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ABSTRACT

The foundation geology at a diversion site often dictates the type of dam suitable for
that site. The strength, thickness, and inclination of strata; permeability; fracturing;
and faulting are all important considerations in selecting the diversion structure type.
Occasionally, like the problems in Kuraz project the foundation formation show clear
distinction in vertical level of appearance of a given material, two clear distinct faults
within its longitudinal span axis, the structure"s immediate foundation is resting on
alternating strong and weak formations with different bearing capacity exerting
differential pressure creating overstress in the structure will create differential
settlement and the existence of the sandy silt formation at different levels along the
longitudinal axis creates a liquefaction prone soil during an Earth quake. The major
objective of this project is to study the Design and analysis of a diversion head work
or small dam on a challenging foundation condition especially solving the problem on
Kuraz Project on Omo River by providing technically, economically and functionally

plausible alternative solutions.

In this research the following have been accomplished: important data were
collected from existing documents, laboratory test results and other secondary data
sources of the project and the final computation and the analysis is presented using
Geo-Studio soft wares. Thus, the scope of the research will be limited to identifying
or selection of appropriate headwork typology, hydraulic design and analysis of a
foundation for the structures on the existing complex geology requiring very careful
approach. In additions the research emphasizes to demonstrate theories,

procedures and techniques through practical applications.

For this particular challenging foundation conditions, it was proposed three different
possible alternatives. which wereOn the rock foundation (right side) concrete weir
and on the island and left side of the structure earth fill Dam, on the rock foundation
(right side) concrete structure and on the island and left side of the structure earth-
rock fill structure and Entire weir structure which is proposed by WWDSE.Hence
after design of all the three alternatives of the structures and analysis using Geo-
Studio software the results indicate that for the embankment part of the structures,
the first alternative was selected as the most economical, functional and practical

plausible alternative.
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1 INTRODUCTION

The primary purpose of a diversion structure may be defined as to provide for the safe
retention and storage of water. As a corollary to this every structure must represent a
design solution specific to its site circumstances. The design therefore also represents
an optimum balance of local technical and economic considerations at the time of
construction.

It is also important to recognize that many major dams are now necessarily built on
less favorable and more difficult sites. For obvious reasons, the most attractive sites
have generally been among the first to be exploited. A proportion of sites developed
today would, in the past, have been rejected as uneconomic or even as quite
unsuitable for a dam. The ability to build successfully on less desirable foundations is
a reflection of advances in geo-technical understanding and of confidence in modern
ground-improvement processes.

For any storage and flood control dam under design, construction or operation, the
foundation of the dam is a critical structural component and requires a special
attention throughout the life time of the project. The foundation has a threefold
function, namely to provide stability, to provide sufficient stiffness for limiting
deformations within acceptable behavior patterns under the weight of the dam and the
force acting on it and to provide control of seepage both inflows through adequate
water tightness and principally in uplift and erosive stresses through good filter
drainage details. If one of the performance of the dam risks impairment, even to the
extreme of being unsafe, or suffering failure. The foundation conditions at a site are a
determining factor inthe selection of the type of dam [18].

Designing each Dam is preoccupied with generating alternative technical solutions that
can meet intended functional objectives. The process of choosing among potential
technical alternatives requires not only a detailed analysis of technological aspects but
also critical evaluation of design conformance against specifications (geological,
environmental, economic, social, political criteria etc.). Moreover, assessments have to
be made on whether there is conformance with safety standards and whether an
optimal balance is set between safety and economy. Such an assessment is vital in
design of proposed dams and in making intelligent dam upgrading and rehabilitation
decisions.
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1.1 Background
Dam, reservoir and the foundation on which it rests is a complex structure comprising
of a rock mass which inevitably undergo changes with time. Some of these changes
are slow and subtle and don't reveal their existence unless precisely and constantly

monitored.

