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ABSTRACT

Gerebsegen dam, zoned earth type of dam with height of 46m was constructed for the purpose of
irrigation and Mekelle city water supply. It is located in the Southwestern part of Mekelle city,
capital city of Tigray regional state, Northern part of Ethiopia. The dominant geological
formations of the site are dolerite shale and marl-limestone intercalations, characterized by
cavernous, joints and karastic features which can be responsible for the excessive seepage and
presents serious problems in the dam foundation, reservoir and abutments that may be so
extensive as to make corrective measures impracticable. The main intention of this thesis work
was to evaluate the performance of the dam related to seepage and slope stability, for which Geo-
Sudio-2007 software (SEEP/W and SLOPE/W) was used throughout the analysis. Prior to the
analysis using the model, seepage dominantly flowing through the foundation and abutments was
measured using current and float method. The measured value was 0.2053 m®/sec and the annual
amount of water loss due to seepage computed was 6,474,340.80 m’/year. By selecting three
different sections of the dam during the model analysis, the average seepage flux computed at the
normal pool level (NPL) and actual reservoir level (ARL) for every meter length of reservoir were
3.304E-05 m’/sec/m and 2.252E-05 mP/sec/m respectively. But the value computed during
designing of the project where only one section of central foundation was considered, was 1.031E-
07 m’/sec/m, which ignores the two left and right foundations which are found to be pervious and
critical to the water tightness of the dam. The simulation results of SLOPE/W revealed that the
downstream under steady state seepage, upstream and downstream under steady state seepage
with earthquake, rapid draw down and rapid draw down with earthquake slope factor of safety
are 1.805, 1.423, 1.366, 1.883 and 1.203 respectively, indicating the dam is safe against slope
failure and the amount of shell materials used for the construction of the dam were excess. But the
uncontrolled excessive seepage can have an adverse impact on the constructed earth dam; for
which the stability of the dam against the excessive seepage needs to be assessed regularly.

Keywords. Gerebsegen dam, Earth dam, Seepage analysis, Sope stability, Geo-Sudio Software
(SEEP/W, and SLOPE/W).
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1 INTRODUCTION
1.1 Background of the Study

The construction of dams ranks with the earliest amost fundamental of civil engineering
activities. All great civilizations have been idéetd with the construction of storage
reservoirs appropriate to their needs, in the estrlinstances to satisfy irrigation demands
arising through the development and expansion g@rized agriculture. Dam is a hydraulic
structure of fairly impervious built across a ritercreate a reservoir on its upstream side for
impounding water for various purposes. These p@pasay be for any of several reasons,
such as water supply, irrigation, energy generatitood control, navigation fishing and

recreation. Many dams fulfill a combination of tedanctions (Novak et al., 2007).

There are two types of modern dam namely embankdantand concrete dam. Embankment
dam which derives its strength from position, intdrfriction and mutual attraction of
particles, is a water impounding structure consédicfrom fragmental natural materials
excavated or obtained close to the dam site. Tharalafill materials are placed and
compacted without the addition of any binding agesing high capacity mechanical plant,
which rely on their weight to resist the flow of t&g just like concrete gravity dams (Jansen,
2006).

Relative to concrete dams, embankment dams offee ritexibility; and hence can deform
slightly to conform to deflection of the foundatiowithout failure and it consist of
homogeneous earth-fill dam, zoned earth-fill damg eock-fill embankment dam. An earth
fill dam is constructed primarily of engineeringlsacompacted uniformly and intensively in
relatively thin layers and at controlled moistuentents. Thus, earth fill dams, constituent
over 50% selected soil material. On the other hamwdk fill embankment dams are
constructed of rock fill materials which containeo\b0% of compacted rock fill materials.
But concrete dams are classified in two three ntait@gories. These are gravity, arch and
buttress dams (Arora, 2002; ICOLD, 2007). Generalyeral factors are considered in
selecting the type of dam such as site conditidappgraphy, geology and foundation
conditions, material availability, environmentaldaaconomic conditions. Dam body and its

foundation must be sufficiently watertight to cattrseepage and maintain the desired

1



reservoir level, the dam materials and foundatiarsinibe strong to resist load, it must have
sufficient spillway, and outlet works capacity afréeboard to prevent floodwater from
overtopping the dam crest (USBR, 1987).

Water molecules flow in the soil porous media duéheir potential energy and gradually lose
their energy because of friction in this environmdrhis phenomenon is called water seepage
in the soil porous environment which has undeseraffects are such as loss of water stored
behind the dam structure, generation of pore pressu porous media and reduction of
effective stress between soil particles and thdsiagon of its shear strength, creating uplift
pressure, movement of soil particles and occurrehagternal erosion in the environment. So
that seepage behavior and control is very impotiaribcus of earth dam, and is one of the
major factors of accidents. This seepage can cewsdening in the earth dam structure,
followed by a sudden failure due to piping or slong, seepage through earth dam is difficult
to analyze especially dams with multiple zones @uale and Tahri, 2015).

