating reservoir ofTikurwuha river as secn from figure (4 .7). 

Tikurwuha river is gauged since 1980 at two points, at the bridge site and farther upstream al 

Data 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 villagc 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 le\'cl of 

Shalla since 1992, as differed from the previous years. This might arise due 10 some errors relaled to 

recording of the level of Shalla lake where its level was higher than the staff gauge in tius year, and 

the re-establishment of the staff gauge in the following years (personal communication with the 

persormel of the responsible office). 

The nineteen years recorded gauge data at Data village is collected from the Hydrology 

Department of the Ministry of Water resources (MaWR) 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 rivcr 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 kml catchment area, feeding the Awassa lake, is 

. ffi . f 0 IS on the bases of the morphology, 
estImated to be 62 mcm, assuming a runoff cae clent a . 

. Th t 'b fan of direct surface runoff, 
vegetation cover, and land use of the ungauged catchment. e con nUl 

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

surface input . 
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4.4 Hydrogeology 

4.4.1 General 

Subsurface water is often critical ' . " 
In vanous engmccnng works. As a result, problems related 

10 groundwater are of prime importance ' G I h ' dE ' . In CO cc niCS an ' ngmccnng Geology. Groundwater has 

impai red 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 fai lure of slopes and bu ilding 

foundations, etc. These effccts make understanding the occurrence, engineering significance, and 

control of subsurface water of vital interest to engineering geologists (Jolmson & DeGraff, 1988). 

The position, velocity of movement and chanislry of groundwater arc significant for many 

aspects of engineering activities. According to Rcthati (1983), three positions of groundwater arc 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 survcy too. If, at the time of construction, the groundwater level exceeds the plane of 

the foundation, the dewatering of the working pit has substantial tcehnical and economical 

consequences. There are foundations , for instance highway systcm, pi ling 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 foundat ions 

and require extra time, especially if, due to an increased corrosivity, the groundwatcr 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 dewatcring and the selection of the 

system of foundations. 

The velocity vector characterising the horizontal motion of groundwater is necessary for the 

solution of a large number of problems (Rethati, 1983). These include: the calculation of the swelling 

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

d f d
·' hafts the determination of the flow path of leaking water from basins and 

rna e up 0 ram-pipes or s , 

f
. d " ling from industrial plants and the assessment of the origin of waters 

o corrOSive compoun s ongma ' 

. . d . _ aces Streaming groundwater may wash out the cement conlenl of 
seepmg mto basement an mme sp . 
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fresh concrete (some foundations cannot be constructed ' h ) and the " __ 
In sue cases It may Increase U .. lugcr 

of corrosion. 

The position of groundwater is also important in fe/alian to foundation sUblli ty agamst 

sliding, tilting and buoying, bearing capacity and SCII /emen!. The buoyam force" exerted by 

gravitational water filling up the pores becomes important du ring construction if it approaches the 

dead weight of the structure. With the exception of geometrical data, any olher component of lJ1C 

bearing capacity ofa foundation is a function ofthc groundwater stage. llic upwiu d movement or lhe 

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 a function of slralificalion and Ihe physical properties of the 

soil . Thc bearing capacity of fine soils is primarily dClcnnincd by cohesion which is largely dClennined 

by the water content. 

Generally, the damaging role of groundwater to buildings can be active and passi ve (Rethati , 

1983). In thc first case, damage is caused by the mere prescnce of mOl ion of the gravitational water, in 

the second category the effect is indirect: damage may be caused by the f.'lct that the groundwater level 

is underneath the plane of foundation. According 10 the sanlC author the d.1lllaging effect of waler 

flowing below a foundation include: 

Detcrioration of consistency of the subsoil with an increase of its compressibility 

Increase compaction of the soil, subsurface erosion and dcvelopment of cavil ics due 

to leaching- out of the fine particles. 

.• The effcct 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 :md chemical characteristics of the 

. " 't de of the load on the soil, and the characteristics of the SOil and the mfiltratJng water , the magm u 

structure and thc speed of flow. 

bl . If a cause the motion ofbu iJdings, though most of the time A lowering of the water ta e lIse m y 

the resulting movement is below the pennltt cv , . cd I cJ (RClhali 1983). The developmelll of high velocily 
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of flow during dewatering is much more dangc P . . rous. umptng In the layers close to the ground surface 

lowers the g roundwater level and this can initiate 11 I sma cr or argcr sculement of the bUlldmgs In the 

surroundings due to the reduction of natural str ... csscs eXlstmg In the waler supply layer SImilar cases 

C acustnnc :)UIlnlcnts of the study arc.1. may happen i f excessive water is withdra\'m from th I . ~_.I · 

The seasonal fluctuation of the gro d ' bl . un "atef ta c has also an ITllportant role. A change In the 

C p l)'SIC3 parameters 0 t C 3.L leeted water level modifies the state of stress of a soil mass as well as Ih I . I f h a 

layers causing defonnation in the subsoiL When the groundwater level rises it diminishes the Sh c.1T 

strength of the soils, increases its compressibility and side motion, may cause the collapse of loess 

soils,loose granular soils and up fills. A dcerease in the level of the groundwater table rna)' also cause 

a substantial shrinkage of the upper soil. Fluctuations of the groundwater table alwa)'s result in soil 

compaction (Rethati, 1983). Fluctuations of the groundwater level in the study arca rcaches 4 to 5m 

which has a potential to cause similar effects or problems. 

Hencc, in vie\'1 of the significance of the hydrogeological conditions, all anempt was made in 

this study to asses the overall hydrogeological features . 

A number of hydrogeological studies have been conducted in the area (Grove et ai , 1975; 

Tesfaye Cherenet,1982; Dessie Nedaw, 1997; MoWR, 1999). However some of the studies arc 

regional and the others are purpose oriented on localized arca5 for water supply and irrigation. Based 

on these studies and hydrogeological investigations carried Oul for the present study. it is tried to 

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

• and numerous hand..<fug wells are found. The locations and the names of some ofthcse 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 marc than lOOIll. The depth of 

hand..<fug wells rcaches up to 50 Ill. 

4.4.2 Hydrostratigraphy 

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

laI< hm 
'd I 10 be dominantly Quaternary acidic volcanics: rhyolites, obsidian flows 

c catc ent are loun ou 

d
. .. b ' d tuffs and volcano-lacustrine sediments, though there exist limited 

an pumlcc falls; Igmm ntes an , 
. d . led lavas and hyaloclastilCS (fig. 3.2 & 4.8 l· 

amount of scona an assOCla 
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Volcano-lacustrine sediments:_ dominantl ' d' 'b cd ) ISln ut at the eastern and western Side o f the 

lake and they overlay the ignimbrites (Tcsfa),c Chcrcnct 1982) Th .- sed b , . cy arc CII<Jr3C1cn mamly), 

reworked pyroclastic materials with intercalations of water dcpos tod I d re ~--I vo came eJcctas an tUIl S " "'-

deposits arc generally fine to medium grained and somct;mes ' I ' fi - _. bed conSist a tcmatmg mc illlU coarse s. , 
The lithology of the sediments is the function of their mode of on'"' (T I A 1998) h oln enOl em )'cncw, : t at IS 

whether they were quiescent lake deposits, water deposited volcanic cjCCla, or coarse sediment 

introduced into the lakes by flood events . Some orlhc bore wells, especially in Shallo (aml, 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 m2/day (MoWR, 1999) and yield of wells is often between I- 8 Vs (fcsfaye Cherenet, 1982). 

Tcnalem Ayenew (1998) has found transmissivity valucs of 10 to 520 ml/day and permeability values 

ranging from 3.1 mlday to 71 .7 m2/day for similar deposits in the Ziway-Shalla basin. In the study 

arca average thickness of the lake sediments ranges from 30 to 50 meters. The temperature of tllC 

groundwater varies from 21 to 30°c and conductivity from 230 to 2630 ~cm (MoWR, 1999). 

Recent acidic volcanics and pumice falls :- are dominantly distributed around the Corbetti 

caldera north of lake Awassa though they arc also found to the northc.1st shade of the catchmcnt, 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 fractu ring and the degree of sorting of the pyroclastic 

material. The pumice falls are characterised by a high intergranu lar pcnneabi lity which lx:COIllCS 

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

jointing which induces secondary porosity. Thcir thickness is so limited that, they arc nOI common 

" ' th H ever they are good areas of recharge Tcsfa)'c Chcrent (1982) reported 
aqUllers m e area. ow , . 

b
'l' f I to .'nh (0 I to 80 m/day) Wh;le Tcn.lem Al~new (1 998) reponed v.lues 

permea I ny ranges 0 ow 1Uts-1t • • 

of the range of I to 2.5 mJday for similar volcanics in the Ziway-Shalla basin. 
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Ignimbrites and tuffs:~ outcrop in the cast he • em, soul m and Western parts of the basm 5 

wateT shade while they underlay lacustrine sediments around the lake It IS mostly well Jomted 

especially columnar jointing and has a high to moderate pcnncability, dependmg 011 the degrcc of 

fracturing. but it has a low permeability where it is pumacious or massive (Tcsfayc Chcrcm, 1982), , 
Similar rocks in the Ziway - Shalla basin have penncabi litics in the range of 0.02 to 41 .6 m/day and 

transmissivity values between 1 and 1300 m1 Iday (Tcnalcm Ayencw, 1998). In the study area these 

rocks arc as thick as 200m, though their higher topographic position fonning the surface waler slt..'\dcs 

of the basin favour them to act as recharge areas than as aquifer. 'Ibose found below the lacustrine 

deposits are also not that much important because of their great depth (Dcssic Ncdaw, 1991). 

Scorias and associated basaltic flows:· these rocks arc exposed locally only close to the 

textile factory East of Awassa town, but are good aquifers when found extensively. Though thei r 

importance as aquifers is very limited, due to their limited extent in the study arca, they arc found to be 

highly proouctive. There are about 9 wells tapping from the aquifer, all located in the compound of 

Awassa textile and Almesh cheep wocxI factory. The yield ofthcsc wells range from 300 to 740 liuers 

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 area, some hydrogeological data, 

especially static water levels were collected. However, most of the bore wells arc blocked and there is 

• no access for water level measurements. Therefore, water levels arc 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 studics. In this Yo'Ork 

. . . th hand..l ells as they portray the shallow groundwater condition which 
emphasIS IS gIven to e "'\,lug w 

. .' .' t ctures However, the sensit ivity of the altimeter used for 
mIght have hIgher Impact on engmeermg s ru . 

. . I th t most of the elevation data was taken by cross·referencing 
measunng ground elevation was so ow a 

. . . 10 000 scale topographic sheet. The position of the hand-dug wells 
With the pomt elevatIOn on the , 

. ' PX GPS Because of the above mentioned problems, it was not easy 
were detennmed usmg Magellan . 
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to precisely define the actual local groundwate f1 d' . r ow Ircetlon 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 lakc. In the Southern and Southwest 'd f h em Sl co t e lake, groundwater depth lIIerca.scs from 

zero meter at loke spring, located at the shore of the lake, to more than 82 meters (MaWR, 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 is 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 lakcs. On the divide the groundwater depth 

goes up to 67 meters and decreases in both dire<:lions of the lake (MaWR, 1999). 

The threat to the foundation of the town due to high water table conditions is anticipated only 

close to the lake, though for high rise bui ldings and sensitive engineering structu res eare should be 

taken since water level fluctuations may reach up 10 4 to 5 metcrs. In addition, the water level 

fl uctuations in lake Awassa may cause a local rise and rail of the water table in the surrounding area 

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 lhe 

foundation soil of the town. However, the attempt is not successful due to tho dry period which 

prevailed in 1999. As defined by Rethati (1983), high groundwater level occur in the middle of late 

spring, after rainy seasons, and low water levels occur in late Autumn, aftc r dry seasons, and higher 

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

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

. h . th d t r If similar conditions are assumed for the study area, the mC3Surements 
m rec argmg e groun wa e . . 

d
' . k (A d· A ) in early May after the high water table condition in the spring of 

rna e lor tillS wor ppen IX 
. ..' d 'ncreased lake level may portray the lower water table condition 

1998, due to high precipitatiOn an 1 ' 

h
· h bed' d .gn purposes The lack of a continuous recording 

w IC may e us lor CSI . 
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"'System of groundwater tables in the area mad . d'ffi 
e It I Icuit to predict the time and magTlllude of high 

and low water levels, which are more important l'. • • • 
lor engmeenng design 

4.4.3.2. Groundwater flow 

Groundwater flow directions can be d . . 
ctcnnmcd usmg groundwater table map conS!ructOO 

from water-level readings made in a numbe f . 
r 0 water pomts, each of which is open only in the aquifer 

of interest, and all the readings should be made within a sho" 0 00 f 0 (F 1994) S h "pen 0 tune 'ctter, mee t ere 

is 110 enough data about the type of aquifer at d d 1 f 0 1 Cpt 1 0 penetration for bore well s, most of the dug-

wells ,water table data is used in this work to gct a rough estimate of the groundwater now direction 

The dug-wells are believed to drain the shallow groundw31cr in the lacustnne sc(ilmcnts 

The groundwater level map (fig. 4.9 ), made from the measurements of thiS work In ea r l ~ 

May and for some bore wells made on the t.ime or drilling, revealed that a general groundwater flo\\ 

towards lake Awassa from south, east and some wedge shaped area on the western Side of the lake, 

though the major groundwater inflow to the lake is observed from the southern side of the lake 

catclunent which emerges as spring at the shore of the lake. The total di scharge of the spnngs IS 

estimated to be less than 50 Vs (MoWR, 1999). The mnp also revealed two possible directions of 

groundwater ~utflow from the lake, to the northern and western direction TIlough no detailed 

estimates of its subsurface outflow have been published, outflow of groundwater from the lake 111 the 

-northern direction was reported by different workers (Darling et aI , 1996, Telford, 1998, Tenalem 

Ayenew, 1998) using tracer techniques and ground flow modelling. Darlmg 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 W:lter outside the caldera to the East and Northeast 

Tenalem Ayenew (1 998) 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 arc far rrom each other Signifying the subJectl \'lt~ 

of the methods and assumptions used in the analysis. 
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4.5 Hydrochemistry 

4.5.1 General 

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

area. The chemical and biological characteristics of water delenninc its usc for domestic. mdustnal 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 concrete'; structures due to reinforcement corrosion and sulphate 

anack. TIle reaction bet\l.'een the cement phase· tricaleium aluminalc (e3M . and sulphate Ions foms 

entlringite and gypsum if the (C~) content is above a certain level , which leads to degradation of 

concrete into a non...rohesive granular mass and disruptivc cxpanSlon ( Amoundl el ai , \994) 

Corrosion of reinforcement with subsequent cracking and spalling of the concrete cover is promoted b) 

the penetration of oxygen and exacerbated by the ingress of frcc chloride ion from the pore electrolyte 

solution (Buenfeld et al ., 1984). 

Rethati (1983) categorised materials that are corrosivc to concrete, mortar and ccrt:lm 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 20Omgll, total 

hardness of 6 German degrees, or of alkalinity less than 2.5 

b) Materials causing double decomposition: those acidic waters (pH<7), water contammg 

alkaline bases (ifpH >9), and salts that leach out, dissolve or transform the componen of 

'urn "~-on,' um· zinc- copper· salts (gcncrally above 1000 mgll), cement: magnes\ -, ... ,.... , ' 

chlorides, nitrates and acetates (abovC 500 mgll). 
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c) Materials causing swelling: those solutions 
containing sulphate lOllS ( O~) above " 

concentration of 400 mgll and salts ( . 
e.g. sodium carbonate) which appeanng In crystal 

form in concrete exerts a larger c I 
rysta pressure than lhe tensile strength of concrete 

Rethati (1 983) also pointed out corrosion acccle . . 
rators. streammg and repeated exchange of corrOSive 

flu ids, repeated drying out and wetting of th 
e structure, repeated fluctuations of temperature and 

pemlanent contact between corrosive groundwate d 
r an concrete. These all show the sigrufic.:l.ncc of 

chemical characteristics of water in engineering practices. 

Hence, an adequate solution to the problem of corrosion is possible only jf :m 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 ~e 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. 

4.5. 2 Major Cations and Anions 

The water bodies in the Awassa catchment show a large variabIlity Ul theIr catIon and anion 

contents as shown in table 4.1. In almost aU the samples the dominant cation IS sodIum, followed by 

potassium in surface water bodies in the rift floor and hot springs, and by calCIUm m upland rivers. 

cold springs, shallow dug wells and bore wells . Magnesium constitute thc mUlunum in all thc samples 

Bicarbonate is the most dominant anion followed by chloride and sulphate The watcr bo(ilcs In the 

floor of the caldera are ofNa- Heol type (fig.4 .IO) while the watcr bod lcs in the mountainOus areas 

show the equal importance of Ca2> and Mgl>. The pH of the walcr samplcs In the basm ranges from 

6.6 to 9.2. The high bicarbonate concentration in thc existing pH range could be attributed to the 

dissociation of water and fluid rock interaction in the fonn of hydrolYSIS undcr the prcsence of SOil 

carboll diox.ide(Fetter, 1994) and lor the flux of mantic carbon dioxide whIch occurs 10 most pans of 

the rift ( Berhanu Gezaw et al ., 1996) . The surface water bodics and cold spnngs arc soft waters 

1·1 th d d hot springs are in the range ofmcdium to hard waters. 
\\' 11 e e groun waters an 
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Hot springs A_ .. ." 39.5 2S. 1 , .g 10.3 ••• 10. 8.2 2377.3 1765 

MlJcimum 714.7 67.3 "., ••• I B.8 " 
. .9& g .• 3610 2713 

Minimum • 00 19.9 '-' , I U • 0.96 7.' 1598 g" .. ...., 2 12.6 15.1 14.2 3. ' ~9. 2 ' .7 74.7 g., 1079.9 9 17.3 

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



The major ion chemistry data also sh ow some degree of change In concemr.ltion of natul.ll 

-waters in the basin as they flow from th . e mountains towards lake Awassa ( table " I) The most dilute 

waters arc found in streams cold springs and g d ' , roun water In the upland areas Lake Shallo (swamp) 

and the Tikurwuha show concentrations ' Ie ed' bet Ul nn late ween upland waters and lake Awassa Telford 

(1998) suggested evaporation concentration and the addition of sahne thermal waters for the 

geochemical evolution of these waters. 

The concentration of shallow groundwatcrs, measured in wells and bore wells, especial!) 

circulating in the lacustrine sediments, revolves around that of the lake, susgcsting that these waters 

arc either influenced by the lake water mixing orland the chemistry of the aqui fer material thai .s the 

lacustrine sediments . The most concentrated waters in the catchment arc from the thennal spnngs 

- which can be accounted for by the high degree of rock waler interaction 0.1 high tcmperature 

The river water samples drainin~ the mountainous areas sho\\ a highly vanable lome 

composition. However, the variability is larger for cations than anions which 3re dommated b\ 

bicarbonates . The data show the equal importance of Cal' and Mg1
' to Na >1 in these water bodies 

reflecting variations in the lithology of the rocks which thcy drain, whcre more basiC volcaniCS eXist 

These waters have average pH of about 7.5 and Cal', Mgl> ratio grc..1lcr than unity. 

Shalla swamp, Tikurwuha and Lake Awassa have lowcr concentrations of ci' as compared 

to the other water bodies in the basin. This which could be due to the precipitation of calCIte from 

solution and selective removal by micro-organisms. The presence of up to 27% calCite m Awassa lake 

- and Shalla swamp sediments was reported by Telford (1 998). The pH of these waler bodIes ranges 

from 6.6 to 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 basm 

as a terminal lake. It is an oligosaline (Telford , 1998) bicarbonate dominated lake where 
Na' + K" 

and HCO; + CO;2 constitute greater than 80%. Groundwater outflow towards the lower-lying and 

deep lake Shalla has been suggested (Telford, 1998) as the most plaUSIble mechamsm for mamtalnmg 

th I I
,' [the lake Total dissolved solids values reported at different tImes sho\\ the dIlution 

e owsalmtyo . 

of the.1ake with time (Appendix B) . This could be due to the high inflow than normal into the lake of 

low TDS waters. 
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Shallow hand dug wells cold s rin , p gs, and bore wells also sho\\ high degree of \",anablht) In 

the major cations reflecting their degree f ' . o \\ater rock interaction and \"3nal I011S In the htholOQ.) of the 

rocks within which they circulate In all of ' h bod ' . esc water ICS en' > K' \\ hleh can be due 10 the 

dissolution of calcite in the soil horizons and! 0" 1 • ., r ca Ion exc lange a for Ca lbe occurrellcc of 

exchangeable Ca+
2 

in the soils as large as 22" 1 been 10 laS revealed III fcecn! works c..'\rncd out b) 

Ministry of Water Resources (from arch" cs f MOIVR) . IV 0 . nle pi-I of these waters range from 6 5 10 

8.7 and the average value is around 7 9 The Id ' I ' " . . co sprmgs p 0 1, In the tn·luuar diagram (fig 4 10). III 

similar fields to those of river samples, reflecting a common origin , that is indicat ing direct recharge 

from rainfa ll with limited rock water interaction. Samples from hand dug wells and bore wells 10 Ihe 

south of the lake and around Wondogenet show relatively higher values of Ca02 and MSO
} 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 IrOll, 

steel, copper and other metals in contact with water is dctennincd by the constituents and 

environmental conditions of the water. Natural waters contain gases, colloidal mallcr, and a vanet) of 

electrolyte and non _ electrolyte materials: these, togethcr with pH, dctcnninc the extent of corrOS ion III 

a system and define the "aggressivilY " of the water (WHO, 1984) . Different metals have dlfTerent 

range of stability under natural water systems. The Presence of anions that form soluble compounds 

with a meta l increase the "corrosivity ;. of the water with rcslX:ct to that mctal , whcre as anions Ihat 

fonn insoluble compounds may increase that metal"s passivity (WHO, 1984). Comparing lhc 

chemical constituents of the walers of the study area with the limits given by Rcthati (1 983), as 

discussed in section 4 .5. 1, it is found out that the impact of the waters of the study arc..1 on CIVil 

engineering structures is little or none since the waters arc generally far fronl the linllting con(hllonS 

4.5.3 Water Quality 

Wh h f 
'ven qualit)' is suitable for a particu lar purpose depends on the cflteria 

et er a water a a gl 

bl I
'ty for thaI uSC ( U.S envirolllnental protccllon agency, in Todd 1980) 

or standards of accepta e qua 1 

In line with this 
, I" csnN".iall)' chemical constituents, of water supplies for dnnkm8, 

quabty ImIIS, y¥-

. e sed to asses the suitabi lity of the water bodies in the study arc..1 
industrial and irrigatIOn purposes ar u 
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Most of the water bodies within the A . h \\assa catc mcnt area have chcrmcal COO5l1tUCflts \\Ithm 

the limit of the acceptable and allowable fanges fo d ' k' r rm 'Illg water set b) WHO ( 1984) except for 

some ions: fluoride, silica and in some cases bicarboMtc 'I~- Id --- bl ' .... . II\; co spnngs ........ nvcrs nre SULt3 e l o r 

drinking where the fluoride content is exceptionally within the acceptable and allowable JLlmts (table 4 

I . and Appendix B). The source of high fluoride concentration in Illost of the waters of the nl3Hl 

Ethiopian rift valley is not yet well known . However, it is suggested to be from chcnllcai wc.'uhcnng of 

acidic rocks and magmatic intrusions ( Bcrhanu Gizaw, 1996). 