The suitability of the various types of rock and soil as foundation and construction
materials are geologic questions that must be considered. The foundation geology at a
dam site often dictates the type of dam suitable for that site. The strength, thickness,
and inclination of strata; permeability; fracturing; and faulting are all important
considerations in selecting the dam type. Some of the different foundations commonly
encountered are Rock Foundations, Gravel Foundations, Silt or Fine Sand
Foundations and Clay Foundations. Occasionally, situations occur where reasonably
uniform foundations of any of the types described above cannot be found and where a
non-uniform foundation of rock and soft material must be used if the dam is to be built.
Nevertheless, such conditions can often be counterbalanced by special design
features. Even dam sites that are not highly unusual present special problems
requiring the selection of appropriate treatment by experienced engineers. The study
and design of Omo Kuraz Sugar Factories Project was done at a cost of 118.3 million
Br by the state owned EWDSE in collaboration with SEDSE, which will have a 40pc
share in the project.

From study of this project the major findings of the geological, geotechnical and
geophysical studies and the observation from the site relevant to the foundation are

the following:

» There are two clear faults identified along the river flow axes.

> A pervious gravel formation with cobles and pebbles is identified at the center
part (the small island).

» A sandy-silt formation which is a result of complete disintegration of rhyolite
exists.

» The competent Aphanatic basalt appears at very shallow depth.

» The weathered Rhyolite is found at center and near surface at the right bank.

The research attempted to address the problem faced during diversion structure

design on challenging foundation condition.
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Through the use of different alternatives different design approaches and updated
design procedures it attempts to conceive a more transparent, comprehensive and
precise result of diversion structures design. Hence the existing situation of the project
is discussed in the next paragraphs to see the gap and to fill the gap using this thesis

result.

In 2011, water works design and supervision Enterprise issued 3 volumes of a set of
preliminary design documents under the title “Kuraz sugar development project’,
including: Headwork design, Geological Geotechnical investigations, Preliminary

design of headwork and Climatology, Hydrology and Drainage study.

Earlier, in this year , a free over flow concrete weir is selected and the weir section
was designed on the basis of geological cross-section presented at weir axis, which
was indicating the availability of good quality rock starting from the centre point of
island and extending towards the right bank of the river;The geo-technical
investigations were not possible on the island as well as on the right Omo channel and
on the right bank due to accessibility problems; The weir structure was shifted towards
right bank on its own axis, assuming that the whole weir structure will be rested on
rocky foundation. The left abutment was moved to approximately at the centre of the
island so that even the left abutment should rest on rocky foundation including the
whole weir structure; the hydraulic as well as structural design of the weir structure
was carried out assuming that whole weir structure will be resting on rocky foundation
and the relevant drawings and tender documents were prepared and the over flow
length of the ogee shaped weir section was 322 m and the abutment to abutment
length was 386m. There were two silt excluders under sluices, one on each flank of

the river.

In late 2012 WWDSE issued a revision and integration of the previous project
documents, including Design documents of the main structures together with some
sectorial studies: cofferdam and temporary closure, right side spill channel, climatology
and hydrology, geothecnics and seismicity, material investigation, headwork hydraulic
design criteria, Structural and foundation design and Hydrology final draft report. When
the approach was possible on island as well as on the right bank of the Omo River due
to construction of Coffer Dam.
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The geo-technical investigation was carried out on island as well as on the right bank;
On the basis of recent geo-technical investigations, the new geological cross-section
at weir axis was provided to the design team in August 2012, which indicates the
presence of 14m deep river deposited gravel material on the island which was earlier
assumed as good quality rock. The gravel deposit extends up to the right side edge of
island; Therefore, the design team finally decided to get the over flow weir structure
back to its original location (placing the left abutment on its original location on the left
bank of Omo River) on the same axis; In such a condition, about 250 m foundation
length of the left side weir structure rests on the stiff silty clay (heterogeneous type
strata below river bed) and on gravel deposits and the remaining 150 m right side
length of the weir structure rests on the good quality rock; From the primary geological
investigation, it appears that there are two major fault locations, approximately at the
perpendicular direction of the weir axis. Its actual opening width and depth has not

been identified so far, it can be assessed properly during construction;