Many embankment dams are constructed in Northehnmofiih most of which are used for
irrigation purposes. However, their capacity redufrequently before their expected design
life due to different reasons. As different resbarcindicate, among the different types of
known causes of dam failure, the main cause of dapacity reduction in the regions is
seepage failure. Dams with excessive seepage thitbeg dam bodies or abutments may face
failure or collapsing within short or long time daeyling on the amount of water seeping

and/or location of seepage exit point from the mese (Mohammed, 2009).

Gerebsegen dam is one of the dams constructe@ indtithern part of Ethiopia with seepage
dominantly through the foundation and abutmentsvediserved. In the long run, this seepage
may have an effect on the stability of the damlfitsehich can endanger the existence of the
dam. Gerebsegen dam was constructed for the pumgiogeigation and water supply of
Mekelle city, the capital city of Tigray region. jnmpact or failure to this dam will have a
negative impact on the water supply of the city arndation lands found in the downstream
side of the dam. This may lead to a water use wbrifetween the farmers and the city. In
order to avoid the aforementioned problems and atgpan the dam, the degree or level of



stability problems which can be resulted from theessive amount of seepage must be

analyzed. Analyzing of the impacts can help drawrorvide remedial measures if needed.

1.2 Statement of the Problem

Gerebsegen dam is one of the dams constructedeimaithern part of Ethiopia for the
purpose of irrigation and water supply for the cdlf Mekelle. As it is observed after
completing its construction, seepage from the dasmidantly through foundation and
abutments was observed. This seepage should beireéasing appropriate methods in order
to see whether it is excess enough to have an ingpathe dam itself and/or on the amount of
water to be used for the city water supply andyation purpose. In addition, this excessive
seepage may have an effect on the stability ofddra itself, which can endanger its very
existence. In order to avoid the aforementionedblpras and impacts on the dam, the degree
or level of stability problems which can be resdlfeom the excessive amount of seepage
must be analyzed. Analyzing the impacts can heldréov or provide remedial measures if

needed.

1.3 Research question
* What is the main casual source of seepage probi€pe@bsegen earthen dam?

* Is the quantity of water seeping through the bofdthe dam and its foundation within

allowable limit?
* How is the effect of seepage on the embankmentsdahility?
1.4 Research Objective
1.4.1 Objective
The main objective of the research is to evaluhé&e gerformance of an embankment dam
related to seepage analysis and slope stability.

1.4.2 Specific objectives

* To assess the seepage problems and measuresulecactting seepage flux
 To determine the design seepage quantity throughbttdy of the dam and its

foundation and the pore water pressure distribuiging numerical model



* To determine the slope stability of the upstreard dawnstream of the dam under

steady state or normal reservoir operation andesuddawdown conditions
1.5 Scope of the Research

The scope of this research focus on performanckiaian of Gerebsegen earth-dam after
analysis of seepage and slope stability at steadytransient state condition using Geo-Studio
2007 software and identifying the seepage sour@sed on the water tightness of the
geological formation and seepage impacts on the aadnits function and finally propose

possible remedial measures.
1.6 Significance of the study

Many seepage problems and failures of embankmenisdhave occurred because of
inadequate seepage control measures, poor/incanpieatment and preparation of the
foundation and abutments. Seepage can lead togpdpid sliding, both of which can lead to
dam failure. If seepage occurs without dislodge r@mdoving soil/rock particles, no structural
damage will result. However, if soil/soluble rockrppcles are eroded away in seepage, severe
problems may develop. The evaluation of safetyasthredams depends on the proper design,
construction and monitoring of the actual behadoring the construction and operation of

the structure.

The significance of this research study is to aslravestigate and evaluate the performance
of Gerebsegen dam in relation to seepage analgsigamassess the main problem that can
lead to failure of Gerebsegen dam so as to devirgtigation measures. In addition to this,
the research output is expected to be used asla guplanning and designing of new similar
projects and make proper maintenance of existirog .ol is also helps new research works as

spring board for other researchers of similar tdépicther dams constructed in other areas.



2 LITERATURE REVIEW

2.1 General

Embankment dams are the oldest and most common spigad type of dams accounting
about 75% the world dams. Thousands of embankmemts exceeding 20meters in height
have been constructed throughout the world. Cugre@thina is the leader in embankment
dam construction. It was compared by various fooimsoncrete dam, but developments since
the 1930s in geotechnical science, understandinigebfviors through instrumentation and
improvement of earth-moving machinery has madkeatdfore most type of dam through the
world. The significance of the embankment dams et@nfrom its important to mankind in
both technically and economically feasible, dueetsily available construction materials,
simple design, a variety foundation relative to @ete dam (ICOLD, 2007). In order to
achieve the desired target from embankment dame, mast be taken in understanding the
causes of dam failures so as to have proper dasidrconstruction process. As embankment
dams are mainly conditional by the potential riskssing from backwater and water
accumulation, the development of seepage throughbtidy, foundation and abutment of a
dam can provide basic information on the staténefart of the hydraulic structure and on the
possibilities of its safe operation. Moreover, tb@é help improving methods of seepage and
stability analysis which can lead to safe slopestmction and proposing proper remedial

measures after construction of the target dam.
2.2 Causes of Failure of Earth Embankment Dam

