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Abstract

Material quality and suitability is one of the main criteria for thecess of embankment
dams. Seepage through the embankment, foundation, and abutments must be controlled and
collected to prevent excessive uplift pressures, piping, sloughing, dissolution and erosion of
material. The embankment, foundation, and abutmengt aiso be stable against slumping,
sliding and sloughing during construction, reservoir operation and during events such as
earthquake and floods. The present study was conducted on a pr&sygadearth dam

which is located on river Berga central Etopia, located approximately 11.5 km north of
Holeta town. The main objective of the present study was to characterize and to assess the
suitability of the proposed construction material for various zones of the embankment dam.
Besides, it was also propasdo evaluate and characterize the dam foundation for its
suitability for the dam.

For foundation characterization data pertaining to Rock mass classification (RMR) was
collected from the left abutment. Further, stability analysis was made for botbuimeests.

The left abutment was found to be stable whereas, right abutment was analyzed for rotational
mode of failure. The results revealed that right abutment will be stable only for static dry
condition and for anticipated worst conditions the abutralemte would be unstable. Further,

the soil samples were collected from the dam site and were analyzed. From the investigations
conducted during present study it was found that the dam site possesses weakness in terms of
seepage potential and abutment slgp@bility condition. Howeverjn terms of bearing
capacity, both the abutments have high capacity as they are composed of very strong basalt
rock.

In order to assess the general suitability of the construction material for various zones of the
embankmentrom the proposed borrow areas samples were collected and tested for grain size
distribution, Atterburg limits, swelling potential, activity and permeability. Besides, data on
soil properties from previous study was also reviewed and analyzed. Besideslagical
analysis was also made for core samples. In order to assess the general suitability of the filter
material various filter criteria were applidd. general the proposed construction material for

the dam is slightly plastic in nature. Thus, Stanticipated that this may result in to high
compressibility which may lead to instability. Also, the proposed filter materials contain
more fine materials than the desired percentage.

Al so, the initial desi gn wa mbers.rLatqy,dhe stabilitb y u
of the embankment slopes was analyzed by using SLOPE/W and SARC soffivare.
stability analysis results revealed that the dam design will be stable when there is no water in
the reservoir. However, the factor of safety will dse under anticipated adverse conditions
which may possibly result in to the failure of the slopes.

Finally, in general it is found that proposed dam site is feasible with minimum engineering
geological problems and construction material is availabl&invithe economic distance
though it requires certain treatment for its improvement. Based on the findings of the present
study certain remedial measures are forwarded.

15
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Chapter 1 Introduction

1.1 General

Engineering geology is a discipline that condudtsdyg for the safety of different civil
engineering structures and one of these are embankment dams (Fig. 1.1) (Mukerjee, 1995).
Depending on the predominant fill material used, the two principal types of embankment
dams are earth dams and rditkdams. The structural safety of an embankment dam is
dependent primarily on the absence of excessive deformations under all conditions of
environment and operation, the ability to safely pass flood flows, and the control of seepage

to prevent migration of materimland thus prohibit adverse effects on stabit\5ACE,
1982.

To properly evaluate the stability of an embankment dam, the following areas should be
reviewed; Embankment zoning and cross section, seepage control measures and records,
predicted or recortl deformation, erosion control measures and structural stability analyses
(USACE, 1982

For zoned embankments, the zoning geometry and properties of the materials placed in the
zones should be reviewed to determine: (i) the structural design, ar (iypes of internal
features such as; chimney drains, blanket drains, toe drains, etc., that are proposed or were
used to provide for and maintain the embankment stability. Embankment zoning is also
established for economic reasons according to the bilaylaf materials. The embankment
zoning should provide an adequate impervious zone, transition zones between the core and

the shells, and seepage control zonSER, 1987.

Desirable characteristics that these zones should have or provide arajtthefwhe core at
the base of the cudff should be equal to, or greater than, 25 % of the maximum difference

between the maximum reservoir and minimum tail water elevatidS8A\CE, 1952.

The coefficient of permeability of the core material shouldgvably be 13 cm/sec or less.
More permeable core material may be acceptable if seepage is still adequately controlled and
appropriate factors of safety are still MgSBR,1987).

16
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The transition zones should be sufficiently wide to ensure that theeyantinuous and
constructible with a minimum of contamination at the contd&BR,1987; Terzaghi, 1967).

The range of gradation of the transition zones should be limited to avoid segregation of
materials during placemeri SACE, 1982). Zoning of an enalmkment that places the more
pervious material on each side of the core zone is preferable. This placement improves the
stability of the embankment during rapid drawdown conditions and keeps the downstream
slope drained for greater effective weigbtSACE, 1952).

(1) Foundation (4) Drainage
(2) Core Clay (®) RockFill
() Filter ® Riprap

(Source:Seyed et al., 20)2
Fig 1.1Cross Section of Zoned Embankment Dam

Most embankments are designed to utilize the economically availatdteomaterials for

the bulk of construction. Special zones such as; filters, drains and riprappma from off

site sources. Soil materials used in embankment dams commonly are obtained by mass
production from local borrow pits, and from required excavations where suitable (USSD,
2011).

In order to determine the suitability of these materials attarization based on different
engineering criteria are applied. These include the filter criteria which determine that the
drainage filters must be designed in such a way that neither the embankment nor the

foundation material can penetrate and clodfittexs (Garg, 2005).

Failure to apply the criteria will result in different kind of failures of the embankment
material which includes slogging, piping, the development of pore water pressure and in the
worst case the total failure of the dam. Detaded systematic investigation must be carried

out in order to avoid all these problems (Garg, 2005).

17
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Berga earth dam is proposed to be constructed across the river Berga, a tributary of Awash
River. It is located nearly 11.5 km north of Holeta town. ThegBalam could be earth dam

or a rock fill dam. Up to 40 m high dam with 250 m crest length could be constructed at
Berga dam site. The Berga proposed dam site is an ideal site to build a dam, it has flat

reservoir and a good topographic closure at thesisn{Yohannes Belete et al., 2009).

The present study is conducted on a proposed dam site in central Ethiopia by giving especial
emphasis on characterization of selected material for suitability of construction of dam on
Berga River. It is necessary tmdw the general suitability of construction material for the
safety and stability of the dam. Thus, the present study will provide characterization of

material suitable for various zones of the dam.

In countries like Ethiopia, where agriculture is the meontributor to the GDP, there must
be large production of crops in order to feed its people and also to sale excess production. To
do this, there must be agricultural activities throughout the year. One of the possible ways to

carry out agricultural aatities is to build dams for irrigation and water supply.

This research was mainly conducted by considering the above mentioned point and by
selecting suitable area to perform study for suitability of available material for the
construction of the dam wth is recommended for the use of either irrigation and/or water
supply with a command area of about 3000 hectafelsannes Belete et al., 2009

In order to conduct the present study systematic methodology has been followed. Relevant
Literatures on theubject matter have been reviewed; which includes previous reports on the
proposed dam and the similar studies on other dams, various standards for the
characterization of construction material for dams etc. Primary data was collected from the
field for further analysis of the materials and to characterize the abutments of the proposed
dam site. GPS reading and base maps were used during field work to gather all the necessary

data for the proposed research work.

This study is limited on characterization rofaterial for various zones of the dam and their
stability on different site conditions. The present study can be continued on further evaluation
of the foundation area by conducting water pressure tests so that the dam can be constructed

on the safe foundi@n without any problems of seepage, piping and blowouts.

1.2 Problem statement

18
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The Geotechnical investigation, conducted by Geological Survey of Ethi¥piaaiines
Belete et al., 2009acquired during the study of the proposed dam site providebasdyine
information. Therefore, to come up with detailed and tangible outcome assisting future
actions, it would be necessary to conduct further study especially on the proposed

construction materials for the dam.

This dam site can be used for water sy@md / or for irrigation purpose. In order to do that

there should be study on the ability of the material to minimize seepage problems and also
piping in the different parts of the dam. Therefore, the research problem evolved for the
present study wasnet i t | ed; ACharacterizati on and S
Material for Dam on Berga River, Central Ethiopia.

1.3  Location and Accessibility

The study area is located in the northwestern plateau of Ethiopia. Geographidally
bounded betweenoordinates of 42100843000m E and 996060020000m N of UTM 37
Zone.The study area can be accessed through Addis AlHaleiaAmbo asphalt road and
later by Holetd Mugher asphalt road (Fig. 1.2 and Fig.1.3).

1.4  Objectives

The following objectives we formulated for the present study;

General objective

The general objective of the present research was to investigate the suitability of the
construction material for the embankment dam.

Specific objectives

The specific objectives are:

) EngineeringGeological characterization of the construction material and its suitability

for various zones in the embankment.

(i) To characterize construction material for its engineering behavior under different site

conditions.

19
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(i)  To develop suitable remedial measures to improve unsuitable material for core and

filter.
(iv)  Determine the slope stability of the embankment during and after construction.

(V) Based on the research findings to forwesdommendations on general suitability of

construction material for the proposed dam project.

1.5 Methodology

In order to achieve the above mentioned objectives the following systematic methodology has

been adopted,;

) Literature review to have an ewiew of geological, geomorphologic, hydro
geological and engineering geological condition of the dam site and the surrounding
areas.

(i) Geological Mapping of the dam site.

(i) Collection of samples from dam foundation area, borrow areas and quesyasi
laboratory testing and analysis to determine various index properties.

(iv)  Determination of the suitability of the construction material for shell, core, filters and
transition zones based on standard specifications.

(V) Embankment Slope Stabilignalysis

(vi)  Thesis Writing

(vi)  Presentation and defense

1.6 Importance of the study

Embankment dams are one of the civil engineering structures that are constructed to be used
for different purposes which includes; irrigation, power supply etc. Duhieiy construction,

proper material must be identified at economic distance with sufficient amount. In
comparison of concrete dams, embankment dams can be constructed in less suitable
foundation which makes them preferable for construction in areas poodevastating

natural phenomena like earth quakdSACE, 1982).

Even if all these points make embankment dams easier to build, they are exposed to different
factors that lead to their failure. One of these factors is piping as a result of poor camstructi

or improper material. Piping will lead a loss of large amount of water and in worst case total
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failure of the dam. The other factor is the development of pore water pressure inside the main

dam and slogging around the toe which will contribute for failUSBR, 1983.

In light of the above mentioned points it is mandatory to identify and use suitable material to
construct the various zones in an embankment dam. Thus, through the present study attempt
is being made to characterize the construction ma&tas per the standard specifications.
Besides, the general suitability of the construction material was assessed. The present study
may provide very vital information on the suitability of the construction material which may

be adopted by the projectthaority for safe design of the embankment. Further, the present
study may also provide a useful guide on general methodology to be followed for material

characterization for embankment dam.

1.7  Limitation and the Scope of the study

This study is limitedbn characterization of materials for different parts of the zoned dam and
analysis of the stability of the slope of the dam for different site conditions. The study can be
continued on further evaluation of foundation conditions by conducting water dests

so that the dam can be constructed on the safe foundation without any possible problems of

seepage, piping and blowouts.

All efforts were made to conduct the present study in a systematic manner with actual data
and information gathered from bo#econdary and primary sources. However, all these

efforts were made under the constraints of resources, finance and time.

1.8 Scheme of Presentation

The scheme of presented of the research study is as follows;

Chapter 1: This chapter gives the genedafinition of embankment dams by explaining the
different parts of the zoned dam which includes the core, filter and shell. The general and
specific objectives with the methodology followed are listed. The importance and the

limitation of the study are sb presented.

Chapter 2: In this chapter, the literatures that were reviewed to understand the general
geological and structural setup of the study area and the methodology that was followed are
presented. The different parts of embankment dams arellsbevith the criteria that are

followed to have a safe dam structure. The geomorphological setup is also presented.
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Chapter 3. This chapter describes the detailed regional and local geology by listing the
different lithologies that are available in thieirity. The detailed hydrgeological setup of

the area with different test results is also presented. The seismicity of the study area is
presented with reference to the Seismic Hazard map of Ethiopia. Besides, the geophysical
investigation that was caed out at the dam site, prior to the present study, is also presented
with the final interpretation.

Chapter 4: In this chapter, the engineering geological investigation of the dam site is
presented. The rock mass classification was carried out folldRiMg classification system,

the data collected is presented with tables with the interpretation. The deformation of the rock
mass of the left abutment is presented which is determined by BeEngwi s k 1989  (
empirical relationHoek and Brown Failur€riteria was also used to determine the failure
potential of the left abutment. The permeability of the dam site is determined by using the
soil mass classification which is also presented in this chapter. Slope analysis of the left
abutment is also presed in the chapter. At last the engineering geological characterization
of both the soil and rocks at the dam site are presented. Also, the regional and dam site

engineering geological maps are presented.

Chapter 5: This chapter presents the detailedestigation of the embankment material of

the borrow areas. It presents the analysis of the material by using different standards and filter
criteria. The results of the different laboratory tests and field investigations of the borrow
areas are presentedthvplates, tables and figures. The seepage control mechanism that can

be used in the dam structure is also presented.

Chapter 6: The stability analysis of the embankment is presented in this chapter. The initial
design of the dam is presented. By considedifferent site conditions the stability of the
embankment material is presented. SLOPE/W and SARC software were used to determine
the critical failure surface of both upstream and downstream slopes of the embankment by
calculating the factor of safetgr anticipated conditions.

Chapter 7: Presents the summary and conclusion of the works performed and the
recommendations made through the present study.

*kkkk
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Chapter 2 Literature Review

2.0 Preamble

Before the initiation of the present studgystematic literature review was carried out.

Attempt was made to get a general conceptual framework on embankments dams. For this
various literatures were reviewed to understand, types of embankment dams, their design
considerations, characterization ohstruction material, possible causes responsible for
failures, various methods of analyzing its stability, review of various standards for design etc.
Thus, based on the systematic literature review a feasible methodology was evolved/
followed for the preent study. A summary of literature review relevant to the present study is

presented in the following paragraphs.

2.1 General

Dams are structures that are built on rivers to hinder the flow of water so that it can be used

for different purposes like rigation, water supply and power generation. In Ethiopia there

are many dams that are built on different rivers like Awash, Tekeze, Omo, Abay and others

which are either concrete or embankment dams. Table 2.1 shows some of the embankment

dams that are cotrsicted or under construction in Ethiopia (Alman, 2008).