In the above circumstances, the foundation design team has decided to transfer the
load of weir, divide wall, U/S and D/S wing walls on the hard rock strata through piles,
particularly for the left side 250 m portion of the weir and the remaining right side
length (about 150m) of the weir will be resting on the rocky foundation strata;
Therefore, in the above scenarios, the design team has revised the hydraulic design,
structural design as well as foundation design of the weir structure.

Between September 2011 and May 2012 the local division of WWCSE built a large
cofferdam daming the Omo River upstream of the original weir axis. The impressive
cofferdam is 23m wide and approximately 800m long provided downstream 2 berms.
The cofferdam is being progressively jeopardized and requires urgent measures to

reinforce and protect the embankment from failure.

The design of Kuraz headwork was considered requiring significant changes in view of
the definitely unfavorable foundation conditions disclosed under along the headwork
axis. Many of the existing engineering solutions proposed were inadequate and
unfeasible. Additional investigations and a radical restructuring of the project were
considered necessary to achieve acceptable design, attaining an overall safety of the

works, a better costs-benefit ratio.
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1.2 Problem Statement and Research Objectives

1.2.1 Problem Statement

The main problem statements of this research are the result from the beginning of

main headwork site investigation of Kuraz project. The followings are the main

problems:

>

The foundation stratification\formation show clear distinction in vertical level of
appearance of a given material due to the vertical drops created possibly by the
fault movement.

The Head work (weir) is a very long structure extending through for about 350m
over different formation at shallow depth rest on erratic sub-surface formation
(issue of differential treatment).

The headwork structure has to bridge over two clear distinct faults within its
longitudinal span axis.

The structure”s immediate foundation is resting on alternating strong and weak

formations with different bearing capacity exerting differential pressure.

The existence of the sandy silt formation at different levels along the longitudinal axis

creates

> A weaker bearing capacity formation

» A settlement prone soil,

» A potential for differential settlement as they are not uniform through the axis of
the structure and this soil is found at different depths.

» Aliquefaction prone soil during an Earthquake.

» The two distinct faults and the upper gravel could lead to substantial loss of
water undermining the function of the headwork.

» The two faults may also lead to instability by exerting hydrostatic and

AAIT
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1.2.2 Research Objectives

Maijor Obijective

The major objective of this research is to study the design and analysis of headwork
options on a challenging foundation condition especially solving the problem on Kuraz
Project on Omo River by providing technically, economically and functionally plausible
alternative solutions.

Specific Objectives

In order to achieve the main objective of the study, the following specific objectives are

set for major milestones of the study.

» Observing the Hydrologic conditions on the headwork site.

> Selection of headwork typology by giving especial consideration to the
challenging foundation condition.

» Fixing the Hydraulic Design (structural dimension)

> Application of state-of-the-art computer soft wares inthe analysis,

» Creative foundation design and headwork configuration (alternatives

generated).

1.3 Organization of the Thesis
Apart from the introduction in chapter 1, the fundamental theories and principles of
design and Analysis of headwork on challenging foundation conditions are laid in

chapter 2. Towards the end of this chapter extensive review is given.

Chapter 3, 4 and 5 focuses on the methodology used, over view of the hydrology part
of Omo river basin including the identification of important data for design and
analysis of kuraz project diversion structures alternatives and construction materials
investigation and the identification of haulage distances of different embankment

materials which are available in the diversion site respectively.

Chapter 6 Focuses on selection, Hydraulic design and Structural dimensions for
different alternative structures, that is Fixing structural dimensions for different
alternatives based on hydrologic, topographic and the existing challenging conditions

on the diversion sites.
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Chapter 7 and 8 Deals with the data used in the design and analysis of different
alternative structures and the design of creative foundation and the analysis of

alternate structures using Geo-Studio software.