The suitability of water for irrigation is contingent on the effects of Ihe chemical constll UCIIIS 

of the water on the plant and the soil. Salts may hann plant growth physically by limiting the uptake of 

water through modification of osmotic pressure , or ehemic.1lly by metabolic rc.1ctions such as those 

caused by toxic constituents. On the other hand slats may cause changes in soil structure, pcnneablht) 

and aeration which indirectly affect plant grO\\111 (Todd, \980). lne 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 irrig.1tion water because 

of its effect in reducing soil penneability and hardening of the soil (Tamiru Alemaychu, 1992) 

The Sodium Adsorption Ratio (SAR) as recommended by Richard (1 954, m Tam1 H1 

Alemaychu , 1992), given in equation 4.5.3, and the soluble sodium percent as defined by C(\uation 

(4.5.3b, Wilcox 1955) arc calculated for some of the water samples of the study area and it is tried to 

evaluate their suitability for irrigation using the Wilcox (1 955) classification method (table 4.2, fig 

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

springs, are doubtful to unsuitable for irrigation according 10 the above classification system ' lllC 

SAR values also showed medium to high salinity risk in using this waters for irrigation. Particularly 

the Awassa lake water is totally unsuitable fo r irrigation. 
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SAN ~ 
Na 

" ~Ja 
«('a + M~ ) 

2 

%N a ~ 
(iVa t /;) 

Ca + M),: + Na + K 
x 100 O l b 

Imcq/l OfC3lioll5 ::: EC t 10(' 

The water quality standards for mdustrlal us!"; depend 0 11 the fUllctlon of the 1Ildustry 

Recommended water quality criteria for selected IIlduslnal processes arc gl\'cn 111 i\l>IlCndr .. C 

Accordi ng to this criteria. m OSI of the waters of the s tud~ arc.1 arc urlsultablc for food proccsslIlg, 

brc\\i ng and carbollate bcn.:ragc lIIdustru.:s \\ llIeh n,,'(I" lrc morc or less pOI:lblc water 'nus IS due to 

theIr hIgher concentrations of flUOride. SIlica and bicarbonate iviosl of the "alcrs ;W.: also unSUitable 

for p:lper industries and launderi ng. Ho\\c\'cr. Ihc~ can be used for le'\ lllc. lallmng and \\:lsillng 

purposes. 
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Fig ~ 11a Classification of"aler samples from Awassa basin for irrigation using soluble sodium percent 

( after Wilcox . 1955) 
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Chapter li\'e 

Recent Lake Awassa level flu ctuations and Lake water bal:lIlcc es timation 

5. 1 H.ccent L:lkr Awassa level O(l (' III:Ilio li s 

L;ll~ Quate rnary lake b 'd challgcs III the ElhIOI)t:l1l nft especlalh III the LI\\:J ~ -Shall:l baslI1 

(1Io rth of the sll1d~' area) has been studied ;Ind reponed (tor c\al1lpk. Lcak~ . 193 1. Nil son. 1940, 

Bi shop. 1976: Grove and Goudie. 1970 , Grove CI a\ . 11)75, Gassc and Street 19na. Sln,:cl, 1979. 

Benvenuti ct;:11: 1995: Tcna1cm Aycncw. 199X). SOll1e studies led to a dCIJllcd reconstruction of Laic 

QU<l.ICrnary lake level oscillations and climmic changes 111 the EthIOpia nft (Gassc and Street. 1978a, 

Street. 1979: BCllvcnot i ci a1.. 1995). Ho\\c\cr. the I....,IC Qualcrnar~ lake le"el changes 111 lake j\\\:lSS.1 

IS nol studied in dct~l i l. probably due to lack of \\~lIIH~scr\'cd lacustnne terraces and strand lilles 

Relatively ti.:w historical data arc available on \he Ia~e IeI'd challges of lake Awass.1 before 

1969. As poi nted out by Telford (1998). European explorers ,,110 VISited tlte arc..1 at the elose oflhe 

19111 century provide the first written descnptions of lake A wassa eumann (190 I) found lakes 

Awassa and ShaJlo U1l1ted. at least mlhe \\~t seaSOIl. \\hlle Bourq (1903) Ira\'c1 hng 111 1902. dre\\ the 

lakes as bei ng separate. with lake Shallo smaller thall dr:1\\11 b~ Nellmann (1 90 I ) Baxter et al (1965 

111 Telford CI al. 199X). reporled Ihe change in the recorded maXl111UI1l watcr depth frOIll 21.611\111 1937 

to 17.!.\m in 1964 Grove el al ( 1975) rq)()Tlcd undaled beach lerraces Cll t LIl lO volca1l1c debns up to 

40m above the modem lakc level to the north-west of lake Awassa These 1'01c..1111e dcbncs aTe 

probably Holocene in age (Telford. 199M) as Holocene volc.1 ll1c actiVit)' would have buned earlier 

terraces. This rise is insufficient to cause , .. ke Awassa to o\'crOo\\ mto , .. ke Shallo. for \\Ineh a 60m 

rise is required. and there is no evidence of an o\erflo\\ channel JOllung the two lakes (Gro\e et 31 . 

1975). 
Lake Icvc1mcasurement ofL.1kc Awassa \\as s\arll'(i lll 1969 \\Ith dall~ .. nd monthl~ records 

The monthly lake level records since October 1969 till December 1998 arc made available for tillS 

work from MoWR . With in the rccordcd tnllC a total I1IcrCl1lcn\ of about 3 22 metcrs IS observed 

This corresponds to an .. vcrage annual increment of 0 II meter of the lake level The maxl111Ulllle\ cl 

recorded so far was 3.82 1lletcrS in the 13
th 

of No I' 1998 The Illon\hl~ 
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• • no cl!..'r~ derl1led trend before 1996 (fiS 5 I) The I~kc level records indicate that the 1;11..C had I 1 

. • ccor ance \\ IIh temporal changes III r.llnfall In the baSin For fluctuation recorded is gcncralh- in a d 

c sen e 1111 477. 19K3 & 19K6corrcspondUlsto IIIslancC. sharp increases in the Ic\'cI of the lake \\cr ' ob' 'd 

• ' :;,C ~ a ul ~bo. 20°/0 and 24°0 respect" CI} (fiS the increased amount of precipitation above 3\'er:I'" b bo 2· 

, cae eve s 10W(.'<I a SLglllfic.1Iltl) nslllg tfend Dunng 4.2andS. I). Howcvcr.sincc1996oll -\\ards th ~ 1 k I II 

this period the rainfall recorded at AW3ssa statIon has sho"" an 111crcasc from :l\cmgc \allie of 17% 

10 23 % , as shO\\"ll in fig t 5J ). 

Rainfall at AW3SS:l station ~l11d month I\' lake level s has 110 good relatIon (-0 I) as seen 111 fig 

(5 .2). However. a one month shin of the fi ve month 1ll0VlIlg average ramfall records gIves a beller fit 

with month ly records ortbe level oflake A\\'assa (fig 5A). 1111s mc.111S th:,lthe I)oor corrc1:ttl01l of the 

monthly catchment rainfall and the corresponding lake level IS III pal"! due to delayed runoff 'nilS tnne 

lag IS !;xpected since the flow orlhe main afllu!;nl m er or 1:tke Awassa. Tlkl1m'l1ha IS regulated b) the 

Shallo swamp wh ich in turn gelS wal!;r from fi vers drallllllg the highlands of the E.1stern 1)1:tIC.'lU 

Moreover. groundwater feeding the lake starts aller hc.1\'~ famfall and con\lnues to do SO for dela)cd 

periods of timc. 

A lake level can be influenced apart fr01l1 the variOUS mflo\\ and oulflo\\ COIllI)()lIcnts of the 

water balances o(thc lake. by vo1cano.lectolllsm and sednl1cntallol1 (K:lrrow. 1963. Slay. 1973:1 . 111 

Tenalcm Ayencw. 1998). delayed groundwater (Willtcr. 197X:I .b III Tel1:1lcl1l Ayenc
w

. 1998), long 

distancc trallsli.:r of ground\\atcr acrosS surface dra m:,g,,; dIV1(k:5. :md CIlIll:lIIC fac tors (St reet. 197M . 

1980). At presenl there is no acti ve volcanic activity III the calchment c .... cepl for gcothenll:ll :lCll\'ltle5 

in the northern side of the watcrshade. These aClivities have liule or no role 11\ changing the level of 

the rift lakes (Tenalcm Avenew. 1998). The incrcase in sooimcntatlOl I cou ld have mfluenccd Ihe level 

of rift lakes. However. in the case of lake Awassa. Ihe POSSlblhty of large volume scdnnent transport IS 

unlikelv. Due to the regu lating etTc~t of lake ShaJlo. "here most of the sedunent eo<nmg from lughland 

erOSion get deposited. the main amucnt river. Tlkurwuha. pr.lct1call~ caffl CS little or no scdlltlcnt 

Th is is confirmed by a single time mcasurement madc on August the Illiddle of the wet season 

Samples taken at d,tTerent depthS ,,,re filtered u"ng \I 45 ,un filtermg paper aod the suspcndc'(\ 

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

est imated assuming and 
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a ow or the bed load conlnbullon. A rough adding 150/0 to the suspended sediment transport to 1\ ~ 

mg • 10 to the suspended sedlmct1t estimate on the total sediment transport can be made by add' 10 20" 

& ' , . C cp emeral ovcrs dr.lInmg the transport to allow for the bed load contribution (Ranl.unath 1985) Th h 

southern, southwestern and northwestern side of the lake deposit most f th •••. I o C :.c;ulmcnt on the p am 

close to the lake boundary before reaching the lake so that their cont 'b t' . .. I' n_ des , n u 1011 IS minima . [X;.;)\ , 

Telford (1998) estimated a sedimentation rate of 1.7 mm/year from dated sediment corc obtained by 

coring the lake bottom at a water depth of 12m, showing the minimum effect of lake sedimentation. 

The increased occurrence of earthquakes in the catchment and ncar 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 elevated lake in the rift valley (Telford, 1998). 

In 1996 there was a large increment in the amount of rain fall in the central and southem 

sector of the Ethiopian rift (fig 5.4 and .). Hence, all the rift lakes sho .... ' 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 secn 

in fig (5.5). The subsequent excess rainfall in the catchment of the study arc.' supported by reduced 

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

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

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

• conclusion by Makin et at (1975 in NUPI , 1989). He noted the occu rrence of cycl ic or long term 

variations, in addition to the seasonal fluctuations, due to perieds of several ycars when the net surplus 

is abcve 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 

5.6 ). 
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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 elements, so that the major factors that contribute to 

periodical lake level fluctuations can be best understood. Despite limitations on the hydrolC>g.lcal data 

fOf surface water and groundwater components, an attempt has been made in thiS pan 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 treal for furthe r development 

• 

of Awassa tovm. Identifying the major factor(s) contributing to the lake level risc, defin itely, 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 aeross the waler shade boundary, the water balance 

equation for lakes for any time interval may be written as 

Where 

S, 

G, 

Pc 

Ec 

So 

Go 

A 

= surface inflow into the lakc 

= groundwater inflow 

= direct precipitation on the surface of the lakc 

= evaporation from the surface of the lake 

= surface water outflow from the lake through rivers 

= groundwater outflow from the lake 

= abstraction ( agricultural , industrial etc. ) 

llSL = net change in lake volume for the balance period. 
sed in mm or volumetric mC3Surcments, though for lakes 

Where all the above tenos are cxpres 
. .d bl during water level fluctuations, using volumetric 

with a surface area varymg conS1 era Y 
o 1974) The change of water volume for the balance period is 

measurements is preferable (UNESC , . . 
I e at the beginning and at the end of the period. 

calculated as the difference between waler vO urn 



p 

For closed or endorheic (those without s rf: u ace outflow) lakes, .... 'here the underground Oux 

components (G1 and Go ) do not contribute significantl t th bal Y 0 c anee, the equation for mean water 

balance under equilibrium condition can be reduced to the form 

SI+Pl= EL 

However, many studies showed the importan f ce 0 groundwater in lhe hydrological balance of 

lakes (Winter, 1978a in Tenalem Ayencw, 1998), In this study the unmeasured components of the 

u wa cr a ancc an Incorporated In the groundwater flux arc considered as a residual of the total ann al , b i d ' ' 

• 

ua IOn lor c c os wassa 6SL tenn. As a result the general form of the annual water balance cq " , th I cd A 

lake can be written as: 

(since there is no significant amollnt of abstmctlon 

from/to the lake) 

Using the values 145mcm (= runoff from ungauged area plus mean annual discharge of 

Tikurwuha river as discussed in section 4.3 .1 ) for 51 , 88mcm (= 0.963 )(. 91 x 10' ml, where 91 Kml 

is the average lake area taken for the balance period) for PL , and 151 mcm (= 1.658 x 91 x 10
6 
ml) for 

E
L

, 6.5
L 

will be 82 memo This amounts to an equivalent water depth of 900 mm. This fi gu res show 

that the lake is not in equilibrium condition, and require either groundwater outflow to take place to 

maintain balance orland an increase in lake volume. As secn from the recorded data, there is a raising 

of the lake level. esp. since 1996, and also the OCCUITCncc of groundwater outflow towards the lower 

lying and deep Shala lake was reported by different workers using isotopic evidencc (Darling et 

ai., 1996) and chemical and groundwater flow modelling (fclford, 1998 ; Tenalcm Aycne
w

, 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 001 

flow components with simple assumptions as discussed below. 

Inflow components: 

-Total monthly rainfa1l on the lake surface (computed from measured rainfall data 

as recorded at Awassa station) 

-Total monthly Tikurwuha river discharge (measured data at Dato village) 
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- Runoff from ungauged catclunent . 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 A . d · wassa statIOn an uSing a pan coeffiCient of 

0.8) 

Groundwater inflow and outflow is assumed to be equal in all the momhs, though not truc III 

reality, due to diffi culty to estimate accurately. However, since groundwater oUlnow probably 

remains relatively constant in relation to the other water balance components (Street, 1980), the above 

assumption, Go = G, will subdue the effect of groundwater inflow. Hence, the role of groundwater 

inflow for the recent lake level rise can be ~sessed 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. 1ba.t is, a good correlation bet ..... ccn them shows the minor role of 

groundwater inflow to the recent lake level rise and to the errors of the estImatIon and assumpt Ion 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 calculated and measured lake 

level s supporting that the lake level rise is due to Ihe change in environmental conditions espe(1311) 

rainfa ll and evaporation. However, this does not mean that the groundwater inflow Will not IIlcrcasc as 

rainfall increases. Both groundwater and surface runoff increase as ramfall IIlcrcascs and also a 

Change in vegetation cover of the catchment with lime will play a role in the lIlerement of the runoff 

But what the result shows is that the major cause of the recent lake level rise IS due to change In 

. th hIDe [ arca csrvorially rainfall and evaporation The othcr 
environmental conditions ID e catc n , I'~ 

components are results of these enviroruncnta1 conditions. 
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Chapter Six 

Flood haza rd m:l ll l)ing 

6. 1 General 

Flood hazard mapping is a means of providing flood 1>1.1111 111fonn:'lIl0I1 for pl:l.nll1ll8 and 

management programs. Proper lI SC of such maps will help \0 IHC"CIlI improper land development 111 

flood plain areas, restrict uses that would be hazmdous to health and wel fare, encourage adequate lake 

shore line maintenance, preserve potent ial for natural groundwater recharge dUTIng flood e\cIIIS and 

avoid water pollution resulting frolll the flooding of scwage trealment 1)\31115 and solid \\aslc disposal 

sites that were located on flood plains. 

A flood hazard map uses at ils base a standard 100>Ograplllc 1ll3p "h,ch ItIcludcs contours thai 

define the ground elevation at stated intervals "n,e aTea which \\llImosl probabl~ be l1IundalC<\ b\ 

various floods of defined frequencies is superimposed on the map to designatc the · l1ood h;Izard map· 

(foster, 19&3), This requires the usc of statist ,eal nlClhoos since ,I " ,'er) m e 10 h"e:r " "sfaeIO
r
) 

record long, continuolls and homogencouS enough 10 1Il:Ilch the C''Ix.'clcd lifc of many clIgll1(.'C
nn

g 

works required to be designed, As n" ny pe:r, valnes :rs po,srblc arc nc'Cded n' asscSSmB (\ood 

frequencics. 
Many hydrologic variables follow differcnt dist ributions For inst:rncc. "nn,,1 proeip",,,,on . 

calculated as the sum of the e\Teets of ",auy independent c,'enl5, tend to follow Ihe normal 

distribulion(Chow, 19&8), '\1" log norm:rl disHibulion h:rs been fo""IIO descnbe Ihe drsl"b""o,, of 

I d I

, d ' 't ' a lJOro
uS 

II1cdium( l:rccz 1975 ) 11lC C"I)OllClll lal dlslnbullon IS used to 
1)' rau IC con UCUVI Y III , . 

d 

'b h ' ' t t' 105 of random shocks 10 Il\"drologic s\'slel1ls. sueh as slugs of 1)OIIulcd 
csen c t e mter arnva 111 • • 

ff

. . , II ,'ashes thc 1)()llutanls ofT lhe land surface. "hllc thc log-parson I)pe 

nlllo entcnng streal1ls as ranlla \, 
III distribution and " Herne val ue disHibntion. for frcrluenc)' ""Ivsrs of anm,,1 ",,,innnu floods ( 

, I 
I' I I I I 



Storms, floods, and droughts arc ext . . reme e\'ents III h) drol""' lc 5\,'e ••• , 1 ~t> I Ie m'''gJ'uHtdc of such , n 

extreme event is inversely related to "' Ii I S rcqt1cnc~ of occurrCl I ICC, \\ ICrt \ CI'\ sc\cr t\cnlJ occurrmg 

less frequently thalllllQrC moderate "e •• 's I 1\ ordel to rchl . II . , C IC 1Il;lgmludc of such C\\II':II)I.: c\..:111 10 

•• 0 I) 1'0 <>SIC dala, throu~h the usc of ll,obabll1t\ their frequency of occurrence, frequency 'UlJlyslS f 1 d I 

distribu tions, is COOlmonly employed (Chow 1988) TI I . . Ie l~drolOSlc d:\I:\ series analvscd art assumed 

. Ie I) ( ro OSle S) stem produclIlg them IS considered to be independent and identically distributed and II 1 ' \ I 

to be stochastic, and space and time independent. 'nlis rC(lu lI'CS a c:ucful select.QlI of h~ dl'OIOSIC dala 

to be used so that the assumption of independencc and identical dlstnbutlon afC s,'ltlsficd In Ilmctlcc. 

this is often achieved by selecting the annual IIWi lllllllll of Ihe \;'lfIablc bCII'S :l1Iah ~ \\ llh Ihe 

exccption thal successivc observations of this vanable from )car to yc.1r \\ 111 be mdq)Clldcllt (CIIO\\ 

I'~ ) .. I a )SIS la\e n II lor man) cnglUecnng purpo5CS for 1988) . The results of ncxx:l ni"ak freq.,e"e '" . I ' I . , bee sed' ' 

the design of dams, bridges, culvcrts, and flood control stOlCItUCS. 10 dClerTlll1lc the C<:OI\OI1I1C valucs of 

nood control projects. and to del ineate flood )Jlams aud delcl'IllIlIC the cm:c:1 of encro.1clll
n
e

ni
s 011 Ihe 

flood plain. 
In the study area, the raising of L.1ke i\waSs,1 lc\'eI has c.'luscd ccononlic and SOCI:l

1 
dam.'lgcs 

The Inke has already inundated part of the southern and \\cstern pan of the j\\\assa lo\\n 1I1clu
dl1l

S 

priva,e and governmen'al bnildings, , srieu ltu,,1 land. S"WIS I,nd and .""!Ca,,on s"" ,Ions 'he 

bc.."leh. As it has the potelllial for further englllccring :\IId I'elatcd d:lInagc a flood fisk anal)slS and flood 

haza rd mapping is attclll)Jted in this work This work may assist offlcml and )Jr1\atc bothcs III maklllS 

dccisio"s and alternalive plan' concerning 'he developmen' of spee.fie I,mds subj"'" '0 OoodmS 1 he 

mosl frequently used probability disllibu'ion. ,he exlleme value , ~ pe I or 'he Gumbel'. method IS 

adop,ed for Ihis me,hod gives ,he plcdictlon of Ooods of a p",,,ular frequelle~ c<,,'Cdms 'he oils"" cd 

Ooods by a safe margill thall ,he o,her me,hods (Rallgi"math, 108' ), . nd 0<.1 ~ pc.k "",d
m

85 COI.ld 

be 'aken. It is also ,his n" thod ,ha' is used in 'he 1'1",0<,,1 Urban PI.mnng Ins",ute of 'he COIII"~ 

The ."nu.1 max;mu
m 

hydrol""" d.'. sen" IS used m ,hIS "olk TIlls senes takes 0<.1< • 
(NUI' I, 1989) 

single maximum valuc in each ycar of ,,~old so ,ha' ,he number of d.,ta v.lues equ.ls 'he recold 

leng,h in years . Using" 29-ycars of pe"k bkc It'eI rcc<t.ds (,able (, I) , "d based 0<1 'hc ,lSsunll' ''o<l 

'hat level Ouetuations arc m.inly due '0 'he dllTereuce ,n mOO" alld ou' Om' . and 'hat ,he selec,ed 

(,'1 



Year MaximulIl I.!augc level 
1970 1.46 
197 1 1.57 
1972 1.96 
1973 1.65 
1974 1.1 5 
1975 1.1 8 
1976 0.93 
1977 1.74 
1978 2.25 
1979 2.3 
1980 2.09 
198 1 1.48 
1982 1.2 
1983 2.25 
1984 2.08 
1985 1.48 
1986 1.84 
1987 1.92 
1988 2.39 

1989 2.2 
1990 2.2 

199 1 1.83 

1992 204 

1993 134 

1994 2.38 

1995 2.03 

1996 3.12 

1997 3.15 

1998 3.82 

mean 2.00 

Table 6.1 ,t\nnaual l'cak Lake "wassa Levels (1()70 . 1998) 



annual peaks arc independent of one another the cxtrClIIC \allle t\pe I (EV I) prooablht\ distribution 

function is used. 