An embankment dam failure is defined as collapsenovement of part of a dam or its
foundation, so that the dam cannot retain wategeneral, a failure results in the release of
large quantities of water, imposing risks on thegde or property downstream. The failure
mode of an embankment dam is directly connectel thi¢ type of cause of failure and the
type of the dam. Failures of earth dams are maialysed by the improper design, lack of
investigation, inadequate care in construction @om maintenance. Various causes of failure
can be grouped in to three categories: hydraulitirés, seepage failure and structural
failures. Based on the studies on 300 dam failackifis concluded that 35% of the world’s

dam failure is caused by direct overflalue to flooding or loss of free boardther 25% of
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failure is caused because of foundation problensh sas excessive seepage, abnormal
increases of pore-pressure and internal erosionadsw improper design and construction
contribute the remaining 40% (Biswas and Chatte6&1; Ambikaipaha, 2011).

Hydraulic failures occur when the water level ssg&s the height of the dam crest, causing it
to spill over the dam. Case histories reveal thatlequate capacity or partly/fully blocked
spillway, earthquake forces, insufficient estimataf the amount of flooding has often led to
the failure of embankment dams (Novak et al., 200gist, 2008).

2.2.1 Structural failures of the Embankment dams

Structural and slope instability can cause embamnkrdam failure. Instability of a dam is a
serious problem and can cause sliding and movemktihie embankment or foundation.
Sliding can occur in embankment dams from slopatale too steep, high pore pressures due
to inadequate drainage, and loss of shear stretigéhto liquefaction of loose granular
materials. This can lead to development of slouginacks or other irregularities in the
embankment which are generally sign of seriousbikty and may indicate structural failure
(Narita, 2000).

2.2.2 Seepage failures of Embankment dams

Seepage is one of the most important issues caesidéuring design, construction and
maintenance of dam. The volume of seepage doesnhotmean losses of water, which are of
a certain hydraulic significance, but seepage lagsoa certain hydrodynamic effects. This can
result in destruction of the stability of dam baaltysubsurface of the dam and thus endanger
the safety of its hydraulic structure and operatsra whole. Most dam designers considered
the allowable seepage of embankment dam to bethess0.03 nisec is satisfactory at the
normal pool level or full reservoir level. The higate of leakage (more than 0.06/sec)
through earth cores is not generally acceptablé asuld promote piping effects (Jansen,
2006). Many seepage problems and failures of daawe loccurred worldwide because of
many reasons (Gebremedhin et al., 2016; Von The®6)L Von Thun (1996) indicated that in
the western sector of the USA 60% of earth damisdnithan 15 m (in height) have failed due

to the process of piping/leakage and their cafisenadequate seepage control measures or
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incomplete cleanup and preparation of the coresndations, and abutments are among
factors which can result in dam failure. In 1954dtdebrooks specifically identified seepage
problems through the bodies and subsoil of dantseasecond most frequent cause of failures
and breakdowns of dams in the USA, reaching a ptigmoof 30.5% (Lukac, 2006). His study
result was also supported by ICOLD statistics whsammarized the causes of failures and
breakdowns of dams in Western Europe and the U3Ah#® period of 1900 -1975, and he
determined a 38% rate of seepages from pipingilurés and breakdowns of dams.

The main causes of seepage problems may lead folining dam failures. The first one is
when seepage starts through poor soils in the lmddpe dam, small channel are formed
which transport material downstream. As more makerare transported downstream, the
channels glow bigger and bigger which could leaddash out of the dam. The second is when
highly permeable cavities or fissures or strataym@vel or course sand present in the dam
foundation and/or abutments, it may lead to he@agpage. The concentrated seepage at high
rate will erode soil which cause increase flow wated soil. As a result the dam will settle or
sink leading to failure. The third is the procedsfailure due to slough starts when the
downstream toe of the dam becomes saturated antsl gédting eroded, causing, small slump
or slide of the dam. The process of saturationshmehping continues, leading to failure of the
dam. Some failures studied those at Baldwin Hillston, and Malpasset had all been caused

by complex seepage problems involving the dam anddation contacts (Jansen, 2006).

In the last two decades, 54 micro-dam reservoive Heeen constructed in Northern Ethiopia
to fight the recurrent drought and improve agrietdt productivity through irrigation. About
60% of micro-dam reservoirs are constructed arddalelle area; excessive leakage through
dam body, foundation and abutment is found to be ohthe major problems identified
(Gebremedhin et al, 2013). They stated that therawit conductivity of the alternating
sequences of the limestone-shale-marl intercalationranges from Ihto 1¢ cm/s and was
found to be responsible for the excessive leak&gjgeoHashenge and Arato microdams in the
Mekelle Outlier. This indicates a special attent®®meeded to the issues of excessive seepage
within the dam body and foundation or around itb@enedhin et al., 2016 were also studied
that micro-dam reservoirs constructed on sedimgntacks in the region have the

geotechnical problems related to the engineering &gdro-geological properties of
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limestone-shale-marl intercalation widely outcroppp@ the Mekelle outlier. One of the
failures studied at Hizaetiwedicheber dam (Mekeltea); where the present study area is
located in the downstream of Hizaetiwedicheber ddentified that limestone of the area is
the main aquifer system with highest hydraulic agnihity value ranging from 1.226E-04
m/sec (10.6 m/day) to 3.634E-04 m/sec (31.4 m/day).