Chapter 9, Focuses on the selection of best alternative structures for the existing
challenging foundation condition after focusing on economical, technical and
Functional evaluation. Finally, in chapter 10 conclusions and some suggestions for

future research are presented.

The thesis has appendices giving summary of some basic design results, and
engineering properties of materials. In the main body of the thesis reference to the

different sections of the appendix will be made as appropriate.
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2 LITERATURE REVIEW

2.1 Introduction
Although a variety of dam types may be suitable for a potential site, a thorough
examination of the relevant factors and issues will reveal which type will best achieve
an acceptable balance between cost and safety, while still fulfiling the intended
purpose of the proposed dam. While there are not many sites where the construction
of a safe and functional dam is completely unfeasible from a construction standpoint,
the physical characteristics of a particular site may make a potential project too costly.
Some potential dam sites may face a challenging foundation conditions which may
require an extensive geotechnical investigation to properly assess local conditions.
This is likely to occur in cases where previous geotechnical documentation does not
exist or many unknowns are yet to be determined. Other sites, however, may only
require a few borings to verify local conditions that are generally known or well
documented. Moreover, different types of proposed dams will call for different levels of
detail from the geotechnical investigation. For instance, when designing the
foundations and abutments for large and intermediate sized and high hazard concrete
dams or concrete appurtenant structures, an in depth comprehensive geotechnical
investigation is vital. The foundations and abutments for embankment dams, however,
do not typically require geotechnical determinations that are as extensive as those

required for concrete dams.

The quality of a properly prepared geotechnical investigation should be based on the
type of dam being proposed or the particular dam rehabilitation or modification being
proposed, in conjunction with the geological complexity at the site. The geotechnical
investigation can sometimes extend beyond the design phase of dam improvements,
as the construction phase may present unforeseen geological problems. When this
occurs, construction is often delayed for proposed dams; you should conduct an initial
investigation to assess the general suitability of the site for a particular dam type and

size.

During earth quake fault movements in the dam foundation or discontinuities in dam
foundation near major faults which can be activated during strong nearby earthquakes
causing structural distortions. Fault displacement in the reservoir bottom causing water

waves in the reservoir or loss of freeboard.
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In similar case San Andreas and Coyote Dam Dam located on a fault and has direct
damage caused by the movement of the plates because of Great San Francisco
Earthquake of 1906.The Cedar Springs Dam in California was built over active faults.
Because of the faults, the original design of the dam was modified including a
reduction in height, shifting of the axis, and changes in construction material zonation
[30]. The new Saluda Dam, near Columbia, SC, USA is a traditional gravity section,
making it the second largest modern RCC Dam in the USA. It is founded on folded and
faulted gneiss and granite, with intense weathering in zones to depths as deep as 10

m below the dam/rock interface [28].

On 5 June 1976, the Teton dam, located on the Teton River in ldaho, US, failed,
releasing a wall of water that was reported to be 22.9m high. Taking this as an
indication of water seepage, the face of the dam was examined. When water enters
defective zones of the fill or its foundation, some embankment zones could be subject

to weathering and differential settlement at zone interfaces [29].

Liquefaction of fill in the dam may occur. Liquefaction is the large drop in stiffness and
strength of soil due to seismic movements (Byrne and Seid Karbasi 2003). As a result,
part of a dam may slump and slideoff the structure. During the Santa Barbara
Earthquake of 1925, the Sheffield Dam in California failed due to liquefaction
apparently in the area just below the dam embankment containing silty sand. Little
damage and no loss of life resulted. The earthquake had a magnitude of 6.3 and the

dam was constructed in 1917 [29].

