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Abstract

Constructions of dams require the input of thorough engineering geological investigation. To
fully understand and characterize the soils and rocks of the study area a detailed investigation
has been carried out taking into account many disciplines such as geomorphological,

geological, hydrogeological and geophysical investigations.

Gerbi dam project envisages construction of a 19 m high earth dam across Gerbi river
between villages Daka and Dibdibe, defined by longitudes 38° 35’-38° 50’E and latitudes 9°
00’- 9° 20°N. The elevation at which the dam site is situated ranges between 2630m and 2672
m. The proposed Gerbi dam has a crest length and width of 250m and 9m, respectively. The
storage volume of the dam is 49.88 million cubic meter and maximum flood level is at
2659.7m and the full supply level is at 2658 m ( AAWSA, 1997).Gerbi catchment covers 82

square kilometer.

Aerial photos (taken in December, 1971 and January, 1993), topographic maps and detailed
field investigation has been utilized to produce slope map, land use land cover map, soil map

and drainage map of the study area at a scale of 1:50,000.

Geological maps of the whole catchment and the dam site at a scale of 1:50,000 and 1:1000,
respectively were produced to clearly describe the geological set up of the area. Gerbi dam
site is located within Shoa plateau, which is comprised of Tertiary volcanic rocks. Gerbi dam
site is comprised of volcanic rock belonging to Ashangi Group of the trap series. This Group
consists of alkaline basalts with interbedded pyroclastics and trachytes. The volcanic rocks of
the area are overlain by Quaternary soils of residual, alluvial and colluvial types.

Basalts (usually in boulder form) are commonly found with in the basin. Extensive trachyte
outcrops are found near the dam site. Except few basaltic and trachyte outcrops the remaining

area of the catchment is covered by clays of alluvial, residual and colluvial origin.
IX



Areal photos at a scale of 1:8000 and 1:50000 are used to map the structural features of the
basin. The Lineament analyses made on aerial photographs of the basin indicate that most of

the structures are continuous trending in NE-SW, E-W and N-S directions.

Only two outcrops are present in the vicinity of the dam site and all the joint measurements
are taken on these outcrops. Joints trending in NW-SE and NE-SW are the dominant joint sets

exposed on these outcrops.

Hydrometerlogical data of Gerbi catchment is collected from National Meteorological
Services Agency (NMSA) of three nearby stations; Addis Ababa Bole, Chancho and Sululta

stations have been used to determine the hydrological parameters.

Results from water quality analysis are also analyzed to determine the quality of water for
drinking purpose and the effect of water on the engineering structure. From results of the
chemical analysis conducted on water from Gerbi river some results (TDS, total alkalinity,
total hardness, Nitrate and Ammonia, Chloride, Fluoride, Copper, Sodium)are below the
WHO’s guidelines and some results(Iron, Manganese, Phosphate) are above the WHO’s
guidlines. It is therefore important to treat the water (physically and chemically) to make the

result match with the WHO’s quality requirement.

Soils of the study area are thoroughly investigated. Detailed field investigation has been
carried out to classify and characterize the soils. The soils are grouped into broad categories
based on their origin. The Unified soil classification system (USCS) is used to further classify
soils of the study area. Laboratory analysis and field investigation have been carried out,
different empirical approaches have also been used to determine the physical, index and

engineering properties of soils of the study area.



Basalts and trachytes are the dominant rock types that are found throughout the catchment.
Pycroclastic deposits are also found at depth. Data from boreholes and the few available
outcrops has been used to classify and characterize rocks of the study area. Different
empirical methods, laboratory test results and softwares are utilized to define the engineering

properties of the rocks.

Engineering Geological maps for the dam site and reservoir are then produced from the
results of the above mentioned methods and analysis at a scale of 1:1500 and 1:50,000 for the

dam site and reservoir respectively.

Assessment of the construction materials required for the construction of the dam has been
conducted to make sure the materials are adequately found with in a reasonable distance from

the dam site and the quality of the materials meets the quality requirement.

Stability analysis utilizing SARC software has also been conducted to assess the stability of
the reservoir rim and the abutments. The right abutment provides stable slope but the left

abutment has factor of safety below the acceptable value.

Suggestions based on the results of the present study are also presented in this work.



CHAPTER- ONE

Introduction

Plans and designs of many civil engineering projects require the knowledge of properties of
soils and rocks. Engineering geological investigation serves as a basis to plan and design a
sustainable engineering structure. The investigation will generate sufficient information to
eliminate major uncertainties and provides information about the foundation condition,
suitability and availability of construction materials, slope stability of the abutments and

reservoir rim, groundwater condition, etc.

Constructions of dam (a major engineering structure) require the input of thorough
engineering geological investigation.

Dam is a barrier constructed to keep back water for storage purposes. Every dam should
accomplish the following objectives under all anticipated loading conditions:

- hold back or store water safely

- contain the water and resist leakage

- maintain its shape and configuration

- resist movement in any direction

-safely pass maximum design flood events

1.1 Justification

Water is a fundamental natural resource. The expansion of Addis Ababa and the rapid
population growth has resulted in shortage of water. The demand for water has increased in
the city. It has become very difficult to satisfy the growing demand from Gafersa and Lega-

Dadi reservoirs. Hence the city should be provided with sufficient water from other sources.



This requires construction of water harvesting structures such as dams. The construction of a
dam requires extensive geological and engineering geological investigation before planning,

design and construction.

The Addis Ababa Water and Sewerage Authority (AAWSA) came up with a large project to
alleviate the problem. Gerbi dam site is chosen with an aim to store and convey raw water to
the Weserbi (located North of Entoto hill) treatment plant prior to distribution in Addis
Ababa. This research will provide information about the engineering geological

characteristics of rocks and soils of the proposed dam site, reservoir and catchment area.

1.2 Objectives

A, General objectives

-Engineering geological appraisal of the dam site
-Water tightness study for the reservoir area

-To assess the quality and availability of the construction materials

B, Specific Objectives

- To carry out geological mapping of the dam site on 1:1000 scale

-To determine the engineering properties of the rocks and soils at the dam site

-To carry out stability studies for the dam abutment

-To study the permeability properties of the foundation rock

-To assess hydrological and hydro-geological conditions of the proposed dam site

-To determine quality of both surface and ground water to know the corrosive property for

mortar

-To provide engineering geological maps of the dam site at a scale of 1:1000 and for the

reservoir on 1:50000



1.3 Methodology

In order to achieve the above said objectives the following methodology has been adopted.
-Collecting all information from published and unpublished literature

-Collecting, analyzing and interpreting hydrometerological data

-Interpretation of aerial photographs and satellite imageries

-Procuring topographical map and preparing geologic and engineering geologic maps for dam
site and reservoir area

-Field study to map the area and collect soil and rock samples (water sample for quality
analysis was taken; Schmidt hammer test has been done)

-In situ tests to evaluate the engineering properties of surface and subsurface materials
-Stability analysis for abutments for existing and possible worst conditions by using computer
programs such as SARC, DIPS.