Haregewoin (2006) studied the major seepage prableinthe micro dams in Mekelle area
which indicated about 60% of the studied reservioise water by excessive seepage through
the dam foundation and abutment into the bedrobksé& were easily observed downstream of
the dams where new springs have developed and abe thow of the existing streams
increased in the dry season. This excessive seepageelated to the geological formations
on which the reservoirs were built. About 50 petcaginthe dams are located on thin Agulae

shales, overlaying a highly jointed Antalo shald &mestone intercalation.
2.3 Impact of Seepage on Embankment Dam

As to the Jansen, (2006) and Dahande and Tahdbj2fxcessive seepage is critical impact
and significant destructive nature during and af@mstruction of embankment dams. As far
as the impact on dam safety of seepage into armalghrthe foundation, permeable soil

conditions can be interpreted to either enhance siaty or act against it. Embankment could
pose danger to human lives and properties due itwe sextent for their failures due to

overtopping, piping and other factors. Some of thare critical consequences include: 1)
Breaching of the embankment from slope instabiiiguced by loss of material and/or shear
strength. 2) Loss of significant amounts of watered behind the dam structure (Dahande
and Tahri, 2015). 3) Movement of soil particles auaturrence of internal erosion in the
environment (Rahmani, 2009). 4) Maintenance problemm loss of useful areas on the

downstream slope or areas downstream of the emhemkm

According to Fell et al. (2005), in their excelldaktbook about geotechnical engineering of
dams, four conditions must exist for internal esasand piping to occur. These are: “1) There
must be a seepage flow path and a source of wtdhere must be erodible material within

the flow path and this material must be carriedthy seepage flow; 3) There must be an



unprotected exit, from which the eroded material raacape and 4) For a pipe to form, the
material being piped, or the material directly alhomust be able to form and support “roof’
for the pipe”.

2.4 Seepage Control Measures

All embankment dams are subject to some seepagipabkrough, under, and around them.
Seepage control is necessary to prevent excesit pressures, instability of them
downstream slope, piping through the embankmenfoamolundation, and erosion of material
by migration into open joints in the foundation aafglitments. If uncontrolled, seepage may
be detrimental to the stability of the structureaasesult of excessive internal pore water
pressures or by piping (Berrones and Acosta, 2(Ady).existing dams, records or evidence
that seepage flows have removed any significantegegf fine grained material must be
evaluated. Any such records require further figdestigation. Seepage discharge should be

effectively controlled tgrevent structural damage or interference with rabmperations.

As to the Singh and Varsheny, (1995) in the evalnabf seepage reduction or seepage
control measures to dam safety the keys to comigoBeepage to prevent piping are 1) the
protective control measures such as relief weltsghted graded filters, horizontal drains, or
chimney drains, toe drains, filters and transittmmes designed to prevent movement of soil
particles that they control and safely dischargepage for all conditions. 2) Contacts of
seepage control features with the foundation, abate) embedded structures, etc., designed
to prevent the occurrence of piping and/or hydaxturing of embankment and foundation
materials. 3) Grouting, cut-off trenches, and wgmtm impervious blankets (Singh and
Varsheny, 1995. In many existing dams there argltemgfd seepages outlets which are
uninspectable because they are located underitheatar on the downstream side of the dam
(USACE, 1993). Generally, for existing embankmeatkseepage records compiled during
the existence of the structure should be reviewedifynificant trends or abnormal changes.

The causes of any abnormalities should be detetharseccurately as possible.



2.5 Seepage in Embankment Dams and Importance of Seemagnalysis

Dams are valuable but potentially dangerous assgigoblem are not solved on time. A
minor problem can turn into a major reconstrucooaject or even result in a complete dam
failure. The rate of seepage at which water moliesugh the embankment depends on the
characteristics of soil in the embankment, how welis compacted, the foundation and
abutment preparation, and the number and sizeamksrand voids within the embankment.
Many seepage problems and failures of earth dame bacurred because of inadequate
seepage control measures. The forces resulting fiteen seepage of water through an
embankment have a considerable effect on dam isyatileepage control is necessary to
prevent excessive uplift pressures, instabilitytied downstream slope, piping through the
embankment and/or foundation, and erosion of natéy migration into open joints in the
foundation and abutments (Tigist, 2008; Berrones/Acosta, 2011).