The question that remains is thus: what type of structure and how to design this
structure for the existing challenging foundation conditions. This chapter gives brief
theoretical overview and concepts towards answering these problems. The
succeeding chapters® present details of selection of diversion structure based on the

existing conditions, design of alternatives and analysis procedures.
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2.2 Processes of Designing and Analyzing Headwork on
Challenging Foundation

2.2.1 Small Embankment Dams

The first step to design and analyze a small embankment dam is collecting the
necessary Hydrologic and geology data of the headwork including the challenges in
the foundation. For small-sized embankment dams, determining the feasibility data
may only necessitate a review of maps (soil survey, topographic, geological, river
survey, aerial photography, etc.)well and spring data, geological surveys or
investigations, construction records of nearby structures (highway or railroad cuts,

building excavations, soil pits, rock quarries, etc.).

After collecting the necessary site data the hydraulic and structural design and
analyzing of this dam on challenging foundation conditions can be done using
analytical methods and using soft wares by considering the effect of dispersive soils,
Collapsible soils (slaking shales, gravelly materials, etc.), sands susceptible to
liquefaction, differential settlement etc. And when there is geological discontinuities

like faults, folds etc. it should be treated using especial techniques.

2.2.2 Concrete Dams and Intermediate and Large Embankment Dams

Before design and analysis of a selected head work type collecting the necessary
hydrologic and geologic data including the challenges in the foundation are inputs for
design and analysis. Unlike the design of small embankment dam, concrete dams and
intermediate and large sized embankment dams they need a more extensive initial
feasibility assessment, with subsurface exploration (numerous, s and comprehensive
borings, fully representative of the site) to evaluate additional considerations,
including: The depth to bedrock (if applicable),The bedrock profile along the axis of the
proposed dam ,The classification and integrity of geological strata beneath the

proposed dam and appurtenant structure including possibly during past improvements.

After collecting the necessary site data the hydraulic and structural design and
analyzing of this dam on challenging foundation conditions can be done using
analytical methods and using soft wares By considering the effect of challenges in

the foundation.
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2.2.3 Foundation Examination and Geotechnical Considerations

If geological issues or abnormalities are known to exist at a dam foundation location
(valley floor and abutments), or should an initial geotechnical investigation uncover
problematic concerns for a foundation, you must determine if an engineered remedy is

feasible.

The foundation requirements for design of the dam will vary based upon the
foundation conditions, geology, rock jointing and faulting, dam size and use of the
reservoir. Here are the general foundation competence requirements and the Kuraz

situation in a comparative form.

Table 2.1: Foundation general competence requirements and the Kuraz situation

in a comparative form.

Foundation general competence

requirements

Kuraz situation

Suitable, consistent and competency

foundation under the dam.

Cannot obtain a suitable and consistent
foundation material extending uniformly at

shallow depth.

Free from differential settlement

Exposed to differential treatment.

Free from geological formations and

discontinuities

Two clear distinct faults within its

longitudinal span axis.

Good foundation Strength, free from
sliding, liquefaction, stability problem

and poor permeability characteristics

Alternating strong and weak formations with

different bearing capacity exerting

differential pressure creating overstress in

the structure.

Free from liquefaction prone soils

during an Earthquake.

Existence of the sandy silt formation at
different levels along the longitudinal axis
creates A liquefaction prone soil during an
Earthquake.
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If a foundation vulnerability cannot be eliminated or treated to an acceptable safety
standard, either the proposed dam should not be built (at the specific location), or the
existing dam should be removed or intentionally breached (if a downstream threat

exists).

Geotechnical considerations extend beyond the design phase of a dam improvement
project and into the construction phase. But from the geological study of Kuraz project

the cross section of the foundation is shown below in figure 2-1.