-Laboratory analysis to determine engineering geological and geo-technical properties of the
soil and rock has been conducted.

-Soil map, land use, geological and engineering geological maps were produced from existing

data and the filed data.

1.4 Previous Works

In 1991, Messrs. SEURECA of France finalized a 10 volume Feasibility Study and
Preliminary Design, indicating additional sources of water, both surface and groundwater, to
meet the needs of the Addis Ababa Metropolitan Area (AAMA) to the year 2020. Dams at
Sibilu and Gerbi were recommended. However the study also proposed further hydrological
and hydrogeological studies to increase the statistical data, and thereby improve the

estimation of yield of each source. Recommendations were also made to start land acquisition



steps for water supply areas contemplated for various development needs: dams, reservoirs,

treatment plant, pumping stations, transmissions mains, etc.

In 1994, AAWSA initiated a follow up study meant to continue the source research and
prepare detailed design and tender documents for Project implementation. The latter Project
started in May 1995 and was entrusted to a Joint Venture of Messrs. Associated Engineers
(AE) and HBT AGRA both of Canada. These consultants prepared studies mainly on surface
water resources recommended by the earlier feasibility study, i.e., Gerbi and Sibilu dams,
about 30 km north of Addis Ababa on the other side of the Entoto Hills, and on groundwater
supply in the southern part of the town from the Akaki aquifer. This Contract was terminated

in November 1998 due to contractual problem.

At present, AAWSA selected a new consultant, TAHAL CONSULTING ENGINEERS LTD.
having sub-consultants Messrs. SMEC/WWDSE/HYWAS to complete the design and prepare

tender documents.

Many researchers and the Ethiopian Institute of Geological Survey have made lots of
geological works to explain the regional geology of the area. Mohr (1971), Zanettin et al
(1973, 1974, 1977), Kazmin et al (1975), Morton et al (1979), and Haile Sellase Girmay and

Getaneh Assefa (1989) are some.

1.5 Location and Accessibility

The dam site is located 30 kms North West of Addis Ababa with in the vast land of Sululta
plain. The dam site is located North West of Addis Ababa branching to the left at about 12
Kms on the way to Sululta and found after traveling nearly 20 kms on the flat grazing land. It
is situated about 20 kms off the road branching to the left at Wosserbi village found about 12

kms away from the capital on the way to Sululta. It lies between longitudes 38" 35°-38° SO’E

4



and latitudes 9° 00’- 9° 20°N in the Ethiopian Mapping Agency topo-sheet number 0938 D3.

The location map is presented in Figure 1.

The river rises from the Entoto range and meander through out Sululta plain. The elevation at

which the dam site is situated ranges between 2630m and 2672 m.

The area is characterized by vast grassland and localized hills. The reservoir of Gerbi dam is
found on Shoa plateau in the upper part of Muger catchment in the Blue Nile basin. The dam
site is located in the area of Awasso Farmers Association, between the villages of Daka and

Dibdibe located North West and South East of the dam site respectively

There is an asphalt road up to Woserbi. Accessibility from the main road up to the dam site is
good; the local people have made a road to allow cars that come to pick the hay from the area.

But during rainy seasons it is impossible to reach to the dam site by car.
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1.6 Physiographic Setting

Physiography is "physical geography, the study of the natural features of the earth's surface,
including landforms, oceans, seas, soils, atmosphere, and the distribution of fauna and flora"

(Webster's Dictionary 1990).

Gerbi dam site lies in the central part of the Ethiopian plateau. The area is nearly flat except
the fewer scattered hills and ridges present in the study area. It is surrounded by Entoto

rhyolitic and basaltic ridges.

Vegetation is sparse consisting mainly of Eucalyptus and Acacia not to mention fewer
scattered bushes and other plant varieties along the mountainside of Entoto ridge. The flat
area of the catchment is mainly a pastureland besides crops with scattered trees are also
found. The Gerbi reservoir covers the flat lying areas used mainly for grazing and small-scale

farming; hay is also grown on the flat land by the local people for sale.



CHAPTER-TWO

Climate and Geomorphology of Gerbi Catchment

2.1 Climate

The climate of Ethiopia ranges from desert to hot and cool steppe, from tropical savanah and
rain forest to warm temperate, and from hot low land to cool high lands (Tenalem Aynew and
Tamiru Alemyehu, 2001). As part of the Ethiopian highlands, the Gerbi catchment is
characterized by warm temperature and high rainfall with higher altitudes. Gerbi area has

similar climatological characteristics as that of Addis Ababa.

Hydrometrological data such as rainfall, temperature, humidity, etc of three stations
(Chancho, Sululta and Addis Ababa Bole stations) is collected to represent the climatological

characteristics of the area.

According to the results of the analysis, the annual rainfall of Gerbi catchment is calculated to
be 1153.5 mm. The average mean monthly minimum temperature and the mean average
monthly maximum temperatures are 3.8°C and 21.6°C respectively. Based on the above

results it can be concluded that the area has humid tropical climatic conditions.

2.2 Geomorphologic Characteristics

The study of geomorphology is based on the principle that all land forms can be related to a
particular geologic process or sets of processes. The different landforms of the study area are
results of volcanism, tectonism and structure that are later modified by weathering processes.
The extent to which a regional landscape is controlled by volcanism depends on:

-The nature of the extruded materials (basic lavas tend to spread over larger areas,

producing landforms with more subdued slopes than do silicic lavas,
8



-The distribution of vents and fissures;,

-The volume of outpourings,

-The duration of volcanism,

-The ége(s) of volcanic activity relative to the present and to associated stratigraphic

units; and

-The intensity and stage of subsequent erosional activity
In some regions, volcanic outpourings were confined to a limited time period, leading to
flows that cap older non-volcanic units. The resistance of such volcanic rocks to erosion
strongly influences the subsequent history of landscape development as streams penetrate into
the underlying more erodible bedrock, causing a distinctive assemblage of lava- capped hills
and mesas. Likewise, lava flows and/or thick tephra deposits that accumulate over larger arcas

may partially to completely bury preexistent topography.

Volcanoes develop from extrusion or expulsion of fluids, congealed fragments, and gases that
collect or distribute at or near the Earth's surface to produce a variety of forms, chief of which
are conical, often mountain-like structures, thin to thick piles of flow sequences, and sheets of
air fall deposits of tephra (fragmented particles of volcanic material). The forms are controlled
in part by the mode or types of volcanic activity. This ranges from quiet emission to explosive
ejection, depending mainly on the gas content and viscosity (related to composition) of the

initial magma and resultant lava

The geomorphologic characteristics of the study area have been interpreted from aerial
photographs, topographic maps and field investigation. Gerbi catchment is part of the
Ethiopian central plateau consisting of plains covered by red clays with few ridges. Flat to
undulating topography dominate in the area. The elevation at which the dam site is situated

ranges between 2630m and 2672 m the lowest being at the riverbed at the dam site.