Table 2.1 Summary of construction material used in few major embankment dams in Ethiopia
No. | Name Type Height | Construction material Year of Purpose
Core Filter Shell construction
1. Tendaho | Earth 45 m CHclay | Natural Alluvial Currently Irrigation
dam blended | sand gravelly | under
with sand material | construction
2. Dire Zoned | 43 m Clay Crushed | Alluvial 19982000 Water
Earth (CH) sand supply
dam
3. Midmar Zoned | 32m CL,ML, Natural Gravely | 1993 Water
Earth MH and | sand material supply
dam CH (GC)

(Source: Ali Aman, 2008)

In order to prevent any problems related to the safety of embankment dams, detailed study
must be conducted in every aspect. Embankment dam studies must includégivaiess of

the reservoir, runoff characteristics of the river, availability of sufficient material near the
dam site, history of seismic activity in and around the dam site and quality of the water for

different usesSACE, 1982.
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At around 30 km fromthe proposed dam site, the Gefersa dam is located. This dam is
constructed for water supply (Plate 2.1). It is one of the main dams that supply drinking water
to Addis Ababa.

2.2 Previous works

The following literatures and reports were reviewed to havehorough conceptual
framework about the dams and to develop the general methodology for the present study.
Besides, the literature review also helped to understand the area for the present proposed
study;

Plate 2.1 Gefersa dam one of the main damghat supply drinking water to Addis Ababa

Yohannes Belete et al. (2009) carried out investigation to collect baseline data on the
suitability of project area for different civil construction purposes including identification and
mapping of sites suitébd for construction of multipurpose dams as well as occurrences of
quality of raw construction material. To achieve these objectives, engineering geological
mapping and electrical resistivity method were implemented. The results were compiled on
1:50,000 sale map and geelectric sections were prepared. Further, one dam site (Berga
dam) with potential catchment and command area is proposed to be used either for irrigation

or for water supply. Inventory of existing and proposed quarry sites has been klemesit
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of this investigation requires feasibility

proposed purposes.

Assiged Getahun (2007) in his report presented the geological map of Addis Ababa city. The
area comprises of volcanic rocks. Thajom structures in the area are lineaments, which trend

in NW and NE directions, normal faults trending in NW direction and sedimentary bedding.
The area has economic potential i.e. occurrence of rocks which can be used for cement
production and constructn. The methodology used in this investigation includes: using base
map on 1:50,000 scale and satellite imageries, traverses were selected along which
representative samples were collected. GPS readings were also taken and data were collectec

to produce pEliminary geological map of the area.

Zanettin et al. (1977) divided the tertiary volcanic of central Ethiopia in three stages of
volcanism and tectonism: transitional (thiolettic) flood basalt followed by alkali rhyolite and
ending with alkali basalilicic and basaltic fissural magmas erupted from the end of the
Oligocene until the Uppaniddle Miocene (285 Ma). The rest of the basalts are the result

of this silicic and basaltic magma. Therefore, after the eruption of the Middle basalt there was
uplifting and local tectonics in the upper parts of the study area. This was also followed by
the formation of a local basin and deposition of Tertiary sediment. After the eruption of the
Upper basalt there may also have been another uplifting with accompaagtiogics which

formed a local basin in the central eastern parts of the study area. This activity was followed
by the deposition of Tertiary sediments. The deposition of the later Tertiary sediment was
followed by another cyclical fissural eruption whishgan and ended with basaltic and silicic
magmas, respectively. This eruption produced the ignimbrites and basalts. After this stage the
fissural volcanism may have been radically changed to a central type and gave the basalts
whose centre could be Mouktegezez. Another small centre is found around Maset. After a
certain time the young Quaternary ignimbrites erupted from centres probably located around

Addis Ababa, and were underlain rRoonformably by younger basalts.

Kebede Tsehayu et al. (1990) conhatcstudy for the preparation of engineering geological
map of Addis Ababa area. According to this work, basalt, rhyolite and trachyte of different
ages are found in the area and a number of faults most of which have sub parallel trend with
the main Ethiomn rift were identified. This study is multipurpose since it deals with
different aspects of engineering geology. The soils and rocks are classified as alluvial,

alluvial fun, residual, colluvial and lacustrine. There are four rock mass with different
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strength units; Very high rock mass strength for basalts, Very high rock mass strength for
trachy, basalt, rhyolite and trachyte, medium rock mass strength for ignimbrite and low rock
mass strength for tuff and agglomerate. Ignimbrite and basalts are widety for
construction material in Addis Ababa. Residual soil in Gulele area is raw material for brick
making. Black cotton soil (lacustrine in origin) around Bole, Lideta and Mekanissa is found
to be problematic for light houses due to swell and shrinkgotgpln order to know the
thickness of black cotton soil geophysical and drilling were carried out. From the boreholes
information the thickness of black cotton soil vary fromi@n in Bole area. According to
geophysical investigation, black cotton sdifsckness reaches up to 10 m around Lideta
(Gebriel Meda) and average thickness of 5 m for Beklo Bet North of Nifas Silk. It was
recommended that more samples and tests needs to be taken and performed in order to know
detailed geophysical behaviors andverden thickness of soils so that isopach maps can be

prepared for designing and engineering works.

Mulatu Tumoro (2010) conducted investigation to characterize the available construction
material with especial consideration to core and filter maseimalDendo dam. In order to
achieve the objectives of the research work systematic methodology was adopted. This
includes; literature review from both published and unpublished reports on construction
material used for embankment dams and their case sttatielam failure due to improper

use of embankment material was assessed. Based on the laboratory test results of soil sample:
generated during the study; the identified core material in Dendo borrow area was classified
as CH, Ml or OIl, Cl, MH or OH as pdJSCS. Proximity to the dam site was the main
advantages of using this material for the core of the dam. When grain size distribution of
Dendo dam core material was concerned addition of coarser material to the fine material is
necessary as it locks theopagation of crack of different size through the core of the dam

depending on the size of the coarser material.

Ali Aman (2008) has performed multiimensional characterization and suitability analysis

of embankment material for Kesem dam. In orderadbieve the objectives of the study
systematic methodology was followed which include; Review of literature and secondary
data analysis, field investigation, laboratory analysis and interpretations of the test results.
During the study a number of field dtaboratory tests were made to identify the means by
which the engineering properties of these soils could be improved. Further, attempts were
made during the study to perform blending of naturally available clay and gravelly material,

which were availal@d at reasonable and economic distance, as an option to improve the
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quality of the core material. For this various tests were conducted on normal clay and on
different blending proportions of the normal clay (from Iselo clay borrow area) and the

gravelly maerial. These tests include; classification, Procter compaction, consolidation, free
swell, volumetric shrinkage, direct shear, and triaxial (CU) tests.

Agerie Genetu (2007) conducted study for engineering geological appraisal of dam
foundation for Gumia dam. In order to achieve the objectives the following systematic
methodology was adopted; Preparation of the base map of the study area from existing
topographical maps, Literature review to have an overview of geological, geomorphologic,
hydro-geologi@l and engineering geological condition of the dam site and the surrounding
areas, geological mapping of the dam site,-sutbface exploration through borehole logs,
collection of soil and rock samples from dam foundation area for laboratory testing and
aralysis to determine various index properties. Based on the above methodology suitable
remedial measures to improve the foundation condition has been suggested. The soil testing
conducted during the study reveals that the soils present at shallow depthoof.®m at

dam foundation area are classified as 0lno
of low plasticity (ML) and inorganic clay of high plasticity (MH). Further, from the
secondary data analysis, all the soil samples falls beleiméon the plasticity chart. Also,

the samples show organic content in a range of 14.26 to 23%. Thus, these soils falls in
organic silts of low plasticity 'OL' and organic clays of medium to high plasticity 'OH’
groups. The rock mass exposed on the laftment falls into ClasH and Clasdll as per the
Bieni awi skidés Rock mass rating system. Thu
overall average cohesion (C) is 3.1 MPa and angle of friction for the rock mass°isa36.6
determined from Hoekand Brown failure criteria. The left abutment slope is not
kinametically unstable, as it does not satisfy the condition set by Markland. Thus, it may

safely be presumed that the left abutment slope is stable for present geometric configuration.

Minwuyelet Mengistie (2009) conducted study for Seepage assessment and remedial
measures for Gilgel Gibe Il hydroelectric power project. The following systematic
methodologies were preferred to adopt; literature review to have an overview of geological,
geomorphabgic, hydrological, and engineering geological conditions of the dam site and its
surrounding, preparation of base map of the study area from existing topographical maps
using Arc GIS, geological mapping of the foundation site, sub surface exploratiogthro
borehole logs, assessment of permeability of the dam foundation rocks through existing water

pressure test data (using packer test), and making use of software for analysis of structural
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and seepage assessmanthis study it was concluded that therpeability condition in the
foundation area is not suitable as far as seepage potential is concerned. From the water
pressure tests a general increase in the amount of water take is observed from the abutments
down to the valley floor. The permeable hongan the dam foundation area show two depth
ranges with lugeon values medium to very high absorption permeability conditions. In
between these two sections there is impermeable section which is about 50m in thickness.
Therefore, as a remedial measure r@ain grout for the foundation was suggested to improve

the permeability condition in the foundation area. It was also recommended that grout holes
have to be drilled to a depth 2:380m where these can cross the upper and lower pervious

Zones.

Nigatu Fkadu (2006) performed engineering geological studies for suitability of construction
material and foundation condition evaluation on Tendaho dam. In this study, the following
systematic methodologies were uspreparation of the base map of the study ,adetailed
literature review, geological mapping of the dam site and the borrow areas, collection of
engineering rock mass classification data to work out the strength and deformability
characteristic of the rock mass present at the dam foundation areall@&stion of soil and

rock samples from dam foundation area, borrow areas and query sites for laboratory testing
and analysis to determine various index properties. In this study, the core material was
classified as CH, MH, and CL. The samples of tha &i&ve plastic index values greater than

20 but the blended material has about 17. In general it was recommended that the blending
proportion must be kept between B040% of coarse material. The filter material was
classified as SW and it has a maximuny density of 2.24 gm/cc and optimum moisture
content of 8.0%. Riprap and shell materials were also identified and studied in detail. In this
study it was found that seepage is the main problem in the foundation area and different

seepage control mechanismre suggested as solution.

2.3 Embankment Material
2.3.1 Overview of Embankment material

Embankment dams are one of the major types of dam and they can be built with materials
with or without concrete (Fig. 2.1)Mhile most soils can be used for edfithconstruction as

long as they are insoluble and substantially inorganic, typical rock flours and clays with
liquid limits above 80 should generally be avoided. If a-fin@ned soil can be brought

readily within the range of water contents suitable dompaction and for operation of

29



MSc Thesis, 2013 TABLE OF CONTENTS

construction equipment, it can be used for embankment construction. Somdrygiogy
impervious soils may be unusable as embankment fill because of excessive moisture, and the
reduction of moisture content would be impreable in some climatic areas because of

anticipated rainfall during construction.

Sound rock is ideal for compacted refdk and some weathered or weak rocks may be

suitable, including sandstones and cemented shales (but not clay shales). Rocleakhat b
down to fine sizes during excavation, placement, or compaction are unsuitable -&8, rock

and such materials should be treated as soils. Processing by passifill) muatlerials over a

grizzly may be required to remove excess fine sizes or ovensizial (Gedeon, 2004).

Earthfill Dams

Modified Homogeneous
Rolled—Fill Dam

Zoned Rolled—Fill Dem B Hydraulic Fill Dam

Rockfill Dams

Concrete or
Asphalt

Y Lo
Central Core
Rockfill Dam

Fig. 2.1 The Major Types of Embankment Dams

2.3.2 Core Material

The core is an impervious barrier built within an embankment dam. In designing a core three
aspects has to be considered; Selection of suitable materialnihetieon of the core

thickness and determination of core position within dam section.
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a) Selection of Core Material

The first essential requirement for the core material is the availability of suitable material at
an economic distance from the dam ditater it has to be investigated for available quantity
and relevant soil properties. The important soil properties to be considered are; permeability,
compacted density, shear strength, compressibility, flexibility and erosion resistance.

Two desirable pperties to be looked for core material are the flexibility and erosion
resistance. Flexibility means ability to deform without cracking. Non cohesive granular
materials cannot retain open cracks but such materials are very pervious therefore they cannot
be used in core. Flexibility increases with an increase in Plasticity Index (PI). However, very
high values of Pl may be associated with high compressibility. Erosive resistance is the
ability of soil to withstand the erosive action of water leaking thihopgssible cracks. In

general e core material should have a high resistance to erosion (Arulanandan, 1983)

b) Core Thickness

The minimum core thickness is governed by the safety against piping or leakage. The
minimum thickness for tolerable seepagset® and for proper compaction, the core thickness
should thus depend on the type of material available and the design of transition or filter
zones. If the available materials have a high erosion resistance as well as good flexibility,
smaller thickness dhe core can be used.

For a given type of material, the thickness can be kept less if the filter or transition zone
material fully meets the specifications and of adequate thickness. Larger thickness has to be
used in seismic areas where there are @reatances of cracking. In generahpiervious

zones, whether inclined or central, should have sufficient thickness to control through
seepage, permit efficient placement with normal moving and compacting equipment, and

minimize effect of differential sdément and possible crackifGedeon, 2004).

According to Bharat Singh (1981) a guide to core thickness may be obtained as;

Lyt
H 2Ti
Wher e, 6L6 is core thickness, 6BO6i st head,]

shear strength, may be takerB3as 5 times the critical value at which erosion begins.
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C) Location of Core

The core can be located in one of the following three positions: (i) Central, (i) moderately
slanting, (iii) Slanting (Fig. 2.2). The central location need not be exactly stncal. When

the downstream face of the core has an upstream slant of 0.5 H: 1V or more, the core may be
considered as moderately slanting. A truly slanting core would be such that the downstream
zone has a sefupporting slope, i.e. 1.25 H: 1V or so,cBua core is almost always
associated with a rodill dam in which the main mass of rod#i downstream of the core

can be placed independently by dumping or in thick layers and the placement of filter zones,
core and upstream pervious zone take up.l&@srce impervious materials are generally
weaker than the more pervious and less cohesive soils used in other zones, their location in a
central core bordered by stronger material permits steeper embankment slopes than would be
possible with an upstreanoping impervious zone. An inclined core near the upstream face
may permit construction of pervious downstream zones during wet weather with later
construction of the sloping impervious zone during dry weather. This location often ensures a
better seepageattern within the downstream portion of the embankment and permits a

steeper downstream slope than would a central(Gedeon, 2004).

o

L
U ImPEAYIOY! i
- \\ i }& RELIEF WELLS
s , d
CUTORP TRENCH = /' ERVIOUS §TAATum e PERVIOUS $TRATUN ' “/
" ™ T ' R
ROCK o,
Central core dam on pervious foundation Dam with upstream impervious zone on pervious foundation

Fig. 2.2 Differentlocations of core
2.3.3 Filter

The filter design for the drainage layers and internal zoafreydam is a critical part of the
embankment design. It is essential that the individual particles in the foundation and

embankment are held in place and do not move as a result of seepage forces. This is
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accomplished by ensuring that the zones of nadteneet filter criteria with respect to
adjacent materials. In a zoned embankment the coarseness between the fine and coarse zone
may be such that an intermediate or transition section is required. Drainage layers should also
meet these criteria to ensuree passage of water. All drainage or pervious zones should be
well compacted. Where a large carrying capacity is required, a multilayer drain should be

provided.The design of filter has to satisfy the following criteria (Gedeon, 2004);

) The soil parttles from the protected zone should not pass through the pores of the

filter material. This places an upper limit on the size of the filter material.