If seepage is uncontrolled, it affects the stapitift dam. Because of this reason Seepage is
very important, as it affects the stability of daBecause of its importance, the determination
of the seepage through an earth dam has receiggdah deal of attention, to design the
seepage mitigation measures and limits the posaifophreatic line. If the surface seepage
intersects the face of the dam, erosion may resutpossible failure of the dam. Thus, it is
necessary to measure the level of phreatic linerackifills are used at the downstream toe or
gravel blankets to intersect the line of seepaderbat reaches the downstream toe. On the
other hand, the amount of seepage and water losagih the dam foundation and body as
well as calculation and determination of its vatunel also methods to prevent and reduce the

amount of seepage and water loss are particulappitant (Ersayin, 2006).
2.6 Seepage Analysis of Embankment Dam

Seepage is the main aspects and its control emp@ys position in designing, construction
and maintenance of any dam. Design of embankmentvdaich consider the most important
features are required foundation treatment plamtraént stability with water tightness,
seepage conditions, stability of slopes adjacentaiatrol structure approach channels and
stilling basins, stability of reservoir slopes, aability of the reservoir to retain the water
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stored. These major features should be studied wthrence to field conditions and to
various alternatives before initiating detailedbdity or seepage analyses. This makes design
of an embankment dam complex because of the unkmoaterials property of foundation.
Earth dams should be designed to utilize availabéerial to the best advantage and to
conform to actual conditions at site. Detail dessgmetimes will be influenced heavily by the

strengths of foundation and construction mate(idts/ak et al., 2007).

Seepage analysis is necessary to determine theitguainwater passing through the body of
embankment dam and it foundation. The distributtdnpore water pressure can also be
obtained by the seepage analysis. Seepage occouglthall earth dams. If the foundation is
pervious, seepage also occurs through it. Seemagaa of the important factors causing
failure of embankment dam and hence seepage amafsmbankment dam is of greater
importance. Some seepage problems can be evalintedih the use of simplified methods
depends on saturated flow theory and highly idedlizonditions may be appropriate for

preliminary evaluations of seepage issues (Gopgdl2Dahande and Tahri, 2015).

Various methods like analytical and numerical wesed for calculating flow rates (seepage),
hydraulic gradients, water pore pressure, and flelecities from dam. Among the methods,
analytical method previously used by researchkesSichaffernak (1917), Casagrande (1937).
In general, exact and analytical solutions are ri@os when geometric, hydraulic and
boundary conditions become complex. It requires ynassumptions and only simple and
straight forward seepage problem can be solved.adays, numerical methods are preferred
with increasing frequency due to their easy adaptaand automation to widely varying
conditions, and in general because of their capabibr solving complex problems.
Numerical methods have been applied by differetihas (Freeze 1971; Lam et al., 1987,
Huang and Jia, 2009). Numerical techniques sucHirst® element method and finite
differences are used to determine the seepagegthnibie earth dam. Among these numerical
methods, finite element method is the most popalat widely used method (Berrones and
Acosta, 2011). Various software used in the seepagdysis of an embankment dams are:
SEEP/W, MODFLOW, PLAXIS, Flac3D, ANSYS, PDEase2l¥FRUX etc (Abhilasha and
Balan, 2014).
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Fakhari and Ghanbari, (2013) have used finite efert® solve seepage problem of almost
600 geometric models of embankment dams with clase ausing both numerical and
analytical methods, the obtained result exhibumerical (SEEP/W) of seepage analysis
was more accurate about 18%. Since most of thenesgng problems have a relatively
complex boundary condition, using numerical methfmissolving the differential equations
are very common. This is because of its importaivaatage of fast solving any complex
seepage problems of earth dam; easy availabilitypefsonal computers/laptops, and
availability of commercial software at reasonablestc contribute to making numerical

modeling solutions more advantageous over physicaleling in many real life situations.
2.6.1 SEEP/W Software

Numerical modeling can be a useful tool in geotexdirengineering since a wide variety of
problems is theoretically possible to model. Emima@kt dams, that geometrically are quite
simple structures, are especially attractive to @hodmerically in order to get an early notion
of potential hazardous processes, not visible emotitside but that can be in progress inside
the dam. The main problem with numerical modelsmghiat those performing such analyses
normally need specialist knowledge in a wide raafjgechnical subjects. At the same time,
numerical software is within reach for almost argowith a computer. Not seldom,
commercial software are extremely user-friendlychkhmakes it easy to produce results, even
wrong ones, often presented in the form of colgpfots (Fell et al., 2005).

SEEP/W (SEEPage for Windows) is a finite elemeffitwsoe product that is coming under
Geo-studio, used to model the movement of waterpame-water pressure distribution within
porous materials like soil and rock. It is formeldton the basis of flow of water through
saturated soil and follows Darcy’s Law. The numarimodel SEEP/W can be employed to
carry out simulation of seepage and phreatic seariachomogenous and non homogenous
earthen dams (SEEP/W, 2008; Arshad and Babar, 20h4) software is capable enough to
resolve the problems ranging from simple saturateddy state issues to saturated/unsaturated
time dependent problems (transient state). Gootitgugmaphic output allows a visual display

of equipotential lines and flow paths, from whicbntours can be plotted for different

properties like pore pressures, seepage velocresgradients. With SEEP/W simulation, the
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seepage performance can be obtained and the natpraperties of embankment and its
foundation such as effective hydraulic conductiatyd hydraulic gradient which are useful
for indicating the potential for internal erosion initiate can be revealed (Novak et al.,
2007;SEEP/W, 2008).