The different landforms of the study area are results of volcanism, tectonism and structure that
are later modified by weathering processes. The area is bounded by East West trending Entoto
ridge (built by the accumulation of flow lavas and sheets of airfall deposits (ash) (Lulseged

Ayalew, 1990) and an assemblage of mountain-like structures (hills).

The north western and upper south eastern portion of the dam site is covered by boulders of
basalt intermingled with red clay (this formation goes up to the bottom of the hill on the north
western part and up to the upper portion of the trachyte unit on the south eastern portion)
Highly weathered to slightly weathered trachyte underlie the basalt. It can be concluded that

successive lava flows are responsible for the formation of such volcanic terrain.

Flood basalt plateaus and plains cover most of the area. While generally of low relief after the
final eruptive emplacement of lava onto a thickening pile, the terrain is affected by later

erosion that produced notable relief characterized by localized hills and chiffs.

Most volcanic forms do not experience significant weathering until the activity causing them
has either ceased or been long dormant. Likewise, lava flows of the study area generally did
not experience significant weathering or removal until after the last flows or ejects has

covered them.

Not to mention, the weathering processes, slope movements (such as landslide, fall, and flow)
further modified the landscape of the area Generally, vast plains covered dominantly by
Quaternary sediments (alluvial and residual soils) dominate throughout the area. Small
relatively steep hills are found scattered with in the catchment. Colluvial soils are found at the
foot of almost every hill. The south eastern and southern portions (near the boundary of the

catchment) are characterized by high forested cliffs.
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2.3 Relief and Landforms

Different landforms have developed with in the study area owing to both the petrogenic
mechanisms and modifying geomorphic processes. The forms are controlled in part by the

mode or types of volcanic activity and the resistance of such volcanic rocks to erosion.

2.3.1 Slope Map

The steepness of the ground surface can be represented on a map in several ways. The most
familiar and widely used is the conventional topographic map, on which points of equal
elevation above sea level are joined by contour lines. The most easily visualized and explicit

representation of the steepness of the ground is the slope map.

Preparation of slope maps for local areas is made possible by modern computers and GIS
software (Arc View) and the expanding availability of high-quality digital elevation data.
Slope maps are relevant to land-use planning, in addition slope maps are of great importance

for the overall assessment of landslide hazard potential areas and slope instability.

In hilly terrain, it is often the slope or inclination that plays the dominant role in land use
planning and slope stability analysis. In a slope map, it is not the elevation of an area that is
displayed, as in conventional topographic contour maps, but rather the inclination of the
ground surface to the horizontal. It can be expressed as the percent rise in elevation along a
given horizontal distance. [A 10 percent slope rises 10 feet over a horizontal distance of 100

feet (This percentage is actually the trigonometric tangent of the vertical slope angle)].

The area is classified into different slope classes based on the observed slope characteristics
from topographic maps and field observations. The slope maps prepared, display four classes

(from Class 1 up to 4) in the increasing order of slope angle range. The land form

11



classification is according to UNESCO-FAO (1997) guideline for slope and slope profile. The
classification is given in Appendix E.

1. Flat land

This portion comprises land forms with slopes from 0 to 2%.This portion is extensive and
covers 52.38 % of the total catchment area. It covers the entire reservoir area in the central
part and some portions in the north eastern part. This section is bounded by gently slopping
land in every direction and is bisected by tributaries of Gerbi river. Gerbi river meanders

across this flat land.

Thick alluvial, residual and at some portions colluvial soils characterize this section. The
elevation ranges from 2640 to 2700m.

2. Gently slopping to undulating Land

This portion comprises land forms with slopes from 2 to 8% .It covers 33.3 % of the entire
catchment area. It comprises the north western and south eastern portions of the basin. Gentle
slopes and hills characterize this portion of the basin. The elevation for this portion of the
slope class ranges from 2720 - 2780m.

3. Rolling

This portion comprises land forms with slopes from 8 to 15%. Its aerial coverage is 4.76 % of
the total area of the basin. It comprises both the abutments where the body of the dam rests.
The right abutment (facing downstream) has relatively lower slope than the left portion. The
elevation of this land form varies from 2680 to 2740m.

4. Moderately steep to very steep land

The slope of this class is greater than 15 %. It covers 9.52 % of the total catchment area. This
landform covers a very small aerial proportion and is found on the southeastern parts of the
basin beyond the gently slopping land.

The elevation ranges from 2680 — 2880m.
12
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2.4 Present Land Use and Land Cover

Land use assessment indicating the relationships between the land and its use can be used to
assess the hydrological characteristics of a given basin. Some hydrological characteristics
such as runoff characteristics, sedimentation rate etc which have relation with the existing
land use can be estimated from land use and land cover assessment of the study area. The

proportions of land forms used for different purposes are given in Table 2.1 below.

Table 2.1 Land use proportions in the project area

Land use Gerbi
Area (ha) Area(ha) % proportion
(AAWSA) Present study
Cultivated 2468 2705.8 33.2
Grazing 3555 32274 39.6
Forested 1731 1336.6 16.4
Waterlogged 54 505.3 6.2
Homestead 341 3749 4.6
Total 8149 8150 100

The flat area of the catchment is mainly a pastureland (grazing land) constituting 39.6% of the

total area. Crops with scattered trees are observed at some portions of the grazing land.

Vegetation is sparse consisting mainly of Eucalyptus and Acacia and fewer scattered bushes
and other plant varieties along the mountainside of Entoto ridge. Small-scale farming is
practiced with in the basin and covers 33.2% of the area. It is observed that the majority of

housing units are found in scattered settlements constituting 4.6% of the total area.

Generally, the hill tops and ridges support woody plant species while the flat area is

characterized by grass lands.
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2.5 Drainage Pattern and Vegetation Cover

The main Gerbi river along with its tributaries drain to north east. Gerbi river meanders along
the vast plain (Part of sululta plain). A denderitic drainage pattern characterizes the area

where irregular landforms prevail.

The vegetation cover of the study area is mainly grassland associated with woodland. Some
remnant forest patches that consist of Eucalyptus and Acacia intermingled with scattered
bushes and grass lands in the depressions and flat lands characterize the vegetation of the

study areas.

These days, a large part of the former forest zone is occupied by annual and perennial crops,

secondary grasslands, and relict patches of the former forests.
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2.5 Beismicity

The study of seismicity of a given area is an important consideration when constructing
gngineering structurgs since earthquake forces may cause significant damage and distruction
on the engineering structure.