(i) The filter should be much more pervious than the protected low permeability zone as
to provide effectiveelief to hydraulic pressure inside that zone. This determines the

lower limit for filter material grading.

In general, filters must retain the protected soil and have permeability greater than the
protected soil but do not need to have a particular Biowrainage capacity since flow will
be perpendicular to the interface between the protected soil and filter

The following are the criteria that can be used during filter designing;

Terzaghi 6s Criteria for Filter Selection

For the design of filters Teaghi (1930) proposed the following criteria;

0] The 15% size of the filter material 1) must not be more than 4 or 5 times the 85%

size, O35 of the protected soil to prevent the piping, i.e.

D,. of Filter
Doz of protected laysr

<4te5 eq. 2.1

i) The 15% size of the fitr material, @5, must be at least 4 or 5 times the 15% size, D

of the protected soil, to ensure adequate permeability or,

D, of fFilter
D,.of protected layer

=4to5 L eq. 2.2

The first criteria ensure that the fraction of the protected soil of sizerDarger cannopass

through the pores of the filter.
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Initially a finer fraction will penetrate a small thickness of the filter layer but subsequently
the coarser fraction of the soil itself will prevent further migration. The permeability of a soil
is approximately pnoortional to the square of its;Psize. The second criteria thus ensure
that the filter is 16 to 25 times more pervious than the protected soil and the hydraulic

gradient correspondingly smaller.

Other requirements for a good filter are;
a) Its graddion curve should be approximately parallel to the gradation curve of the

protected soil, especially in the finer range.

b) Filters should not contain more than 5% fines (0.075 mm) and fines should be
cohesion less. This is to ensure that filter remaihsquately pervious and does not

sustain a crack.
C) The filter does not have particles larger than 75 mm so as to minimize segregation.

d) If the base material rangesoin gravel (over 10% > 4.75 mm) to silt (over 10%
passing75 ¢€), the base material shoul d &

smaller than 4.75 mm.

USBR Criteria for Filter Selection

The USBR filter design criterion is presented in Table 2.2

Table 2.2 USBR Filter Design Criteria

S.No. | Filter Material Characteristics Ratio Ratio
Rso = Dso Of Filter Rso = D,s0f Filter
Dgy0f Base D,s0f Base
1. Uniform grain size distribution 510 10 -
uniformity coefficient
Cu =Dgo = 3to4
D1
2. Well graded to poorly graded (non 12 to 58 12to 40
uniform) sub rounded grains
3. Well graded to poorly graded (non 4to 30 6to 18
uniform) angular particles

Indian Standard Code

The recommendations for filter selectias per IS code are as follows;

) esoffder oo eq. 2.3

Dge of Baze
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“) Dyeof Filter
Dy of Basze

>4and<20 Ll eq.2.4

III) Dep of Filter
Dep of Basze

25 eg. 2.5

iv) The gradation curve of filter material should be nearly parallel to the gradation curve of

the bae material.

Sherardds Recommendations for Filter Desi g

a) The filter is successful in its function of arresting particles migration if;

D, of fFilter
Dy of Base

<9 L eg. 2.6

b) The size of the pore channel which governs permeability is determindx Isyze of
finer filter particles and will be represented bys Bize.

C) The coefficient of permeability of dense filters is generally in the range of K= 0.2 to
0.6 D%5 with average = 0.3B%5 (K in cm/s & Disin mm).

d) The filter gradation curve e not necessarily be parallel to the base material.

e) Using the same criterion, either angular particles of crushed rock or rounded alluvial

particles may be used in filter.

US Army corps

US army corps suggested the following filter criteria;

o Dheof Filter
_
) Dge of Base =5 eq 27
.oy Depof filter
_—
”) 'DE-I:I pfﬂggg - 25 .......... eq. 2.8

Filter Thickness

Theoretically, a layer only a few grains diameter thick is adequate to serve as a filter layer. In
practice the minimum thickness of a filter layer is that whichbmplaced without danger of
gaps of discontinuity. Because horizontal filters are easily placed they are placed in thinner
layers. The minimum practical thickness for a horizontal filter is considered to be 15 cm for

sands and 30 cm for gravels and thaimum total thickness of filters is 1m (Garg, 2005).
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2.3.4 Shell Material

Downstream shell It has the primary function of supporting the core and downstream filter
under all conditions including full reservoir and during an earthquake. It may consist of
inherently strong, stable material such as gravel or filickor of weaker materials with

flatter downstream slopeBoorer quality shell materials, i.e., materials containing more fines

or which may break down on placement or exposure to elementsndnapdess pervious,

may be used in downstream sections if adequately filtered internal drainage systems are
provided(Jansen, 1988

Upstream shell Like that of the downstream shell, its function is to support the core. Unlike
the downstream shell, hower, the upstream shell is submerged by the reservoir and subject
to its fluctuations. The success of a downstream shell to act as a drain in a zoned section
depends on the ratio of permeability of pervious material to impervious material used in the
core.If the pervious zone has a permeability ratio 1000:1 with the impervious core, then only
a very small portion of the downstream shell near the bed will be saturated. However, if the
permeability ratio goes on decreasing and an anisotropic conditionxasdlee seepage line

in the shell will go on rising. Hence, in situation wherein material of high permeability is not
available for use in shell at an acceptable cost, it is advisable to provide another drainage
system as well. If the shell material caints enough sand a small toe drain of selected coarse
material should be provided to a height more than the anticipated saturation level in the shell
S0 as to provide a safe outlet for watépstream shells should be as free draining as possible

to ensurestability during rapid reservoir drawdown and under earthquake loafllagsen,

1988.

2.3.5 Slope Protection

Upper Stream Slope:the upstream slope of the earth dam is protected against the erosive
action of waves by stone pitching or by stone dumgpiThe thickness of the dumped rock
should be about 1 meter and should be placed over a gravel filter of about 0.3 m thickness.
The filter prevents the washing of fines from the dam into theagp The provision of such a
dumped riprap has been found be most effective, and has been found to fail hardly in 5%
cases. The stone pitching, i.e. the hand packetappequires a lesser thickness and may
prove more economical if suitable rock is available on limited quantity. However, when
provided in smaller thickness (i.e. single layer); it is more susceptible to damage and has been
found to fail in about 30% of cases (Grag, 2005).
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Riprap

The main purpose of riprap on embankment dams is to prevent erosion and damage from
wave action. Rock fragmedumped riprap is the most common type of slope protection used
for embankment dams. Quarried rock is the common source of rock fragments. Riprap must
contain a high proportion of near maximum size fragments required by design considerations
to resist wavattack and should contain enough smaller rock fragments to fill the voids and
lock the larger stone in place. The riprap should be composed of dense, sound, durable rock
fragments with near cubical shape as possible. Specification for construction figquen
requires the ratio of the maximum to minimum dimension of the rock fragments shall not

exceed 3.

This is important because the higher the unit weight, or relative density of the placed riprap,
the better it will be to resist wave damage. It shoulglbeed without segregation, and in as
dense and interlocked state as possible. This requires machine or hand manipulation of
individual rock fragments. The provision of a bedding layer, or layers, is essential to the
successful performance of the ripr&@mly in rare instances can bedding be eliminated where
the underlying material meets filter criteria or the riprap layer is very thick and little wave

action energy is left to erode the underlying embankmé®80, 201

Down Stream Slope:the downstreanslope of the earthen dam is protected against the
erosive action of water and waves, up to and slightly above the tail water depth. Moreover,
the downstream slope should be protected against the erosive action of rain and its runoff by
providing horizonthberms at suitable intervals, say about 15m or so, so as to intercept the
rain water and discharge it safely. Attempts should also be made to grass and plant the
downstream slope soon after construction with proper selection of the plant type (Grag,
2005)

2.3.6 Dynamic property of the embankment material in seismically active area

An embankment dam should be capable of retaining the reservoir under conditions induced
by the maximum magnitude earthquake where failure would cause loss of life. Duerfgll
investigations should be accomplished for all proposed and existing embankments (USACE,
1983);

A A seismic stability investigation using a dynamic analysis for proposed and existing

dams located in Seismic Zones.
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A An evaluation of the liquefactio potential for all dams that have or will have
liquefiable materials either in the embankment or foundation.

A A geological and seismological review of existing dams in Seismic Zones to locate
faults and ascertain the seismic history of the region artihendam and reservoir.

A A seismic stability investigation of existing dams by dynamic analyses, regardless of
the seismic zone in which the dam is located where capable faults or recent earthquake
epicentres are discovered within a distance where #éimgeake could cause significant

structural damage.

2.3.7 Seepage Control Measures

All embankment dams are subject to some seepage passing through, under, and around them.
If uncontrolled, seepage may be damaging to the stability of the structure agdtaofes

excessive internal pore water pressures or by piping.

Seepage should be effectively controlled to prevent structural damage or interference with
normal operations. In the evaluation of seepage reduction or seepage control measures as they

pertain b dam safety, one should review and evaluate the following (USACE, 1982):

AProtective control measures such as relief wells, weighted graded filters, horizontal drains,
or chimney drains which prevent seepage forces from endangering the stability of the

downstream slope.

AFilters and transition zones designed to prevent movement of soil particles that could clog
drains or result in piping (Terzaghi, 196¥SBR, 1987.

ADrainage blankets, chimney drains, and toe drains designed to ensure thwantnelyand
safely discharge seepage for all conditions. The design of these features must also provide
sufficient flow capacity to safely control seepage through potential cracks in the

embankment impervious zone (USACE, 1982).

AContacts of seepage donl features with the foundation, abutments, embedded structures,
etc., designed to prevent the occurrence of piping and/or Hisabturing of embankment
and/or foundation materialsUSBR 1987). If conduits or pipes exist through the
embankment, they shild be inspected to ensure that they are functional or have been

properly sealed.
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AGrouting, cutoff trenches, and impervious blankets. Construction records for foundation

shaping, treatment and grouting at the contact between the impervious corerataditm.

AMeasures such as compaction requirements, seepage collars, placement of special materials,
or other similar features to prevent internal erosion from seepage at the interface with
concrete structures (USACE, 1982). If seepage collars arenprapecial attention should
be given to compaction requirements around them.

AFor existing embankments, all seepage records compiled during the existence of the
structure should be reviewed for significant trends or abnormal changes. The cauges of an
abnormalities should be determined as accurately as possible.

In the following paragraphs the few of seepage control measures (Fig. 2.3) are described in
detail (IT, 2006.
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1. Central impervious core S. Honizontal filter
2. Transition zone / Transition filter 6 Rock we
3. Shell / Rockfill 7. Toe drain
4. Inclined filter

Fig. 2.3 Section of zoned dam showing seepage control features

Transition Zones and Transition Filters

Transition zonesffilters in earth and rock fill dams in the upstream and downstream shells are
necessary, when the specified gradation criterion is not satisfied between two adjacent zones.
When such zonesffilters are placed either side of the impervious core, they help to
minimize failure by internal piping, cracking, etc., that may develop in the core or by

migration of fines from the core material. The filter material used for drainage system shall
satisfy the followingriteria:

a) Filter materials shall be more pervious than the base materials;
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b)  Filter materials shall be of such gradation that particles of base material do not totally
migrate through to clog the voids in filter material; and
C) Filter material shouldhelp in formation of natural graded layers in the zone of base soill

adjacent to the filter by readjustment of particles.

Horizontal filter layers at intermediate levels are sometimes provided in upstream and
downstream shells, to reduce pore pressuresmgiiconstruction and sudden drawdown
condition and also after prolonged rainfBiie filter layers should be extended up to the outer
slopes of the embankment so as to drain out the collected water. These filter layers should not
be connected with inclimeor vertical filters. A minimum space of 2.0 m or more should be
kept between the face of inclined/vertical filter and downstream intermediate filter.

Rock Toe

The principal function of the rock toe (Fig. 2.4) is to provide drainage. It also prdtects
lower part of the downstream slope of an earth dam from tail water erosion. Rock available
from compulsory excavation may be used in construction of the rock toe. Where this is not
possible and transportation of rock is prohibitively costly, conveatipiiching should be

used for protecting the downstream toe of the dam. The top level of the rock toe/pitching
should be kept above the maximum tail water level (TWL). In the reach where the ground
level at the dam toe is above the maximum tail watet,lewty conventional pitching should

be adopted. The top of such pitching should be kept 1.0 m above the top of horizontal filter,
or stripped level, whichever is higher. A zone of coarse filter should be introduced between
the rock fill/ pitching and th&ne filter. A combination of partial rock toe and pitching may

also be considered to effect economy.

1000 mn— ~ 300 STONE PITCHING
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Fig. 2.4 Rock Toe
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Toe Drain

Toe drain is provided at the downstream toe of the earth/rock fill dam to collect seepage from
the horizontal filter otinner cross drains, through the foundation as well as the rain water
falling on the face of the dam, by suitable means according to the site conditions. Additional
longitudinal drain and cross drains connected with the toe drain are sometimes provided
where outfall conditions are poor. It is preferable to provide the toe drain outside the toe of
rock toe, to facilitate visual inspection. The section of the toe drain should be adequate for
carrying total seepage from the dam, the foundation and the expaictechter.

Cut-off Trench

The cutoff trench (Fig. 2.5) consists of an impervious fill placed in a trench formed by open
excavation into an impervious stratum. Grouting of the contact zone of the fill and the
underlying strata constitutes an integralt of the positive cuff. Pockets of such size, that

compaction equipment cannot be operated and pot holes with overhangs, should be filled

R > /r\>
PERVIOUS

PERVIQUS
IMPERVIOUS IMPERVIOUS

with concrete.

] [ T RESE  STT-.

(a) (b)

Fig. 2.5 Cut off trenches; (a) Positive cubff (b) Partial cut-off

Concrete Diaphragm

A single diaphragm or a double diaphragm may also be used for seepage control (Fig. 2.6).
Concrete cubff walls placed in slurry trench are not subject to visual inspection during
construction; therefore require special knowledge, equipment and skillecheotio achieve

a satisfactory construction.