6.2 Flood I'robabilities 

Flood frequcncy analysis cntai\s the estimation of Ihc pc .. 1k discharge (level III the c..'\SC of 

lakes) which is likely to be cqualled or c:-:cccd(.'(\ 0 11 avcrage once 111 a Specified pcnod. T ) CM S ., 'us IS 

cal1ed the T-year event and the peak, QT, is said \0 have:1 return l)Cnod or recurrence mICr\a' of 1 

years . The return period, T years, is the \ong-lel111 :\\'crage of thc II llcrva\ s bet\\ ccn succesSI\\! 

excccdences of a flood magnitude, XI", measured ovcr a vcry large !lumber of oceurrcnccS IIo\\ c\ er. 

thosc intervals may vary considerably arollnd the avcrage \'alue T "11111S the rClUrI1 l)Cnod of an e, cnl 

of a given magnitude may be defined as the average recurrence I1Itef\'al tx:h\ccn c\cnlS cqu31hng or 

exceeding a specified magnitude . 

The probability P ::: p (X ~ Kr) of occurrence of Ihc e\enl X ~ X I III :UI ) obscr\'311 1 lila ) be 

related to the return period in the follo\\ ing way (Chow, 1 9~R) for c.., ch obscr\;J110I1, there arc t\\o 
mcC 

possible outcomes: either "success" X ~ XT (probability 1') or "failure" X<Xr lProbablhl ) I-P) 

the obscrvations arc independcnt. the probability of a recurrcncc lII\e l"\ al of d\l r:I\ IOII I IS the pl Q(luct of 

f I 
',' ,'Iu.cs '0110" -00 " I' one success. that IS, (I -pl I p. and thc expected \ aluc of 

the probabilities o ' 1- [.. [' I) 

I, E(I), is given by: 

£(1) ~ II(I _ 1')' ' I' ~ p + 2(1 , p) 3( 1 , P)' I) • 4(1 1') ' 1" 6 2a 

, , 
~ I'll + 2(1 - 1') + 3(1 - 1')' '. 4(1 1')' . 

11 
" ,I,'", ,I,e [' rackets has thc forlll of the po\\ cr senCS cWanslol1 

Ie expressions W I U • 

(I + xl' ~ 1 + I/X + 11/(1/ - I) 121x' , 11/(1/ - I) 16Ix'+ I 

2 ' 0" (
6 2.) m:1\, be \\n IlCiI as 

x ::: _(1_ p) aud 1/ ::: - so C<lua I 

I' ~-

/':(1) ~ II _ ( I - 1')1' I' 
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1·lenee E(t) = T = 1/ P that is the probabilitv of occ ~ .' . urr~nce of an cvcnt 111 al1\ OOsen311on IS the: 

II1verse of Its return period: 

and if F(X) is the probability of X < Xr . 

F(X) = I - P (X) =(T(X) - I )/T(X) 

I eyelll 1\1 oceur al leasl OIlCC III )cars 15 thc and the probability that a T- yc.·u retu rn I"'r'od II 

)ear elCI11 occurs III N )C;US, \\Iueh n.'(llIlfCS a 5C(luencc of N complement of the situation where 110 T· " , , . . 

successive "fai lures", so that 

P (X < X .. e.:1.ch year fo r N YC.1fS) = <I-p)N and the complcment of 11 liS sltuallOIl \\ 111 be 

P(X;?X r at least oncc in N yc.1rs ) = I - (I-PIN, and SIIlCC l' I I T 

P(X;o::Xr at least once in N yc.1rs ) = I • (\ - II T)N 

6.3 Estimation or the T-ycar nood using t: V I 

The equation of the Gumbel extreme valuc distnbUlIoli (EV I) IS Sllcn b) (Cho\\ , 19KK) 

"( ) [ .1' -"] 'x = exp - cxp(---;- - oo s x s oo 
63a 

where F(X) is the probability of all mlllualllIaxi lllulII X S Xl as dcfined previously, and Ihe 

parameters a and u afe related to the moments of the data series of X values aud gll'ell as follows 

.J6 
a =-S 

11 

\\ llere S.s Ihe sample sl:tIldard de\ lalion 

11 = X - 0.5772a 

111e parameter 1I is the mode of the distribution (pOint of nla,( lInlllll prob..1bl1
1
ty denslt) A 

reduced variant y call be defmed as 

x - 1/ 

y =­
a 

substituting the reduced variant in to <:qllation (6 3a) gll'CS 

f-'(x) = cxpl- cx p(1 y)1 

solving for y 

7' 



since 

y = -In [In(-.'- 11 
/. (xI 

li T = P(X2:X r ) 

= I - P (X < XT) 

= , - F(X,.) 

50 F(X,.) = (T -' )IT 

and substituting into equation (6.3 b) 

for the EV I distribution, X I rd :ltcd to ~ 1 b) the follo\\l11~ (,'(111:111011 (Cho\\ . II)RK) 

)( r - 1I +a Y r 

(db 

63c 

63d 

According to the same all thor, it is also posSible to calculate by an ahel'1la\lvc method, USmB 

frequency factors as follows: 

Thc magnitude of Xr of a h}drolo~ie evenl Illay be represented ;-IS the mean JI pillS dep;-I ltllfc 

tl X T of the variant fromlhe mean 
6 )c 

111C departure may be taken as equal to the product of Ihe standard dc\ ml lOll 6 and a 

Xr = ji + tlXr 

freqnenc), factor K, . that ;5 , t>X,. = K,O The departure t> Xr and the rrcqnene~ factor K, arc 

functions of the rcturn period and the type of probab1hl) dlstnbutl0l
1 

to be used III the anah sls 

Equation (6.3e) may, therefore, be expressed as 

Xr= /1 + Kro 

which ma y he appro.",i mah.:d by 
6 ) f 



where Kr for the cxtreme val uc t\ IX: I dlstnb I . II Ion IS &1\ en b\ thc follO\\ illS c,prcsSIOII as 

deri ved by Chow (I (53 ): 

_.J6{ r r 1 } K, - - n 0.5772 + ht 1n(r:I) J 

In the study area, from 29- ye~Hs of peak lake level records (table 6 1). Ihe meall and stand:Hd 

deviations arc computed to be 2.00 and 0.628 reslx-'Ctivcly Usi llg these stat istical d:lla lake le\'c1s arc 

calculated fo r different retu rn periods lIsing C<luatiolls 6 3a and 6 3f \\ llIeh ga\e Ihe $.. .. 1I11C result USIllS 

1678. 4 m a.s.l . as the elevation of the 7£ro staff gauge level ( UP!. 1989 ), lake area and 1:lke 

volume for the different return Ix: riod l:l.ke Icvels arc calculated and I)rcscllted 11I13ble 6 2 

The flood risk zones of two hundred years return penod IS bounded on Ihe 100>o&ral)IIIC base 

map ( lig 6.1). assuming that there is no dike and havlllg as m :1I1) IIlteq>oIalcd 1>011115 a~ posS ible On 

the other hand, the return period of the lake level \\ hieh would safcl) be protected b) Ihe c"(lstlng dike 

(crest elevation 1681 III a.s.1., NU P!. 1989) is CSlilllah.:d to be about 10 ) ear5, for a frcc bo.·ud of 

0.25m abovc wave water level, which IS above Ihe acceptable risk (0 li for ~ dcslg.n hfe of SO )C.1fs ) 

to provide a physical protection. Around cities fl ood protection structures hke le\'ces arc general!) 

designed using relurn periods ill Ihe range of 5() - 200 ye:trs \\I th correspond my fi sk of f:ll ili re III the 

range of 0.6 _ 0.2 for a design life of 50 years (Chow. 19XX) Slncc sclectioll of 100 or 200 )ear flood 

implies a certaill levc1 ofacccptable risk, 0.4 or 0 2 rcsl>(..'Ctl\cly. 11 15 a COlll11l0n practIce to I)rovldc a 

physical protection fo r all floods up to the Illagnitude of the 100 or 200 yc.'lrs flood ThiS rC<lulrcs. a 

rai sing of the crest level of the existing dike by addit IOnal I or I 5 111 \\ Ith a frccbo.1rd of nol less Ihall 

1 m above the design lake level. 
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Return penod lake level III Lake lake Area Calculated usmg Gumbel 

meter Volwne 

m years (a.s. I. )" in mem inKm2 Method 

2 1680.30 1064.63 94.18 1.90 

5 1680.85 1122.14 9580 2.45 

10 1681.22 1161.03 96.84 2.82 

20 1681.57 1198 .96 97.81 3 17 

50 1682.03 1248.96 99.04 3.63 

100 1682 .37 128709 99.93 3.97 

200 1682.71 1325.64 100.80 4.31 

400 1683 .05 1364.69 101.65 4.65 

500 1683.16 \377.37 101.92 4.76 

\683 .50 141 7.12 102.74 5.10 
. -

1000 
Co/eli /CIted uSing /678AIII o.s./. as the heIght correspondmg to the :ero 

sf(lJ/g{lIlge /el"f!/ (NUPI. /989) 

Table 6 2. Flood frequency analysis result calculated using EV 1. 

Gauge he1ght (m) - actuaL prob or 

95% confidence (abo\';: Zl!:~ staff excecdcnee ill 

lumt I!.au!!.e 
UppeT(X) LoweT(X) N:::29 year 

1.94 1.86 1.000 

2.52 2.38 0.998 

2.91 2.73 0.953 

3.29 3.06 0.774 

3.78 3.48 0.443 

4.15 3.80 0.253 

4.5 I 4. 11 0.135 

4.88 4.43 0.070 

4.99 4.53 0.056 

5.36 4.85 0.029 
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e ha Iller Seven 

Engineering G I . co ogleal Characteristics of the Soils a,,01 

7.1 Gcncn tl 

Il ocks 

l OIS .11 ,I partlcukH Slle and Ihe lII ilucncc ,he\ ha \c on a The illll)()Ttancc of the ground eond. i I . . 

project depend on a number of factors. such as the I " . . . ) pc o f Sl llIctUI C tx:ulg proposed. Ihe SCIISIII\ It \ o f 

un movement s, the Size of the project and the IYI>C of the stru cture or any installed machinery to gro cI 

, C COIISI( cra l1ol1 0 the ground condlllollS at a Site and all soi ls and rocks underlying the sile. Hence Ill ' . I . f 

I S I)rOJcct IS Important at all stages of plannmg. o\crall appreciation of their significance to tHO Xl cd . .. 

design, detai l design and construction. In this context an attempt has been made to characterise the 

Engineering Geological characteristics oflhc soils and rocks of lhc stud) art"a 

7.2 Methodology , 
All the available information for Ihe silidy arca \\ as collt~I(:~. thai 15 aenal l)holos. gellcml 

geology maps, sitc investigation reports. bore hole and exc:l\'at lon records , Natu ral CulS werc 

inspected and foundation excavations for buildings, swears and other purposes were rccordt'(] The 

information obtai ned is used in planning the IO':llio11 of new 14 lesl pils (2 5·5 () III dt'Cp. conce11tr<1 \1.,'(] 

in areas where geolechnical d"t:1 :He either sC;1nly or 110n :1\'ail:\l>le ( Appendi X F) The tnmmed 

surface of the side wall of the lest pits is examined 10 delernlillc the Se(IUCncc, tlllckncss, ela~I r. c.1t lon 
and description of each stratulll of materi"l, and disturbed samplc 's OI>I:ll11ed by Ircneillng \'Crllc.11l) 

into the trimmed side wall of the I)it wilh " cut and lI111fonll crosSCCllO
n 

A 100al of 48 dlSlUlbcd 

samples afC collected from these test pits and ""nouS 1:1ooralol') tests \\ cre l)Crfonncd gCllcr.lll) 

according to the procedures SI)CcifiL'd by the American Soc lel~ for Tcstll1g and lalcn"ls 

(ASTM,1996) and the Bri lish Standards InslitnlC (BSI, 1988) Desc!IPtlO
n 

ror SOIls and rocks " ere 

made according to the Illlcmational Association of Engll1ccf1llg GeologiSts (li\ EG) (198 1) 

recommendations. Except for the chemical analysis and pi I detcTl1l1natlO
n
, \\ hlCh \\ ere carned Oul '" 

the laboralory of Uuilding Desig" E"terprise. al l so,1 tCSllng "as carned o" t at Ihe laboralo,! of 

17 
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Department of Civil Engineering Addis Ab b U , a a I1I\ Cr511) A 101 I f a 0 more 111."\11 44 bore tlOlcs (6 -

30m depth) and more than 20 pits was anal 'sed ..• ) :lIou used for Ihe prcscnt \,olk 

7.3 Lithologica l Desc ription of the Soils 

The arca the Awassa tOW11 is founded. is I:trSciv co\crcd ", . . Iluck ( > )0111 ) SOil In the 

III I Ie C,( ' 51111& Inli ll up arcaJ and possible present study the soi l illvestigation was c;,rricd oul 0,,1) ' I 

• , \I Icas elll 51 CO the 10\\ 1\ From the 1IIlliled filed areas o f expansion especially to eastern amI so II · I ' d f 

invcstigal ions (pitting) and a study of aV:lilablc site iI1VCSli!PlIOIl rcpolls. the SOils of the stud) arca :HC 

lithologically classified into the following types: 

Clay Soils 

Sandy Silt Soi ls 

Si lty Sand IGr:wcl Soils 

7.3. 1 CI.y So ils 

These type of soils cover the central. the eastern and the sotllll-1:astefll pall of Ihe stud\ nrea 

and gcncrally occur mthc relat ively elC\ ;lleU parts 111CY cOnlmolll ~ o\'crla ~ s.,n(h Silt SOils :md III fcn 

places silty sand soils and weathered ignimbrilic or tuffaceous rocks Their 1I11ckncss ranges from 

0.85m to 35m. They arc generall y dark browLl in color, though light gray and dark gray \anct lcs arc 

also encountered. They exhibit a rauge of consistency froLl! LIlednnn slIff 10 h:II'd and ha \'c low to 

medium plasticity and toughness. '1llCy arc slightly cracked. COhlLlllL:lf 10 pnslllnlic and sometuncs 

sub.angular blocky. These soils usually contn itl sign ificant amOllll1 of sand and Silt . hence Slit) nnd 

sandy days arc nol unC0I11111on. '1l1C~ nrc sUPI)OS(,'d 10 Ix: n;'s ldllal SOils I e IlIghl ~ \\calhcrcc.lprool1cl<; 

of thc underlying ignilllbrilic rock. 

7.3.2 Sandy Silt So ils 
Thesc soi ls occur in a1mosl all p:HI or the invcstlgaled area at dliTerent sirallgrapillc positions 

They especiall y oulcrop ex tensively \0 the northern and north-caslcrn p"rt of Ihe 10 \\11 and usuall ~ 
intcrslralilied with silty saud 50115 The) uutied:I) the c1a~ SOils 10 the C3Slcm . central and soulh· 

f I I l
'l,csc so,' Is I,""c V:lflOUS colOl's IIlcludlll" d:lrk " lIo\\ lsh bf()\\ ll :llId I,,,hl 

easlern pa rt 0 I Ie OWI1 . " co - co 

gray in dry slatc and olive yel low color whcn wct They arc rn:l.ssn'c 11\ stnlcture :lnd somelllllcS SilO" 



yellowish moUling and cOllla;n carbonate co • ncrCllons as large as 12 em 111 diameter '1lM:SC SOIls are a 

result of high degree of weathering of the undcrhll b • Ig 1&111111 nIle rod.s andlor lake deposits cspctlalh 

those below the ignimbritic layer. 

7.3.3 Silty Sand/GnlVcl Soils 

The silty sand soils occur in similar areas as Ihe sand\' silt soils The) 3 rc COI llIl lOnl ) foulld 

illlcrslrtificd with the sandy silts and become domin-lilt close '0 ,I.e I'ke "1"1 I d , ,Ie) :ue oosc, m3SSI\C an 

usually moist having light gray color. They arc found usually below sand)' Silt SOils except close 10 the 

lake where they may be found on top of the former olles. In some places thc)' o\cdny m1l11cd1MCI) the 

weathered ignimbritic unit and it is suggested thai these SOils also ha\c sum la r onglll lo the s..'lJld) 5111 

soi ls. 

The silty gravel soils arc commonly found at de\l ths belo" 3m and become 1I1lportant more 

towards the lake. llley havc light gray color and contalll munded I)UmlCC clasts as large as 20 cm 

embedded in the fine soils. lllcse soils arc SI1PI>05(.'d to be \\atcrllllc (rc\\ orkcd) I») roclasl1C cJC<:las In 

somC places gravely pumice fall deposits afC ClIeQIlIlICrl.:d ncar 10 thc surfaec sho\\ illS reverse gradlll8 

These Illay show the relatively recent recession oflhe lake 

All the above lithological types show thickness variations oolh Ial cl":llly :lm\111 Ihe veT'tlcal direct ion 

Deep site investigation \)ofe holes :In(1 dug wells revealed the occurrenCC of relati vely tlnn 

layer (1.5m) of iglfimbritie rock at depth rallges fl'om 4 to Rm underlined by lacustr1l1e scdl1ncnl.!l of 

loose sandy silt and silty and gravely sand soils. These 50115 occur COll11l1uously or IIlterSlrallfied to 

highly to moderately weathered weak tliIT. Ilowe\'cr. to the sotlth-caslcrn Side. around the texille 

factory, basaltic rocks which arc vesicular 011 lop afe found l>clo\\ the s llt ~ /salld~ SOils tlndcrl)'II1S the 

ignimbritic rocks. 

I I
· . led rca '· [1 addition to the above mentioned lithological UllItS sconas dOIlIllt:ltcd 

n t Ie IIlvcsnga a 
by lapi lli and block size materials were encountered :It two l}Omls fonning small hills lll~' are 

. . of Vle\\ btlt S1l1ee Ihl!~ cover :'I \ery small area nO( 
considered as soi ls from engineenng 1>0

1111 

investigated in detail il1thl! prescnt work , 

"7 '1 
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7.4 LaboralOl)' :lIIalysis :uul res ult s 

7.4.1 M ineralogical and Cheil lieal COl1l1los ilio ll 

7.4. 1. 1 M ineralogica l Composition 

Determination of non clay minerally}Cs . d . . I "as one on sand and gravel fractions of fc\\ samples 

USU1g magnifying glass . Accordingly the soils of 11 I d . , Ie S \I Y area mamly COIiSISIS o f qU:II17.. feldspar. 

expect III a volc.1mc Icrr:utl charactensed by slhc lC \'OIC.,\IHC5 micas and rock fragments as would be cd . . 