Based on the historical records and assessment of the regional and local geology Laikemariam
has produced seismic risk map of Ethiopia. According to this map the study area lies with in
the highest risk zone which is related to the main Ethiopian rift.

The design of the dam therefore should take into consideration the high seismic risk and the

dam to be constructed has to be earthquake resistant.
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CHAPTER-THREE

Geology

3.1 Preamble

The study and description of the geological setting is very important when designing dams, or
when trying to troubleshoot problems or safety deficiencies. The geological features and
conditions of the site should be fully understood to better assess problems and deficiencies of
the dam site. Site-specific information obtained from a geotechnical exploration program will

better define and quality the subsurface conditions in a given geological setting.

All dams should be assessed in light of both the local site and regional geological conditions.
In addition, potential geologic factors that may influence the performance and safety of an

existing dam should be studied.

3.2 Regional Geology

The proposed project (Gerbi catchment) is underlain at great depth by Archean (Early
Precambrian) gneisses of the Alghe Group intruded by younger granites and syenites. These
basement rocks occur to the north-west in the Abay River valley and to the south-east (south

and east of the Ethiopian Rift Valley) (TAHAL, 2003).

Successions of sedimentary rocks uncomformably overlie (at an elevation of about 1,000 m)
the Archean rocks. The sedimentary rock successions are described below.

The oldest of these sedimentary successions is the Adigrat Formation which occurs in the
Abay and Muger gorges and to the south of the Rift Valley (TAHAL, 2003).

These rocks unconformably overlain by Abay Formation. The Abay Formation is of Middle

Jurassic Age and is comprised of limestones, calcareous sandstones, shale and gypsum.
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The Abay Formation is in turn overlain by the Antolo Formation which is of Middle to Late
Jurassic Age (165 to 135 Ma).It is comprised of oolitic, detrial micro grained limestone and
marls.

Amba Aradom Formation (of Late Cretaceous Age (135 to 90 Ma)) conformably overlay the

Antalo limestones. It is comprised of sandstones, shale and marl.

The Abay, Antolo and Amba Aradom Formations all occur in the Abay and Muger gorges
and almost certainly underlie the project area. The top of these sedimentary rocks can reach

up to an elevation of about 2,100 m (TAHAL, 2003).

Following a period of uplift during the Jurassic and Cretaceous, the earliest flood basalts
(Cenozoic volcanic rocks) associated with this uplift and associated faulting covered the

above sedimentary rocks.

Gerbi dam site is located within Shoa plateau, which is comprised of Tertiary volcanic rocks.

On a regional scale the Cenozoic volcanic rocks of the study area comprise:

-Volcanic rocks of the Trap series of early and middle Tertiary age and

-Younger volcanic rocks

Volcanic rocks of the Trap series include Ashangi group and Shield group. Volcanic rocks
younger than rocks of the trap series include Magdala and Afar group.

The shield group is Miocene in age. This group is comprised of alkali olivine basalt, tuff and

agglomerates.

I. Ashangi Group
Consists predominantly of alkaline basalts with interbedded pyroclastics and rare rhyolites
erupted from fissures. They are intruded by dolerite sills, acidic dykes and gabbro-diabase

intrusions. The Ashangi group has a Paleocene to Miocene age range (Kazmin, 1975).
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I1. Magdala Group

Magdala Group is abundant with in the Ethiopian rift and on the adjoining plateau. Acidic
rocks including acidic tuffs, ignembrites, rhyolites and trachytes are commonly found. These
rocks are interbeded with lavas and agglomerates of basaltic composition. This group is

suggested to be upper Pliocene in age (Kazmin, 1975).

II1. Afar Group
The Afar Group is comprised of basalts which are Miocene to Pliocene in age. Silicic rocks

occur throughout the sequence. The Afar basalts are alkaline and resemble those of the

Ashangi Group (Mohr, 1971; Kazmin, 1975).

According to a recent study by Kieffer et al (2004), the study area lies with in the Mio-
Pliocene volcanoes. According to Hofmann et al. (1997), most of the Ethiopian flood basalts
erupted 30 Myr ago, during a short 1 Myr period, to form a vast volcanic plateau volcanic
plateau. After this activity, a number of large shield volcanoes developed on the surface of the
volcanic plateau, after which subsequent volcanism was largely confined to regions of rifting
(Mohr and Zanettin, 1988). The lava flows of the shield volcanoes are thinner and less
continuous than the underlying flood basalts. These volcanoes contain sequences of

alternating basalts, rhyolitic and trachytic lava flows, tuffs and ignimbrites.

According to Kieffer et al (2004) there is no evidence of deformation to distinguish a lower
deformed formation (Ashangi) and upper undeformed formation (Aiba) as the type used in
Meral et al (1979) and Berhe et al (1987) used in other parts of the plateau. Hence Kieffer et
al (2004) avoided the formation names Ashangi and Aiba and speak only of the upper and

lower flood basalt formations.

The geologic set up of the study area afte Kieffer et al (2004) is given in figure 3.1.
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3.3 Geology of Gerbi Catchment

Gerbi dam site is comprised of volcanic rock belonging to Ashangi Group of the Trap series
(AAWSA, 1996). This Group consists of alkaline basalts with interbedded pyroclastics. The
upper part of this Group is more tuffaceous. The Ashangi Group has a Paleocene to Miocene
age range (Kazmin, 1975). The volcanic rocks of the area are overlain by Quaternary soils of

residual, alluvial and colluvial types.

3.4 Lithology of Gerbi dam site

The lithological successions of the study area are basalt, trachyte and tuff and welded tuff.
3.4.1 Basalt

Basalt is the most abundant rock type with in the study area. Basalt outcrops are found
overlying the trachyte rock unit. These rock units tend to cover wider areas and are observed
more on the western part of the dam site. Small outcrops of basalt are observed in the North
Eastern part of Gerbi dam. Basalt is predominantly plagioclase, with considerable amounts of
pyroxene, and some olivine. Quartz is completely absent. Basalt varies from dark gray to

black in color, but weathers to yellowish to reddish-brown.

From outcrop and hand specimen examination of the rock, it is evident that the basalt
observed is dark grey to black indicating that the weathering is not extensive. Medium to
highly weathered basalts having rusty red color are exposed at some places. The basalt is fine
grained and aphanitic in texture. The basalt is vesicular. Well developed jointing (systematic
and non-systematic jointing) prevails on basaltic rocks that are exposed at the surface.

Columnar jointing is observed at some places as a result separate blocks of basalts are found

at the surface.
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The joints observed are open joints. Basalt may present serious problems in foundation
design, especially for dams. Quite often soil horizons form on top of one basalt flow, and are
then buried by a sybsequent flow. This provides well-developed plane of material contrast,

and may expedite or inhibit groundwater flow. In addition, basalt is oftes cavernous, which

may cause excessive leakage.