Grout Curtain

Grout Curtain in Pervious Soil$srouted cuoffs are produced by injection, within the zone

assigned to the cwff, of the voids of the sediments with cement, clay, chemicals, or a

combination 6 these materials (Fig. 2.7). An essential feature of all grouting procedures is
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successive injection, of progressively finer pockets in the deposit. Inasmuch as grout cannot
be made to penetrate the finer materials as long as more pervious pocketslaivke atrse
coarser materials are treated first, usually with the less expensive and thicker grouts,
whereupon the finer portions are penetrated with less viscous fluids.
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Fig. 2.6 Concrete diaphragm; (a) Complete (b) Partial

Grout Curtain in RockGrout curtain in rock admit of routinized treatment if the purpose is
only to block the most pervious zones. These can be treated by cement grout with suitable
admixtures. Concentrated seepage would generally develop at the base of the posiffve cut
This zone is particularly vulnerable when a narrow base width is used for tb# tentch in

relation to the height of the dam. The depth of the grouted zone would be dependent on the

nature of the substrata and their vulnerability to subsurface erosion.

//‘
A

e

.ol

-
-l

PERVIOUS
A - ...

IMPERVIOUS

Fig. 2.7 Grout curtain

Steel Sheet Piles

Sheet piles are useful as barrier to arrest internal erosion. However, they have proved to be
rather ineffective as a positive means of controlling seepage through pervious deposits. Even
if sheet pile cubffs are intact they are not watigght because of leakage across the
interlocks. In addition the locks may break because of defects in the steel or when a pile hits
an obstacle. Once the lock is split, the width of the gap increases rapidly with increasing
depth and may assume dimensions of a few meters.
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Upstream Impervious Blanket

If a positive cutoff is not required, or is too costly, an upstream impervious blanket
combined with relief wells in the downstream section may be used. Filter trenches
suppkement relief wells in heterogeneous deposits and in zones of seepage concentrations. An
upstream blanket may result in major project economies, particularly if the only alternative
consists of deep grout curtains or concreteofutwvalls. Since alluvial dposits in river

valleys are often overlain by a surface layer of relatively impervious soils, it is advantageous
if this natural impervious blanket can be incorporated into the overall scheme of seepage

control.

Relief Wells

Relief wells are importardide to most of the preceding basic schemes for seepage control.
They are used not only in nearly all cases with upstream impervious blankets, but also along
with other schemes, to provide additional assurance that excess hydrostatic pressures do not
devebp in the downstream portion of the dam, which could lead to piping. They also reduce
the quantity of uncontrolled seepage flowing downstream of the dam and, hence, they control
to some extent the occurrence and/or discharge of springs. Relief wells bkroextended

deep enough into the foundation so that the effects of minor geological details on
performance are minimized. It is necessary to note the importance of continuous observation

and maintenance of relief wells, if they are essential to the bggstém of seepage control.

Chimney drains

Chimney drains are an attempt to prevent horizontal flow along relatively impervious
stratified layers, and to intercept seepage water before it reaches the downstream slope (Fig.
2.8).
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Fig. 2.8 Chimney dain

Chimney drains are often incorporated in high homogeneous dams which have been

constructed with inclined or vertical chimney drains. In some major dam projects, chimney
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drains have been inclined at a considerable slope, both upstream and sometinstedow
An upstream inclined drain can act as a relatively thin core. In addition to controlling seepage
through the dam and increasing the stability of the downstream slope, the chimney drain is
also useful in reducing pore water pressures both duringtre@tion and following rapid

reservoir drawdown.

Horizontal drainage blanket

Horizontal drainage blankets are often used for dams of moderate height. Drainage blankets
are frequently used over the downstream-loaié or onethird of the foundation are&Vhere
pervious material is scarce, the internal strip drains can be placed instead since these give the

same general effect.

2.4  Evolution of methodology for the present study

Based on the systematic literature review general background knowledge tabout
embankment dams was developed. With a thorough conceptual framework a comprehensive
methodology was developed. Below is the summary of the methodology followed for the

present study;

Engineering geological mapping of the dam site was carried auider to understand the
general condition of the site including the abutments. This has been performed by collecting
rock mass rating data (RMR) on the left abutment. During the preparation of the map,
discontinuity orientation data was also collecteddtetmine the preferred orientation so that
kinematic check can be performed whether the abutment slope is susceptible to either plane
or wedge mode of failure. Collection of samples from dam foundation area, borrow areas and
guarry sites for laboratory tidsg and analysis to determine various index properties was also
carried out. These index properties have helped to determine and characterize the proposed
embankment dam material for their suitability. Besides, embankment slope stability analysis
was carned out. This analysis may help to understand the behavior of the embankment dam
material in different adverse site conditions. The methodology that was followed for the
present study helped to forward recommendations on the general suitability of theegrop
embankment construction material. In evaluating the general suitability of the proposed dam
site and embankment construction material in particular various standard specification were

followed.

*kkkk
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Chapter 3 Geology and HydroGeological Setup

3.1 Geomorphologic Characteristics of the study area

3.1.1 Land form

The geomorphology of the study area can be classified in to four land form units. These
landform units are assumed to be derived from structural origin, volcanic origin, denudational

(residual origin) and alluvial origin (Fig.3.1) (Yohannes Belete et al., 2009).

1. Alluvial land form

This land form is found at the north and north western part of the study area forming flat
plain and with composition of thick brown silty clay and WBlamotton clay soil at the
upstream part of Berga River. This part of the area is observed to be marshy-and un
cultivated. The area can be recognized on the satellite images by its flat bottom with the
absence of pronounced runoff channels, no consideesb®on and transportation of soll

and rock fragments to the downstream can be expected.

2. Residual land form

This land form type is found in the central and southern part of the study area. The area can
be characterized by gently sloping and undutptiopography and covered by up to 5 m
thickness of silty clay soil. In this area, the main process which is responsible for the
formation of this land form is degradation, that is, the disintegration of rock (weathering) and
the stripping of loose, weathezt material from the land surface by the processes like erosion

and mass wasting. The area is intensively cultivated producing teff and cereals.

3. Volcanic land form

This area is covered by Tertiary volcanic (upper and lower basalt) which is founurat,ce
western and north eastern part of the study area. This land form is characterized by volcanic
eruptions scattered over wide areas. Mainly, the volcanic landscape forms steep slope to cliff
morphology (14- 42°), it occurs mostly forming ridge. At aues it occurs as small and
elongated hills. It can be differentiated from the rest of the landscapes, which forms

numerous discontinuous ridges. The area is moderately cultivated with thin layer of top soil.
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Fig. 3.1 Geomorphological map of the study area
4. Structural land form

This landscape is found on the north and north western part of the area, as it is clearly
emerged from the hill shade view, the development and appearance of the landform is largely

influenced by an east west running geological structures.

The influence of such geologic structure can range up to large features which exert a
dominance influence on the form of an entire landscape. The-smuth running volcanic
ridges which are sepaeat by north south structures and crossed bywest fractures shows
the clear control of the structure over the landform. The area is generally less to moderately

cultivated and is covered by thin layer of top soil.

3.1.2 Drainage

Most of the streamddw from south to north to Abay Basin except Berga and Kela perennial
streams which flow from north to south to Awash Basin. The drainage system is controlled

by lineaments that run generally north south (Fig. 3.2) (Yohannes Belete et al., 2010).
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Fig. 3.2 Drainage map of the study area
The type of the drainage pattern in the area isd&uitalritic and trellis which are controlled by

type of lithology, topography and structure. Drainage density can be influencethry

factors like rock type, fracture, soil type, relief, vegetation, rainfall amount and intensity.

Some generalization can be made concerning drainage density in the area, flat plain, residual
soil, and structurally controlled places shows low dmgénaensities on the other hand,
alluvial soils with homogeneous hydraulic property and valleys reveals high drainage
densities.

3.2  Regional geology

3.2.1 General

The regional geology of the area (Fig. 3.3) consists of complete succession of Paatambri

basement, Paleozoic and Mesozoic sediments, Tertiary and Quaternary volcanics and
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Quaternary sediments. In general the dominant lithological units from the oldest to the
youngest are Biotite gneiss, Biotite hornblende gneiss, -yeeo Granite, Paleo&n
sandstone, Lower sandstone (Adigrat sandstone), Gypsum (Gohatsion formation), Antalo
limestone, Muger mudstone formation, Upper sandstone (Debere libanose sandstone), Aiba
basalt, Tarmaber basalt, lower ignimbrite Entoto rhyolite, trachyte and igrenNMé@checha
Yere-Furi ignimbrite/trachyte & tarchy basalt, Quaternary plateau basalts of central Ethiopia

and Quaternary supper facial deposits (Bereket Fentaw et al., 2010).

3.2.2 Stratigraphy

The brief description of stratigraphy of the area is as\i|
Precambrian Metamorphic rocks

(1 Biotite Gneiss

The biotite gneiss is dark grey, medium to coarse grained and shows gneissosity, which is
defined by the alignment of biotite, feldspar and quartz crystals. Strike of foliation is NNW
and NNE and it dip gently or at moderate angle towards east or west. It is highly granitized,

pegmatized and at places injected by quartz veins (llfios, 2008).

(i) Biotite hornblende gneiss

This unit is observed to intrude the biotite gneiss. There is weakly developéubrfiodad
magmatization. It has medium to coarse grained texture. This rock develops slight degree of
weathering and fracture, while outcrops along trails show high degree of weathering.
Whenever the biotite gneiss is exposed, the unit is observed topspwadically as lenses
within it. It is mainly composed of hornblende, biotite, plagioclase and quartz (2008).

(i)  Granite
Its color varies from pink to light grey. Mostly, they are fresh, weakly to moderately foliated

with visible biotite, kfeldspar and quartz grains alignment (llifios, 2008; Assegid Getahun,
2006).

It is observed to intrude the biotite gneiss and the Mesozoic sandstone. When it is intensively
weathered, it is altered to reddish brown soil. Jointing and fracturing perpenducutes
foliation is also commonly observed phenomena. Generally rugged topography is formed by

this unit and usually it is discontinuous patch (Bereket Fentaw et al., 2010).
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4. Meta Gabbro

On fresh surfaces, they are dark grey, medium to coarse gr@aadrally, they show weak

to moderate foliation and they are injected by pegmatite and quartz veins. Often, they form
domes and they are discontinuous ridges. Jointing is commonly observed structural feature.
They are slightly to moderately weathered @@t Fentaw et al., 2010).

Paleozoic to Mesozoic Sediments
) Paleozoic sediments

Lithologically, they are represented by varying proportions of sandstone, siltstone, mudstone,
shale and some paleo soil. The sand stone dominates in the top part, wislalthés

abundant in the lower most parts.

Silt stone usually occupies the middle part and the mud stone occurs as intercalation within
all the units. There is a development of paleo soil with thicknessn2between the lower

parts of Mesozoic sandstrand the upper parts of Paleozoic sandstone. The thickness of
Paleozoic sediment reaches up to 200 m in some exposure (llfious, 2008; Assegid Getahun,
2007).

(i) Mesozoic Sandstone (lower sandstone)

It has a maximum thickness of 1131 m (llfious, 2008). $hecession mostly consists of
sandstone with very thin intercalations of silt stone, mud stone and some paleo soil. In the top
parts it is, conglomeratic and fine to medium grained, reddish brown to light gray in color. In
most cases it develops primaryustures like lamination and cross bedding. The degree of

weathering and fracturing is high in the top part.

(i)  Gypsum (Gohatsion Formation)

This formation is mainly composed of gypsum and mudstone with variegated color gray at
the top, pink at the middland white at the bottom. There is an intercalation of yellow
limestone at the base and shale towards the top (Assiged Getahun, 2006). It is slightly to
moderately weathered and compact (Bereket Fentaw et al., 2010).

(iv)  Limestone (Antalo limestone)

This fomation is characterized by alternating beds of marl. There are also shale intercalations
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which are frequent towards the bottom. Most of the time the limestone appears as light gray

and yellow; when weathered its color changes to dark, white and somtticeep yellow.

At places, higher degree of weathering is observed, the precipitation of the secondary
minerals such as; calcite and silica are observed along fractures and weak zones. Structures

such as karsts, chert nodules and stylelites are obsartteel bottom of the limestone.

The petrographic study indicated that this limestone has a range of texture from mudstone to

wackstone and pack stone (Assiged Getahun, 2006).

(V) Mugher mudstoner siltstone Formation

The dominant types of rocks in this fation are mudstone, siltstone and shale. However,
there are multiple beds of different intercalations. This formation has variegated red colored
mudstone, light green to gray for shale and yellow to white for siltstone. It exhibits high
degree of weathenn The main structures are laminations, cross laminations, ripple marks
and bedding (Bereket Fentaw et.al. 2010).

(vi)  Debrelibanose Sandstone (Upper Sandstone)

The sandstone unit exhibits wide range of compositional variation ranging from top part
yellow cdor, well sorted, medium grained to red color, conglomeratic cross bedded

sandstone at the middle.

The bottom part is dominated by jointed, fine grained white sandstone. This unit is slightly
weathered at the top and highly weathered at the bottom.nkerajeit exhibits coarsening
upward sequence (Bereket Fentaw et.al. 2010).

Tertiary Volcanic Rocks
0] Aiba Basalt

This basalt has a dark grey color on fresh outcrops and it habmavk, gray and reddish
brown colored weathered surfaces. In this urgtéhs a vertical compositional variation. The

top part is composed of vesicular basalt. At the middle coarse grained basalt is noticed. The
bottom of this unit is made up of columnar joint, cliff forming and relatively fresh aphanitic
basalt. In generalhis basalt is characterized by wd#veloped columnar joints with
hexagonal faces, and cliff forming. The maximum thickness measured is about 356m

(Assiged Getahun, 2006).
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Twenty two radiometric analyses from samples scattered in the whole outcrop@randre
from different stratigraphic levels give an age ranging from 36 to 18 ma (Giovanni et.al.,
1979).

(i) Olivine - plagioclase phyric basalt (Tarmaber Megzeze basalt)

The Tarmaber unit is made up of often lenticular basalts with large amount of tuffs,
swrriaceous lava flows and typical red paleo soils. Sometimes, the basalt flows fill ancient
erosion channels cut in the paleo soils. The thickness of the Tarmaber basalts is about 1,000
m. From the 15 isotopic dating its age ranges from 27 to 5 ma. IBltieeNile area it

directly overlies the Ashangi or Blue Nilebasalt (Giovanni et.al., 1979).

(i) Lower Ignimbrite

This unit consists of inter layers of ignimbrite, ash and tuff. It is grey and black in color and
shows columnar jointing having medium to figeains. It generally consists of two layers

coarse at the top and fine at the lower layer. It is highly affected by joints which are vertical
and horizontal plunging in N34°E and N15°Edirection (Assiged Getahun, 2007). It is

intensively weathered and ftaced (Bereket Fentaw et al., 2010).

(iv)  Inter layers of ignimbrite, Welded tuff and Ash

This unit is characterized by grey color, containing fragments of ignimbrite, tuff, pumice and
some rhayolites. It is fine to medium grained. In most places, it idaovdry aphanitic to
medium grained vesicular trachyte (Wechethdere Furi trachyte and trachy basalt) and
overlies the lower ignimbrite. It is slightly tnoderately weathered and rarely fractured with

massive surface (Bereket Fentawet al., 2010).