,,", Ie }\lIcrbcrg IUIlIIS orillc SOi ls. Ihe The types of clay minerals prescnt is assessed it,d" e-Ily '11 

position of the soils on the Casagrande plasticity ehal'! and the aCII\II ) of the SOl' C'-Ill gue an 

indication of which minerals arc present. Accordingly, \Isms the suggestions prOl>OScd' b) Ilortz (llld 

Kovacs ( \991 , Appendix D) and Mitchell (1976, Appendi.'.: D ) kaolmitc, Illite and Ca-montl110nll0111tc 

arc the 1110st probable typcs of clay minerals constitut ing thc SOils of thc swdy area Ilo\\c"cr, for 

practical works rnineralogical test is recommended , 

7.4. 1.2 Organic matter' content 

TIle natural water contcnt of organic soils is high The liqUid and plastiC 1111IIt tend to mcreasc \\ herc.'\S 

TIIC organic mattcr contcnt may have a marked inOuence on the ph)sIca l properties of SOils 

the plasticity index dccrcases with incrc.1sing orgallIc content Orga1llc SOils arc also lugh" 

compressible. Hencc. thc organic matter contcnt of the SOils of the stud~ area ha\'e been dctcnnltx:d for 

a number of selected samples by the ignition loss 111cthod, according to ASH.'! D 2974-87 procedure, 

and presented in Table 7.1. The clay soi ls show thc highest Ignition loss valuc 111 the range from 4 ~ to 

7.2%, Thc sandy silt ad sil ty sand soils havc similar \'alues rangmg from 29 to 5% sual!) SOils 

containi ng organ ic matter greatcr than 25% by weight arc consldcn.:d as orgamc SOils (AlkhafaJI and 

Andcrsland, (992). Thercfore. the soils inthc stud) arc.' caube consldcred as 1I10rg.1111e SOils 

X" 



Sanmle De Jlh on Lilho lo~ir:11 Iype orl!llIIir Inlltl er rOlll clI~/.) 
Tp4-S I 0.5 - 0.9 4 9 
Tp5-S I 0.45 • 1.2 12 
Tp5-S2 1.2- 2.3 4 8 
Tp7-S I 0.65 • 1.05 ClIlY soil 57 
Tp7-S2 1.05· 1.4 ~ 3 
Tp IO-S I 0 .4 -0.5 52 
TpIO·S2 0 .5 - 1.3 72 
Tp I4 -SI 0.4 - 0.9 4 5 
Tpl -S I 0.2 -(U 5 4 2 
Tp I-S4 4.0 - 5.0 3 I 
Tp3-S I 0.7 - 1.7 4 6 

Tp3-S2 1.7 - 2.1 3 4-

Tp4-53 2.5 - 3.3 

Tr 5-S3 2.3 - 4.25 
SlI ndy silt soil 4 7 

Tp ll -S2 1.85 - 3. 1 
3 1 

Tp 14-S2 0.9 - 2.55 

5 

Tp14-S3 3.0 - 3.8 

39 

Tp l-S2 0.75· 1.4 

3 I 

Tp l-S3 1.4 - 4.0 

32 
32 

Tp4-S2 0.9 - 1.4 Si lty s:uuUgrllvcl soil 2 9 

Tr6-S4 4.2 - 5.0 4 

Tp 10-S4 2.6 - 5.0 33 

Tobie 7. I Organic matter conlcnt or the soils of the study arctl 

7 .4.1 .3 C~rbo ll a l c ( onlcn! 

A soirs cHrbonale content aITr.:cts the physical and chemical condit ions of the soil 

environment. Carbonate in soi ls occurs primarily in Ihe form of calclle. CaCO), \\ hich acts as a 

ccmenting agent, fanning aggregates out of lhe fi ne clay platelets ( 'I:llh\\"son. 1988) 11us results III a 

decrease in the plasticity and increase in the strength of the SOil 

The presence of c.,Ieiu11l c.,roonale (CaCO,) on the SOil smnplcs of Ihe stud~ area IS Icsu ... d b\ 

dropping 20% hydrochloric acid on to the surface of Ihel1l If Ihe SOil IS calcareous. eITcn esccncc 

results due to the reaction bet\\"ccn the hydrochloric aCid and the c., rbonatcs From the IIIlenSII) and 

duration of the reaction the caroonate content call be cstlmat<:d 

Soils of the study area show \,Mying degrecs of intensity and duration of efTen'csccncc, from 

nil to fairy strong and from ni l to 1101 lasting, rcspcclI\ c1 ~ . accordmg to the \\a~ of descnpt lon 

suggested by the Swiss Society for Testing r>.bterials Accordlllg to the correlation suggcsted b) the 

same society (Kezdi , 1974 , Appendix D) . these rangcs of ln tcns ll ~ and duration of the cfTcn cscentc 

" 
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suggest a carbonate content or less Ihan 5% The SOil S,11ll11\c.s Iclall\cl) close to the la .... e: A\\3Ssa and 

T ikurwuha river and sha llo lake have hi"hcr \'al I 
' 0 ' ti CS rc atl\ C to the others 110\\1o:\ cr. c.u bonatc 

concretions arc common at depths or 2 5 to 5111 III IllOSl of II . Ilcs des I f . IC tcst pitS I . t Ie occurrence 0 as 

large as 27% or CaC0 3 is rcpork-d b\· Tclrorcd (199") ',,,, I a ·cd I k bed sed , 0 11 1. COl a C IInc nl 

7.4. 1.4 S ul,)llllt c li nd C hlor ide co nt ent ami pll or Ihe soils 

"nlC ground or groundwater may cOII(:, ill chcmic:.ls capable of causms dallKlgc to the buddlllS 

materia ls of enginccring structures and may cause their sellous dctcnoml101I The Illllle.pa l 

constituents that cause concrete 10 deteriorate :l rc sulphatcs. \\ h lch arc 11I0S\ common III cia) so.ls and 

acidic waters. The concomitant occurrence or chlonde (Cl) LS also reponed 10 be "UUILOtiS for 

concrete. In view of this, the sulphate and chloride. as Ilell as the pll of some of the SO LI s,'unples alc 

detenll incd in the laboratory according to the !lSI ( 19K8,1990) procedu res and prcscnt ('.'d III table 7 2 

The result show that the soils of the study an::1 hal c less than n OX"" sulphate. less thall 0 UO·I"" 

chloride and a pH of around 8. Howc\<er, pi I \'a lues as 10\\ as 5 8 afC rcporH:d b} rcecllt lII \'csllgauons 

ca rried out by MoWR ( 1999). The sallle work, also reported Ihat the SOils of Ihe slUd} area ha\ e 

cation exchange C<1pacity (CEC) in the mnge from 2 to 43 LIleq' I OOgm 

Total sulphate contents of more than 0.2 pereellt by weight ill soils arc potenti:Ll1y aggressLve 

(B RE, 198 1). Hence, the sul phate contcnt of the soils of the area II lVcstigaloo is nol likely to cau se 

any damage to building materials. 

Sample Depth (lll) Sull)hate ChlOride pH 

content (%) content (%) 

Tn l-S4 4.0 - 5.0 0.0192 - -

Tp7-S2 1.05 - 1.4 0.08 0.002 8 

Tp8-S2 1.85 - 2.45 0.0064 0 004 8 

To 12-S2 0.9 - 2.6 0.0064 0.002 -

Table 7.2 
Sulphate and Chloride content :lLId I' ll of SOils 

, . . -



7.4.2 Phys ical (Index) Properties 

Soils are usually heterogencollS rmd I • coml' c .... matenals 111C comple\lt) IS co.lInbUlcd b\ 

their ex istence in almost innumerable varictie b ' . s ~ Its combm.1\10I1 of sohd. liquid and g:t5eS. \\hClt m 

rom ulS l1\1\l ldcrs to COliOlcl.11 S17£ 10 undclstand the many instances the solid particles vary in size f I. 1._. 

I. Ie ...... -..n ccntred aloUlKi thClf ph\slc.11 PI OPClh as thc behaviour of the soils, methods of eva luations 1 a ' I. ~, 

• engmeers The ph~S IC.11 propcn,cs of SOils \\ llIeh physical characteristics arc of imlx)r{ance 10 Ihe > 

,. I OlIn as 111 e ... properties serve l11ainly for identification and classific'llion aTe c0l11l110nl) kId 

For the disturbed soils samples collected from the field. detennm;Ulol1 of the foIl0\\ LI18 

physical properties was carried out. 

7.4.2. 1 Moisture content 

The moisture cont ent of a soil has a profound influence on its properties It affect s 

the shear strength , the consolidation properties and its response to cOlllpaction It llIay al so 

affect future swelli ng or shrinkage of the soil Moistu re cont ent les!s are therefore frequen tly 

carried out and are routinely included as part of the standard procedure ror 1110st tests 

The moisture content of some of the representati ve s~unplcs is determined aecordltlg to the 

ASTM (022 16) proc(.-<iurc and prcsent (.-d ill T"blc 7.3 "n lc \l clght of the nalUml 5011 s,1ll1plc lias 

carried out in the field immediately "Ilcr s,111lplins to I1lmlllll SC the loss of mOisture as a rcsult of long 

stay and high temperatu re condition of the area The result revealed that the cia} SOLIs have a nlOlslure 

content of 25. 1- 29%, silty sand soils havc 24 6 to 45 7% and the sand~ Silt so,ls ha\ c 18 to 42 7°0 

>'>1 I > ( lelll of II,e el"" SOils could be due to thc loss of nlOlsture b l evaporation SIIlCC 
Ie ow 1110lS ure con · ". " 

they arc close to the surface. 
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Sample Depth (nt) Lithological Type Muistllre 
conlcnll 'Y.,) 

Tp5-52 1.5 277 
Tp6-52 1.1 Clay soils 25 I 
TDIO-52 I 2~ 
Tp l-54 4.9 22 4 
Tp2-52 11.65 29 
Tp2-S3 1.6 423 
T p3-S2 2. 1 s:ltuJy silt soils 327 
Tp4-S4 4 33 6 
Tp5-S3 4.1 18 

Tp6-S3 2.85 36 3 
T1'8 -S4 4.2 42 7 

Tpl-S3 2. 1 287 

Tp3-S3 4 -) Silty S:lIId/gra\'c! soils 246 

TD6-S4 5 457 

Table 7.3 Moisture Content of soils of Awassa arc.l 

7.4.2.2 Specific G nl\'ily 

The spccltic gravi t}' determinatiull or the soils \\:\5 ea rned Oll t ror:1l1 s..1111plcs :lccordlllg 10 the 

ASTM ( D 854) procedure. An accurate v"luc of specific grav11) IS n:qlurcd 10 compute the \'old rallO 

of a soil. unit mass of soil and in Stock' s law in hydrometer :1 11:11)515 ll1 lhc present study. s lllec the 

specific gravity is required for the latter usc. speci fic gravity deter'llllnat ion IS earned QUI 0 11 thaI 

portioll orthe sample that passes the 2,0 nllll sieve (table 7 4) . '111is analysis showed \hal the clny soils 

havc a specific gravity in the range from 2.19 to 2 50 aud thai of silt)' sands and sand~ Silt soils IS 

from 2. 18-2.48 . lllcsc values arc less Ihan the norm:llly used \alucs (2.5-2 8), \\ Iuch could be duc to 

the prcscnce of some organic mailer alld lor due to the fraction of the 5011 Ihal 15 used for allal~515 For 

determination of thc specifiC gravity of soi lmas5cs usually (hat porHon of the SOil l'a5s
m

8 4 75 IIl1ll 

sicve is used . 

grained soils. It is used for classification and 10 n,fer a nu",ber of ens ,nocnng propert'es of tl rcsc so,ls 

7.4.2.3 G ra in Si1.C Analys is 
Soils arc comlllonly fOllnd ill a wide range of pa rllclc SIZes all(.I shapes -lllC 1)"1rt'clc 51/£ 

distribut ion llsuaUv referred to as the grading. IS :III 1Il11)(Ht:ll1t l)rollCrt) of SOlis CSI>CC
I
:l

1h 
CO.1rSC 

, .. 



Sam ,Ie De )(h ( III } 

1'1'-' -5 1 
Tp5-5 I 
Tp5-52 
Tp6-S I 
Tp6-S2 
Tp7-S I 
Tp7-S2 
Tp8-S I 
TI)IO-5 I 
Tp 10-52 
T1> 13-S I 
Tp I4-SI 
Tp l -5 1 
TI> I-S4 
Tp2-52 
TI)2-53 
T1>3-5 1 
Tp3-S2 
Tp4-S3 
Tp-' -S4 
Tp5-S3 
Tp6-SJ 
Tp8-S4 
Tp9-5 1 
Tp9-S2 
Tp9-S3 
Tp9-54 
Tp 10-$3 
Tpl l-51 
TI'l I-52 
Tp 12-S2 
Tp1 3-S2 
Tp1 3-S3 
Tp 14-S2 
Tp 14-S3 
Tp l-S2 
Tp l-SJ 
Tp2-S I 
TpJ -S3 
Tp4-S2 
Tp6-S4 
Tp8-S2 
Tp8-SJ 
Tp10-54 
Tpll-S3 
Tp 12-5 1 
Tp 12-S3 
'1'1' 12-54 
Tn I3-S4 

0 .5 - (1 .1) 

0.45 - 1.2 
0.2 - 2.3 
0.45 - 0 .85 
0.85 - 1.75 
0.65 - 1.05 
1.05 - 1.4 
0.45 - 0 .5 
0.4 - 0.5 

0.5 - 1.8 
0.45 - 1.8 
0.4 -0.9 
n.2 - 0,75 
4.0 - 5.0 
0.35 - 0.75 
0.75 - 3.0 
0.7 - 1.7 
1.7 - 2.1 
2.5 - 3.3 
3.3 - 4.0 
2.3 - 4.25 
1.75 -4 .2 
3.75 -4 .2 
0.45-0.95 
0, 95 - 1.55 
1.55 - 3.9 
3.9-4.75 
1.3 - 2.(i 

(l.25 - 1.1'15 
l.85-3 ,1 
0.9 - 2.6 
1.8 - 3.25 
3.25 - J .8 
0.9 - 2.5 5 
3.0 - 3.8 
0.75- 1.4 
J.4 -4.0 
0. 1-0.35 
2. 1 - 5.0 
0.9 -1.4 
4.2 - 5.0 
1.85 - 2.45 
2.45 - 3.75 
2.6 - 5.0 
3. J - 5.0 
0.2 - 0.1) 
2.6-3.7 
4.2 - 4.4 
3.8 - 4.55 

Litholo 'ie 'f\' Ie 

$;UIIJ), sill soi ls 

2 I') 
21 1 
2 J I 
, 29 
2 4 

232 
2 5 

2 15 
2.3 1 
2.3R 
233 
2.3 1 
, 21 
231 

'" 2.43 
233 
, 28 
2,29 12 
, 3' 
231 
2.15 
2 ·18 
23 
21S 
23 1 
227 
2.19 
2 44 
237 
2.35 
2 42 
216 
2.4 5 
2.37 
2,)4 

22J 
,2 

2.37 16 
2IS 
2 29 14 

236 
242 3 
232 
2 4 n 
2 J I 
2 26 4·1 

222 62 
233 26 

SliUtl iii I d~, 
'4 

I') W 12 
4~ 48 7 
1 1 H 12 
21 jlj 20 
24 6~ II 
22 (,(, 12 
K "iK 14 

22 48 10 
11 59 10 
26 59 15 
1S j2 11 
4-' 48 R 
-17 .. , K 
24 67 9 
21 41) 2ft 
10 61 7 
47 46 7 
1·' j& 8 
1(, j8 1,1 

26 61 I) 

1·1 62 4 
2:'; 62 11 
46 48 6 
26 jl} IS 
"4 .sO 6 
22 67 II 
18 j9 1 
27 6R S 
20.'1 29 
10 '6 14 
24 66 10 
12 62 (, 

II 64 22 
20 58 22 
21 74 5 
7 1 27 2 
55 J9 (, 
77 19 4 

42 38 " 
7.J 20 7 
34 29 ) 
56 41 1 
68 2.s 4 
51 J9 8 
.IS 16 2 
56 40 4 
10 2l 1 
14 22 2 
10 40 4 

Table 7.4 Specific gravity <l lld gr<lllll lomctfiC cOIIlp05 ltlon orthc SOils or A\\3S5.'1 arc.1 



Grain sizc analysis was carried out Ii 11 '1 . or a SOl s.lt11plcs brought from the lest pits accordll1g 10 the 

ASTM (0 422) procedure. The allah'sis COI1SI l:d r. d _ 5 C " rsl I) illS the soils S.1nll>lc and then puhcnsUlS II 

before letting run through a nest of sie"es, '1'1 Ie SOil passing the 0 10 5 IC\ 'C \\3S SUbJCC\L'(! 10 

• • . "'" uy a p ot 0 ])CTeenl filler (1'a551118) b) hydrometer analysis and the resu lt obtained was C' I) ,cs'~1 •. 1 r 

weight verses the size of the soil panicles ill millnllclrcs on a log scale From the cunc thus dr:n\1I 
• 

the relative amount of each type of soil constituting the sample was computed The Gram sm.: :\11(1) IS 

rcslIhs for all the samples tested in shown in Table 7 1\ and their T';l.IIgc of dl stnbut lon III fi~ 7 I 'I he 

size range of each group was adopted frolll ASH·'" (> 4 75 IIlIn-gra veL 4 75 - 0075 mill - 5:1Ild. 

0.0075 - 0.002 mm si lt, and less than 0.002 I1l1n clay). 

All the soil smllplcs arc comp05(;d of a rclati ve l)fOPOl"lioli of dlffcrCllt S17.c groups as naturall, 

cxpected, although one group dominatcs Ihe others in fclall\'C perccntage Silt and sand SI7.c matenals 

predominalc in most of the samplcs with fcwcr clay and gravel SIZC l1l:ltcrI:ll s 11le r:lllgc of gr:llll SllC 

distrihl1tion for the diITcrcnl lithological type soils is presented 111 Table 7 S Though. the SOils grotllx:d 

undcr the clay lithologic type contain I:ngc prol>OfllOIl of 5111 :ll1d sand Sile matefl:ll s as comp:ut:d to 

the clay size matcrials, thcy were idenlifi(.'(! as clay soi ls III the field all the baSIS of field Identification 

tcsts. This is confirmcd as discllssc<l laller through the rout ine Iabor:1lory :l1l:1I}sis :lnd usmg the 

Uni fied Soi l Classification Systcm. This could l>c due to either Ihe Sill is of finer Silt I) pc :1ppro."Iclllng 

clay sizc material Of the clay sizc materi:ll s arc of :1clivc tYI)C diclallllg the prOI)Cll), of thc SOIl mass 

G rll\'cl S~nd % Silt "/'. Cilly % 

'1 ... 

Clay Soils - 8 - 49 39 - 66 7 - 34 

Sandy Silt Soi ls - 14 - 47 4' - 74 3 - 29 

Silty sancVgravcl 3-62 14 -77 16 - II I 2 - 8 

soi ls 

Tablc 7.5 Ranges of grain si1.1,; dlSlflUUtlOiI of the v:lnOliS SOil t}PCS 

"'. 
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7.4.2.4 C onsistency (AttedJcrg) L imll' " II I ' • 11( li t rl: V:tlll es 

l1le degrcc of coherence betwccn soil ' I pJrlle cs ( COlIS IS I f.:nc~) IS :111 nnl)()rlallt properh of fine 

soils. Their engineering usc is a function of II 115 proven} \\lK,,1 line soils (srlts and cia,s) arc 

rcmoulded over a wide range of water COntent II . lC COlIs Lst cnc~ C311 \ 3r~ to ::I SIC.'" e,<lenl 11)( 

consistency of the soils in the study area was roughty dclcrm11lcd III the field as soil, finn. lifT 3nd 

hard using field identification tests To o · d f I . pr \c an (IUanll y t Ie range of COllslsteI1C). Ihe Allcrbcrg 

limits of the soi ls is determined in the laboratory according to Ihe ASH ... ! procedure. dcsignatlon 0 

43 18 . From these limits index values arc calcuhllcd 

The results of the Attcrbcrg lim it tests, liquid limit ;md plastIC 1111111 of soil s..1 ll1plcs :11'1: sllO\\ n 

in Tablc 7.6. TIle result show thai the clay soils have liquid Ilinits in the range from 280 to 53% and . 
sandy silt soils from 26.7 to 56%. 'nl( .. 'SC soi ls have ,,!:aslle IlIllItS inlhc range from 132 10 29~o and 

24.2410 33.9% rcspcctivd y. l11e fine portion of 5;1Iy s..111d and gravel soils arc non plastiC e..:ccpt for 

fcw samples where they have got liquid limits ranging frolll 33.8 10 49 5% and plasllc 1I1ll1is til the 

range from 25.87 10 31.13%. llle comparison ofthc plastic Ilinit \\ llh thc 1H(lIstUI"C contcnl oftl lC SOils. 

fo r wh ich moistu re contcnt is detcrmined, indicates Ihallhcse soils wcre abo\'e IhclT plastiC state " hell 

thcy wcre sampled out. 

Plasticity index which is shown in table (7 .6) is the mli llenc;I! dlrrerence Ix:lwccn the liqUId 

and plasti c limits. It represcnts the range ill water content through \\ lllch a SOil IS 11\ a plasllc slage 

As seen in this table (7 .6), the clay soils have a plasticil ), imb of 7 -24 0 % and thc sandy Silt SOIls 

have in Ihe range from 1.89 to 25%. 