Figure 3.3 Basaltic rock outcrop
1- Highly weathered basaltic rock outcrop (left reservoir rim), 2-Closer look of 1

3- Huge basaltic boulders on top of the left abutment
4- Smaller basaltic boulders at the foot of the left abutment

5- Closer look of 4
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3.4.2 Trachyte

The trachyte is found underlying the basalt. It is located in South and South Eastern part of
the arca. Outcrop apd hand specimen examination of the rock indicates that the trachyte is
slightly to highly weathered. Portions of the rock where weathering is not significant are light
grey to dark grey in golour while the highly weathered ones are pinkish grey in colour. The

trachyte predominantly consists of feldspar and minor maffic minerals. The joints observed

are not very open as those of the basalt.

Figure 3.4 Trachyte rock outcrop

1- The top portion of the trachyte outcrop (quary site)
2- Photo showing the joint structure ,3- Closer view of 2
4- Photo showing the joint characteristics
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3.4.3 Tuff and welded tuff

These types of deposits are found underlying the trachyte unit. Pyroclastic deposits are
dubious foundation materials because of low density, high porosity and collapsible structure
Tuff and welded tuff are the most common deposits that are observed with in the study area.
Tuff results from volcanic explosions of high-silica lavas. It usually consists of a mixture of
rock fragments of various sizes cemented into a fine grained, porous matrix. Tuffs are
commonly stratified like sedimentary rock, reflecting deposition from the atmosphere. Tuff
can grade into volcanic breccia, which has larger, more angular particles, and may be better
cemented. The tuff is brown to light brown and sometimes the color ranges from greyish to
green. It is fine to medium grained rock. This rock is weak and is characterized by moderately

to close jointing.

Lapili tuff is also found together with the tuff. It is fine to medium grained. The lapili tuff is

brown and dark pink in color. It is characterized by wide jointing and is very weak.

The volcanic rocks of the area are overlain by Quaternary soils of residual, alluvial and

colluvial types. These soil types are described below.

I. Quaternary Deposits

A. Residual soils

This type of deposit is the result of insitu weathering of basalts, trachytes and tuff. Residual
soils are observed on the top part of the hills characterized by relatively horizontal surfaces.
Almost every part of the higher topography beyond the Gerbi reservoir rim (where agriculture
is practised) is covered by residual soils. Residual soils are also observed with in the reservoir
area. Residual soils are more extensive at left upstream portion of the dam site which are
bounded by a hill (at the left reservoir rim) and at the pipe line saddle (downstream) Residual

soils are also observed at the down stream portions of the dam site. At some places (top of
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hills and some portions of the reservoir) the residual soil is found intermixed with colluvial
deposits and it has all material size ranging from clay to rock boulders size. The soil is reddish
brown in color, it is usually thin but at some places the thickness can reach up to six meters.

B. Alluvial soils

Alluvial soils are formed by alluvial deposition. The alluvial sediments of the study area are
present along the main river of Gerbi and along the tributaries of Gerbi river. These sediments
are more extensive in portions of the course of the river near the upstream part of the dam
axis.The thickness of the alluvial deposit is more in this portion of the basin than other areas.

The soil thickness varies from 2 - Sm.

Reddish clay soil, silty clay soils and little sandy clay soil mixed with gravel are the alluvial
soil types observed in the study area.

C. Colluvial soils

Colluvial soils are those deposited primarily through the action of gravity. The rock fragments
are readily removed from the slopes by gravity, due to which the surface of the slopes remains
exposed and undergoes further weathering. This results in the accumulation of hillside waste
or talus at the foot of the mountain slopes. This slope deposit (the colluvial deposit of the
study area) is classified into two; coarse colluvial and fine colluvial. The coarse colluvial
deposit consists reddish brown clay soil intermingled with basaltic blocks, cobble and pebble

sized rock fragments. The fine colluvial deposits consist of predominantly reddish brown clay

with few rock fragments of basalt and trachyte.

Colluvial sediments with in the study area are more extensive along the left side of Gerbi

river. Gravely clay and clayey gravel are the most common colluvial soil types observed in

the study area. The soil thickness varies from 2 - Sm.
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3.5 Geological Structures

The study of geological structures (joints, faults, contacts, shear zones) is of great importance
to assess the rocks with respect to water tightness, stability and soundness of the rock mass.
The engineering behavior (strength and stiffness) of a rock mass is greatly affected by the
characteristics of joints and faults.

3.5.1 Joints

Joints are characteristic features of nearly all rocks. Joints are fractures along which there has
been no appreciable displacement parallel to the fracture and only slight movement normal to
the fracture plane, (Hatcher ,1995); blocks may move apart, but do not slip past each other.
Systematic or non-Systematic, joints affect the engineering properties of rocks and are also

responsible to many failures in civil constructions.

Analysis of joints is not easy as they are easily activated, relative dating of the time of
formation is usually unknown, represent virtually no measurable strain and there are many
possible mechanisms of origin. As a rule, rectangular and columnar jointing is a
characteristics feature of volcanic terrain especially basaltic rocks. In fact genesis of joints is
generally considered the result of tensile failure due to cooling of an igneous rock or due to
relaxation of the rock mass due to erosional up lift (Price, 1996). Joints often form regular
patterns (joint sets) in the rock mass. Representation of important discontinuities on
engineering geological maps and presentation of concentration of discontinuities on diagrams
gives important clue on the engineering assessment of the rock mass. Hence many
measurements of joints from the reservoir, dam site and representative areas with in the basin
should be taken. Since Gerbi dam site is comprised of volcanic rock units covered by thick

over burden consisting of Quaternary soils of residual, alluvial and colluvial types, it is

difficult to take many discontinuity measurements.
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Only two outcrops are present in the vicinity of the dam site and all the measurements are
taken on these outcrops. The first outcrop is the basaltic rock located at the left of the
reservoir rim and the second one is the trachyte outcrop found at the right abutment (quarry
site).

The joint measurements taken on these outcrops and their stereographic plots are presented
and thoroughly discussed in Chapter 6 and Chapter 7.

3.5.2 Faults

Faults are discontinuities in which one block has slipped past another. Faults (fractures having
appreciable movement parallel to the plane of fracture) occur in many forms and dimensions.
They can be few centimeters to several kilometers long and their traces can be straight or

curved (Hatcher, 1995).

Understanding faults is important during the construction of major civil engineering projects

(dams, bridges, multistory buildings, etc).