Figure 2-1. Engineering geological section of kuraz weir site

Ultimately, when a concrete dam (other than a small, low-hazard structure) is
proposed, or when a construction project includes significant foundation treatment, a
geotechnical professional needs to be involved during the initial phase of construction
to verify site conditions and confirm the suitability of the geotechnical design

recommendations previously established.
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2.3 Types of Diversion Structure

A diversion structure is required for diverting the water from the river into the Canal
system. This can be a Dam with storage reservoir, a Weir/Barrage type diversion
structure or river intake type of diversion structure. The choice of a suitable type
depends on various factors such as topographical condition of the diversion site and
the command area, foundation and geological condition, hydrology, morphological

condition of the river etc.
Broadly there are three types of head works:

» Storage with a dam which may be an earthen or concrete/ masonry dam;
» Weir type, which may again be a weir or a barrage and

> River intake type diversion structure
Following is a brief overview of the most common diversion option types that will use

based on the site condition.

2.3.1 Embankment Dams

Embankment dam can be designed with a fair degree of theoretical accuracy, provided
the properties of the soil placed in the dam, are properly controlled. This condition
makes the design and construction of such dams, thoroughly interdependent [4]
continuous field observations of deformations and pore water pressures have to be
made during the construction of such dams. Suitable modifications in the design are

then made during construction, depending upon field observations.

The embankment dam possesses many outstanding merits which combine to ensure
its continued dominance as a generic type. The more important can be summarized as
follows:
» The suitability of the type to sites in wide valleys and relatively steep sided
gorges.
» Adaptability to a broad range of foundation conditions, ranging from competent
rock to soft and compressible or relatively pervious soil formations.
» The use of natural materials, minimizing the need to import or transport large
qguantities of processed materials or cement to the site.
> Subject to satisfying essential design criteria, the embankment design is
extremely flexible in its ability to accommodate different fill materials.
AT B
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» The construction process is highly mechanized and is effectively continuous.
» Largely in consequence of 5, the unit costs of earth fill and rock fill have risen
much more slowly in real terms than those for mass concrete.
> Properly designed, the embankment can safely accommodate an appreciable
degree of settlement deformation without risk of serious cracking and possible
failure.
The relative disadvantages of the embankment dam are few. The most important
include an inherently greater susceptibility to damage or destruction by overtopping,
with a consequent need to ensure adequate flood relief and a separate spillway, and
vulnerability to concealed leakage and internal erosion in dam or foundation.
But from the above merits for this particular project on the island and left side (on week
part of the foundation) of the structure earth fill dam or earth fill-rock fill dams are taken

as an alternatives.

2.3.2 Concrete Dams

» Concrete dams include gravity, arch, buttress, masonry, and roller-compacted
concrete (RCC) dams. Concrete dams:

> Are best suited for in-channel overflow structures, as well as narrow gorges.

» Are less susceptible to erosion.

> Rely on the weight of the structure and/or the strength of the bond or anchor at
the abutments.

» Require solid impervious strata for an adequate foundation (extensive

geotechnical investigation is critical).

Because of the above facts taking Construction of concrete dam on Kuraz project
as an option is inadequate and unfeasible. And requiring significant changes in
view of the definitely unfavorable geological conditions disclosed under along the

dam axis.

2.3.3 Composite Dams

Combining elements of several dam types, composite dams typically utilize an earthen
embankment for the non-overflow portion of the dam and concrete for overflow

spillways and/or specialized structures.
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This possibility gives an option for constructing a composite structures for the case of

Kuraz project as shown below

» On the rock foundation (right side) concrete weir and on the island and left side
of the structure earths fill Dam.

» On the rock foundation (right side) concrete structure and on the island and left
side of the structure earth fill-rock fill structure.

» Using the cofferdam as a permanent structure by constructing an overflow

section in either of the spill channels (left or right).