(V) Entoto Rhyolite and Trachyte

The Entoto mixed rocks constitutes ryholite, trachyte, ignimbrite pyroclastic rocks and
sediments. All the rocks are highly weathered and jointed with few layers of agglomerate at
some places. There is a red soil developmenteatdntact with underlying basalt. It shows a
variegated color of weathering mainly pink, yellow, white and grey and sometimes light

green and reddish brown.

This lithologic unit is highly affected by joints trendingVEE and N 29°E. It forms high
mountan c hai n cal | ed-WdASsigeddsetahdn, 2007e ndi ng E
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(vi)  Wechecha Furi i Yerer Trachyte and Trachy basalt

It has an aphanitic to medium grained texture with vesicular varieties mostly at its lower
parts. The characteristic color is light grey to dgrky often to greenish grey. Mostly the
trachyte and the trachy basalt are found alternatively layered with the trachyte being
dominant. In its lower parts shows columnar jointing and is affected by two sets of joints
(Assiged Getahun, 2007).

(vii)  Aphaniti c to phorphyritic trachyte (Entoto trachyte)

This unit is generally coarse grained porphyritic and highly weathered. This makes it to have
weathering color of light pink to white. It also develops slight fracturing. This unit is affected
by EW and SENE joints. The joints are filled with dark brown clay. This unit is covered by

patches of Quaternary olivine basalt (Bereket Fentaw et al., 2010).

Quaternary volcanic rock and sediments
) Quaternary Plateau basalts of Central Ethiopia

This unit is dominantlylivine basalt with a characteristic grey color on fresh outcrop while
after weathering it becomes reddish brown. As observed in most of the cases it outcrops in
boulder form and generally vesicles are filled by secondary materials. It forms mainly ridges

with a maximum thickness measured to be about 50m.

The northern part is dominantly trachyte and trachy basalt with dark green color having
aphanitic and porphyritic texture. In this unit, sheeted and layered flow structure is observed
at the top of thelome, and it is oriented in-® direction with shallow dip angle (22°35°)
(Assiged Getahun, 2007).

(i) Quaternary superficial deposits

This unit comprises mainly of eluvial soil and very small position of alluvial soil. The eluvial
soil is deposited inastern soutteastern and central parts of the area. It is dark grey dark
brown and black in color, its thickness ranges fro®ni (Matebie Metebe and Yonag
2006).

Its texture varies from sand to Silt size. The basalt, limestone and quartz grainnfragme
association indicate the probable parent rocks from which this alluvial was derived (Assiged
Getahun, 2007).
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Fig. 3.3 Simplified Regional Geological Map
3.2.3 Regional Geological Structures

Structures pha significant role in any developmental activities. For safe design, construction
and performance of the structures in its engineering life time, geological structures may pose

problems. The presence of these structures may propagate and amplify eagh quak
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occurrences and therefore, it will be very important to identify such structures during the
investigation so that proper remedial measures can be worked out. In the area, major
lineaments are traced from satellite images trending NS, NE and EW. Thedimsaare
manifested by straight streams, valleys and ridges (Fig. 3.4). The northern part of the area is
structurally simple and occasionally tectonized whereas on contrary the southern part is
highly tectonized and is complex in structure since it isr neathe Main Ethiopia Rift
margin. The main structures encountered in the area are lineaments, faults, joints and dykes
(Bereket Fentaw et al., 2010).

1. Lineament

The major lineaments in the study area trend3NE, NW-SE, NS and EW directions. The
NE-SW lineaments being dominant in the area and they are parallel to the structures of the
rift or rift margin. Most of the lineaments can be observed in all units. In addition there are
some NWW and NEE trending lineaments which are more concentrated in stalime
rocks. Most of the lineaments follow trends of liner of ridges, mountains and mainly river
valleys and streams. The length of lineaments varies from few meters to about 12 km
(Assegid Getahun, 2006; Matebie Metebe and Yonas H., 2006).

2. Faults

Thereare few normal faults in the area. They are mainly found in north eastern, north western
and southern parts of the area. The dominate faults are those associated with the MER
trending NESW faults. There are also-8l and EW trending faults. They cut Mesoi
sedimentary and tertiary basalts. The-I$&V and NS trending faults are act as good ground
water conduits in the northwestern and southern parts of the study area (Bereket Fentaw et
al., 2010).

3. Joints

Joints are widely observed in tertiary ks and upper sandstone. Th&\Eand NW trending
joints are more common on the upper sandstone. Most of the joints are filled by secondary

material such as calcite, iron oxide, silica & feldspar (Bereket Fentaw et al., 2010).

4. Dykes

These featureare more observable in northern and central part of the area. They are parallel

and oriented in the NE direction with maximum width about 2 m (Assegid Getahun, 2006).
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Its composition varies from pyroxene porphyric to aphanitic and vesicular basalt.
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(Saurce Bereket Fentaw et al., 2010)
Fig. 3.4 Simplified Regional Structural map

3.3  Geology of the study area

Generally the study area consists of four units; Lower basalt, upper basalt, quaternary

alluvium, quaternary residual soil and ignimbrite (Fig)3Yohannes Belete et al., 2009).

3.3.1 Lower basalt

The lower basalt covers almost the southern part of Adlidisn sub sheet. The lower basalt

at most of the places out crops as boulders, it has high strength and black in colour. It
contains no vesles, mostly slightly weathered. In some places the lower basalt consists of
two major joint sets horizontal and vertical. The rock is aphanitic. From previous
petrographic studies the aphanitic basalt is composed of on an average 90% ground mass, 4%

plagioclase, 3% olivine, 2% opaque, and 1% sericite.
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Fig.3.5 Geological map of AddisAlem sub-sheet

3.3.2 Upper basalt

The upper basalt is exposed mainly in the northerngdahte sub sheet. The upper basalt is
black in colour and it is fresh to slightly weathered. It has high strength and it forms
numerous discontinuous ridges. It can be differentiated from the lower basalts by its

morphology which usually occurs as ridges.

The upper basalt is sometimes aphanitic and sometimes slightly porphyritic. Previous
petrographic study shows 6% ground mass, 286% plagioclase, 19% olivine, 10%

opaque, 5% sericite, 4% iddingsite.

3.3.3 Quaternary alluvium

Quaternary alluvium isleposited mainly in stream channels, terraces and on flat plains. The
composition of alluvium as observed from test pits is mainly brown clay soil with some black
cotton soil. Generally, along river banks the thickness of brown clay soil is up to 5ma.t€los

Kimoye village in the river channel of Berga River there is a small quantity of gravel deposit.
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The alluvium soil is deposited along Berga, Bora and Boreche River plains.

3.3.4 Quaternary residual soill

Residual soils are in situ developed soilsthyy decomposition of rocks on which it lies due

to physical and chemical weathering (Garg, 2005). The residual soils in-A&dim sub

sheet are mainly brown clay and black cotton soils. Residual soils are mainly exposed
towards south of Addiglem and Hdeta towns as well as in Telecha locality. As observed
from the test pits sunk on residual soil, the thickness of the brown clay soil is over 3 m. The
composition of alluvial and residual soils is similar except residual soils occur relatively on

higher gounds.

3.3.5 Ignimbrite

Ignimbrite out crops is found in the central part of the study area. The ignimbrite is columnar

jointed with joint spacing from 30 cm to 60cm.

3.3.6 Local Geological Structures

In the area, major lineaments are traced from lgate@hages trending NS, NE and EWhe
lineaments are manifested by straight streams, valleys and ridges. These traced lineaments are
presented in Fig. 3.6 (YohannBsleteet al., 2009). These lineaments have size which ranges
from 7 km to 18 km. Accordig to Wells and Coppersmith (1994), the magnitude of the
earthquakes that occurred in areas is a function of surface rupture length (SRL) in km which

is expressed by the formula;

Where; 6M6 i s Moment Magnitude.

Based on the ave equation the study area has experienced a moment magnitude up to 6.5
and there is a probability of the occurrence of this much magnitude earthquake in future.
However, as the study area is near to the main Ethiopian rift, it can be affected by the

magntude as high as 8.

3.3.7 Geology of the area around the dam Site

The dam site is located in the central plateau of Ethiopia. It is located near the active Main
Ethiopian rift whichis characterized by active extensional tectonics that has prodaded of

horst and graben structur@éohanneBeleteet al., 2009).
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Fig. 3.6Structural map of the study area

The area is composed of basalts as the only rock types with both alluvial and residual soils
(Fig. 37). Large part of the area is covered by soils. The basalt is exposed on both the
proposed left and right abutments. The basalt is either aphanitic or porphric. It is dark in color
and light brown where it is weathered. It forms a gentle slope and its mnugéases from

10° to 15° as the height increases. It is highly fractured and forms hills of a height up to 40 m.
The alluvial deposits are located in the central area which is found in between the abutments.
It is Light to dark reddish brown in colorh€& residual soil is found at the eastern part of the
dam site. It is dark brown in color. Based on the river cut exposure and the pits dug in the
area, the soils have a thickness of more than 3 m. Both soils are composed of fines (silt and

clay), which ocapies large percentage, with little sand content.

The spill way is located on the left bank and is composed entirely of basalt with very thin soil
cover. Based on the work byohannes Belete et al. (2009%here is one major fault

alignment that is foundt the eastern part of the area which has the orientatiorSof N
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Generally, the dam site geology favors the construction of the area as it is flat land, which
makes it easy for accessibility, contains abutments with gentle sloping o1%0°There isa
little possibility of intensive weathering in the abutments as they are formed from the very

strong basalts.
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Fig. 3.7 Geological Map of the Dam Site
3.4  Hydrogeology
3.4.1 Hydrography

The surface water hydrographs of almost all river gage®fasenilar type with one peak
discharge which is in the rainy season, where there is surplus of water. The runoff at Awash,
Mugher and Berga rivers shows a high fluctuation. Awash River has a relatively lower river
discharge and runoff than Mugher and Befivers. This seems due to data taken from

Awash is at its upstream course as shown in Fig.3.8 (Bereket Fentaw et al., 2010).

3.4.2 Water quality

Different water quality standards were used for evaluating the suitability of water for

drinking, irrigaticn and industrial uses (Bereket Fentaw et al., 2010).
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Fig. 3.8Mean monthly runoff Awash River near Ginchi, Mugher and Berga River (19932004)

) Domestic Ug

For the domestic purpose the groundwater drinking quality standards is evaluated based on
the standard given by Ministry of Water Resources (MOWR) and Ethiopia standard. The
guality of water for domestic use can be limited to the high concentratidre aftions and
anions (Table 3.1).

(i) Irrigation Use

Bereket Fentaw et al. (2010) analyzed the groundwater and surface water quality of the area
for Irrigation purpose based on US salinity criteria. The US salinity criteria are made based
on the EC vales. The EC value of the area ranges frod34 0 e s/ ¢ m. The
measurement and laboratory results shows the water of the study area (ground water) is good
for irrigation except two samples which are characterized by high EC value of 2340 and 3350
€ sm cespectively, which could be hard for irrigation purpose. However, it may be
satisfactory for salty tolerant crops or plants on soils of high permeability with special
leaching. Groundwater quality for irrigation purpose based on US salinity criteria is
summarized on Table 3.2 below (Bereket Fentaw et al., 2010). The sodium concentration
with the exception of one sample is below the maximum desirable and permissible level of

the standards.

Boron

Boron concentration above the recommended limit can dawsaty. Therefore, the boron

concentration in water quality analysis for irrigation purpose should be considered. The water
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quality of the study area for irrigation purpose is summarized on Table 3.3 (Bereket Fentaw
et al., 2010).

Table 3.1 Quality citeria of water samples compared to drinking water standards and guidelines
(Source: After Bereket Fentawet al.,2010

Property Ethiopian Standard (1) and MOWR Addis Ababa Map Sheet including present|
Guidelines (2)mg/I study area (mg/l)
Highest Desirable | Maximum Range Number of Exceeding
level permissible level Value
Na(2) 358 358 1-919 2/2
Ca(1) 75 200 2-124 16/none
CI(1) 200 600 1-411 1/none
Cl(2) 533 533 None/none
B(2) 0.3 0.3 0.154.31 26/26
Mg(2) 50 150 0.6-39 None
SO(1) 200 400 1-202 1/none
SO(2) 483 483 1-202 None/none
TDS 500 1500 57.233527.7 28/2
Total Hardness | 100 500 7.47470.28 95/none
CaCQ(1)
Total Hardness | 392 392 2/2
CaCQ(2)
PH(1) 7-8.5 6.59.2 5.01:9.19 76/10
PH(2) 6.58.5 6.58.5 11/11
NO;(1) 10 45 0.2-98 58/2
NO;(2) 50 50 2/2
F(1) 1 15 0.0228.6 10/7
F(2) 3 3 414
Table 3.2 The US salinity criteria for irrigation purpose (Source; After Beeket Fentaw et al., 2010)
EC (ms/cm) Class Exceeding no. of sample| Remark
<250 Low salinity(C1) 94 Good
250750 Moderate(C2) 111 Good for soils of medium
permeability for most plant
7502250 Medium to high(C3)| 10 Satisfactory for plants having
moderate salt tolerance
22504000 High(C4) 2 Satisfactory for salty tolerant crops 0
soils of good permeability with speci
leaching
>4000 Very high(C5) Nil Not fit for irrigation
Chloride

The sensitivity of crops to chloride concentration is an important criterion to put standard for
irrigation. Based on the Canadian water quality guideline most water samples are fit for
irrigation of sensitive crops having less than 1000 mg/l of chloride (Bereket Fentaw et al.,

2010).
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Table 3.3 Quality for irrigation based on boron

Quality criteria based on Boron Sample number and characteristics

E G P D U E G P D U
Sensitive <0.33 | 0.33 | 0.671|1-1.25|>1.25 |43 14 2 2 8
crops 0.67
Semi <0.67 | 0.674 | 1332|225 |>25 57 5 3 1 3
tolerant 1.33
Tolerant < 1-2 2-3 3-3.7 | >3.75 | 59 6 2 1 1
Note E = Excellent G =Good P =Permissible D = Doubt full U = Unfit

Sodium Adsorption Ratio (SAR)

The sodium hazard of irrigation can be evaluated by the sodium adsorption ratio indexes.
Based on the sodium adsorption ratio (SAR) method most water samples are good for
irrigation andhave SAR value less than 10 except few which show SAR value >10 (See
Table 3.4) (Bereket Fentaw et al., 2010).