Description of plasticity of fi ne soils in terms of thcir range of liqUid 1111111 and plasllc l l ~ IIKk..: 

are givcn in Appendix D. Comparison of thc liquid limit and I)las t l c lt ~ IIldc'l: of the soils of the stud, 

area with 
I I 

'

f II e line SOils h:l\c 10\\ \0 IIllennOOmlc 
ranges givcn ill these tables 5 lOW I lat mOS 0 I 

. I I I so·ls h:l.\'e relat ivcl), larger plaSllcll\ IIldcx ,·:tiucs 
liquid and plastic [iouts, thoug I t Ie C ay I" ' 

. .. . ., I ' \1 bolh SOil types and/or Ilnllor dlfTerence 111 Iilllleralog) 
be duc to domlilance of Silt size lllalcn.1 s 1 

. . cd b I clali vc!y active cia)' nlllleral s than the s..1nd) s.lt SOils 
wherc the clay SOLis are donllnat } r • 



S:u~lc De It II m 

Tp4-S I 
Tp5-S1 
Tp5-S2 
Tp6-S I 
Tp6-S2 
Tp7-S I 
Tp7-S2 
Tp8-S 1 
Tp10-S1 
Tp IO-S2 
Tp 13-S 1 
Tp14-S1 
Tpl-S1 
Tp l-S4 
Tp2-S2 
Tp2-S3 
Tp3-S1 
Tp3-S2 
Tp4 -SJ 
Tp4-S4 
Tp5-SJ 
Tp6-S3 
Tp8-S4 
Tp9-S I 
Tp9-S2 
Tp9-S3 
Tp9-S4 
Tp IO-S3 
TI>I I-S 1 
Tpll -S2 
Tp12-S2 
Tp1 3-S2 
Tp13-S3 
Tp14-S2 
TDI4-S3 
Tpl-S2 
Tp l-S3 
Tp2-5 1 
Tp3 -53 
Tp4-S2 
Tp6-S4 
TpS-52 
TpS-S3 
Tp 10-S4 
Tpl l-S3 
Tpl2-S 1 
Tp12 -SJ 
Tpl2-S4 
Ti>13-S4 

0.5 - 0.9 
0.45 - 1.2 
0.2 - 2.3 
0.45 - 0.85 
0.85 - 1.75 
0.65 - 1.05 
1. 05 - 1.4 
0.45 - 0.5 
0.4 - 0.5 
0.5 - UI 
0.45 - 1.8 
0.4 - 0.9 
0.2 - 0.75 
.. 1.0 - 5.0 
0.35 - 0.75 
0.75 - 3.0 
0.7 - 1.7 
\.7-2 .1 
2.5 - 3. 3 
3.3 - 4.0 
2.3 - 4.25 
1.75 - 4.2 
3.75 - 4.2 
0.45 - 0.95 
0.95 - 1.55 
1.55-3.9 
3.9 - 4.75 
1.3 - 2.6 
n.25 .. 1.85 
1.85- 3.1 
0.9 - 2.6 
1.8- 3. 25 
3.25 - 3.8 
0.9 - 2.55 
3.0 - 3.8 
0 .75 - 1.4 
1.4 -4.0 
0. 1- ()J5 
2.1 - 5.0 

4.2 - 5.0 
1.85 - 2.45 
2.45-J.75 
2.6 - 5.0 
3.1 - 5.0 
0.2 - 0.1) 
2.6 - 3.7 
4.2 - 4.4 
3.8 - 4.55 

Lithulu -it.: TI Ie 

Chl~' Suil~ 

S;lIltly silt soils 

Silt)' Santl/gnl\'cI Soil 

LL I'L 

" 18 
3055 
359 
' 63 
)51 

51 9 
'0 8 

31 
49 )15 

51 
30. 16 

2l 
21 

21 J7 
24 117 
2658 
2484 
2' 2 

21 25 
2l 

2722 

2' 
Il22 

1'1 

7 
7 

918 
II III 
1972 
10'" 
217 

17.55 
11 

22 61 
24 

1694 
314 292 1 189 

52 26 25 
51 11 20 

2)1 224 24 3% 
267 25 11 I 57 

5] 31 2 1 
396 31H6 574 

56 12 2", 
2' 5 2562 2H8 I,., 2928 181 2 
15'.1 lOS"' 516 

11 29.7'.1 12 1 
50 2902 20911 

385 10J5 8 15 

4l1S 31 17 17 43 
459 2998 1592 

17 285"' 8 016 

4951 1 11 18J7 
118 25)17 7.91 

.14 55 10 59 11 96 

Table 7.6 Altcrbcrg limits <111<.1 plastici ty illdc;\ v:Ilncs or Ihc SOI ls or AI\-;JSS.1 :Ire.1 
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In this work, it is also ;atlcm lied • I to evaluate the appllc.l llon of the one 1)04111 method( IUldl, . 

1992) for the determination orthe liquid limit r I o I )C soils of the 5lud~ area IllS found out that the one 

poi nt method usi ng Equation (74 2 43 ) . .. gl\ C$ rclall\cly comparable \'alllC$ 10 the liquid hllll! of the 

soils dClemlincd by thrcc point method (table 77) -11 I liS met lOd t.1n be used for simple Pr3Cllc:1I 

applications bUI it wil1 nol 10tall" rCI)lacc Il le Illrcc I ] . l)Qull met '00 

U(%) 
N 

= '" (- )" 
2S 

Where w (%) is the water content corresponding \0 the !lumber ofblo\\$ N. and 

74 2 43 

n, an index whose value vary from 0 121 100 068 An average \ aluc of 0 1 

gives best estimate for the soils or lhc stud) area 

LL (%) is the liqu id limit determined by one 1'0 111\ method 

7.4.2.5 Acti"ity orthe Clay Soils 

From the result or AHerl>crg limits and particle size dlslnlllllioll dGterllllllatloll . II IS tnod 10 

estimate the acti vity of the day soil s of the study area (table7 X) The aCII\'II)' or cia) soils IS SlIl1pl) 

the ratio of the plasticity index to the clay fraetioll ill percellt of the II hole soil ·1 he result shol\ that 

the clay soils of the study area havc activi ty vil lues of 0 55 to 2 12 . Ie 111 the r;lIlge of 1I1:lCtl \C \0 

highly active clays according to the classificatiol1 by I IC.1d (1984. AI>pclI<l1'I: I)) 

Sam lte U-rllth (III) Utimlu"ic TI Ie ,\ l·,il il\ 

TI>-,-51 o .'i - 11.9 
II ~5 

TrS-S I 0.45- 12 
1 liS 

Tp5-52 0.2 - 2J 
11 77 

Tp6-S I 0-"5-0S5 
0 59 

Tp6-S2 0.85- 175 
1.79 

Tp7-SI 0.65· I 05 CI:I ~ Suils 09 1 

Tp7-S2 l.05 - 1.-1 
0 10 

Tp8-SI 0..\5 - 05 
059 

TpI O-S I 0.4 - 0.5 
I I 

TpIO-S2 0.5 - 1.8 
151 

Tp 13-S 1 0.45- 18 
18 

r;II4-51 0.4 - 0.9 
212 

Table 7.8 Acti v il ~ of clay soils of Awass.1 arca 
\ 



7.4.2.6 (free Swell 

This test is a very simple laboratory test proposl'd b) Gibbs and lIoltz (1 956 III Gmn.,\ Mahan. 

1992). It is defi ned as the increase of the soils \01 . fi LI1ne rom a loose dl) I>o\\dcr fOlln "hen II " 1)()lcd 

into water expressed as the percentage of II ,. I 1 IC ongma vo ullIe '!l1C ICSI gives a fall' apP'O'l;UllaiIOlI of 

the degree of expansiveness of the soi l sa1l11llc F 1 '01' lie prcscnt \,olk. Ihe tcst IS C.1fnOO out b) ponng 

very slowly of 10 cubic centimetre of that pa ri of the dry 5011 passlllg 0 40 su,,,,e mto a 100 cubic 

centimetre graduated measuring cylinder and letting the contel1l st:md for appr())urnatel) I\\enl)' four 

hours ulit il a ll the soil cOlllllletciy seules on the bottom oflhe C) Imder '1IICn the final \olume of 50tlls 

noted . 

~/:~'i~II~"~1 ~" ~II~/I~I ~1II~e:..::-~/~I~II~I:It:' I_,~'o~/:::1/ 11/ e () (' .W" Free ,nllell (%) :: _ J 
I " ilm/ l'u /lllll e 

x 100 

Tab le 7.9 shows the frcc swell values for thc tested samples The soIls f the slUd) arc.' exhIbit 

diffe rent ranges of frcc swell values, • 29 to 30% Accordmg to I lead (19g4 111 Lulscgcd Ayalc\\ , 

1992), soil s with frcc swell values less than 50% nre not Irkel) to sho\\ e.xpa nsu'e prol>C'lIcs IlCncc thc 

soils of the study arc call be considcred as lIoll-c-: paIlSI\C 1I01\e\er. the negal1\ C valucs 11 )(;.'11 that 

therc arc reduction 111 volume due to hydro- cOll1paclioll Il hlCh IS COl111110nly a property of collapsible 

soil s. Collapsible soils arc soils Ihat arc suscepl lble to la rge decrease 111 bu lk IOIU IlIC "hen Ihe~ 

become saturated. In most cases the deposits arc characlcrr st'CI b~ loose structures of bulk~ sh:ll>C<i 

grains, often in the silt to rine sand size range (~'l lt chcll . 1976) They tIla) be rcsldual, waler 

deposited, or aeolian dCl>osits (Dudd y. 1970 ill Mitchell ,1976) 

Large negative values arc obscr.'oo for sand) Sill and S llt ~ sandlgra"cI soIls espcclall) at 

depths of below 2111 which could be of collapSible sollt) I>CS '111C confirrnallon of these SOIls ",catilCr 

thcy belong to collapsible type or not rC!llIircs (\ctall IIn cstlgallon uSlIlg undisturbed s.11nplcs At tlus 

. ', ' rtl "'o,,,"'g that l)rccaul1ol1 should be takcn III thc foun<1.1llon deplh of large scalc 
pomt I IS wo I men .' 

. . , , "',,cc thcse soils arc dlstnbu ted allllostl1l all oflhc IIll cstlg.'\ lcd area 
engllleenng s rue [lrcs . 

'J\ 



Sallil .1, DClllh ( III) l ithologic T, Ie 
Tp4 -5 I (l .S - 0.'1 

rrrc m r ll (-'O) 

Tp5-5 1 0.<1 5 - I 2 
., 

Tp5-52 0.2 - 2J 
71 

Tp6-51 0.<1 5 - 0.S5 
l\ , 

Tp6-52 0.S5 - 1.75 

" Tp7-5 1 0.65 - 1.05 
Tp7-52 1.05 - I 4 

Chi) Soils II 
1C' 

Tp8-51 0.45 - U.S 20 
TplO-5 1 0.4 - 0.5 11 :' 
TplO-S2 n.5 - I X 2' 
TplJ·SI 0.45 - I.X II 
ITI>14·SI tlA -n.9 II 
Tp l-51 0.2 · 0.15 "' Tp l·S4 4.tI - S.O -175 
Tp2-S2 0.35 - n.75 10 
Tp2-53 0.75 - 3.0 17 
Tp3-S I 0.7- 17 0 
Tp3-S2 1.7- 2.1 Santiy sill suib 0 
Tp4·S3 2.5· 3.3 - IB 

Tp4·S4 3.3 - 4.0 45 
Tp5-S.1 2.3 - 4.25 ·29 
1'p6-S.1 1.75 - 42 ., 
Tp8-S4 3.75- 4 2 1(, 5 

Tp9·S I 0.45 - () 95 I> 

Tp9-S2 0.1)5 - 1.55 211 

Tpl)-5.1 1.55 - ltJ -20 

Tp9·S4 3.9 - 4.15 ·20 

Tp1 O-53 1.3 - 2.6 " Tpl l-S I 0.25 - 1.85 17.5 

Tp l l-52 I. R5-3.1 III 

Tp 12-52 0.9 - 26 ·20 

Tp 13-52 1.8 - 3.25 20 

Tpl3 -51 3.25-38 25 

Tp 14-52 0.9 - 255 
, 

ITp,,·s 3 3.0-3.8 10 

Tp l-S2 0.75 - 1.4 " 
Tpl-S3 1.-' - 1.1) · 11 

Tpl -5 I 0.1- 0.15 75 

Tpl-S3 2.1- 5.0 0 

Tp4·S2 0.9 - I " 
0 

Tp6·S4 4.2 - 5.0 ·25 

Tp8-52 1.85-245 S ilt~' S:uHlIgr:nd Soil - I (, 

Tp8·S3 2.'15 - 3. 75 
-175 

TplO-S4 2.6 - 50 
· 10 

Tpl l-S3 3.1 - 50 
·10 

Tp1 2-51 0.2 - I) 'J 
10 

Tp1 2-51 26-17 
-12 5 

1"pI 2-54 " 2 - 4 4 
·20 

T)) 3-54 3.8 - 4.55 
· 15 

Table 7.9 Free swell (%) ror SOi ls or Awass..1 

')I 



7.4.2.7 Other n.clcv:lnt Engincering I'rollcrtics 

Due to lack of undisturbed soil s:UlIplef and In Situ tcst Ctltllpmcnl. dctCrll llnatiOlI of JOI I 

properties that require undi sturbed samples were not carned oul III the IHcscnt \\ Olk 110\\ c\'Cf. frol11 

existing site investigation rel>orls and recommendations a sunllnary of Ihe range of \'al tles of some of 

these p roperties for the soil types inlhe sludy area is prcscnted III table (7 10 ) In 511u Icst rcsulu tlle 

also included. 

Soil t)'!>e CI;I), SOils Sand) Silt SIlt ) s;mdlgr.nc1 

SOils SOils 

Shrinkage lil11i t(%) IS ·21:1 0- 30 o . 21 

Dr." unit wei ·hl (KJ!Jm ' ) 79 1 · IHO 6~R · 1160 9 17 · 1H O 

Natural unit wci ,hi (Kg/III' } 11'.17 · 1750 816 · 11:1 111 1159 · 171U 

Void ratio l OS · 20 1 1002 ·2 S1 0 81} · 1 85 

Unconfined compressil'e Siren ·th (K~cm 14 · ]5 OK· 1.1 09·2 

An ,Ie of internal friction(4I) 22 . J2 21 . 18 21 ·36 

Col lesion (KJ!Jcnr' ) 0 01 · 0.05 000 ·0 0] 000 - 003 

Standa rd l)cllclTation lest (SIYI')(lJlolI's II · 40 l1 · n 19 -36 

Table 7.10 Compiled relevant geoteclll tic:11 properties of so,ls of the study area 

(WI/fee: A rehiw.l' o.//Jl/lftllll)! J)e~'II-:/I '~i l/ f!"IJ/'/le (I/1(l lJlllldmg Col/lige So li I I!I/mg 

lJel'm/ mem.l) 

-



Chal.ter Eight 

Enginee ring Geolo " .. I CI ' , gu.:.1 :ISS lfica liOIl uf Ihe soils :1II1I rocks 

8. 1 General 

Engi neering gcologic.ll clas "1i . • 511catlon Im ot\cs gfoupmg of soils :md rocks miD c.,legoncs 

which exhibit similar propert ies so as to IHovidc I a S)Slcm:u.c I1IClloo of dcsc.npl lol1 11K! cia Slfic.1\10I' 

usually takes into consideration both Ihe field ;1l1d ""bor,'"o,') resli lts then \\ Ith a j 01ll1 gUld:lIlcc II IS 

poss ible to identify. characterise and dclinC:l\C uniform SOil :lIId rock I ~ I>CS 

8.2 Class ification of the so ils 

The classific.llion of soils illlo different groups has IJccn CI11I)lo\oo dlffcreml, III different 

disciplines. However, a classification that has cngmccnng applications IS \\Idel , emI)l cd 111 

engi neering geological and civil engineering dlSClpllllCS These claSSlfic.ll10US l11\ ol\ c a COlllbm:ulou of 

parlicular size and measures of plaslicity and arc a lexlural • pIaSIICII) SOil classlfit.'lIIOll 0' he 1II05t 

widely used ones arc those Ihat divide SOils 111 an orderly, casll) rClIlel1l\x;nxl S)SICm of groul)!, or 

classes, that have similar physical and enginccring propel'tles and that call be Ident ified b) SII1II)lc ami 

inc:-': pcllsivc tests (Johnson, I ~MM) . These groups Ideall) pro\ lde eSllIl1atcs of bolh the englllccnng 

characteristics and performance of soils for deSign and const lucllOIi cnSII II.'Crs 

In Ihis work the Unified Soil Classification S) SICTlI (USeS) IS cmplo)oo °l1l1s syslcm \\ as 

developed co-opcralivcly by the U.S Arlll) Corps of EIlS"I1.'Crs (US/\ E) and thc S Bureau of 

Reclamation (USBR) and published in 1 ~53 b) bolh agenclcs (USAE, 19Y\' USOR. I II~J ) II has 

since been adopted by Ihe American Soclct ~ for Tcsltng and blcnals (AS-I I. IQ83 111 Johnson. 

198&). It is routinely used \\'orld-\\idc and IS acccpted as for mtcrnallonal S~cdlll ;C.3 1 COfllIll Ulut.'l tlon 

(Mirza, 1982 in Johnson. 1988). 

111e uses method is basl.-d on grndlllg of the conSlI(uel11 particles and plaSIICII) fi ner 1h.11l 

0.425 111111 . Accordingly. when 1110re than h:llf of the 5011 s:Ullplc IS larger Ih:l11 thc 0 200 SIC\C. II IS 

I 
0 d ' cd ""d is further slI lxh\'Ided bv SlC\ illS :lnd grad.1110n Whcn rnorc Ih.11l half 

c a SSlllC as coarsc gral1l " . 



&impl .. 

T1'4·S I 

TIlS-S 1 

Tp5·S2 

TpG·SI 
Tp6·52 

Tr7·S1 

Tp7·S2 
Tplt-S I 

Tr IO·SI 

TI, IO·52 

"l"1'13·S1 

1"pl405l 

1"pl·SI 

Tpl·S4 
Tp2·52 

Tr2053 

Tr3·S1 
'l"1,]·S2 
1"[>'I·S.1 

II~I ·M 

I"pS·S3 
Tp6·SJ 

Tp8·S4 
TfI905 1 
'1'1'9·52 
TI,9·S3 

TfI9·S4 

Tr IO·S) 

TI' II·SI 

TI, II·52 

"l"p12052 

"l"pl3-S2 
Tp13·S~ 

"1"1,14·52 

"l"pI4-S3 

TI'I-S2 

Tr l ·53 
Tp2·S I 
Tp)·S) 
Tp,I·52 

Tp6·S4 
TpS-S2 
TpS·S) 

Tr lO•54 

'l"p l l ·S3 

TpI2·SI 

"l"pI2·5J 

T1' 12·S4 

Tp D·s.! 

l .... pl h (ttl) 

0.S·0.9 

0.45 · 1.2 

l),2·2.3 

O.4~· O, 8~ 

0,S5· 1.75 
0.65· 1.05 
1.05·1.4 
0.45 ·0.5 
0.4 . 0.5 

0.5· U 
0.45·I.H 
0.4 ·0.9 

0.2 ·0.75 
'1.0·5.0 
0.35·0.75 
0.75 · 3,0 

0.7 ·1.7 
1.7 ·2,1 
2 5·.1..' 
,1.-'.4.11 

2.3 . 4.25 
1.75 . 4.2 
3.75 · 4.2 
0.45·0.95 
0,95· US 
1.55·3.9 

3.9· 4.7' 
1.)·2.6 
0.25· 1.85 
1.85· .1.1 

0.9·2.6 
1.8·3.25 
3.25· 3.8 
0 .9·2.S5 

) .0·3.8 

0.75· 1.4 

1.4 ·4.0 
0.1 ·0.35 
2.1· 5.0 
0.9 ·1.4 
4.2·5.0 
1.85 ·2.45 
2.45 . 3.75 

2.6·5.0 

3. 1·5.0 
0.2 ·0.9 
2.6· ) .7 

'1.2·4.4 
:1.8 • • 1 ~, 

(.l;,}, S .. il< 

Silly S:.ndl~r,..-rI Soli 

" 

" 

J 

J7 

" 
" l(, 

Sa.,. o.Ih 

'. 
"9 J9 

31 " 
21 ''1 
2" 6~ 

21 " . " n <4H 
JI ,') 

1(, '9 
., '2 
"" ~ 8 

" 2J 
JO 

" .. 
"" y, 
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of the soil sample is smaller than the number 200 
5IC\ C, II IS class.flOd as line - gr:unod and IS 

subdivided primarily by li<luid limit valucs and ,l.-., r ..... ~rcc 0 plasllcll\ COIIlIlW'll ,I} \lS1II8 the I)WI IClh ch:ut 

or A- line diagram. This classificatioll IS In ..... " ,cd • ... I) • """II 11\ "1)I)Chul \ 

The soils of the study area. ;Iccordmu '0 ,",, el.,,,,',e."''''' 1:1 . , II .. scheme. arc dOUlln3nth fine 

grained soils with intercalation of Co.1rsc gra l11cd so I, s r i I ' II • I Dine 0 I )C SOl S 1:'1 abmc the i\ ·hnc :lIld IllOSl 

below the A-line. showing the dominance of silty soils III Ihe arc.1 (t able 8 I and fig R I) ~ Iost of the 

soil s belong to ML (inorganic si lts, vcry ti uc sands, rock nour. Slit} or cla} c~ li nc 5.1Itds). 