The east-west running Entoto ridge manifests regional tectonic events that could possibly be
related to the tectonic events that prevail with in the catchment. The Gerbi area and its
reservoir do not exhibit such regional tectonic features. However, the localized hills are
aligned (approximately north-south) which could give attention to the occurrence of tectonic
events associated with volcanism (AAWSA, 1997). From interpretation of aerial photos and
field assessment for geological structures during the present study the following faults have
been suggested. The interpretations made on aerial photographs of the basin indicate that

most of the structures are continuous trending in NE-SW, E-W and N-S directions.
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CHAPTER-FOUR

Hydrometerology and Groundwater

4.1 General

Hydrology is the study of three important phases of the hydrological cycle, namely rainfall,
runoff' and evaporation (Mutereja, 1986). Engineering hydrology, however, includes those
segments of hydrology that are important for the design and operation of engineering projects

responsible for the control and use of water.

In planning water resource projects detailed study of hydrology is very important. In fact, for
many water resource projects, determination of the peak and magnitude of flood that has to be
adopted in the design of the project is of great importance. Too high design flood results in
unnecessary cost while adoption of a low design flood can (if higher flood occurs) result in

loss of structure with human causalities.

Climate, topography and geology determine hydrology of a given region. Precipitation,
humidity, temperature, wind speed, evaporation and sunshine duration are important factors.

Engineering works require the input of hydrogeological study to assess the suitability of a site

for the proposed project.

4.1.1 Precipitation

Precipitation is the general term for all forms of moisture (rainfall, snow etc) emanating from

the clouds and falling to the ground (Mutereja, 1986).

Precipitation can result when air containing the moisture is cooled sufficiently so as to

condense a part of the moisture and the condensed droplets to grow around condensation

nuclei, which are present in the atmosphere.
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All forms of precipitation are usually expressed as the vertical depth of water that would
accumulate on the earth’s surface if there were no losses. The precipitation data is basic in
planning and management of water resource projects and is used to extend records of run-off

both in time and space. Nevertheless, proper network of rain gauges is necessary to collect

precipitation data of the water shade.

Data on precipitation of Gerbi catchment is collected from National Meteorological Services

Agency (NMSA) of three nearby stations: Addis Ababa Bole, Chancho and Sululta stations.

Table 4.1 Location of the three stations

Station Elevation (m.a.s.]) Location

Addis Ababa Bole 2480 9°02 N and 38%45 E
Chancho 2620 9°20'N and 38"45E
Sululta 2604 9°11 N and 3846 E

The mean monthly precipitation of the three stations is given below.

Table 4.2 Mean monthly precipitation in mm of the stations

Stations | Jan Feb | Mar | Apr | May | Jun Jul Aug Sep | Oct | Nov Dec Annual
Mean

AA 11.8 331 | 668 |99.1 | 692 | 1227 2280 | 2489 | 1308 | 32.7 | 2.1 4 1049.0

Bole

Chancho | 27.8 29.8 [ 69.7 | 68.1 | 651 | 1444 368.6 | 3346 | 1255 | 258 | 123 9.9 1282.1

Sululta 17.7 220 | 70.1 |91.0 | 548 | 1614 300.2 | 2749 | 1073 | 186 | 6.8 47 1129.6

Average | 19.1 283 | 688 | 8.0 | 630 | 1428 2989 | 286.1 | 121.2 | 25.7 | 7.1 6.2 1153.5

(Source: National Meteorological Agency)
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Figure 4.1 Mean monthly precipitation of Addis Ababa Bole, Chancho and Sululta
stations and their arithmetic mean

A rainfall measurement is a point observation and may not represent the area under
consideration, so the point measurements have to be averaged over the area except in its
immediate vicinity. The arithematic mean of the three stations is taken as the mean annual

average rainfall depth of the basin and it is found to be 1153.5 mm.

The knowledge of the intensity and distribution of the maximum rainfall that may occur on
the area under consideration with in a given period of time is the basis to determine the flood
flow that will result. A study of precipitation is essential for the solution of some problems
where runoff data is not available. Run-off data is available so the flow characteristic is

basically derived from the run-off data of Gerbi river.

The basin is characterized by a unimodal rainfall pattern. In fact the twelve months are
grouped into two rainfall groups based on their rainfall coefficient .The second group for
months March, April and May has relatively higher rainfall than the remaining months but is

not high enough to be considered as a rainfall group. The rainfall coefficient is the ratio of
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mean monthly rainfall to one twelfth of the mean annual rainfall (rainfall module),

(Daniel,1974).

__ Pim)
Cr ™ 0.083x P(y) Eq4.1
Where, P(m) — mean monthly precipitation
P(y) - mean annual precipitation

If C;¢ < 0.6 — dry months
IfCs>0.6 -  rainy months
If0.6 < Cy <0.9 —little rain
If C,¢> 1 — heavy rainfall
Table 4.3 Rainfall coefficient of the mean monthly average
Stations Jan Feb Mar | Apr | May | Jun Jul Aug Sep Oct Nov | Dec
s 191 | 283 | 688 | 8 | 63 | 1428 | 2989 | 2861 | 1212 | 257 | 71 | 62
mean Rf
Rainfall

020 | 030 | 072 | 090 | 066 | 149 | 312 | 299 | 127 | 027 | 0.07 | 0.06
coefficient

4.1.2 Temperature
Increase in temperature, increases rate of evaporation by which the precipitated water is
returned back to the atmosphere as vapor to perpetuate the hydrologic cycle. Generally,

maximum amount of evaporation occurs as a function of temperature independent of

existence of other gases.

Monthly minimum and maximum temperature data of Addis Ababa Bole and Sululta stations

is collected from NMSA (Appendix A) and the mean monthly maximum, mean monthly

minimum and average monthly temperature of these stations is given below
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le 4.4 Monthly m i =
Table Yy mean maximum and minimum and average temperatures of the
stations
Stations Temperature ‘ ‘
o) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep { Oct | Nov | Dec
{
Monthly 1 ‘
ey 70 | 86 | 104 | 112 | 109 | 106 | 110 | 109 | 100 | 82 5.7 6.2 ‘,
Monthly "
A.A Bole o 240 | 248 | 253 | 249 | 252 | 235 | 213 | 210 [ 219 | 230 | 232 | 234 ‘
|
Average ‘
154 16.7 17.8 18.0 18.0 17.0 16.1 16.0 159 156 144 147 '
Monthly
“e 32 | 36 | 40 43 4.1 3.6 38 36 38 | 3.7 3.1 3.2
Minimum
Monthly
Sululta : 220 | 225 | 219 | 229 | 229 | 214 | 202 | 204 | 201 | 214 | 215 | 217
maximum
Average
126 | 13.0 [ 13.0 | 136 | 135 | 125 | 120 | 120 | 125 | 126 | 123 | 124

Temperature data from sululta station (the nearest station) is used to represent temperature of

the study area. The average minimum temperature of the study area is between 3.2 and 3.6 °C

from November to February and the average maximum temperature is between 21.8 and 22.9

°C from December to June.