Table 3.4 Sodium Classification (Source; After Bereket Fentaw et al., 2010)

SAR Value Class Remark No. of studied case
<10(s1) Low Good 163
10-18(s2) Medium Good for coarsgrained permeable soil Nil
unsatisfactory for highly clayey soil with
low leaching
18-26(s3) High Suitable only with good drainage, high 1
leaching organic addition
>26 Very high Unsatisfactory 2

Total dissolved solids (TDS)

For irrigation purpose a criteria is used to evaluate the water sample based on TDS values.
Only few sampds exceed the criteria having TDS values of 2143.96 and 3527.7 mgll
respectively, which are unsuitable for irrigation purpose as shown in Table 3.5 (Bereket
Fentaw et al., 2010).

Table 3.5 Irrigation water quality criteria based on Total dissolved sadls (TDS)
(Source; After Bereket Fentaw et al., 2010)
Water class TDS (mg/l) Remark No. of samples in the range
Excellent <1000 164
Suitable 1000-1700 If Ca> 25%(Na+Ca) 1
Unsuitable 10001700 If Ca< 25%(Na+Ca) Nil
Unsuitable >1700 2

3.5  Seismicity of the Study Area

The surface of the earth is in a state of continuous disturbance due to vibration called earth
guakes. Although noticeable anever earthquakes occur only occasionally, the destruction

they cause through loss of life and property is often alarming (Mukerjee, 1995). The study
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area is located near the margin of the main Ethiopia rift which is an active divergent

boundary. Fig.3.9 siws the location of the study area within the seismic zone of Ethiopia.

A seismic hazard zoning released in 1995 by Ethiopian Building Code Standard (EBCS,
1995), classifies the country into five zones. The zoning simply is a buffer about the
Ethiopian Rit which is a tectonically active continental rift. According to the Seismic hazard
map of Ethiopia, AddiAlem sub sheet and the proposed Berga dam site are located in Zone
2 and can be categorized under the seismic zone with a design ground accelefafbég,
where 6g6 st and ¢ Détails of thergeouni acgeleration andhsisne zones

are presented in the Table 3.6.
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Fig.3.9 Seismic Hazard map of Ethiopia

Table 3.6 Bed rock Acceleration ratios

Zone 4 3 2 1
a 0.1 0.07 0.05 0.03

Even if the above classification is given, for the actual design of the dam detailed site ground
motion investigation mst be conducted so that the effect of earthquakes on ground can be
identified.
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3.6  Geophysical Investigation conducted on the proposed dam site
3.6.1 General

Electrical resistivity method serves as a useful tool in determining the thicknesses of
unconslidated materials, depth to water table, depth to sound rock as well as mapping sub
surface geological structures. These are fundamental components that are required in any
civil engineering constructions. With this consideration Yohannes Belete @08I9)(carried

out electrical resistivity survey (along with engineering geological mapping) by applying

Vertical Sounding (VES) on the Berga dam site.

3.6.2 Interpretation and results

VES-5 & VES-6: these surveys were conducted across the proposed xdsrim arder to
acquire information about the overburden thickness and fyelvtngical characteristics of

the reservoir site. At both places the top soil with brown color is characterized by similar
t hickness (0.9 m) and r e sm eesistivity tegpectivedy). u e
Similarly, the second layer has also revealed 1 and 3.1 m thickness and slightly different
resistivity r esn.dtrsatwimitedtRalluvial sohal vaablégram sizes.

VES 5 VES &

12.3 Om

53.4 Om Fractured and Jointed Basalt B

[Less Fractured Basalt

(Source:Yohannes Belete et. aP009)

Fig. 3.10 Geeelectric section using the data across the proposed dam site axis

The third layerat VES appears more resistive (53.4 q
the same bed at VE& ( 3nbandy13.7 m). This enhanceskponse is agsiated with the
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effect of fractured and jointed columnar basalt. In both cases the bottom layer
(compositionally to be similar to the overlying bed, but with different degree of fracturing)
Sshows mor e enhanc e dm)ramests oscurrends infgrred stating wrem 7 8
a depth of about 18 m from the surface. From the hgdaogical point of view, the third

and fourth layers with thickness over 33 m represent the aquifer bed. At these stations the
depth to the water table ranges from 2 to Near the proposed dam axis the total thickness

of the overburden is estimated to be about 9 m, out of which about 2 m brown clay and 7 m

superficial jointed basalt as shown in Fig. 3.10 (Yohannes Belete et al., 2009).

*kkkk
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Chapter 4 Engineering Geological Appraisal of Dam Site

41 Introduction

For the success of dams and their associated reservoirs, five geologic conditions are
important which are; watertight reservoir basin in which the rate of accumulation of silt is not
likely to exceed the admissible limits, a narrow rigkannel which can be blocked with a
relatively small dam, safe foundation, provision for disposal of surplus water through a

suitable spillway and availability of the required materials for constru@iukerjee, 1995).

In order to determine these conditions for any dam site, a detailed engineering geological
investigation and characterization of the dam site is very important. This includes
investigation on rock and soil physical and mechanical ptiegewhich are important
parameters for engineering geological design and construction (USBR, 1983).

The proposed Berga dam site is found in the Central Plateau of Etfibg&entralPlateau
covers wide area. It is characterized by a flat plain gé&htle slopes and undulating terrain
build by Tertiary volcanic rocks (basalt and ignimbrite) and is covered by alluvial and

residual deposits.

4.2  Classification of rock mass present at dam site

The rock mass classification concept has been appliedsxely in engineering design and
construction such as; tunnels, slopes and foundations for a long time. The main objective of
rock mass classification is to provide quantitative data and guidelines for engineering
purposes that can improve originallystfact descriptions of geological formation (Ya Ching

et al., 2006). Until now for rock engineering, the most commonly used rock mass
classification systems are the Rock Structure Rating, RSR (Wickham et al., 1972), the Rock
Mass Rating, RMR (Bieniawski,9¥3, 1975, 1979, 1989) and the NGdé{stem (Barton et

al., 1974).

Based on the previous and present research works it has been found that the rock mass
present at the propos@&krgadam site has a high rock mass strength. The main rock type

present in therea is basalt which is either porphyritic or aphanifice term porphyritic

66



MSc Thesis, 2013 TABLE OF CONTENTS

refers to a texture in which a portion of the mineral grains is significantly larger than the rest
of the rock. A rock of the latter category is said to be microcrystallineaapd), if the
constituent mineral grains can only be distinguished under a microscope (Mukerjee, 1995).
Both the abutments consist of highly disintegrated rock mass (Plate 4.1 and Plate 4.2).
Classifying the rock of the dam foundation may help in desgrthe outline of the
embankment which will basically be based on the stability and bearing capacity of the

foundation material.

Plate 4.1 Left Abutment Plate 4.2 Right Abutment

To characterize the rocks of the proposed dam site the methodvasesbck mass rating
(RMR) system. This systens the sum of five parameters and one correction factor
(Bieniawski, 1989 The parameters used for RMR system wstesngth of rock material,
Rock Quality DesignationRQD), Spacing of discontinuities, Conidin of discontinuities,

Groundwater conditions and the correction factor i.e. Orientation of discontinuities.

In previous work on the study area (Yohannes Belete et al., 2009), engineering geological
mapping was conducted. During this work the rockseesfly the basalt and ignimbrite,

were classified to be either; rock mass with high strength or medium strength rock mass,
respectively. Even though this classification is very important, additionally for the present
work the rock mass at dam site wastfilrer characterised by wuti
RMR system. Data was <collected to comput e
especially for the USC was used which was collected using point load test and laboratory test.
As the right abutment contaronly highly disintegrated rock mass with soil cover, it was
analysed by using rotational mode of failure and the left abutment was analysed for plane and
wedge modes of failures. However, it is recommended that during the construction of the
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dam, strippng to reasonable depths must be conducted to analyse both abutments in more

detail so that a more tangible result can be obtained.

4.2.1 Strength of the rock material

Rocks are aggregates of minerals and they are the individual units constituting the tbiist of
earth (Mukerjee, 1995¥rom engineering point of view rocks can be classified either as;
intact rock or as a rock mashtact rock is the term applied to rock containing no

di scontinuities such as; jointsoakhdmbteadii al
rock mass is a mass of rock containing discontinuity planes. The rock blocks within the
discontinuity planes have intact rock properti€rength of intact rock depends on
component mineral strengths and the way they are bound togetterinterlocking or
cementation. Rock mass strength applies to a mass of fractured weaknesses. Hardness is no
directly related to strength; normally hardness is only relevant for the ease of drilling.
Strength of a rock mass largely depends on the demsityre and extent of the fractures
within it. Rock mass strength also relates to rock strength, weathering and water conditions
(Tony, 2010).

According to the results of point load test the upper basalt, which the dam foundation is
composed of, has roakaterial strength that generally ranges fromi6&2 MPa. The un
confined compressive strength calculated from point load strength value generally ranges
from 151.2 to 196.8 MPa. From point load andcenfined compressive strength values, the

upper badais classified as rock with high mass strength.

Upper Baslt rock unit is exposed in the abutments of the Berga dam and in many quarry
sites where most of it have little or no top soil (Plate 3). Its density varies from 2.56 to 2.91
gm/cn?, which indiates its high resistance to weathering. The water absorption result shows
that most of the basalt samples have water absorption less than 1% which implies the rocks
could be used as aggregate. According to laboratory results, the UCS result of the upper
basalt ranges from 177 to 307 MPa which indicates high rock mass strength (Table 4.1(a) and
Table 4.1(b)XYohannesBeleteet.al. 2009).

4.2.2 Rock Quality Designation (RQD)

The concept of rock quality designatidRQD, was introduced by Deere (1964). It is d&s
on the percentage core recovery when drilling rock with NX (57.2 mm) or {digereter

diamond core drills. Assuming that a consistent standard of drilling can be maintained, the
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percentage of solid core obtained depends on the strength and numismoofinuities in

the rock mass concerned. TR&D is the sum of the core sticks in excess of 100 mm,
expressed as a percentage of the total length of core drilled. HowevieQBheoes not take
account of the joint opening and condition, a further diaathge being that with
discontinuity spacing greater than 100 mm, the quality is excellent, irrespective of the actual
spacing(Bell, 2007).

Plate 4.3 Basalt exposure at proposed quarry site

Table 4.1(a) Engineering parameters of rocks (Source:Yohannes Belete et al., 2009

Sample Easting Northing | Elevation Water Porosity | Bulk Formation Texture

(m) Absorption | (%) Density

(%) (gm/cnt)

AR 1 440824 1005884 | 2518 12 35 291 Lower Basalt | Vesicular Basalt
AR 2 435142 1012190 | 2592 0.55 1.6 2.89 Upper Basalt | Porphyritic Basalt
AR 3 434053 1021078 | 2596 0.8 2.27 2.84 Upper Basalt | Aphanitic Basalt
AR 4 437209 1011198 | 2588 0.55 1.55 2.84 Upper Basalt | Porphyritic Basalt
AR 6 431892 1006898 | 2656 0.78 2.24 2.86 Upper Basalt | Porphyritic Basalt
AR 7 443016 1002176 | 2412 0.5 1.42 2.84 Lower Basalt | Aphanitic Basalt
AR 8 419559 995400 2150 1.26 3.21 2.56 Lower Basalt | Porphyritic Basalt
ART 9 442391 1001123 | 2410 0.64 1.77 2.77 Lower Basalt | Aphanitic Basalt
AR 10 439417 1007500 | 2567 9.63 20.03 2.08 Ignimbrite Ignimbrite
AR 11 | 420658 1022701 | 2817 0.76 2.16 2.85 Upper Basalt | Porphyritic Basalt
AR 12 | 434893 1001017 | 2383 10.65 21.44 2 Ignimbrite Ignimbrite

Palmstrom (1982) suggested that, when no cores aratdgabut discontinuity traces are
visible in surface exposures or exploratory adits R@¥ may be estimated from the number

of discontinuities per unit volume. The suggested relationship foifidayrock mass is;

RQD=115-3.3Jv é é é é .eq.4.1
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Wh e rJevjthé sum of the number of joints per unit length for all joint (discontinuity) sets

known as the 6volumetric joint count 6.

To determine the quality of the rock mass of the left abutment, data pertaining to RQD was
collected. During the@resent work, the RQD data was collected every 10 m along the slope
height so that it represents the overall rock mass present on the abutment. As there was no
drilling data in the area, volumetric count was used for which number of the discontinuities
with a length equal or greater than 10 cm were counted within 1 x 1m exposed rock mass.
Even though it was difficult to find such exposure because of the soil cover in the abutments,
few good exposures along the slope were found from where data was colizetedally,

the rock mass exposed on abutment has RQD for which the ratings generally range from 13

to 17 according to the rock mass rating system.

Table 4.1(b) Engineering parameters of rocks (Source: Yohannes Beletea., 2009)
Sample Degree of w1 w2 Point Load | Peak Paint Index Ucs Schmidt Median
weathering (cm) (cm) test height | Load Value strength | (Mpa) (Kglcm?)
(m) (KN) (Mpa)
ART 1 SW 8 135 55 48 7.3
ART 2 SW 9 10 6.8 49.23 7.62 225.8 367
ART 3 Fresh 9 10 5.5 42.78 8.2 2971 367
ART 4 sSw 9 15 6.5 54.74 7.02
ART 6 SW to MW 7 10.5 5 28.82 6.76
ART 7 sSw 9 10 6.8 51.41 7.96 367.5 400
AR 8 SW 8 11 7 36.06 5.42 177.8 681
ART 9 Fresh 10 11 5.6 49.28 8.4
ART 10 SW 7 10 6.8 25.62 4.43 87.36 431
ART 11 sSw 10 11 52 41.16 6.3
AR 12 sSw 6 8 7.6 12.33 2.32 68.03
Note:SWi Slightly Weathered; MW Moderately Weathered

4.2.3 Spacing of discontinuities

The discontinuities can be the single most important factor governing the deformability,
strendgh, and permeability of the rock mass. Moreover, a particularly large and persistent
discontinuity could critically affect the stability of any excavation. For these reasons, it is
necessary to develop a thorough understanding of the geomechanical gsopdrti
discontinuities and rock mass and understand the way in which discontinuities affects the

engineering structures (Suping et al., 2007).

Spacing of the discontinuities of the left abutment was measured as a parameter for the rock
mass classificatioand in general it is up to 4 cm wide. Even if the individual intact rocks
have higher strength, the spacing of the discontinuities will affect the RMR result. During the
construction stage, all these disintegrated rock mass needs to be removed to ntim@mize
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effect of a weak surface or to provide a way for the water circulation which will greatly affect

the stability of the abutment.