SM ( silty sands, sand - silt mixtures) and CL (morg:uuc d a)s of 10\\ to mcchulIl plasllclll , ~I . l ei) 

clays, sandy clays, silty clays, lean clays) and rew arc III groups 1\'111 ( II rg:ulIc SiltS, 1I11C.1CCOUS or 

diatomaceous fine sands or silts, clastic SiltS). e ll (lI1orgal1lc cla)s or lugh plastlclt). r.11 cln, ) and 

GM ( si lty gravels, gravel·sand-clay nu;\tures) 

In table( 8.2) a general perrormanee charactenstlCS or uses group IS prcscnted FrOI11 ti llS 

table, it can be sccn that the soi ls or lhe area "hich most I) Ilclollg to I t . S I and L group. 11\ the 

uses arc in the range rrom poor to rair ror most CIVil cllglllccrinS I\Olks c\ cept ror M soils \\111 h 

can be good to some or civi l engin{,'ering \I olks 

The lithological types described 11\ Ch:lptcr (7) Ilell lIIuch \ll th the d0I11I11:1II1 cl:lsslfi alto" 

groups. The clay soi ls include lhe CL alld Cl i glOUI)S. the silty saud :lud sill) gr.l\ els arc grouped 111 

the uses as SM and GM rcslx:cli vciy. The sandy silt sOils grollp(.xi as MI... :lnd ~.'1I1 lienee. the 

description given in chapter (7) for the lithological t)'lX:s appllcs also to Ihese groups 

8.3 Engineering Geologicnl Classi fi r.alioll or norks 

11le bases ror the classification of rock WiltS 111 the s t ud~ arc.1 IS Icstnctoo OU thclr IIlholO8l 

. I C I , . I " re"",h as Uclerl1l1l1(.'(1 bl Ihe usc of Sc1l11udl hamlHer ICSI :lud 511111)le 
and mdex va ucs lor I Ie lila ena ;.' . 

field hanmlering tests. In the area invcstigated. the bmld up areas and (he posSIble areas of C~pallS l0l1 

f A I d
·m re,"')·')(.'s of rocks outcrop bas..1lts \l1lh associated scona. rI\~ oh le5 and 

o wassa town, t Ircc I e 
. I . ' ·ed OUI on rcprcscl1lall \C rresh bas..1lt and rh)ohtc s.1Inplcs 

hyaloclasites. A chemical ana YSIS IS carn 

".',e anal)'sis is carril.-d 0111 for Idenu lic.111011 and assessmcnt or occurrcnce 
and presentcd in table (8 .3 ). 

. . . I e or (hese rocks ror ellSll1ccrlllg purpose 
of defective substances whIch UllpaJr t Ie us 



Basalt s: these rocks outcrop On II I lC SOut l-c.'lsICm Side o f II . IC 10 \\11 close 10 1 txtl le 1'3Clon 11)C\ art 

black III colour and occur in a form of ~.I . IIlwllJlll 10 vcr-. large blocks ' o . • • ronn1l1g :I ~ma ll ndgc runlling 

110 S along WIth the associated seori Tl b a. Ie asalts knc a \cslcular (C\lu re and '.5 more of scoratlOUS 

type . As Sl'Cl1 in table (8.3 ) these rocks \' I call .1111 o\\ cr :\ll lOtl1lt'l of S,O hence arc of good rocks as 

concrete aggregates . When these rocks arc hammcn:d the., g l\ C SH OllY n.:bound and 1C(ltllfC 11\311\ 

blows of a geologica l hamlller 10 break iUI 'lel rock 5" 1' I ., 1' ~'C111lC IIS . lCI1 CC descnbed as \cr) strong rocks ( 

Grade Rs ) according to I-lock's CJ- T . • ISSI 1caii01l (Append!',,: I) Ho\\c\ cr, from the results of Schtllldt 

hanlmer test perFormed in Ihe field Ihe strength of these rocks mnge from 290 • SIC-'lICr than MO 

Kg/em2
. Except for their limited volume these rocks can be good SOl r f ' , • J CC$ 0 aggregate lor concrete 

and asphalt. 

Rhyolites: These rocks fonn isolated ridges in the eastern and 5Ot.Ith-c., Slern Side of the 10WII When 

fresh they arc gray i ll colour. Thcy arc fine gramed III texlUfC :1IId ilia) n.:'qUlr e 1)clrogr.lphIC Of 

chemical analysis for idcntification. The chemical analYSIS result IS prcscnt ed III table (8 1) 11M:' al e 

fractured and slightly weathered in most of the top pan and alol18 Ihe fr:lClUrc 1)lanC5 Those 11\ thc 

eastern side arc normally ill medium to very large block forms fonnmg sm:llllll1l5 ' 111C Ihyohtc ndgcs 

to the sOllth--castcrn side arc also fractu red but not III scparated block} forms 'nle fracture SIl:lClIIg 

ranges from less than 2 em to grater than 1m The)' sho\\ flo\\ follal1011 oncl1tcd III 70" E \\ Illch adds 

the anisotropy of these rocks, Due to this intensc fractunng thc} arc e.'lsll) quarncd for lood 

const ruction as well as for concrete aggregate 11lese rocks arc descnbed as \'cT) Slrong rocks (Gmdc 

R
s

), according to the Hock 's classification (AI)pendlX D), 011 tIM: bases of field hammenng tcst 'nK:, 

give a strong rebound and require man) blo\\ s 10 brc..'lk Ihel11 From field Schlll<JiI hammcr test result. 

it is found out that these rocks havc a strcngth mlhe rangc from 310 to grealer Ih.," 700 Kg/cm} 

Since the rhyolite ridges arc widely used as a source of aggrcgate. vanOUS aggregate tcsts were earned 

out in this work to evaluate their performancc ( table 8 4) As seen III Ihls table these rocl.s arc of good 

quality as an aggregate source e,'{ccpl for Ihe high slhe., contcnt \\ llIch lIla~ be actl\'C for alkali - slhc.'l 

reaction whcn Ihey arc used as concrete aggregate 



Table 8.3 Chemical analysis data for rocks of the stud ) area 

Sultl l,lr Loc"Uu SlO, AI,(), 
T\'D~ 

t-f,o) ".0 ,' Ito 1\_,41 ' ,0 """ ' .. ',0, II ,U , "' " l.wall Tu",,,,... 47.92 lH:7 12.32 .. , ", Kika '" ... '" .. , ." ." '" Rh~'Ol ilr 

Table 8.4 

I B" lk 
I 9"lk 

~' 

75.112 9.94 430 0 1-\ ." '" ", 

Aggregate test result for the rhyoli te sample from Kika ndgc 

I , 

c "mv;,y 

1'<>, "" "', 
10/; loss 0," 

• """ JI) IS 
aJ; ' :95% 

) 50/. 

... '" ... . .. , 

I-I yalocl astites and tuffs: As described in clmptcr (3) these rocks fOflll Isolat ed Oat loped 111115 m the 

study area concentrated in the eastern and south eastern side. They arc light gray to yeIl0\\l5h III c lour 

and contain large blocks of dillcrcnt rock fragmcnts cml>cdded III fine gralllcd matn" They arc hlShh 

weathered and affected by two sets of joints oriented N 301) E and N 11 5
11 

S The Jomts arc field III 

most of the places with calcite and clay like materials and arc elose to \\Idel) spaced ( 2 cmlO 1m) In 

.. 

some places these deposits show layering_ According 10 the samc classification system used for others. 

these rocks arc described as rocks of very weak 10 \\eak strength (grOlII) R. - R, ) 011 the bases of field 

hammering test From Scilindil h:111l11lcr rebound lest perfollned III the field_ these rocks 11.1\C 

compressive strength values ofless Ihall 100 Kgfcm
J 



Chal)tcr Nine 

Engineering Geologic;l! M:IPll ing 

9. 1 General 

Engineering Geological mapping is a Iype of gl.:QIOSlcal map \\Juch pro\ldcs a gcncrahsed 

representation of all those components of geological ell Vlronment of sIgmficancc 111 land usc plannms. 

des ign, construction and maintcnancc as applicd to civi l and mmmg engmecnng (/\ non, 1912) 

In cnginccfmg geological mapping, the elasslfiCJtlon of I'Ocks and soils arc based on Ihe 

principlc that thc physical or engineering gl.:ologleallHOpCI'IICS of a rock or soil III Its pl'escllt stale nrc 

dcpendent on the combined cffocts of mooc of origin, subsC<IIICIII dlagenellc and tcctOfllC I11Slory, and 

0 11 weathering processes (IAEG, 198 1). This al)proach makes II possIble 10 dctennme thc rc.15Oft not 

onl y fo r their spatial distribution as shown on Ihc iliaI', but also the reasolls ror the IIlhologlcal rmd 

physical charactcristics of thc rocks and soi ls involvoo 

IA EG( 198 1) has suggested Ihe follo\\ ing cI:asslficatl()l1 based 011 hlholog) :tnd modc of Ollglll 

fo r the purpose of engi neering gl.:ologie:lllll:lpping 

Tlte Engineering Ge%gica/ 1)'pe (1:.'1] : has thc highest degree of phYSical homogenell)' II should be 

unirorm in lithological character and physical slatc These lIIIIIS C.'lll be ch:Ir3CICnsed b) SI;lllslleall) 

dctermined values derived frolll individual dctcl'lnin:llions or phYSIC.11 and 111och:lnlCal propertlcs :11)(\ 

arc gcnerally shown only on largc-sc.'llc maps 

I
., / . / 7· (17)· is homogcncous throughout in composit ion. texture and SlruClUre, bUI usuall)' 

~ lt /0 oglca )1Je ~ , 

. . . I . I ( ( Reliable \alucs of averagc lHeehal1lcal propertlcs Co.1111lOt be gu'en for 
IS not uillfonn 111 P lyslca s a c. ' 

. I ·dea of en"lIlccnng properllcs. \\l lh a rangc of ~alues, can be 
the enlire UI1I1: usually only a gencra I . D 

. cd I e-scale and "hcre I>oss,ble. 0 11 tn(xhUlI1 -scale mailS 
presented. These UllItS arc us' 011 arg " ' 

·505 a sct of uCIlCIIc..'llly related hlhologlcal t) PCS dc\clopcd undcr 
l.illtolrJKical Complex (1£): eompTl , . 0 

geoleetonic condItions Wlthm a IlthologlC.11 complex the Sp.1ltal 
specific palaeogeographical and 

is 1I1l1fofl n and dlstlllctl \e for that C(Mlll)lcx. but a hthologlC.11 
arrangemcnt of lithologic..11 types 



complex is not necessarily uniform in eilher hll I lO OSlcai charnctcr or ph~ lcal statc In c:onscqucncc. It 

is not possible 10 define Ihe physical and I nlt'(,: lamcal propertlCS of the \\Ide htldoglC3l c:ompk:x. bol 

only to give data on the individual lilhol 'ICo111 ' og H)C:S compnsm~ Ihe compk.x. bUI onh to &I\C d:U3 on 

the indi vidual lithologiC.l1 types comprising Ihc complex and 10 mdle:lIe Ihe general bdl3\lOOr of Ihe 

whole li thological comple.x . 'l1le lilholl"'leal comlll ' . ~ ... I -0 ex IS u~ as a ma,'pll1g umt on medlUllI - sc.,le and 

some sllla ll ~sca le maps. 

Ulh%gica/ Stlite (U·;): comprises many lithologic:I' complexes that dclclopcd under gCllern ll ~ 

si milar palaeogeographical and tectollic conditions. II has ccrt:un COUllllon I1lholO8lcal ch .. 1mctertSllcs 

throughout which impart a general unity 10 the suile and serve 10 dlsllllglllsh It froll1 other SUlles nl) 

very general engineering geological properlies of a lithological Stille can be defined n lCSC UIUIS (li e 

only used on small- scale mailS. 

A full description of a soi l or rock for engmccrmg purposes III\ 0h cs the ass ignat~l of Ihe 

appropriate geological !lallle together \Iilh as much detailed mfollllalloll as c..1J1 be WILLled fl'Ol1I the 

examinatiull of a sample or exposure. "IC description nlay be systematic If a ImILled mngc of standard 

descript ive terms is used and for Case of applic.1110n each desCI'LI)lOI LlIa~ be claSSified On Ihe other 

hand, a class ification should place Ihe sai lor rock ill a IlI1llh.:d number f groups c;lcll \l lth definable 

properties, which can gIve a good guide to cngimx:rillg IlCrform:l11cc (IAEG. 19K I ) 

In engineeri ng geological mapping, a tlln:c·parl apprOilci l lo cnglLlccnng gcologlc..11 dCSCIII)tlon 

and classi fication has been adopted ( IAEG. 19K I ). 11\ \'011111£ (I) a la,()ItOIllle classlficallOll of rock 

and soil units dcJinc.1led on engineering geo'oglc:,' maps at \':mous scales. (II) a lithologic-'l l 

classification, and the assignment of fundamcntalll1holog1c..'l1 names to rock and SOil IIIIIIS. and (III) a 

description of rock and soil material and nl.1SS and the asslWlIllCnt of dcscnptllc names for rock and 

soil types. In the present study the laller 1\10 are used 

9.2 Delineation and Engineering GcologiclI i e hn f' nc lcrist ics of tit e ~ I :ll1 l' i ng "" its 

n le domain of the engineering geologists IS in most caSes \\ l1h1ll the lOp fC\\ meters of the 

H 
c "1 dCIJOsilS arc of crilieal ulll)Ortanec III an englllcenng gcologlcallllap 

earth's surface. cnce, sun acl., ' 
. .. d' II ,,",crial 11 ll1ch caLl be e'l:c;lvalcd 1\ lll iOUt the usc of c\:plosl\cs or 

"soLl" IS usc lor ai , ' The Icnll 



equipment fo r loosening and arc ''''''' , map""", III all area If Ihclf dud.ness exceeds 1m ( 

Rangers. 1980) . According to this 3ut\ lO"';. the tlnclmcS$ of 1m 1.5 chosen for t \~O rQSOn fir t. !he 

surface morphologv of the underlying bcdr k . oc IS usuall) rcoogmsablc through the O\t!rI ) 1118 10.1 If IlJ 

thickness is less than I m and not rIXnm,'" ,bl I I I - 0" C \\)(:11 I )C I IIckocss e"cccds I m Second the 

engineering geological importance of a soil Co\'cr of less than 1m IS mther IU11IIOO In the Iud, area, 

however, the top 30 to 50 em th ick soil is not enl ,cally c\'alualcd :md ma) not be 'considered for 

mapping purposes since people in 1lI0 st cases c:o.:c., vatc 10 a depth of tins much Ic,d for different 

purposes including for foundation. 

Based 0 11 the IAEG ( \91\ 1) rccollll llcnd:lI IOll , abo"e descnbed. the surface cnglUcclIlIg 

gcologicai lllapping orthe Awassa town area at a scale of I 10.000 IS t.1rru . .'d oot (Appcndl''I( F) on the 

bases of identifying the main lithological units and/or oolllbl l1:1Ilon of UIII I.S lIn\ 111& Sllmb r CIISllttrl l1S 

geological properties, as mapping units. 'nIc mapping Wilts arc ch.1ractenscd and descnbed based 011 

the infonnation obtained frolll licld observation and s,1ll1pllllg follo\\ed b~ systt'tnal lc labonlton tests 

such as index properties. Considering the scale :md purpose of the 11 \:11' and a\ :ulablc IIIfon1\al lOlI fl)l.lI 

lIlappable units arc del ineated and their cngil1e<: rmg geologIcal characlcnSlics 3 f e ddc.nlxd aJ foIl0\\5 

Le(lll allll Fat Clay.~ : this lithological unit comprises the SOil Sroups I ... Cit :lTld the Cl .... t-.,II'" SOils 

They arc dark brown in colour with dark gray vanetlcs They afC sllShlh crackt-d. columnar 10 

prismatic and somctimes havc sub angular blocky Sl nlclure Their th lckncss \ anes both .. el·IIG., I" and 

laterally, ranging from 0.85 to 1I10re than 3 melers These SOils havc n:uurn l uml \\clsht III the range 

from 11 97 to 1750 Kg/m3 and dry IInil weight from 191 to lJ'iO Kg/Ill ' '11K: liquid 1111 111 for tillS 1"1M: 

. I obtained frOlll ex ist illS slle l1l\ cstlg.11 Ion reports 
1.05 to 2.01, respcctlvC ~' . as • 

. I 11Ic.,' USIl:lll ) COIII :1111 :ll)prccmblc amount of Silt and sand SI7C 
suitable as foundation or 1i11 1l1atcf13 

materials. 



Smuly Sill alltl silly S (III J/(irrll'el soils 'l1us umt comprise: the I 
.1 .,. . h SOl groullS M M and G\t Ouc: to 

SIl111 an ICS III t eir engineering propertlcs, excel)! for Anerbcrg 111n1ts "'ocre 1\1 . ~, 

commonly non plastic and dis!·b · . ' (; 

I .r< 

, ' n ullon III Ihe area II I , ' , lCSC Ilhologle;11 umts arc IllJppcd as one UIUI 

1 hey commonly oceu r interstratificd t I I 0 cae 1 other 111C) I ,,' arc Il>'l t gr.l\ and otl\ <: )cll()\\ In cok»ur 111 

dry and wet state respectively. These soi ls bcco do me mlll.'\nt III all the SIICS of the 5hKh area bclo\\ a 

few meters from the surface. The sand ·1 y Sl t sOils are Ihe most dOllllllanl grOt.lllS n~ 501/ group arc 

suggested to be of collapsible type showi ng n.:dllCII011 III \olume \\ hen salu rnlcd 11.c 1Illl>OIlani 

engineenng properties arc presellted ill table (9.1) These SO Lis arc fair to good for most of CI\ II 

engi neering works. 

Table 9.1 Summary of geotechnical properties or sandy Silt and SIIt\ 5.,\lldlgm\'el SOII5 - . 
"rooerties S:lIIlh Sill SiI" S:IIIt1/;;r".l\cI wll~ 

Liquid limit (%) 
Plast ic lil11il (%) 

26.7-S6 nOli )1:1511e 
2<1 2" . 11 i) 

Plasticil,- Index (%) I SY ·25 

Shrink;. 'e lilllit(%) 0· 30 0 ·2J 

Natural unit wei -hi (Kt!lml) !H6· IKJO 11 59- 17)0 

Ullconfined Compo St renJ!.th Kt!lcm· O.K · 11 0.9·2 

An >Ie of internal friction (degree) 23· 1H 21 • 16 

Cohesion (Kulenh 000 - 0 03 000 -0 01 

Void ratio 
1.002 - 2 57 01'9 · 185 

Standard Penetration Test (SIYf) value 11 • 47 19 ·16 

St rong rocks (Basalts and Rhyolites). these units form stlllllic ndges III tile stud} arc..'\ 1l\C', all: 

fractured and commonly occur in medium 10 large blocky forms Tltelr strength mnges rroUl strong 10 

very strong, according to the Hock·s classification system. and arc \\c.,lltercd ont0p parts and along 

fracturcs . From Schmidt hammer rebound teslS perfooned III the ficld tile) ha .. e a COfn pcl csSI\'C 

strength in the range from 290 KgfcI1l2 to greater than 650 kglcm
l 

·n le basalts arc black 111 cok)ur and 

vesicular and scoracious while the rhyollleS afC hght gra) :md sllO\\IIlS nO\\ fo'dmg structurc5 '1lC5e 

rocks arc not suitable fo r foundation from topography pomt of VIC\\ Ilowc\cf. the) arc good sou red 

of aggregates. 

Weak rocks (Hayaloclastites anti luffs) lhese rocks fomuns sl111ple pe.,\ks dlstllbulcd here and there. 

acc vc')' w""k ' 0 w""k rocks (R, . R,) ,lid h'Shl) "","1","" n .. , [onll not ' OPS ,lid ",,11,", 

I'\(' 



dominantl y fi ne grained material \\I\h blocks and boI<k:rs or \ 3nOu rod . h pet: IlIc\ :uc afTlXh:d M 

IwO selS of fraclu res oriented N 30" E aud N 11 5" S \\ Iltch MC IIlOI1 I\ fil led ~ akuc" 1I1d cb\ M~ 

IlKlterial, as discussed in chapter 3. '11\CSC rocks ale unSlutablc ror roundahOlI 

In addition to the above mappable UlIltS, Ihe scorlas arc rn,11"x:d llS separatc UIlIU me-. :m: 

redd ish brown in colour forming sma ll 11I 1Is. and :Ire dorn1l1:1nll) or lallllll 10 block 111£ Illc\ 31C 

widely llSed as a source of constnrction materials cspeclall} for rood C(JIISIWCllon 



C1mlHcr Ten 

Seismici lJ' of lI ,e ' I I II I Y area 

10.1 Seismicity of the area 

Engineering works and cartl , 1 processes mlcrae! III t d \\0 1( lInCI And 11I11)()fttllll \\a\~ I n I 

natural processes influence how structural and other dc\c lrvJ"~"1 oceu., "" ... Second. truchm,:s and 

dcvclol)ll1cnt can aile. I I , na ura processes crcall I , • liS C langes llt.1 ' 1113) be undes_mble (Johnson ' 

D,-G mlT, 1988), 

Forecasting, or prediction, II ' Ie tnl craCllon of cngmccnng \\orks \\Ith c:ulh processes IS 

necessary for safely and reliability. Lo\\fancc (11)76 III JoI","-, • ~ IA.-GrafT, IIJK8) POIIIIS oot thai 

being safe, or frcc of risk, is a mailer of dl:grcc ,," her than Ix:mg :Ibsollilc An clC.:l1l\:1I1 of risk IS 

involved in engineering works, as It is \\llh most human clldc.1vours IC;l.sunng rlsl. for geologic 

processes is based 0 11 knowledge and pnnclples AcCt., ' tabllit) of that measured n k I' gcncrnlh 

dictated by social, political, and economic factors Therc~ re, dl1CIIIIIII1II8 acceptablc fiSk rcqUif ' the 

enginccring geologist to participate in formulating public 1)Ollc) (Johnsoll & O(..{i mn', 1989) 

The Ethiopian rift system. where the study area belongs, the Gulf of Adell nnd the I(cd 5C.1 :ue 

Characterised by a signilleant Sei smic acti vit)' (liS 10 1) '1he) al e cilameICn5(.·d b $C\Cf(11 

illteflllcdiate size (5.5 < Magnitudc (1\'1)< 6 5) and a few i:Hger C:llt h<luakcs (6 5 < 1 <.. 7 5) (Fekndu 

Kebede, et al. 1996. 1997). 