4.1.3 Relative Humidity and Sunshine Durations

4.1.3.1 Relative Humidity

The state of the atmosphere in relation to the amount of water vapour it contains is called

humidity (Mutereja, 1986). Humidity is closely related to temperature, the higher the

temperature the more vapor it can hold. Humidity is extremely important factor since

atmospheric water is the source of precipitation and controls the rate of evaporation.

Relative humidity is the ratio between amount of water vapor actually contained per unit

volume and the maximum amount of moist

temperature.

38

ure it can hold when saturated and at the same




Table 4.5 Mean monthly Relative humidity

... e=
Stations Relative 3 " N .
Humidity %) | "™ | Feb | Mar | Apr | May | Jum | Jul | Aug | Sep | Oct | Nov | Dec
|
Mean Monthly :
at 600 7533 [ 7133 | 7000 | 70.78 | 7433 | 8544 [ 9033 | 9111 | 8700 | 7456 | 69.00 I 75.00
Mean Monthly 4
i & Bl at 1200 4344 | 4133 | 43.89 | 4756 | 47.00 | 59.11 | 70.11 | 72.44 | 6244 | 4356 | 40.44 | 43.67
. Mean Monthly -
at 1800 50.67 | 43.56 | 44.89 | 5267 | 5167 | 6867 | 7789 | 79.11 | 7056 | $2.78 | 4722 | 49.89
Mean monthly
Average 56.48 | 52.07 | 52.93 | 57.00 | 57.67 | 71.07 | 79.44 | 8089 | 7333 | 5696 | 5222 | %6.19

(Source: National Meterological Agency)

The mean monthly relative humidity of Addis Ababa has been used to represent the relative
humidity of the study area. From the monthly relative humidity data collected from NMSA
(Appendix A), it can be concluded that the mean monthly humidity varies from 52 to 80
Months June, July, August and September are very humid months (and hence evaporation is
lower) while February, March and November are relatively dry (higher evaporation).

4.1.3.2 Sunshine Duration

Monthly sunshine duration data of Addis Ababa Bole station from 1992 to 2003 is collected
from NMSA. The mean monthly sunshine duration is given in table 4.6. The mean monthly

sunshine duration of Addis Ababa has been used to represent the sunshine duration of the

study area.

Table 4.6 Sunshine duration of Addis Ababa Bole Station

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

Mean monthly
sunshine duration 89/82|78|68|79 59|38 42 |59 (85|93 (99

(hrs)

(Source: National Meteorological Agency)

Months June, July, August and September have short sunshine durations while months from

October to May have long durations indicating minimum cloud cover.
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4.1.4 Evapotranspiration

Evapotranspiration is the total water loss (free water evaporation, transpiration from plants,

soil moisture evaporation) from a basin,

To determine the maximum flood that will occur with a certain frequency and to determine
the yield expected from a certain basin, the run-off should be evaluated. To estimate the run-
off characteristics of a basin knowledge of both the water input and output (water loss in the
form of evaporation, transpiration etc) elements is necessary.

4.1.4.1 Potential Evapotranspiration

Potential evapotranspiration is the water loss which will occur if at no time there is a
deficiency of water in the soil for vegetation use (Thornthwaite, 1944). This term implies an

ideal water supply to vegetations.

Various methods are used for estimating evapotranspiration but there is none, which is
generally acceptable under all circumstances. The various methods use different factors
(climate, soil and vegetation) to come up with an estimate of evapotranspiration. Sululta
station has only rainfall and temperature data so Thornthwaite’s method is used. The method
uses the mean daily temperature, the latitude of the place and months of the year to compute
the evapotranspiration. It assumes that the mean temperature is correlated with radiation,
atmospheric moisture and wind. There is no crop constant included.

The formula developed by Thornthwaite is:

PET =CT? Eq.4.2

Where, PET — monthly potential evapotranspiration (cm), C - C oefficient
T - mean monthly temperature (°C), a — constant

a=675X 10°F = 77.1 X 10°* + 0.01791 + 0.492

[ - is the annual heat index and is given by:
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12 T 1.51
-£(3) ~
; 5 Eq43

[f each month has 12 hours of sunshine each day and 30 days a month which is similar to the

case in the basin, the equation reduces to:
PET =1.62 1OT"' ;
T =1. - Eq 4.4

Potential evapotranspiration for Gerbi basin using Thornthwaite method is given in table 4.7
The result is extremely low compared to other estimates ( usually above 1000 mm) under

similar climatic conditions.

Table 4.7 PET of Gerbi basin

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

| T 12.6 | 13.0 | 13.0 | 13.6 | 13.5 | 12.5 | 12.0 | 12.0 | 12.5 | 12.6 | 12.3 | 12.4
PET | 534 | 556 | 5.56 | 5.88 | 583 | 5.29 | 5.03 | 5.03 | 529 | 534 | 5.18 | 5.24
(cm)

4.1.4.2 Actual Evapotranspiration
Actual evapotranspiration (AET) is the amount of evapotranspiration that occurs when the

soil moisture is less than the PET or under actual field conditions. AET is usually less or

equal to PET.

AET is computed from PET values. The amount of moisture available with in the reach of

roots (root depth) is considered in this method. This method (monthly water balance model

(Thornthwaite and Mather, 1957)) uses monthly precipitation and PET values.

To compute AET, nature and type of the soil and the vegetation cover with in the basin should

be known and the corresponding estimated water capacities are given based on the correlation

between soil texture and vegetation type and water capacity developed by Thornthwaite and

Mather (1957) as cited in Dune and Leopold (1978). The average AET is 780 mm.
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As stated earlier the evapotranspiration data is used to estimate the run off characteristics and
hence the yield expected. It is also used to estimate the flood that will occur with a certain
interval. However evapotranspiration and precipitation data are used to estimate the run off
characteristics when run off data is not available. Gerbi river is gauged (flow data is available)

and hence the flow data has been used to estimate the yield expected.

4.1.5 Surface run-off

Run-off is the residual of precipitation after the demands of interception, infiltration,
depression storage and evapotranspiration are met and constitutes overland flow (surface run
off) and inter flow (subsurface run-off (depends on geology) and base flow (ground water

flow that contributes to the river) based on the characteristics of the streams.

Surface run-off is water that flows over the soil surface when precipitation rate exceeds the

infiltration capacity.

Run-off characteristics of a basin are affected by the rainfall input, physical, vegetative and

climatic characteristics of the basin. The catchment characteristics are greatly determined by

its geology, geomorphology, area, slope and drainage basin dynamics.

Gerbi river is a perennial river fed by a number of intermittent tributaries. The river is gauged

a few meters upstream of the dam site. The mean monthly flow data is given in Table 4.8.