4.2.4 Condition of discontinuity

The nature of the opposing joint surfaces also influences rock mass behaviour because the
smodher they are, the more easily can movement take place along them. However, joint
surfaces are usually rough and may be slickensided. Hence, the nature of a joint surface may
be considered in relation to its waviness, roughness and the condition of heMaliness

and roughness differ in terms of scale and their effect on the shear strength of a joint.
Waviness refers to firgirder asperities that appear as undulations of the joint surface and are
not likely to shear off during movement. On the othendy roughness refers to secander
asperities that are sufficiently small to be sheared off during movement. Increased roughness
of the discontinuity walls results in an increased effective friction angle along the joint

surface. These effects diminishdisappear when infill is present (Bell, 2007).

At the present dam site the condition of the discontinuity in the rock mass of the left
abutment in general is rough, with no infillings and weathering. This condition shows that the
rocks are very strongnd may not easily weather. The roughness and waviness of the rock
mass will increase the shear strength between the adjacent rock blocks which eventually

enhance the stability of the abutment slopes.

4.2.5 Ground water condition

Presence of water in rocks one of the major factors that will affect the stability of the rock
slopes. Water develops pore pressure and minimizes the shear strength of rocks in openings.
Therefore, special attention must be given to the presence of water (Bell, 2007).At thie time o
investigation the Left abutment of the dam was completely dry and stability of the slope
represents the dry condition however, during rainy season slope may be recharged with water

and water forces may develop which may affect the slope stability canditi

4.2.6 Orientation of discontinuities

The orientation of discontinuities within the rock mass exposed over the slopes may indicate
the possibilities for potential instability. If a discontinuity set is oriented towards the valley or
dipping in the same diction as that of slope it may provide a condition favorable for

instability. Such conditions may be verified by checking the orientation of the discontinuities
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with the slope direction. According to Markland, if kinematic conditions are satisfied the
slopewill have a chance to fail. The abutments do not satisfy these kinematic conditions and
are more or less stable. The detailed characterization of the left abutment is presented in
Table 4.2.

4.3 Rock mass Deformation

When a compressive load is applied be trock mass it gets deformed. Deformation is
change in shape. It may or may not be accompanied by change in volume. Deformation
without the change in volume and which is restored on release of stress is called elastic

deformation; whereas that which istmestored is called plastic deformation (Garg, 2005).

Table 4.2 RMR data collected from various locations on the Left Abutment

RMR Parameters rating RMR Rock
data mass
Points class
UCs Ra RQD SP | Con | GWC | Ori
JV. |RQD |Ra

Left Abutment

LAl 151.2 12 15 65.5 13 8 20 15 -5 63 Good
LA2 201.6 12 10 82 17 8 25 15 -5 72 Good
LA3 168 12 10 82 17 10 |20 15 -5 69 Good
LA4 156 12 14 68.8 13 15 20 15 -5 70 Good

UCST Unconfined Compressive StrengiBa i Rating,Jv- Volumetric countRQD i Rock quaity
designationSp. 1 Spacing of discontinuityCon. i Condition of discontinuityGWC i Ground water
condition,Ori 1 Orientation of discontinuityRMR 7 Rock mass rating

The RMR data that is presented in Table 4.2 is calculated by collecting theodatavo to
three observation points at each location (LAl to LA4) and the values for various parameters

presented in Table 4.2 are the average values for each respective locations.

If a dam is founded over vaious types @ rocks haing varying defamation propertiesshear
and dagaal tension stressesill develop due b the wineven deflection of the foundatian. If

such propdies of he foundaton rocks are known in advance, dam stroetcan bealesigned
acordingly, to handle sch deflections (USSD, 2Q].

The empiricd techniques to deermine Modul us o f D eEf° aer maialy basechon 6

rock mass dassifi cation system.

Bieniawiski (1979 proposed an epirical relation to detemine Modulus of Defomation 6 6
by using RMR. For the rock mas$aving RMR higher han 55 ard UCS of intactoc k &6 qc 0
greate than 100Mpahe relation is in lose agreemm with the testedralves
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Eq=2RMR1 00 eeéééééeq. 4 . 2
Table 4.3 Shear strength Parameters and Modul us
S.No. | RMR Data Location | RMR | Shear Strength Modul us of defor fhat
Elevation Parameters
C(MPa) | F °\
Left Abutment
LA1 2564 63 3.15 | 36.5 2.6 x10°
LA2 2574 72 3.6 41 44x10°
LA3 2584 69 3.45 | 39.5 3.8x10°
LA4 2596 70 3.5 40 40x10°
Note ; Ci CohesionF 1 angle of internal friction

In Table 4.3 the shear strength parameters, cohesion and angle of internal friction were

determined using the formula proposedBwgniawiski (1979;
C=005RMRée é. éeééééeq. 4.3

0=05RMR+®2 éééééeq. 4.4

Shear Strength of the Rock mass by Hoek and Brown Failure Criteria

As the abutments are formed from fragmented rocks, the failure criteria by Hoek and Brown
(1981) can be applied detemine the strengh of the jointedrock mass.

The following Hoek and Brown empirical formula is used to perform the analysis;

510 s0 sgt[mb G/lsg+S]é¢ééééééeq. 4.5
Where, "~ mbé is the value of the constant o0
depend upon the characteristic of the rock nsassthe uni- axial compressive strength of

the intact rock piees and0 &szGare the axial and confining effective principal stresses,

respectively.

The RMR data can be used to calculate the
eg.4.6, 4.7 and 4.8. The wamxial compressive strength was calculated from thet poad
test. The value of materi al constant Omi b
proposed by Hoek and Br own (1981). The o
determined by using GSI (Geologic Strength Index) as;

Average RMR of Left dutment = 68.5, mi = 17 (for Basalt),
Average GSI of the Left abutment = RMIR 5 =68.51 5 =63.5
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GSI-100
b = gxp (—) ....................... eg. 4.6

m; 28-14D

S =exp (@) ....................... eq. 4.7

5—30

6 Di$a factor whicldepends upon the degree of disturbance to which the rock mass has been
subjected by blast damage and stress relaxation. It varies from 0 for undisturbed in situ rock

masses to 1 for very disturbed rock masses (Hoek et al., 2002).

The confining effectiveprincipal stressessgd considered for the determination of major

principal stressess¢® and the corresponding computed major principal stressgp i€

presented in Table 4.4 and Fig. 4.1.

In Table 4.4 the minor principal stress were presumed to calculation the miaipad
stress. The principal stresses that are plotted in Fig. 4.1 represent the average of the locations
LA1, LA2, LA3 and LAA4.

4.4 Permeability of the dam foundation

Permeability of rock and soil is the property by virtue of which it allowsewtd travel
through its porespaces or other openings and is found to be proportional to the square of the
diameter of the grains forming the rock. In gravels, permeability is high due to its large size.
Sand is less permeable than gravel. Silt is gtiislpermeable while clay, with its extremely

fine grainsize, is practically impervious, although it may be porous to a considerable extent.
A permeable rock is necessarily porous, but the converse may not always be true. A porous
rock is permeable only ilts pore spaces or other openings are interconnected and are of

sufficiently large size to provide free movement of water (Mukerjee, 1995).

The permeability of the dam foundation is one of the most important conditions that must be
studied so that the da can function well without the substantial loss of water. The

permeability of the proposed Berga dam foundation can be determined by using packer test.

Packer testing is carried out in either open boreholes or through théngirrilling rods.
The later situation allows for the packer equipment to be used in unstable bore holes where
unstable wall rock conditions would likely cause the tool to become jammed by falling rock

or sand.
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250

Major principal stress (MPa)
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Minor principal stress (MPa)

Fig.4.1 Average principal stresses for rocks exposed at left abuémt of the dam site

Table 4.4 Major Effective Principal Stresses of Left Abutment as determined by Hoek and Brown
Failure Criteria

RMR UCs Material Constants Minor Major Shear strengh

(Mpa) principal principal parameter
mb S stress 63) stress 6;) | Cohesion | Angle of
(Mpa) friction (°)

63 151.2 3.793 0.0094 1.0 30.76
151.2 3.793 0.0094 10.0 87.47 3.15 37.49
151.2 3.793 0.0094 20.0 128.85

72 201.6 2.231 0.0256 1.0 47.91
201.6 2.231 0.0256 5.0 86.51 3.94 40.16
201.6 2.231 0.0256 12.0 129.48

69 168 4.7 0.0183 1.0 37.92
168 4.7 0.0183 5.0 71.58 3.43 39.27
168 4.7 0.0183 15.0 126.04

70 156 4.871 0.0205 1.0 40.36 3.85
156 4.871 0.0205 5.0 70.39 39.57
156 4.871 0.0205 10.0 101.18

Average

68.5 169.2 4.617 0.0173 1.11 37.86
169.2 4.617 0.0173 5.06 71.48 3.59 39.13
169.2 4.617 0.0173 10.31 102.56

It also allows for the drill rods to be used as the test water supply line, thus making it far
easier to deal with the equipment involiaddeep. By using packer test the permeability of
the dam foundation can be determined so that it will help to determine whether the

foundation needs grouting treatment or not (Royle, 2002).

As the proposed Berga dam foundation is covered by alluvialasdi fractured basalt,

according to the geophysical exploration results (Yohannes Belete et al., 2009), there is a
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possibility of seepage even in small amount and by considering this condition it is

recommended to perform the test at the dam foundationgdilhe construction stage.

The other way is to conduct laboratory permeability test on samples from the foundation area.
In general, in the present study area the soil at the dam foundation is classified as MH and
according to the Indian Standard (I1S9il characteristics pertinent to embankments and
foundations (Garg, 2005) it has a permeability of «010°m/sec.

Based on the laboratory results, the soils in the foundation area were classified as moderate to
highly plastic soils. These soils leavess permeability because of their plastic nature.
However, there is a small amount of sand. This sand content appears to be the cause for
permeability of the soils even though the fine proportion is very large. The soil in the
foundation area has a tkitess of more than 3 m. This thickness may help to minimize the
seepage through the dam foundation. According to the geophysical study conducted by
Yohannes Belete et al. (2009), the soil in the foundation area is underlain by fractured basalt.
This formaton will be the major cause for the loss of water through the foundation area as a

result of the fractures that it contains.

In the present study area both the dam abutments have thin soil cover and disintegrated rocks.
Such condition may possibly helpater to travel through the fractures within disintegrated

rock mass and may result into development of pore water pressures. In general, based on the
observations it is anticipated that the foundation of the proposed dam site may be susceptible
to slight ®epage. Thus, it is recommended to conduct more detailed studies pertaining to
permeability of foundation and based on the results appropriate measures to improve the

permeability may be carried out during construction stage.

4.4.1 Grouting of Rock Foundations

Grouting is a process by which fluid like materials, either in suspension or in solution form, is
injected into the void spaces of the underground soil or rock, and is allowed to solidify. Such
grouting will therefore help in reducing the void spamed hence increase the load carrying
capacity of the soil, or to reduce the permeability, or both. A grout that primarily increases
the load carrying capacity of the foundation soil is termed as consolidation grout; and that
which reduces the permeabylivf the soil is called wateproofing grout (Garg, 2005).

According toHoulsby(1980), important factors in grouting are;
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T The angle to the vertical at which the holes are drilled (to intersect thenaraxhumber
of open cracks).

1 Spacing between adjacent grout holes.

1 The pressure at which the grout is injected (too great a pressure may cause new cracks in
the foundation rock).

1 The thickness of the grout which is controlled by the ratio of watemb@ickin the grout.

The above mentioned techniques can be used during the construction stage so that the dam
can have a suitable and less pervious dam foundation. The foundation of the proposed Berga
dam, based on the geophysical investigation (YohaBekete et al.,2009), is composed of

soil layer with fractured basalt layer. This sequence of lithology in the long run will provide

an access to the impounded water to seep through the base of the dam and at the same time
may develop pore water pressuresicihmay result into foundation blowout. Therefore,
conducting a controlled grouting will help to minimize this situation and possibly help to

have a well stabilized dam structure.

Grouting technique, however, remains an expensive and highly specialeldd The
injection technique and its control require a lot of experience and specialized skills (Garg,
2005). Trenching at the foundation area can also be used as a way to reduce the seepage o

water.

4.5  Slope Stability of the Abutments

The abutmentsf a dam include that portion of the valley sides to which the ends of the dam
joins and also those portions beyond the dam which might present seepage or stability
problems affecting the dam. Right and left abutments are so designated looking in a
downsteam direction (Gedeon, 2004)he stability of the abutments is one of the basic
criteria for the success of any dam structure. Detailed study must be carried on their stability,

degree of weathering so that stripping can be done to rest the dam onamérashble slope.

The design of a slope excavated in a rock mass requires as much information as possible on
the character of the discontinuities within the rock mass, since its stability is frequently
dependent on the nature of the discontinuities kel Bray, 1981). Information relating to

the spatial relationships between discontinuities affords some indication of the modes of
failure that may occur. Information relating to the shear strength of the rock mass or, more

particularly, the shear stretigalong discontinuities, is required for use in a stability analysis
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(Bye and Bell, 2001). The inclination of discontinuities is always the most important

parameter for slopes of medium and large height (Bell, 2007).

During the present work both the lgiihd right abutments of the proposed Berga dam were
studied. However, the right abutment (Plate 4.4) was highly weathered and it was impossible
to measure the orientation of the joints, as the exposed rocks were highly disintegrated and
appeared to be seapd@ed blocks. Therefore, during the present study left abutment slope
stability studies were carried out for plane and wedge mode of failure whereas, right
abutment was considered for rotational mode of failure, as the rock mass on right abutment

was highy disintegrated.

Plate 4.4 Highly fractured and disintegrated rock mass on right abutment

4.5.1 Discontinuity Analysis

Both the left and the right abutments contain highly disintegrated basalt but the left abutment
has better exposure to collecitd. The data pertaining to discontinuity orientations on the
left abutment was collected to determine the type of the possible slope failure that may occur.
The discontinuity data was stereographically analysed and checked for potential mode of
failure (Table 4.5 and Fig. 4.2).
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Table 4.5 Preferred orientations on the left abutment

Preferred orientation of discontinuity planes

Dip direction/ Dip amount
Slope J1 J2 J3
N270°/10° N290°/44° N018°/66° N206°/18°

Even if the joints and the discontinuitieave preferred orientations, kinematic check must be
performed. This is becausdifferent types of slope failure are associated with different
geological structures and it is important to determine the potential stability problems during the
early stage oproject. According to Markland, rock failure only occurs if the following conditions

are satisfied;

Plane failureq >d p >t
Wedge failureq >q i>t

Where;'d t0is the slope angléq pOis the dip of the potential failure plarid, i’ is plunge of the

line of intersection arttl 'is the angle of internal friction of the two wedges forming plane.

Slope Face

N270°/20° J1 N290°/44°

Phi Circle =397

J2 N18°/66°

J3 N206°/18°

Fig.4.2Kinematic check for potential mode of failure in right and left abutment slopes

By considering Marklandobés <criteri a, the |

neither plane nor wedge mode of failure.