For using these options the very challenging issue here is the interface between the

earth and concrete part. The followings are the options we have

Concrete cutoff walls: these walls are sometimes used to provide positive seepage

cutoff through embankments and/or pervious foundations of rock or soil. The bottom of
the concrete cutoff wall should be founded in an impervious stratum. Concrete cutoff
walls are formed by constructing cast-in-place or precast concrete panels in a serious
of slurry during excavation and prior to concrete placement. The tremie method is
used to place concrete in the trench from bottom to top, displacing the slurry. the
workability and flow ability of concrete is the most important property in constructing a
high quality precast concrete cutoff reinforcing steel may be necessary.to be effective

the cutoff walls must be fully penetrate pervious strata [8].

Geo membranes: Geo membranes are composed of low permeability materials. Such

as Geotextiles are used in a variety of applications in embankment dam construction
and rehabilitation. The case of geo membrane alone also applied to a geo membrane
placed on a rigid material such as concrete which has an irregular surface, which may

crack, or which may undergo differential settlement.

A better solution as suggested by Giround and Huol (1977): Giving a convex shape to
the embankment next to the concrete structur, placing a low friction geotextile between
the geomembrane and the embankment and constructing the concrete structure with a
batter. Although policy varies, most practitioners in the United States limit the use of
geotextiles to locations where there is easy access for repair and replacement
(shallow burial), or where the geotextile function is not critical to the safety of the dam

should the geotextile fail to perform.
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It is the policy of the National Dam Safety Review Board that geotextiles should not be
used in locations that are critical to the safety of the dam. Because geotextiles are
prone to installation damage and have a potential for clogging, their reliability remains
uncertain. If geotextiles are not designed and constructed correctly, embankment
dams may have an increased probability of failure. The particular design requirements
and site conditions of each embankment dam and geotextile installation are unique.
No single publication can cover all of the requirements and conditions that can be
encountered during design and construction. They must be designed and approved by
engineers experienced with all aspects of the design and construction of these
structures. But absorption of components of the polymeric compound, shrinkage of
materials in contact, Algae contact, chemical in water and abrasion may cause surface
cracking of the geomembrane [31].Based on the reasons above for this particular

project it is better to adopt a concrete wall cutoff.

2.3.4 Weir/barrage structure

A weir can be defined as a barrier with crest provision to raise the water level in order
to take it by gravity to an area for irrigation development. A weir structure is generally
constructed across the river for diversion of water into the canals, Raising of water
level to feed canals, Storing the excess flow received from upstream storage sites and

Regulation of desired supplies.

2.4 Factors Affecting the Selection of a Diversion Structure Type

While some proposed dam types may be determined according to a specific intended
purpose or function, the majority of proposed dams will have their type determined by

the following considerations.

241 Economic Considerations

One of the factors in selecting a dam type is economics. Some of the conditions that
can result in extensive costs are: lts location and accessibility. For some sites, the long
distance to adequate Construction materials (soils for embankments, rock for
embankments and/or riprap, concrete aggregate, etc.) and/or the lack of availability of
labor equipment can result in extensive costs, Need for erosion protection. For some
sites, unfavorable topography and/or highly erodible soils can result in extensive costs,

Need for care and diversion of water.
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For some sites, where the local subsurface Conditions are unknown, or for some dams
(including most concrete dams of Considerable size and/or having a high-hazard
classification), a comprehensive Geotechnical investigation may be required, and can

result in extensive costs.

Hence, the final selection of the type of dam should be made only after careful
analysis and comparison of possible alternatives, and after thorough economic

analyses that include costs of structures and foundation treatment.

24.2 Geological Considerations

Another consideration in selecting a dam type is the geological characteristics of the
dam site. Generally competent foundation, geological formations and discontinuities,
liquefaction prone soils during an Earthquake, stability problem, permeability
characteristics and differential settlement are the major factors that should be

considered.

The composition of underlying or adjacent geological strata (rock, gravel, silt, sand,
clay, etc.) at the site, which determines: The site"s ability to adequately support the
foundation and anchor abutments of a proposed dam type. The site’s general
suitability. If the geological strata are not uniform, consisting of both rock and soft
materials, or if dissolvable material such as gypsum is present, you might need to

consider and evaluate special improvements.