According to Hasani et al., (2013) a research @page analysis in llam earth fill dam has
been done by SEEP/W software. In order to evaltieetype and size of mesh size on the
total flow rate and total head through the dam £m®exction, four mesh size such as coarse,
medium, fine and unstructured mesh is consideredulR showed that average flow rate of
leakage under the different mesh size for llam égpmal 0.836 liters per second for the entire
length of the dam. Noori and Khaleel, (2011), dgriheir analysis work on seepage and
stability of Duhok dam have used a finite elemerdthrod through a computer program,
SEEP-2D, to determine the free surface seepagettieguantity of seepage through the dam,
the pore water pressure distribution, the totadhma@asurements and the effect of anisotropy

of the core materials.

According to the work of Farzin et al., (2013),hias been compared SEEP/W soft ware
simulation results with Schaffernak and Casagrandaalytical solutions, which showed that
numerical solution, give more seepage rate thamvibeothers solutions. Fakhari and Ghanbi
also conducted on seepage estimation for 120 ekths by seepage model and found
1.271*10° cumecs/m and 8.53*1cumecs/m the recommended as suitable method (Fakhar
and Ghanbari, 2013). According the allowable résgltischarge of seepage loss shouldn’t
exceed 0.56 liters/minute/meter (9.33X1®%sec/m) for high earth dams greater than 40
meter (Look, 2007).

In Ethiopia, many researchers have conducted r&sesuon seepage analysis of embankment
dams: like (Abebe, 2014; Tigist, 2008, Bahru, 20dérked on estimation of seepage rate
through the dam body and its foundation using SBBEHR/hey found that the seepage through
Kesem embankment dam in Afar region, Zana Med Mianm (Amhara Region) and Welkay
Rock fill dam (Tigray Region) and found seepagexfbf 1.274*1% m*/s/m., 3.18*1CF
m%/s/m and 2.9*18 m*/s/m respectively. In view of all above facts, fitesent research work
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is designed to model seepage analysis of an eadéwenby using finite element (SEEP/W)

approach.

2.6.2 Seepage Discharge measurement

Seepage measurement is necessary to make regudaumments of total leakage as well as
the paths and amounts of individual leakage fromx dam body and its foundation or its
abutments. It is to emphasize that routine obsenvatf where seepage is emerging can be as
useful a guide as the actual measurement. Howegemdicated by most of the reporting
countries in ICOLD (1989) and ANCOLD (1983), it isual to measure the quantity of
seepage. It is preferable to collect the seepagpge db the downstream toe of the impervious
zone, and to isolate areas from each other scetidings are not excessively by flow through
rock fill zones and runoff from abutments. The aunthknow of cases where drainage trenches
to subdivide the foundation into collection areasler rock fill were filled rapidly with fines
from the rock fill, making the system ineffectivEhe portion of the seepage that appears at
the ground surface may be collected by ditchesipe prains and measured by means of
weirs, current meter, float flow or other similagvices (USBR, 1997; Singh and Varsheny,
1995).

Current meter method: The first discharge measurements in Australisevparformed in the
1950’s using a current meter device now day inwhele world is used standard instrument
for discharge measurement. The current meter waslynperformed with the stream for
method due to the fact that about 70% of the gauddyria, Australia is situated at more or
less shallow rivers. It is very important to fifgetright measuring parameters as varying from
river to river and having an important influencethe accuracy of the seepage discharge
measurement. The sensor can be used on the roelasisvon cableway devices. Its big

advantage is that the flow velocity in the verticeBeopacks, 2001).

Float method If a flow meter is not accessible, floats can used to estimate stream
discharge which is simple and inexpensive. The ggsdnvolving in the float method of
measuring velocity is by observing the time folaafing body to cross a known length and
nothing its position in the channel. The surfaaatflmoves with the same velocity as the
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surface of the water. A subsurface float consi$ta submerged float attached to a surface

float by an adjustable line and it measures diyeb# mean velocity (Joy et al., 2005).
2.7 Slope Stability Analysis of Embankment Dam

Embankment dam stability must be assessed inaoel&ti the changing conditions of loading
and seepage regime which develop from constructtmough first impounding into
operational service, including reservoir drawdowreTsoil mass in an embankment dam,
because of its slope is subjected to the actugongdriving) forces which tend to cause
movement (or sliding) of the soil mass. This movetmis resisted by the stabilizing (or
resisting) forces which develop at the potenti@iisy surface because of the shear strength of
the soil. The side slopes of earth dam will remstable if the sum the resisting forces on
every possible surface of failure (or surface oppsElge) is greater than the sum of the
actuating forces. The side slope of an earth dauldibe safe against shear failure (Novak et
al., 2007).