In the case of right abutment analysis for potential mtati mode of failure was performed
by using SARC software. The input parameters used for this analysis and the results obtained

are presented in Table 4.6 and Table 4.7, respectively.
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For N, eight coordinates were used as it can be seen frgmd B (right abutment with
coordinate). The cohesion and angle of internal friction values are the average value of the
soils in the study area. Unit weight of the soil was taken from the laboratory analysis
conducted during the present study. The earthquake mdgnitas assumed to be 8 in
Richter scale (as the area is near the rift valley such magnitude earthquake have a greater

chance to occur).

090° 2600

| 2590

E
Right Abutment 5
N | 2580 3
w
Soil Cover
| 2570
Fractured Basalt
2560

| ! ! |
0 50 100 150 210

GAP XEXITL
XEXITI

Fig. 4.3 Right Abutment with coordinates used in Analysis

Table 4.6Input parameters used to calculate factor of afety for right abutment

Input Parameters
Parameter Value Parameter description
N 8 N = Number of profile coordinates( < 50)
X,z 1= 1toN (X,Z) = Coordinates of profile points (X(I) < X(I+1) )
C= 11 C = Cohesion of soil/rock
PHI = 30 PHI = Angle of internal friction (Degree) of soil/ rock
GAMA = 1.96 GAMA = Unit weight of soil/rock
GAMAW = 1.0 GAMAW = Unit weight of pore water
BBAR = BBAR = Pore water pressure/(GAMA * Average height of slices)
AH = 0.2 AH = Horizontal component of EQ. acceleration near crest of slope
AVR = 1.0 AVR = Vertical component of EQ. acceleration / AH
EQM = 8 EQM = Corresponding EQ. magnitude on Richter Scale
NENP =1 NENP = Numler of entry points of slip circles (<10)
ENTX (), ENTY () = ENTX = X-Coordinate of entry point of circle
(0.0,2.0) ENTY = Y-Coordinate of entry point of circle
NEP =0.0 NOPT = 0 ,When only minimum factor of safety is required
NOPT = 0.0 =1,When all F.S. corresponding to all exit points ase atquired
XEXITI = 105 NEP = Number of exit points(<50)
XEXITL = 210 =0, When no individual point is given)
GAP = 105 XEXITI= X -Coordinate of first exit point of circle
XEXITL= X -Coordinate of last exit point of circle
GAP = Horizontal distance between consecutive exit points
XEXIT = X-Coordinate of exit point of circle
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Table 4.7 Result of analysis for right abutment

Anticipated Conditions FOS Weight | Coordinate of center | Exist point | Radius
Static dry 5.5905 | .94x1d | 85.04,2691.28 210,2600 | 154.74
Static moderately Saturake 2.7309 | .34x10 | 93.50,2644.56 210,2600 | 124.73
Static Fully Saturated 1.2401 | .68x1d | 73.71,2753.93 210,2600 | 205.60
Dynamic Dry 1.8533 | .73x1d | 79.61,2721.30 210,2600 | 178.09
Dynamic Moderately Saturated 0.8283 | .53x10 | 68.85,2780.78 210,2600 | 229.35
Dynanic Fully Saturated 0.4976 | .32x10 | 54.48,2860.19 210,2600 | 303.13
FOS = Factor of Safety,

Based on the results (Table 4.7) the slope of the right abutment is stable during static
condition in dry state and moderately saturated state. It is also staldgnamic dry

condition. For other anticipated conditions the slope will be unstable. This indicates the need
for the removal of the soil cover from the slope so that the abutment will be stable during and

after the construction of the dam for all anti¢gghconditions.

4.6  Engineering Geological Characterization and Properties of Soils

Soils are the earthy materials (weathered rocks), inorganic (such as sand, clay, silt etc.) or
organic (such as peat), in nature. A soil is thus a natural aggregateeséingrains, which

are separable by gentle mechanical or chemical means. For engineering purpose, soils are
classified based on certain criteria. Among these criteria, size of particles (grain size) and
plasticity of soil are widely used (Garg, 2005). the bases of their origin, soils can also be
classified as either residual soils or transported soils (alluvial, lacustrine, marine, aeolin or
glacial) (Garg, 2005). For the present study two soil samples were analyzed for engineering
geological charactemation of the foundation and one sample result was used from the

previous study (Table 4.8).

Table 4.8 Summary of field and laboratory test results of soil samples of foundation area

Area Sample Grain Size Atterberg Limit Free ucs Classification

No. Gravel Sand Silt Clay LL PL PI Swell USCS Genesis
Dam BD -5 - 2.5 59.5 | 38 - - - - - *MH Alluvial
Foundation | BD - 6 - - - - 52 37.7 | 143] - - MH

ATPIT 2A | - 0.7 67.5 | 31.8 48 34 14 40 5.5 ML

Note:
* By refereeing BDi 6ATP = Previous Work Dat8D i Present Work Data

4.6.1 Grain size

Based on the results of seive and pipette analysis, the percentage of gravel, sand, silt and clay
were determined. The areas that were selected for core material has more than 80% of the
sample containing both siéind clay size particles. On the other hand the area selected for
filter material (Area 2) contains about 50% of sand and gravel size particles. The gradiation

curve of the samples is presented in Bid.
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Grain Size Analysis of BD- 5and ATP-2A
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Fig. 4.4 Grain Size Analysis of the Dam foudation

46.2 At t er Himtsg 6 s

The range of water content in which the soil behaves like a plastic material, that is Liquid

limit (LL) 7 Plastic limit (PL) is known as the plasticity index (PI) of the soil. Soils with a

high plasticity index are calleplastic soils, because they behave like plastic material for a

| arge

range

of

water

content s.

classification is used for fine grained soils (Garg, 2005).

These

mi t

Soil Samples from the proposed dam rfdation area were analysed to determine the

Atterburg limits. The soils have liquid limit of about 50 and plastic index of 14 @%y.

The soils of the study area have the free swell value of 40%.

In Table 4.8 the samples BD5 and BDi 6 were collead from the same area. Both

werecollected to make different analysis. As it issummarized in Table 4.8 the soilsofthe study

area were classified based on USCS (Unified Soil Classification System) as ML andMH. In

order to classify the soils priveous datareveised. In the present study additional samples

were collected and submitted to Geological Survey of Ethiopia Laboratory for different

analysis. According to Indian Standard forEmbankments and foundations, the soils; BD

and ATPI 2A, have values ofair with no requirements for seepage control.
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Plasticity Chart - ATP 2A and BD 6
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Fig.4.5 Plasticity Chart Plotting of Foundation Saoil

4.7 Liquefaction of foundation soils

The term liquefaction is used to describe large deformations occurring in a soil mass caused
by monotonic,transient disturbance of saturated cohesion less soil (Mogami, 1953). In the
evaluation of the liquefaction hazard it is required to (a) determine the soil susceptibility to
liquefaction, (b) determine the potential for liquefaction to be triggered, aod€stimate

the extent of damage (Fernandez, 2009).

Liquefaction may present itself in different forms and magnitudes and it requires a detailed
investigation, from susceptibility to hazard potential, in order to elaborate an optimal
remediation approachSuch investigation involves field activities, analysis, testing, and
interaction with regulators and the communiityerefore, at the dam foundation, penetration
resistance test must be conducted to know the ground acceleration bylLigsiefaction

potental versus saturated penetration resistance no (Seeds and Idress, 1971).

The Berga proposed dam site is located near the margins of the main Ethiopian rift. As this
rift is very active there is a high potential for the dam to be exposed for differenituaiggn
of earth quakes. The liquefaction potential of the foundation soils can be analysed by using

Day (2006) criteria. According to this criterion for a soil to be susceptible to liquefaction, it
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has to have 0.005mm grain size <15% and liquid limit leaa 85. The foundation soils of

the dam site have 0% grain size of 0.005mm and the liquid limit is 43. Thus, according to
Day (2006) criteria it may be concluded that foundation soils may not have likely liquefaction
criteria. However, further isitu testmay be performed such as Standard Penetration Test
(SPT) to determine the relative density of foundation soils. Genesdllls with SPTN-

values of 0 to 10 may suffer severe damage due to liquefaction whilst those of 20 to 40 may
not suffer and it is quently found that the lower the relative density of the silt or fine sand
the greater is its likelihood to liquefy (Seed and Idriss, 1971).

4.8 Engineering geological maps
4.8.1 Regional Engineering Geological Map

Engineering geological maps andmdgprovide engineers and planners with information that

will assist them in the planning of land use and for the location and construction of
engineering structures of all types. Such maps usually are produced on the scale of 1:10,000
or smaller, whereasgineering geological plans, being produced for a particular engineering
purpose, have a larger scale. Engineering geological maps may serve a special purpose or a
multipurpose (Anon, 1976). Specialirpose maps provide information on one specific aspect

of engineering geology, for example, the engineering geological conditions at a dam site or
along a route way or for zoning for land use in urban development. Multipurpose maps cover
various aspects of engineering geology. Engineering geological maps beaddompanied

by cross sections, and explanatory texts and legends. Detailed engineering geological

information can be given, in tabular forom the reverse side of the map (Bell, 2007).

Based on field investigation coupled with laboratory testing vaeous lithological
formations of the Addig\lem sub sheet was prepared and presented 4 The Addis

Alem sub sheet is classified in to the following engineering geological units (Yohannes
Belete et al., 2009);

1. Engineering Geological Rock Units

Rock with high rock mass strength (RRiJThere are two types of basalts out cropping in

Addis-Alem subsheet, these are the lower basalt which covers the southern part of the sub
sheet and the upper basalt which covers the northern part of the sub bedeivdr basalt
has aphanitic texture. The rock material strength of the lower basalt ranges fror8.4.44

MPa and has a joint spacing of 0.5 to 1m.
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Rock with medium rock mass strength (Rritis is composed of Ignimbrite outcrops of the

1002000 1008000 1014000 1020000

996000

area. The ignirorite is columnar jointed with joint spacing from 30 cm to 60 cm. The point

load test result of ignimbrite ranges from 1.8 to 4.3 MPa which indicates the rock has

medium mass strength. The calculateecanfined compressive strength of ignimbrite ranges
from 43.2 to 106.32 MPa and the laboratory result of UCS ranges from 68 to 87 MPa,

therefore it is classified as medium rock mass strength.

The water absorption result of ignimbrite ranges from 6.02% to 10.65%, it means ignimbrite

due to its high water absgation capacity it cannot be used as aggregate.
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(Source: After Yohanndeleteet.al.2009)

Fig.4.6 Engineering Geological Map of Addis Alem map Sheet

2. Engineering Geological Soil Units

Alluvial soil - Alluvial soils are deposited in the central partsAddis-Alem subsheet along

Berga, Borche and Bora streams. The soils in general can be described as, slightly to highly

firm, moderately plastic and slightly wet.
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Residual soit In the study area residual soil occurs in the central upper flat plategastly
sloping and low relief areas of basalt that is mainly found south of Adesa and Holeta
towns as well as in Telecha locality. As observed from the test pits, the residual soil is brown

clay soil, firm, slightly to moderately plastic and doydightly wet with thickness over 3 m.

4.8.2 Engineering Geological Map of the Dam site

In the present work, the engineering geolagimap of the dam site (Fig. 4.®as prepared
by using the rock mass classification which includes rock quality nisisn (RQD), spacing
and condition of discontinuities and degree of weathering. The soils of the area were

classified based on their origin and soil mass classification system.

Soil Samples collected (in the previous and present studies) from the emeaw were
disturbed. They were taken from surface exposure, river cuts and pits that were dug inside the
study area. The depth range of the samples taken was from 0.5 m to 3 m. All the samples
were either alluvial or residual as per their origin. Thesepes were collected to determine
different engineering propertiggrain size, Atterberg limits, and free swetlj the soil
deposits that are proposed for the construction of the Berga dam. The samples have colours
from reddish light brown to dark browiThey were silty clay (the core materials), slightly

firm, moderate to high plastic and slightly wet. The samples for the filter material were
brown in colour, contains more sand sized particles and they were slightly wet. According to
the measurementkan by pocket penetrometer (Yohannes Belete et al., 2009), the soils have

unconfined compressive strength (UCS) between 3.5 KgtetB kg/cn.

The samples that were collected for the prestudy are presented in Fig 4and Table

4.9The view and theross section of the abutments are shown in Plate 4.5 and%ig. 4.

For mapping purpose the rocks of the dam site were classified and used accordingly. To
determine the strength of the rocks point load data was used and this data was converted to
the unonfined compressive strength. The weathering conditions and the ground water
conditions were characterized visually. Finally, the RMR values of the rocks were determined
which falls in good categories basedonon B

system.

The soils of the dam site were classified according to their origin and soil mass classification

system and can be classified as alluvial soils and based on Soil classification system as MH.
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The dam site is composed of three engineering gesalbgnits; fractured basalt, inorganic

clay and inorganic silt.
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Fig. 4.7Sample locations of the Study Area

Table 4.9Sample Locations

No. | Samples Location UCs Soil Type USCS
Name Easting Northing Elevation (kg/cm?) (Genesis)

1 ATPiI 1 435254 | 1007215 2549 10.5 Alluvial

2 ATPI 2 435691 | 1012372 2562 5.5 Alluvial ML

3 ATPi 3 436925 | 1011795 2580 3.5 Alluvial CH

4 ATPi 4 428837 | 1000762 2300 7 Residual MH

5 ATPi 5 442009 | 1001460 2410 13 Residual CH

6 ATPi 6 442098 | 1004597 2484 10 Residual ML

7 ATPiI 7 440734 | 1012404 2735 10 Residual MH

8 BDi 4 439689 | 1007464 2565 - Residual ML

9 BDi 5 435628 | 1011210 2552 - Alluvial MH

10 | BDi 6 435628 | 1011210 2552 - Alluvial MH

11 | BDi 7 443279 | 1003469 2457 - Residual -

12 | BDi 8 434864 | 1014173 2622 - Residual -

13 | BDi 9 439689 | 1007464 2565 - Alluvial -

14 | BDi 10 435628 | 1011210 2552 - Alluvial -

15 | BDi 11 426289 | 997377 2166 - Alluvial SM

16 | BDi 12 435686 | 1009726 2556 - Alluvial -

UCS = unconfined compressive strength. This valuekiertdrom Yohannes Belete et al. (2009) wh

were measured by using pocket penetrometer.
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Plate 4.5 View from the Right to
Left Abutment

Fig.4.8 Engineering Geological map of the dam site

1. Rock Unit

Fractured basalt - This unitis found in both left and right abutments. It is highly fractured

and is covered with thin soil cover. Since, the rock unit is basalt it is expected that it may

possess a high bearing capacity after removing the top soil and the disintegrated rock

fragmens. At present the exposed rock mass is highly disintegrated and manifest many

fractures. It is most likely that if the proper treatment for this disintegrated rock mass is not
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