Table 4.8 Mean monthly flow data

Stations Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
Flow
(m’/s) 0.080 | 0.075| 0.079 | 0.118 0.090 | 0.153 | 2.838 5311 | 2.288 | 0.297 | 0.092 | 0.074

(Source: Addis Ababa Water and Sewerage Authority)

The direct runoff consists of the overland flow. Discharge from excess runoff constitutes the

direct runoff hydrograph. The initial rise of direct runoff hydrograph is due to arrival of runoff
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at the outlet. As enough time elapses flow from distant areas of the basin adds to the flow at

the outlet.

The highest flow occurs in June, July, August and September and the lowest in December

corresponding to the highest and lowest rainfall months respectively.

Mean monthly discharge
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Figure 4.2 Hydrograph of Gerbi river
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Figure 4.3 Hydrograph of Gerbi river based on daily data

4.1.6 Flow duration for Gerbi river

The characteristics of a certain basin (whether there is a large amount of runofT or not) can be

established by analyzing the shape of the Flow duration curve.
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A flow duration curve shows the percentage of time a specified discharge is equaled or

exceeded (Bell, 1980).

ﬁ—._’; ——————— —— -
Flow Duration Curve for Gerbi River (Based on Flow data from
1992 -2001)
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Figure 4.4 Flow Duration curve for Gerbi River

The curve has steep slope up to 35% of time followed by relatively flat slope. Curves having
steep slope indicate that there is significant run-off while relatively flat slopes indicate that

there is substantial storage either on the surface or as ground water.

The curve has relatively flat slope beyond 35% of time with small flood picks. The
distribution of runoff is a function of geology that is to say that the thick alluvial deposits
along the course of the river absorb the water resulting in small flood picks.

The mean annual runoff depth is calculated using the formula give below.
RD=0xL Eq.4.5
T4

Where: RD- Runoff depth, Q-mean annual runoff, t-time in second and A- area of catchment.

The mean annual runoff depth which is the combination of both the surface runoff and ground

water flow is found to be 0.355cm (355mm).
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4.1.7 Ground Water
I. General

Ground water is that portion of the water beneath the surface of the earth that can be collected

with wells, tunnels or that flows naturally to the earth's surface via seeps or springs

Surface and Ground water play an important role on geomorphologyical processes,
weathering and slope movements. Ground water (usually under pressure) affects engineering
behavior of soils and rocks and hence their deformation characteristics and failure (Bell,
1993). The nature of ground water and variation of one form to another in the reservoir,
foundation and abutments greatly influences the design of dams. The position and nature of
existing ground water table affects the stability characteristics of the abutment slopes and

potential settlement of foundation.

Ground water flowing in to excavations affects the construction of the dam by increasing the
uplift pressure. The corrosive action of ground water has an impact on the engineering
structure itself. The interaction of rock and soil with ground water can result in a change in
the properties of the rocks and soils which in turn may possibly impose adverse conditions on
the engineering structure.

Il. Ground water levels and fluctuations

The ground water observations of the site were made during the drilling of boreholes. The
ground water level is observed by placing piezometers in drill holes. Piezometer observations
are usually made over a period of time to record fluctuations with the seasons or to observe its
relationship with the rise and fall of river levels. Many ground water levels show a seasonal

variation affected by recharge from rainfall and discharge from pumping. Ground water is not

in use at the site. Fluctuation due to pumping out of ground water is therefore insignificant.
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From the analysis of rainfall data, highest leve] of ground water occurs about Julv and the

lowest about April.

To Asses the ground water conditions of the study area, some hydrogeological data especially

static water levels were collected in the field. The depth of penetration, and boreholes logs

were collected from AAWSA.

The observation made at the site is only for the dry season, and hence it is difficult to analyze
the effect of ground water fluctuation on the stability at the dam site. The ground water levels

of the boreholes are given in Appendix A.

The rocks exposed in the study area are mainly basaltic lava flows which are overlain by
Quaternary sediments and exhibit a wide range of hydrogeological properties. These rocks
range from fresh, dense and massive type to highly porous, fractured, jointed and vesicular
type. The variation in the rock’s property and the variation in the degree of weathering with
the different stress conditions with in the study area is the possible cause of the variation in

their hydrological properties.

Aquifer (the ground water bearing formations sufficiently permeable to transmit and yield
water) with in the study area are basically the unconsolidated sand and gravels (found in the

alluvial valleys) and the weathered and/or fractured and porous basalts and trachytes.

III. Ground water flow directions

The characteristic of ground water flow can be determined from a full map of the water table.
The direction that the water table or potentiometeric surface is sloping can be determined by

using graphical methods. The gradient is in the direction of decreasing head and is

perpendicular to the contour lines.
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Static water levels from boreholes are used to determine the flow direction. The results

indicate that the ground water flow follows local slope directions. The flow direction is from

NW to SE. Generally flow is towards the valley.

There are springs at the right side some I150m of the dam axis. The springs come at the
contact of the basalt and trachyte layer. There is also a spring at the down stream portion of

the dam.

Figure 4.5 A spring at the down stream portion of the dam

The spring found at the down stream portion is perennial and has high discharge. The level of

the spring remains the same throughout the whole year.

Presence of springs at the down stream portion of a dam site mean there is excessive leakage
of water either through the abutment or foundation creating excess loss of water even
endangering the stability of the dam. Therefore, it has been tried to investigate the spring and

describe the probable type of spring, its source and its relation with the reservoir water.
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The spring is & contactispring. The spring is found at higher elevation to the left of the main
river and it 15 very cleay that the Source of the Spring water is not the river The water coming
out of the spring joins the river few meters down. It seems the water is coming following a
contact between the basalt and trachyte from the elevated land downstream left portion of the

dam site. It seems the spring has no relation with the reservoir. But further investigation must

be carried on to describe its source and its relation with the reservoir water.

4.1.8 Water Chemistry

The study of water chemistry is important since water can cause deterioration of engineering
materials and structures. The chemistry of both surface and ground water of the site should be
studied to assess the impact of water on the structure. To analyze the impact of the water,
samples are collected from Gerbi river, springs and boreholes and quality analysis is done
considering some major water quality determinants (Turbidity, color, pH, alkalinity, hardness,
total dissolved solids, total suspended solids, etc) (Adinew Adam,1996).

A. Physico-Chemical qualities of Gerbi river

The physical analysis includes temperature, turbidity, color, taste and odour. The results of the

physical tests are given below.

Table 4.9 Results of the physical qualities carried out from of Gerbi river

mrameters Results ( Feb.to Mar.,1996)
Temperature 18.1°C
Turbidity 40.5 FTU
Color 226.3 Pt-Co
Taste and odour Objectionable

The results of the physical analysis indicate that the values exceed the WHO's guideline value
of turbidity, color. The water requires physical and chemical treatments to bring down the

values to the acceptable limits. The offensive taste and odour of the river do not fit with the
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quality standards for drinking water hence the water should be treated so that the result
matches with the quality requirement.

WHO’s guideline for drinking water is given in Appendix B.

B. Hydro-chemical anal