Since seismic instrumental record1llg started 111 EthlOJlla III 19W, a number of dcstntctl\C 

earthquakes have occurred in and around the count !) 'lllls mcludcs thc earth- quakes that occurred III 

and arou nd the study area. For c.xamplc. the A\\:1ss.1 earlhquake 111 1960 \\1111 Mp' 61. the 1983 

Wendo-Genet and the 1985 Langano earthquakes \\l lh ·lb..,.5 1 and Ib 4 6. rcspocll\1:I~ . the 1987 

earthquake episode in the south most rin of Ednopm. \\l lh maXlll1U11l nklgJlltudc ~1s 62 ( r adu 

Kebede and Like Mariam Asfaw, 1996, 1997) and the 1995 J\ \\assa earthquake Ib ~ 0 (Atal;l\ 

Ayele, \998). These recent events indicate the le\'CI of SCISI11IC aCII\ It~ II1lhe stud~ area and 11 R 

TIle occurrence of the various major zones of SCISIlIICiI) and cOI~tal dcfonnallOl1 contrlbutmg 

to seismic haz.:1rd in the region is 1I0KxI lOllS ago 
Ilowcn::r. SCI$nlle source zones wcre 

I '~ 
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not identifi ed until rceclltly. Fckadu Kebede ci al (1 996) 
• Identified elglll source l.OnC:I 10 the fcg.tOll (til 

10.2 ) and presented briefl y the main SCISlllO- tCC\ Ollie fea tures cur rcnlh l.no\\11 for Ql,;h klSrIllC zone 

According to these workers the stud)' A . arc.l . \\assa, IS \\ llhll1 lhc SOUrcc.zonc 2 \,Iuch IS chamctclI5C.'d 

by large and intcfmcdiatc·sizccarthqllakcs \\ ll t a '" I .,- I 1. IOta \1\;1111 romgnlg frOIll 9 10 I ~ kill 

Earthquake waves or motions l"OIKI.U;llc'" I . o' .u 0 a Slle 111.1) mduce 1\\ 0 kmds o f In fl uence on 

structures, i.c. the vibrational cflcci of Ihe strucl",.c ",d,,--I b) ..... , \ Ibr.all011 through found.l ll011 and the 

static deformation cfTeet or the ground fa ilure cflCcI mdlH.:cl l) to Ihe structure b) the faI lure of the 

foundation (\-IU and SM). Si nce these Iwo kinds of efTect arc ddTcrClll 11\ mcch;lnlsll1 and IIllhe \\-:\\ 

they affeet the stmctu rcs, commonly \wo selS of maps to show the results of these t\\O effcctJ, olle for 

ground fai lure and another for ground lIlotion is employed Ilo\\c\'cr, III the c.'lSC of the stud, 0I c:\ 

only the latter type of map whieh is constructed 0 11 the n.~lollal bases 1$ onl) :I\ :ulable "ckadu 

Kebede and Likemariam Asfaw (1 996) prcscnted SClsnlle haz.1rd map of Etluopla and the 

neighbou ring countries indicating horizontal llCak ground acceleration as a function of 8 rind mcxhficd 

Mcrcalli intensity levels for different years of return IlCriod and l)roo.1blht) of not belllg C'l:cc:cdcd 

(Append ix E), According to their work, the study area is wllhlll lhc zone \\here Ihe honlofllal POA 

values are O.08g, O.12g and greater than 0 12g for 0 01, 0 005 and 0.0013 annual probabilltics of 

excecdcnce, respecti vely. The correspondi ng intensity \'alues arc VII - VIII , IX - X. and X-XI mcc 

the area of study is a region where various economic development aell\ l\ IC5 arc eu .. Tent h bemg 

undertaken, and knowing that Ihe region is also associated \\l th POA , altlcs grc.1ter limn or C(ltml lo 

0.1 (for annual probabilities of exeeedellce less Ihall or C(lual to 0 01), nccCSS.1f) prccauII0I15 should 

be taken both in the construction of ncw structures :l1Id in Ihc relllforeenl(:t11 ofthc c'< IS11II8 ones 

According, to the Ethiopian building Code of sland:ird (ElKS. 1995). Ihe 5lud~ area 15 \\llhll1 

Zone 4 with Clo (the bedrock acceleration ratio) of 0 1 (Fig 103 ) 

. ' de 'eI.........4 for Ihe COUIII !) andlor lhe region, howe"cr, arc 
The seismiC hazard maps so lar \ .." ...... 

. I " face geology dTccts (personal c:onun\llllcaUOII \\ 1111 
1I10re regional and do not consider IIC slle sur. 

I 
~ I of sitc geology IS an Il lIport:ml factor 11\ ctunglll8 lhe 

Laikel1lariam Asfaw). However, lie e cc 

d I 
the seismic response offoundatlOlls 

seismic wave move1l1ents an lellce 
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10.2 (nnuenee of Soil on Sris . P IIIIC \ rs llo ll s(' :uul ~l o\tlll tlll.s 

Soi ls rest on bedrock Ihrougl I 
'1 \\ l1eh SClsmlC \\3\ CS :all: trail milled 10 than 

earthquake the behaviour orlhe subso I I • 
I \\111 rCSI>CCt 10 the bedrock IS SIIIll!:U 10 11 LolI ofa 

Dulin. an 

Ir\ldu le \\l l h 

respect to the soi l. The thickness of the vaT 1 • IOUS SOl Slf:ala nnd their clastic properttCS ck.1clIIlInc lhe 

type of seismic movement which will Ix: I)rod I ' I uee( .11 tIC SOil surface b\ n sn cn 1I'IO\ CtllClll on the 

surface of the bedrock. -n iC so' ] I . . 
1 C lar<lclc n SllCS thus rnoolf) the IIIICII511) o f the SCISIlIIC mO\ClI ICIII and 

also modify its frequency contcnt or rCSI>OIlsc spectra ObSCnallOfIS Iu s sllO\\11 Ih.11 the effects of 

earthquakes at comparable di stances ill I)laces II Ilh dlITelell1 I) pes of 11.:1 ralll c.1n h:\\ C \ J f) illS mien II ~ 

as much as several degrees 011 the modified 1"Icrcal1l scalc o\\lIIg 10 the IIInucncc of the ubso,I 

(Mohammed Ezzat Sobaih, 1999). Generall) intenslt lcs are greater III son lerrant 1h3n III firm 

terrains. 

11le clmraclcristics of thc subsoil also ha\ c an IIllpOrlanl cfT\.'C1 on Ihe frC<lucnc, contcnt of the 

surface movement. Since the reaction of a structure to an C.111hqllake dcpI."IK1s ()II the \ ;\lIIC of IIJ 

characteristic period in accordance with Ihe responsc SIK.'C IIIIIII. It ilia) h:ll>l)Cllthal III son IClIl1l11 \\1111 

a response spectrum giving high acceleration valucs for Iligh pcnods. lIIorc fI 1<1 truClllrcs (those \\1111 

shorl charactcrislic periods) suITer less damage than more nC'< lulc structures 'I he OIll)()$ltc I' apl)hcd 

for buildings with foundalions on firm soil or bedrock (Mohammed E/ . .l.1l Sobalh. 19(9) 

Hence, in areas where there is thick 5011 colul1Il1 like the Slud} arc.1 "here the foundatlOlI 1011 1 

more than 30m thick, the foundation soil of bUildings must be rcg.mk:d as one of tlK:lr fUl'ld.1l1tctllal 

structural members. 11le defonnalions and rcsistance of Ihe SOil should be dc.11t \\l th 35 pall of the 

design in the same ways as beams or walts SUlee II IS gCTlc rall) not 1)()SSlblc 10 change the 5011 

d
' , 1 t Id '."Ildaliolls shOtlld be 511(.'(1 10 tlK: SPl'Clfi c charnctcnstlcs orlhe 5011 :II the 

can Illons, t le struc life aJ L ...... 

building site. 

The amplification factor of the grOtllld for peak acccler.lltOll IS affected b) the , hear \\"3\ C 

, ( M.d .k 'a ;lIld Kob.'l)'aslu (1980 111 loh:UllIlIcd , 1996) Figure (1 0 4) 
velocity of lhe surface layer I VI aI', • 

d I
I shear wave vclOCII\ of Ihe surf:lcc layer IS C\""31113Ioo u~mg 

shows thi s relation. For the stu y area Ie . ' • 

lhe modified Imai 's fonnula (1975 ) by SllIcmpc1 el al (1984 til lohamllled . 1999) 

II ' 



V,= ~9.9x >I 

Where N • the number ofblo\\s III slaneLltd pcnctr.1I1OO 1 

V • • Ihe hom.ontal shear \\a\ c \ clocll\ 

Considering only N values of the top 5 _ ~1l1 tlllek SOIl column for 3n 3\C:mgc \ alue of 17. 

V. is calculated 10 be 210 m/see. '1lIIS shear w;ne \eloc 1 I ~ corresponds 10 3 11 :unllhric.1UOII f:lCIOI of 

5.5 in lig (10.4 ), wh ich is in agn:clIlelll I I o 1 Ie cOllullonl) used allll)hfic.'111011 factor fOI" Iioloccllc 

unconsolidated deposits F ::: 4 5 • 5 5 1M I , . .,' Olal1lmed, 1998.1999) -"us mcans Ihat the hom.onlni 

ground motion in the study area lIlay exceed 0 55 r. . . .. . . g or ,l1l11ual l)I"oo.'1l11hIICS of c-.:ccedcncc less Ih .. 1n Of 

equal to 0.0 I . Hence, the seismic cocfficie t II I I be II la KI!i to used III the dcslgn of Slnlelurcs III Ihe Rrt;I 

has to consider the ampl ifi catiOlI of the soil column 

t 0.3 Liquefaction Potential of Ihe so ils 

In a lIarrow sense the word li<lllcfactioll mc.'1IlS a colllplete loss of shear slreugth \\Iueh can 

oceur whcn a loose cohesionless soil ;s 5ubj!.'Cled 10 shear Siress, ellher monOCOlHc or C\ cltc 111:1 

broader sense, this lenn has also been used 10 denote a parhalloss of shear strength due 10 bUIld-up of 

pore waler pressu re ( Kewi, 1 9S~ ) . It results from the transfer of mtergr.lI1ular for~ 10 Ihe \\alel 

which fill s the pores. 111e resistance of these soils del}Cllds 011 thc pressure lr3nSlllltlcd b) the COlltacl 

betwccn the particles. 'nlcrefore, when pa ri of the intcrgrallular pressure IS Imllsfencd 10 lhe \\ater. the 

soil looses a corresponding portion of its resistance Whell the pore pressure mduccd b) the carlhquaJ..c 

passes away, concentrated currents of waler nSll1g through cre\ ICes :tre gener-lled and cam sand up to 

the soil surface, building it up into mounds resembl ing small \01c.'111OCS. \\ hlch arc chamctenstle SignS 

of such phenomena (Mohammed Eu.1t Sobaih, 1999) 

The vulnerability to liquefaction during an earthquake depends Of\ \"artOU!i factor amons "hleh 

the magnitude of the slresses or strains induced 111 It IS an II11porl3nl Seed and Idns!i (197 1). b.'I5Cd on 

I d ofd
,unage due to the earthquakes c-.:pcnenccd at Nllgala III Jap.111 for aboul 370 

con emporary recor s ,.. .. 

d
. cd II I S ere damages (owing \0 liquefacllon) "here omh caused tn Ihree tIIS131lCC$ 

years, ISCover 1a ev " ' 

when the ground acceleration exceed 0.13g, though the dural lOfl of haklllS IS a 
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contributive factor. Morcover. for a given lIlagnl!ude of tanhqu:a1e. M 

epiccntral distance, R, beyond which liqucfacl'OO 1 ' cl 
IS un I.. ) to OCelli The: hmlllO, d&Jt;anOe, R Itt ' 

for M ~ 6 may be cxpressed as (Kunbayaslu andlatsuoka 1 97~ 10 Ku.c.h 111M3) 

log R = () 771\1 .3 6 

This means that the study arc., can be affccloo b} ul!crancdmtc and lalse C3lthqua 

( ~6 . 5 M) even occurring on the plateau 

Empirical correlations with dynamic pcnetratlon rCSlstance based up on 113S1 IlC,fol'lll.' I)« III 

earthquakes arc probably the most common melhod used around the \\ orld 10 c\aluat liquefact ion 

potential in situ (Cariton, and Kava7A,njian.) Seed ct al ( 19ftl. Sl , lttl ) dc\'clopcd C()f ,d 110111 ba.tcd 

upon the peak shear stress ratio ilKluccd by ca rthqua~c Acco,dmg 10 Ihesc DUlllOt' . Ihe mdc't used 10 

determi ne soil resistancc to liquefaction dunng an eal'lh<llIakc c,'m be dctcrnuncd conwlllcflll ~ rrom the 

relationship: 

Wherc 3 ,M,X 

rd 

limn 
X X 

g 

r~ 
-" 065 0 ' , 

" 
x ' '.I 

= maximulll acedcration ;lIthe ground Sill nlcc 

= total overburden pressure at depth IInder conSldcrat H)11 

= effective overbu rden pressure at depth under cons,deratlon 

cd 
"

on ',clor \\hich decrc.' SCS from a \alue of I al = a stress r uc I Ii 

, I . f bout 09at adepth of 3 ~n thc ground surface to a \a lie 0 a 

The soil penetration 
resistance used 111 the correlallon IS oonnahscd Sl3rKbrd pcnctralloo 

I ICC the soil \\ oold 1\3\e under an dfccll\C 
is the pcnetral101I rcslS al 

resistance, N, . where NI . 

f 96 K Pa The value of overbu rden pressure 0 . 
bc dctCTl llU100 from the \Jlue of n~ urod In 

I . call 

, ' b ' IS of lhe fonnul:! a standard SPT illVestlgatloll )' meal 
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where eN is a correction cocfTic·"", , 1· 1 \ llC\ 111:'1) be d rrr rca 0 rom ckouts $Ueh a Ihal ~\n In fi JI-un: 

( 10.5). AnSPTcncrgy ratioof 60pcrccnt (N . I k l15 used fOf Ihe correlat lOn :\S defined bdo\\ 

(N , )00 = N, x (ER.,/60) 

where ERm is the estimated rod energy of the hamiller type used III SilT 

(N1 )00 is used in the correlation because of the faci Ihal no procedure IS hkch to dchH:r II~' of Ihe 

theoretical free fall energy intended when the Icst was fi rsl developed. :'Ind uses IIIslcad a luud .. ud 

energy delivered to the drill stem cqualto 60 % oflhc 11 M.:orCILc.11 frcc fall ClleIS..' (Seed ci al • IQR4) 

The relationship developed hy $l:I,.'(1 and others. bcl\\(.'Cti t.Jo " and the SIl' bl()\\ couni 

lIonnaliscd to an effective overburden pressure of 1}6 K 1':. and an SI'T cncrs~ mIlO of (,0 D.. ( I ~". 

for sites, dominated by sands wilh Signific:l1lt <111101.1111 of fi ncs, \,fllch ha \c and ha\ c nOl h<IUcfioom 

earthquakes with magnitude :: 7.5 is shown in figure ( 10 6) In thc prescnt stud) II has been aUcl11pled 

to employ the above correction to assess the potential of hqucfact,otl of the SOils \, llIch are close 10 the 

lake boundary using reported SilT valucs up to depth of \5111 1I()\\c\'cr, no d<lla IS foo nd aboul the: 

type of hammer and estimated rod cllcrgy. For rough e\'aluallOiI uncorrected NI \:tlue: IS used m1hls 

work. TIle result is plotted in figure (1 07) As SCCIl 111 tills figure \I(IUcfae:IIOIl IS \ C1'\ ul1hkcl~ 11I1he: 

analysis a value of a.....-. equal 10 O.lg and 0 55g. and an c:lI'thquake m."Iglllwde of7 S IS assumed 
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Conclusion and I{ccollt lllcnda tion 

Based 011 the increasing demands of k:s 1>001) 10 constlUct 1lC\\ mfl" IructulC III lhe: IUYl n (or 
Awassa. in relation 10 the devdOI"'" 1 f I en 0 t IC 10\\ 11 be I 11 I f II g Ie cal)lla n Ihe lthcm " atlC'C1 

Nationalities and Peoples Region. and Ihe threat of , , ~ t IC lake Awass,', bel n.5C 10 IlIlmd,'u c 1)311 of Ihe 

town , an enginccring geological study addressinll hldIOl'·col~. I I I I I o ¥O ¥ole," , 1\( 10 OStCa ond ga..l4 l-uullt al 

conditions is carried out in and around the \o\\'n of A\\'assa , 
The area is within the Main Ethiol"" " ,·,'fl I " \ \\ Icre rceCllt IcelOlllsm, \ lealllsrn :lnd COI( IIII 

deFormation is acti ve. There arc many si~nalulcs of these ;1CII \ IIIO, and the 5lud) an::t IJ l0c:3tcd III 

one of these signatures: AW:lssa mega cald,era '!lIC area IS charactensed b) \'olununouJ deposltJ or 

silicic volcanic products ( Miocenc to Recent) to thc large IJ;111 and sOllie lacmllnnc deposllJ OCCUP\lIIg 

the floor of the caldcr~ . Thc area. is dissecled both b} regional fnults bordclllill the ' 1Iuov~'m rift ond 

many small to large faults within thc caldera The f;!.u lls havc genct;!"" Nt · W OI'ICtlUUI()t'I though 

faults oriented transverse 10 the regional faultmg dlrccllOns arc also encoonlcroo llle "IQ I 

geoll1orphlogically cimractcrislu by rollillg tYI>C ground Il lth sOllie 101c.'1I11C l)Caks. fatl't teMpS nnd 

remnants of the old Awassa caldera wall and the peaked \lalls of the nested olbbcu c.'lldcra I1 IC 

Ooor of the caldera is occupied by water bodics, marsh) areas. :lud doH:d \ olcalllc edifices At HI e 

geodynamic processes, currently visible. arc lacking except for the glOtnKl fraclmlllg 10 ~thll~ICIII 

side of the lake A \Vassa, and furnarolic activitlcs 0 11 the Corbbctl c.,ldcm 10 the north of the ~tud) :"ca 

The area gets an average precipitation of aoout 963 IIlI11 concentrated III the eight monlh long 

rainy season with moderate SC.l sollal and inter-aIlIlU:tI I'an:lblhl) -11M: \'anablhltCS arc $omClIlTlCS • 

large as more than 25 % of Ihe mean 1:.slx:cl3 l1) all IIIcreascd amount of r.unfall IS TC(()utcd ~ 1I1(C 
.... II la~e Ic\c!_ \\hlell has resulted 

1996 with a concomitant decrement in lotal e\apomliOll 
;tiN IISC I 

enormous loss of pr;"ale. governmenl and non go\ernment propcrt\ 

The fluctuat ion of the lake le\'eI "ith rainfall of the catchment IS poorh correlated 1kr.\"C\Cf. a 

.' fl . f: 11 ,.ives a beller fit e\ IdcnclIIS the 10k of dd3'"Cd runoff and 
few months shlftmg 0 t Ie ram a :I 

. n' f i:lke 5h:1I10 tll1d 11M: S\13Il1P) :lrca on the amounl or dlschafF 
groundwater innow. The fouling e eel O. .' 

ofTikurwuha river plays an important role for the tllnc lag 

11 ') 



TIle water bodies in th c study arc.1 gcncrall) SllO\\ a lar....... b I 

I 

• o~ \ .. rl3 111\ In thar ahon and 
content I lough most of them <lrc N antOn , a a - HC01 1~ pc \\;\lcrs Some: de r ."",:hem 
concentration) is evident as thc , t n :grcc 0 Icoehcnual noluhoo (.n 

\\;l cr ows from 11 I . .. IC up ands IQ'\:lnH Ihe nR :lind finalh n:adu dlC 

lake. l1le vanability of the chcmistn, ortl "II ' J Ie \\il ler bodlcs , .-. . I a ' 11111'1\: IcOcchOl" of 1Iw: degree of \\ te. 

rock IIllcractlOll. the chemistry of the "f! . . ' aqU1 cr. c:o: lcrnal sou rce of solutes ' 13 hoC spllngs and <k:gra: (,( 

5011 water Itltcraction and removal of I . .' C lCl11lCai C0I1SliluCIUS frOIl1 the s)stcm through l)rtCll)nall()l1 lind 

extraction by 111lcro-organisms. 