2.4.3 Existing foundation condition

The geology and foundation conditions at the dam site may dictate the type of dam
suitable for that site. For the design of composite structure depending on the existing
foundation conditions shown above it is better to decide which composition of the
structures is best. The selection is done based on the following guides of standards of

small dam design.

Rock Foundations:- Competent rock foundations, which are free of significant geologic

defects, have relatively high shear strengths, and are resistant to erosion and
percolation, offer few restrictions as to the type of dam that can be built upon them.
The economy of materials or the overall cost should be the ruling factor. The removal
of disintegrated rock together with the sealing of seams and fractures by grouting is

frequently necessary.
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Weaker rocks such as clay shales, some sandstones, weathered basalt, etc., may
present significant problems to the design and construction of a dam and may heavily

influence the type of dam selected.

Gravel Foundations: - Gravel foundations, if well compacted, are suitable for earth fill

or rock fills dams. Because gravel foundations are frequently subjected to water
percolation at high rates, Special precautions must be taken to provide adequate
seepage control and/or effective water cutoffs or seals. Also, the liquefaction potential

of gravel foundations should be investigated.

Silt or Fine Sand Foundations:-Silt or fine sand foundations can be used for low

concrete gravity dams and earth fill dams if properly designed, but they are generally
not suitable for rock fill dams. Design concerns include non-uniform settlement,
potential soil collapse upon saturation, uplift forces, the prevention of piping, excessive
percolation losses, and protection of the foundation at the downstream embankment

toe from erosion.

Non dispersive clay foundations may be used for earth dams but require flat
embankment slopes because of relatively low foundation shear strength. Because of
the requirement for flatter slopes and the tendency for large settlements, clay
foundations are generally not suitable for concrete (or roller compacted concrete) or
rock-fill dams (Golze 1977, Bureau of Reclamation 1984).

Non-uniform Foundations:-Occasionally, situations occur where reasonably uniform

foundations of any of the types described above cannot be found and where a non-
uniform foundation of rock and soft material must be used if the dam is to be built.
Nevertheless, such conditions can often be counter balanced by special design
features. Even dam sites that are not highly unusual present special problems

requiring the selection of appropriate treatment by experienced engineers.

2.4.4 Location, Topography, and Soil Considerations Materials available

Another consideration in selecting a dam type is the physical features of the site. The
topography and soils characteristics of a site, which determine its suitability for a
particular dam type.Topography, to a large measure, dictates the first choice of type of
dam. A narrow V-shaped valley with sound rock in abutments would favor an arch
dam.
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A relatively narrow valley with high, rocky walls would suggest a rock fill or concrete
dam (or roller-compacted concrete). Conversely, a wide valley with deep overburden
would suggest an earth dam. Irregular valleys might suggest a composite structure,
partly earth and partly concrete. Composite sections might also be used to provide a

concrete spillway while the rest of the dam is constructed as an embankment section.

Hence, Site conditions that may lead to selection of an earth or a rock-fill dam rather
than a concrete dam (or roller-compacted concrete dam) include a wide, stream valley,
lack of firm rock abutments, considerable depths of soil overlying bedrock, poor quality
bedrock from a structural point of view, availability of sufficient quantities of suitable

soils or rock fill, and existence of a good site for a spillway of sufficient capacity.

The most economical type of dam will often be one for which materials can be found
within a reasonable haul distance from the site, including material which must be
excavated for the dam foundation, main structure, and other appurtenant structures.
Materials which may be available near or on the dam site include soils for
embankments; rock for embankments and riprap, and concrete aggregate (sand,
gravel, and crushed stone).Materials from required excavations may be stockpiled for
later use. However, greater savings will result if construction scheduling allows direct

use of required excavations.

245 Environmental and The ecological impact of the proposed structure

Recently environmental considerations 