The major methods for determination of this slogdisity are Limit equilibrium method and

finite element methods. Limit equilibrium methodtie simplest methods of analysis employ
a single simple algebraic equation to compute alotof of safety. However, the finite element
methods are applied to determination of stressdsdaformations in excavated slopes and
embankments. It has also used to calculate therfatsafety defined in the same way as that

used in limit equilibrium analysis (Duncan et 2015).
2.7.1 Limit Equilibrium Analysis

In the conventional limit equilibrium approach, tsibility of a slope measured by factor of
safety (Fs), which is defined as the ratio betwinenshear strength of the soil to shear stress
required to maintain the equilibrium of the sloprifcan et al., 2015). A slip surface, which
can be planar, circular or non-circular in shaperequired to be assumed prior to the
equilibrium analysis. At that point of failure thghear strength is assumed to be fully
mobilized along the slip surface and Fs is assutodee constant for the entire slip surface.
The stability analysis eventually involves an item process until the critical slip surface is

found out where the critical slip surface is defiras the slip surface with lowest Fs. Over the
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years, many studies have been conducted to inaeéstithe computational accuracy of
different limit equilibrium methods and to develtgchniques for searching the critical slip

surface (Burman et al., 2015).

Several limit equilibrium methods (LEM) have beesveloped for slope stability analyses.
Fellunius, (1936) introduce the first method witle tassumption of forces acting on sides of
any slice are neglected, referred to as the Orgioathe Swedish method, for a circular slip
surface. Bishop (1955) developed an equation fotofaof safety calculation. The method
included the inter-slice normal forces but ignorda@ inter slice shear forces Bishop’s
simplified method satisfies overall moment equilion but not the horizontal overall force
equilibrium. The Bishop’s simplified method doest reatisfy the complete equilibrium,
although it gives relatively accurate results factbr of safety. Janbu (1956) developed a
simplified method only satisfies the overall honi equilibrium and this method does not
satisfy the overall moment equilibrium. It includederslice normal forces, but ignored the
interslice shear forces. The force polygon closigreébetter than the Bishop’s Simplified
method but the factor of safety is too low. SpeiscEr967) method (SM considers both shear
and normal interslice forces. Spencer satisfiesh bsatisfies both moment and force
equilibrium. He adopted a constant interslice fdwaction between the interslice shear and
normal forces. Morgenstern and Price (1965) dewslop method similar to the Spencer
method, but they allowed for various user-specifigdrslice force functions (constant, half-
sine, data-point specified...). It considers bothash&nd normal interslice forces, satisfies
both moment and force equilibrium, and allows foragiety of user-selected interslice force
function (Pasetto, 2014).

2.7.2 SLOPE/W Software Model

In the past various computer-based geotechnicalvwses have been developed and
performed for the slope stability analysis; andsth@eo-Slope Software mainly utilize two
methodologies, the limit equilibrium models and tfieite element analysis based on
appropriate soil models which produce great intdoeth of researchers and of professionals.
Among those software, a computer software SLOPEsWbrie of the best and has been
developed by GEO-SLOPE International Canada, bydlénel at the University of
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Saskatchewan (Krahn, 2004). SLOPE/W is one compgaonencomplete suite of geotechnical
products, one of whose powerful features of thegrdated approach is that it opens the door to
types of analyses of a much wider and more comgpextrum of problems, including the use
of finite element computed pore-water pressures atrdsses in a stability analysis
(SLOPE/W, 2008). In addition, in SLOPE/W five kindkthe limit equilibrium methods are
available; these are Ordinary Method, Bishop’s MdthJanbu Method, Morgenstern-Price
Model, and Spencer Method. The safety factors & s$hability analysis by the Limit
Equilibrium method as advised by Jasim et al., (20dave been obtained based on the
Morgenstern Method (Morgenstern, 1965). Becauseoosidering the synchronous effect of
all the forces, it usually concludes a lower saflaigtor and has a less error percentage than
other methods (Mahdi, 2016).

According to Hasani et al., (2013) a case studylam dam by numerical modeling using
Finite Element method and Geoslope software, tladilgy of embankment dams was
analyzed to eliminate defects in the Limit Equiliion method. During this study, by the use
of Geo-slope software, the safety factors agaitipt and rupture on the slopes of an
embankment dam with fixed specifications and geogyneere investigated in two ways of

Entry and Grid and Radius and exit.

In Ethiopia, many researchers have conducted,(ebe, 2014; Bahru, 2014) interested in
their research into the subject of the influences®feral parameters on the factor safety for
slope stability. In view of all above facts, thegent study of the factor of safety is calculated
using Limit equilibrium methods and Finite elememtthod at different loading condition of

an embankment dam.