The groundwater flow condition of the arc.1 is nOI assessed III dCl:1I1 due to lack of sen 11 1\ '( 

, . mos 0 'IC walcr l)Omts 1100\C\Cf. based on the eqUipment to measure elevation and in accessibilil" or t r I 

o Sly .at grounJw"h.:r gcncmll) floM lo\\al(b Ihe I \~O I~kcs OtCup, mg ava ilable data, it is possible I II 

relatively the lowcr elevations and finally rc.1chmg to lIs OCslmat lOlI. lake A\\;I;I rOtlnJw~lc r IS 

found relatively at shallow deplhs « 40111) and in most cases III unconfined condition A dan 'CI to 

foundations closc to thc lakc and c"en towards thc centrc, due 10 large sc.., lc fluctualtOfl of the 

groundwater table up to Sm, is anticil)'1lcd and nccesS.1r\ precaullQlIS sho.lld be taken III boIh 11\ the 

eomjtruction of new structures and reinforccment of the c'( ISlmg oncs 

The chemical constituents of the walers of Ihe slud ~ area made Ihell1 ulI$ultnblc f1 I,Hlom 

pu rposes. In most of the cases the above lIlaximum concentrall011 of nuond~. ble., rbonatc. sr he., ;\IId 

lolal hardness made lIlOst of the waler bodies ullsuitable for dllnkmg. brc\\lII8· food prOCCSsltli dC 

The usc of these waters for irrigali0l1111ay resul! sa111ll1)' h:'l7..1rd. c'(ccpt for fc\\ dug \\clls and spllngs 

Especially lake Awassa is tOlal1y unsuitable for lITIgation l 11elr effect 011 con5truct\0I1 m,1lcllals 

concrete brick and masonry is found oul to be negliglule Ilowc\'cr, Ihc degree or "aggr 511 II" .. IS a 

function of the materiallYpc· 

Water balance estimalion of the lake re\'clled Ihe non-cqUlhlmulIl COI"hl lOll or the 13~C "hcre 

I 
. b cq c"t )'cars of hiuh ramra" under reduced C\'aporal tOl1 mulled :I slglllficalll 

surpus m su s li ' :;, ' a net 
. . I I k I I B ·d tl c 5,·",,·1", obser\'allOll5 made all Ihe 50Ulhcnl nil \alkl lakes. :llld the 

nse m tlc a c eve . CSI es I ., ' 
. I I Pl>ort Ihe effect of such Cflw "OmllClllal chan as:II 

monthly water balance computation rcsu I a so 511 

majo, cause of Ihc ",coul 13ke level ';sc. Th" " round OI,t to be '" as"",uc"t to the: conel"",'" or 

Makin cl ai, (1975 in NU PI , 1989). HenCC. ,,,,,00,,1 ",~1"'rcs 10 p,otect the 1,,"ICfi.md ",,,nd""011 or 

11.11 



the lake duc to level rise should eons"d d . . I er an cvaluatc the role. ,"allablht\ and penodlut\ of Jtkh 

IllICro envlfonmental changes. 

111e selection fo r method of eonlroir I I IIlg t IC lItl1cdand lIlundallOO of w..c A wysa rtJqUIICS a 

detail study involving risk and economic a I ' ... n.1 )SIS allU cll\ Iromncnlal Impact :uJCSSmcnl \\htch I' 

beyond the scope of present study . However it ,s IlOS"ble 10 I d . orwar o ne recolluncnd3IKlO A 

number of poss ible solutions afe available including Ir;lI1sfernng of \\ :lIcr 10 I"IClghboolll1& Iclul'I(ut. 

using the lake water for irrigation strclwtheninu or li d' , Q Q IC C)(ISllllg ) ...:c. couSlnlellOtl of detCtl IlOil 

structures cte. Howcver, transferring of water to neighbouring t.1tchlllCnl lila) 113\ ( 00010&1 I 311d 

environmental impaet, besides it requires a constant I"Ull l1l lLg cosl for I)UIl1IlIUS of \\:llcr ItlCC II I' nll( 

possible to transfer water to ncar by catchment area by grav1t) for lopogrnl)luc: COllsl13111S nw: lake 

watef is found out to be unsuitable for irrigalion as discussed aoo,c so Ih .. 11lhls \\LI1I'1)( be a SOIUI I()CI 

!-Icnee, it sccms more plausible to strengthen the cxistlllg d)kc for fltl acceptable nsk. fCh fn 101 and 

relum period of lake level with a deeper cut ofT trench :\IId :lPllf0l'I1:1IC COClStf\lCtlOtI IIlllcrl:'lllO prOCccl 

vulnerable are.:'"lS, supported by Ihe constructioll of detelltlOIl SIHICtulC1 Oil Ihe 111:1111 nOloclI1 m el, 

Tikurwuha, and applyi ng soi l conscrvation methods mthe c:llchnlClIl 'I he IUli0fT fruw Ihe 10\\11 C('Itlld 

be collected using a good network of ditches, Ilhich collect 11:ller from Ihe 10\\11. 3ud II c.,n be 

transferred to the lake after the necessary treatment Tlu.: oc,c\ol)lIlcnt of \ulncr:lblc arc.U should be 

c.. ... reful1 y done on the bases of risk analysis. Especially S LtLl1~ of cconOtlllcal :lnd socml r"elililct III 

these areas should be avoided or relevant enginccring design should be al)phcd 
I lil t<: 

The foundation where the town lies is found out to be a !luck SOil stratum 1> 30m) 

dominant lithological types arc identified in the lield Clay SO Lis, s.1nd ~ Silt SOils and S lll ~ S3J1dfg.r:I\ e! 

gI 
. I boralo'" an :1hSIS 'n lC fil lC SOLis :111: donlln.1nl III nIMI of 

soils. 111is is confi nned throu 1 a routlllC a • ' J ' .. , 

. .1 oo,e restricted towards tllC la\..c and 3t depth Il.c 00&'"' of 11~ 
Ihe Sites and the course 501 5 arc n 

. . dI res dual SOils 11K cla\ SOIls occuP' rd31l\"d~ 
soils is suggested to be either lacustrlllc depos1ts an or I ' . 

r I 10\\ n and ItlC 1)OSSIbic t.'l:pansJOO area \\111k: the 
the elevated central and south-caslcm part 0 I Ie • 

. a n lCV C0I111nOn" underla\ the d3~ sods 'These '""011, arc 
other types occu rring 111 almost all the are. . ' 

. .. 1(1 so on 'Ille cI:\\ SOIls art mosth fractured and blocl.\ 
dominantly massive show11lg 110 ianllnal

10n 
:II 

. I uses classiflcat10n scheme, ItlC cia) SOils COI1I:1In the grOUPS 11 
in structure. Aecordlllg to \lC ' 

, ., 



and few CL·CM soils. 11 Ie sandy Silt soils embrace SOIl . ' groups r\l l ~lIl and t I 
Igravc\ sOIls contain the groups SM G and t~ 111\ ... .1 

. M and SML SOIls 

Mineralogical and Chemical analYSIS of I 1"Ie ~npk:s mdlC;lItd the 

feldspars, mica flakes and rock ~ occuntn(C of qu.:utL. 
ragmcllIs, and presence of K 01 :I IIlLte, lillie and Ca- monononnonll", I 

suspected indirectly fonn the od lcr l>aramClcrs of the cI:\ \ 50tls 11 I . 'Ie SOl 3rt p!t1eDlh 1I'Ot tC and 

their carbonate content is below 5 0/, '11 
Q . Ie content of 5ull>h:1Ic and hkHtdc 31C negl! Ibk In the 'til 

of the area and hence, it is unlikc1), 10 create concrete dctcnorallOlI 

Index properties of soils ' d . \\as clcrmlll(.'d usmS the procedures deslsn .. ,tcd b) AS I M (IWfI) 

MOisture content at the time of sampling ranges frOI11 25 1 10 29 ~, I V I', IOf C 3) 5OI1s. :\Ud from I R to 46 

.. SOL 5, III Icatmg that some of the IIII)ks were noo\c their % for sandy si lt and silty sand/gravel '\ . d 

IC SpL'CIIIC gra\lt) of lhc soils IS 10\\ . mlhe ,ause (,uIIII2 2 10 plastic limit at the time of samilling. '11 ~ 

2.5 , The liquid limit and plasticity index of the chi) soils ranges from 28 to :\3', :md frolll7 10 24· ... 

respecti vely. llle sandy silt soils have LL% TIl the rangc from 2(, 1 tO '6', and 1)1 '!lI TIl the r31l from 

1.89 to 25%. llle silty sand Igravel soils arc almost nOll plastic C'Iccpt for fC\\ 5.1nllll ,\here Ihe (i, 

portion have got somc degree of plasticity 11ll: clay SOils :uc m the range of Tn.1 II\C to IlIahl, . tl\ e 

types. 

The soils of the arca arc found Ollt to be non c'Ipans.\c as rc\cllcd b\ Ihe Sm11)le free ."'ell 

test. However, some of the sandy silt and si lty sand/gr:Hel SOils sllO'\ n.:ducllon III \ohm'IC ns I:u e as 

29% , thus suspected to have a collapsible structurc ~'I aklllg some mSllu lest.S like II1SllU dellslly. and • 

compressibility of these soils and to Illeasure the specific subSidence '11IC5C SOIls 1113, COU31* both 

laboratory tests on undisturbed samples likc consolldatloll 15 n:COII111K:ndcd 10 bencr c:harnctcme the 

under load and when flooded by watcr and may also result dlffcrenl1al settlemCllt 10 OlII1lIllIJC the 

hazard it is advantageous to transmit the weight of the structure to dccpef SOIl or rock la,cr b\ means 

of piles or caissons, and ifnot, to make the foundation as deep as posSible \\hercb) the Lhtckncss of the 

layer subjecl 10 subside"ce hazard a"d. co"seq"c"II) . Ihc ,bsolule JIl'l!J11ludc of Ihe ",bsJdcnc< • ""JIll 

bc reduced. In ordcr to prevcnt subsidence. water had 10 be prc\"CI1100 from cnlcnng the z:onc under the 

foundation slab, at least in conccntrated qllanll ll
CS 

The occurrence of strong to vcry slrong and 5Qll'IC \en \\'Colk to wc:ak roc fooll! sm.lll 

k d
.d . ·delll in thc arc:! Oas;llts and rh\o\!tCS belong 10 the fint group \\hlk: lhe 

pea s anngeslsCVI " ' 

I " --



hyaloclastitcs and tufTs in the second 11 
w.: strong \3nC11CS are found 001 10 be ""ubk. as IOUI" f'f 

const ruction material especially for aggrl'1.'~ t 
~~ c Source, \\hllt the laller 01 are UIlSUIubk: lO I1kJI.I ", 

engi neering uses. They arc highly weathered 3nd \'cl) weak 

Mappable units arc selected 011 the bases of II Ie ..• 
, Ie 5Ca nhu purp<»e of the map I ItJ~1 

units and engineering prol>crtics Cml)lo\'oo flo, Il,e ""I II ' , --" J .,.,. CClIOll Ct)C( • • OUI UllltJ are tdtnlukd IIJII,I 

mapped: clay soils, sandy silt and silty sandfgr:\\'cI so,15, basalts and rh\ o lllCi and 1I)'3locla III In 

addition, the scorias though occupy "cry 5111311 area, IIKII)IIOO ns one UlIII from the: poIn' of thelf 

importance as construction materials. 

4" TIle seismicity of the arc..1 requires atlcnl1 01I III the des'WlnlS of 'l'IHlcturcs I he Iluck 1011 

column amplifies the seismic movement as large as 5 lunes, hence 1ll.1\ nfrt,xl Ihe ~1n.lC1UrCl \e" 

severely. The seismic cocfficientlo be used in the desIgn. therefOle. sl)()l.lld con Kitr the chalilctell ltel 

of the foundation soil: consistency, compaction, homogenell). d.1ml)lIlg and :Ullllhfie: lIOn propc.lhc1 

Knowlcdge of thc foundation soi l is essential for eartll(luakc • r(;$ISlanl destgn III the case of" del. 1 

in wh ich only static loads arc considered. it may be more cc:onolll1CallO eOnlpcn Ie for nn 111 uffiCtClll 

knowledge of soil properties by providing a grealer matgm of S;tf\.h III Ihe des,S" 11C)\\c\cr. fOt " 

proper earthquake resistant design it is nccessary 10 know Ihe mcchalltcall)loperllcs of the foolldaltofl 

soil, since in some cases a soil which behaves \\"ellul1dcr sialIC lo.1ds \\111 Il1CSCl11 K n Oll plOb!c1ll 

when subjected to seismic loads, and il \\'ill1101 al ways be I>OSSlulc to Icmc(h LI)()5C 1)1001e1115 b~ U(IIlB 

a larger safety factor for static loads. 

A better characterisation and definition of Ihe sc.smlc responsc of the fOUOOatl(Kl 1011 

.",vcs".ga,;on apph.,jnn ucophyslc.11 mclhods \\llIch could be an 3rea of future 
requires intensive 0 0 

. I ,. 1 Ihods cspcclalh SCISllUC sunC\ 10 define the: hcar W3\e 
resc..'1fch. Applymg the gCOP1)SIC.1 me . 

response of the foundation soils will make .1 pOSSIble to carf' 01.11 a nllcrozonallOll or the: 5hHh area 

and its surroundings. 

I" 
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locatic:m d ccnm:Jllclaymin::rlls onc..p.dc p6IIticityct.rl (Hoiz& KOVD 19K I), 

Table Attc:rbcrg limit values for !he clay minc:nIs (MilcMlIl976). 

Mineral· 

Montmorillonite ( I ) 
Nnntronite (I) (2) 
Illite (3) 
Kaolinite (3) 
H ydl1ltcd Halloysite ( I) 
Dehydrated Halloysite (3) 
Attapulgile (4) 
Chlorite (5) 

liquid limit (") Plastic limit (" ) 

100-900 5(l.1(K) 
31-n 19-21 
6O-12Q 15-60 
30-1 10 2l-4() 
50-10 41-60 
35-55 JO..IS 

160-230 100-120 
44-47 J&-'O 

200-250 13()·14C} 

~h/llll( 

8.}. 15 

15· 17 
" ·29 

Allophanc (undricd) 
t( 1) Various ionic fonns. Highest valucs are ror mQIIO'Vaknt; \oWUI an: for di- IRi triuknl. (2) All 

wnplcs 10% day. 90% sand and silL (3) Various ianic rorma. HiJhell vaiUCIIJC for di· JfId triv.k:nc 
lowest arc for monovalcnL (4) various ionic fOf'llll. (5) Some chlorites an: nonpIUlic. 

• 



Table Correlation Suggested by the Swiss S . . 
(after Kezdi, 1974) OClely ror Testmg Materials 

Intensity Duration Approximate Carbonate 

of effervescence 
Content 

nil nil < 1% 
weak short I to 2 % 
fairly strong not lastin" 2104% 
verv strOllll lasting: > 5% 

Terms for the Description of fine soils (after IAEG, 1981) 

a) using liquid limit 

Tenn Range ofliauid limits ('/0) 

Low plasticity under 35 
Int ermediate plasticity l5 - 50 

High plasticity 50 -70 

Very high plasticity 70 - 90 

Extremely hiph plasticitv over 90 

b) using Plasticity index 

Teml Plasticity inde;(%) 
Non plastic under 1 

Slightly plastic I - 7 

Moderately plastic 7 - 17 

Highly plastic 17 - 35 

Extremelv vlastic over 35 

Activity of clays (after Head, 1984) 

Descriotion Activit v 

Inactive clays < 0.75 

Normal clays 0.75 - 1.25 

Active clays - 1.25 - 2 

Highly active clays > 2 



Act ivities Of Various Minerals (after Holtz & Kovacs 198 1) 

Mineral Activitv 
Na- montmorillonite 4 - 7 
Ca- montmorillonite 1.5 
Illite 0.5 - 1.3 
Kaolinite OJ - 0.5 
Halloysite (dehydrated9 0.5 
Halloysite (hydrated) 0.1 
Attaoulcite 0.5 - 1.2 
A1loohane 0.5 - 1.2 
Mica (muscovite) 0.2 

Calcite 0.2 

Quartz 0 
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Field estimates of uniaxial Compressive strength (After lIock CI (11, 1995) 
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ENGINEERING GEOLOGICAL MAP, LOCATION OF SAMI'LE 
POINTS AND LONG PROFILES, AND THE SECTIONS ALONG 
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Leall alld Fat Clays : 

This li/ilologicol rmil rompn'stS Ilrt silil 
Bray l'Or;t l;t s. Thty Drt sliglrlly (f(1rt,f~ n . e ll ImJ Ilrt 0../011. J/JIb 71wT ar, .,t broto" lit «Ibor "otfI.,t 
Illicl:nt ss !'CIri, s belh u n irolly .", ." U//III{l ' /0 pnJlNlflC tmd I_I,m" HII' JIIb "flllM lIoItJrty "rwr." ft._ . h . (11m/ y. mngmg 11_ 0 ~ I ~_ ,nn' 
wtlg I III Ilrt rangt from 1197/0 17:W K. I J 1/ "'0" /""" J _I, rs 7Jlnt lOlls -., .11'. -
101lg'S from 28.0 10 5J~. plas/ic /i"';1 t~ I~n~ ~ry2~nu ""'I itt from 791 10 IJJ() I(,,,,J 1M UqwII4_ /tit .. n,w 
24%. o1gm/ie conltltl 'rom " j , .. 71. , . 0 S 2 ... J ~'''''-ogt /""tI {rOIfI Jj /0 2" ... ,.",IV'<t ...... ~ 7,. 

J' • v. 1/11, Ira J .... ' lIltJI lhun JO II ' - J /"-

mrccnfi", J s/r'"8''' in Iht rmrgr {rum I 41/ J ,I( I 2 • fnr t l/try (JI, ...... r-'J'GfU"" 1JIoJ 1<1111 .w.r 
Iht fOllgr from 2 III 32 dr,ruJ U 0/; "',, ( "., . 1/111/1' II{ ",Urnt" /110"''' rolilS/Of! flNllIUf .. raI WIllI '''141 III 
• •• . ' 1/ lI/rm'IIIJ/Oj",201 ... 11I\ 'l'J1I1IalI0I~ "p0rlS. 11'fu I lil! lilt "tit 11<1I11Ii1r III /001110 • IrJ~ru." •. as o«arntd fr- (11111"1 ' II' 
Olllmllli of sill mul s/I/I(I slu """"i,,I.' 1 1""1 fir fill mlllumi 7bN /iJ1NJ1/, " ""0'" ,..,.,rr>aN, 

Sam/y Silt (/lid silty SalldlGral'eI .mils: 

Tht SoIl~J sill l~il~ ho,·t 0 Uquid lilllil rf 16. 7 - 56 5, " I'/lfill( 11l1li1 if 14 1" JJ II 5 , /I P/o.JIWry bldt.I if I 8SllJ 
5 , 0 sh'mkagt 1",,,1 ~O _ JO 5, a nlllumilinif .. .,i,hl lf 816 IVO K"",J. /ffI IIfIN1tI/in,d (1JIfII''''U'''' """,fh r( 0' 
_ 3. 7 Kg/on1, an Anglr ofimrrnol l riNion rf 1J )So. 0 CdlrJltJf! /fO 00 0 OJ K" ( ,,,2. /I ~'GId ratIO if I 002 2 J7 

and Stamlord Prnrt'al;O/, Trsl ISPT) m/ur 11/ JJ 4 

Tht silty sandlgffJl"tI s(lils ar, 1/00 P/U)IIr. 1m .. , a JhmrAa,t Imlll of 0 1J 5 . (I MlUTo/lfIII1 "tlllN r( IIS9 IUD 
Kgfl,,J, all IIIIC'''rjilltti cO/lljITtu i,., $Imlglh If 0 I' 1 K, lo,,1, /I" AII,I, of Ullml(JJ IIIWl/fIlf 2/ JII

o
, . /.IIItJI(III trf 

0.00 _ 0.03 KglcmZ. a Vuitl mlio .1/ 0.89 _ I 8S olld Stf//llkml l'mnrll/f(/fl rtJI ISI'n "'/11' if /9 16 • 

Strollg Volclmic Rocks: 

n itS( mlilS w!rich a't ( ommun/y /IIIJullJ (1111/ 1/1 )·tXlltJ f/)l m SI/III1't /IIlgo III 1M JlIlIly prt/l 111'1 alt frixl."", ItIId 
(1)1/111111111)" (,UM ill //Iei/illln 1(1 10'11' /)IlIr ' 1 fil//Il l 111"r I I/mil'" T1111,' J I""" limit' ft) .try "I,,,,,. jl(fflfdlnr II' /h, 
Hott.s ("/lIssijinllion .<),Sltnl , Illid "" 1I"lIIh'rti/ l~' ' (If) /I<lm IIIltl IIIIIIIJllrIKI/"rS I-Itlln St/""ilh hmmn" ,,1/</...,111 ItJ/S 

fHffilflllttf ill Ih, filM In,), 1,1/1" 0 (/11"/1",,111" J/I'(llglll !II II" 1'11111/1' fm", 1911 KIl/(m
2 

/0 Jlttl"tr l/Nu, tUO I.Ilt".1 
1111' basollS I"" black ill ro/Ollf /11111 ,·tl ir/llo, ,md JrOrtltl/JU' ... hil, I~t Ih)'I~lItS (lft 1.,hI ,.rrry /JIIII t/IoIo1n, j/(fIII 
loMillg SIr//fW"'. nrru roch art III~ ~mllllH' fi" IIHIlld/'/IIl/Ilf IHH Ilopt/JlIfl/""" ,""III ,1/ , '/(W ffmot>'tr. tlrtf art ,nor! 

S()ltrUS I!/ 111I8rtIlOlts. 

HayalocIastites alld tllffS 
Ihtu roth lonnillg sillljllt ~pJ.:s dis/fIb/llttl h" , /HId ,hl'rt. (I" ,~,., .. ~ to .. rot rodJ (Ill RJ) (IItI/ IN,,,,, 

".tolhtrtd. Tht)' lorm fI,1I 10(11 (l1li1 rOll/llIlI domtnolllly fin , ,Iflilln/lft{lltnlll .. t/It /)IodJ IINI boIdrl' r( ''lfTWIIJ roc. 
".,1(S. Thty IIrt afft<ltd by />10 W S rrf ImC/urn /It/tnlttl N J(/J F. pmf N IUO S ,,'II/cit Ott ... Jlh /llItd". rlfinlt .. 

Scoria: 

c/II,./ikt maurial. Tht st ,"(/is art IIJ1JII/whlr 10f" 10+'..001/(/11 

11It)' {1ft midis" /mJI071 in (o/our forrmll, smlllI hr/Is, !IIId /1ft domIrtlItIIlr 1I/1opl11l ,p blt>ct JIlt 

sourft of consml(1wn II!(/lttlplsI'J~{1(/11'I flY rood (Oft.J111IC/.an 
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