2.7.3 Loading Condition for stability analysis

The stability of the upstream and downstream slafebe dam embankment is analyzed for
the most critical or severe loading conditions tmaty occur during the life of the dam. The
standards of the slopes must be stable during ablibons of construction phase, full

reservoir condition, including rapid drawdown, égudake, and seepage flow through the
embankment, foundation and abutment must be cdedrolDifferent agencies suggest
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minimum values within the range of 1.1 to 1.5 dejieg upon the risks involved. At each of
these stages, the mechanics of failure is diffea@dtslightly different analytic techniques are
used (Novak et al., 2007). The minimum (criticajety factor for slope stability is different

based on the following loading conditions:

End construction stability: - Slope stability during and at the end of constarctis

analyzed using either drained or untrained strengtépending on the permeability of the soil.
For many embankment slopes the most critical cadis the end of construction. In some
cases, however, there may be intermediate conditaduring construction that are more
critical. In some fill placement operations, indhgl some waste fills, the fill may be placed
with slope geometry such that the stability cowdis during construction are more adverse

than at the end of construction (Duncan et al. 5201

Steady state seepage condition Over time after construction the soil in slopesyredher
swell (with increase in water content) or consdkd@with decrease in water content). Long-
term stability analyses are performed to refle@ ttonditions after these changes have
occurred. Shear strengths are expressed in ternedfexftive stresses, and the pore water
pressures are estimated from the most adverse d@yn@ter and seepage conditions anticipated
during the life of the slope. The downstream slopan embankment dam is more critical for
this loading condition (USACE, 2003).

Sudden (Rapid) drawdown condition:Rapid or sudden drawdown is caused by a lowering
of the water level adjacent to a slope, at a ratast that the soil does not have sufficient time
to drain significantly. The potential for upstredailure due to rapid drawdown occurs in
embankments constructed of cohesive soils in whiaess pore water pressures dissipates at
a slow rate than the drop in the reservoir leUdlese excess pore pressures can lead to
reduced shear strength of the embankment soilsstopk failure (Duncan et al., 2015).
During rapid drawdown, the stabilizing effect oétivater on the upstream face is lost, but the
pore-water pressures within the embankment mayiremgh. The case, in which the water
has to be quickly lowered in presence of impermeatmterial, but low permeability materials
take a long time to drain in the dam slope, so that phreatic line falls very slowly, is

common problems (Tran, 2004;in Passtto, 2014).
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Earthquake (Pseudo static)Slope stability analysis: Dynamic loads generated by seismic
disturbances must be considered in the design ofagbr dams situated in recognized seismic
‘high-risk’ regions. Conventional pseudo-statianiing equilibrium, earthquake stability
analysis, a horizontal earthquake force is appiethe sliding body in addition to the static
forces. The additional horizontal force is propmmal to the total mass of the sliding body, and
the factor of proportionality is denoted "earthgeatoefficient”. This type of analysis is
applicable only for dams constructed of materidiat tdo not experience a significant
reduction in strength during cyclic loadingcor many years, seismic coefficients were
estimated based on empirical guidelines and cobigsical values for seismic coefficients
used ranged from about 0.05 to about 0.25(Novaik £2007)
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3 MATERIALS AND METHODS
3.1 Description of the Study Area

3.1.1 Location

Gerebsegen Embankment dam is located in Tigrapmegouthern zone, boundary of Enderta
and Hintalowajerat wereda and Maygent Tabia. lheated on river Gerebsegen (sub tributary
of the Tekeze River) near to Mekelle city (Figurel)3 It is geographically located at
Longitude 542094 UTM East and Latitude 1482355 UNbtth. The dam is found at about
800 km from Addis Ababa and 17 km south west of dliekcity. It is accessible by all
weather roads within the area.
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Figure 3.1 : Location map of the study area
3.1.2 Description of the Existing Dam

According to the reports written by TWRB (2014),r&8lgssegen embankment dam was built at

Gerebsegen River to create a reservoir with anoxppate total gross storage capacity of
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24.67 Mnt including a dead storage volume of 6.68 Mithe dam with the purpose of water
storage for irrigation of about 700 hectares antewsupply with the demand of 240 liter/sec
was constructed by Tigray water works Constructemterprise. The dam which was
constructed between 2014 and 2016 is zoned tygarth fill dam and has 46 m dam height.
The main components of the project include the ndam, two intake outlets for water
supply, one intake outlet for irrigation purposéanketed upstream reservoir area and side
channel spillway. The dam has crest length of 81&With embankment slopes of 2.5:1 on
downstream and 3:1 on upstream side (Figure 3@kohtrol seepage losses through the dam
body, a clay core having width of 3 m at top wiithesslope of 0.23:1 was used. The upstream
and downstream shells were compacted shale withplesmneability. Designed thickness of
horizontal blanket drainage is 0.30 m thick of sahdottom, 0.40 m thick of gravel material
at the center, and 0.30 m thick of sand materiaghattop and total thickness of 1.00 m
horizontal drainage system. At the downstream foth® dam a rock toe combined with a
drain was constructed. But the vertical chimneyirdfaas not been designed on both the
upstream and downstream side of the core. Duepogtaphic feature of the site, a natural
steep ground favorable for side channel spill wath wnaximum flood out flow of 290.04

m®/sec is available on the left side of the dam wiisctinder construction (TWRB, 2014).

Table 3.1: Technical characteristics of the daRVRB, 2014).

Type of Embankment dam Zoned Earth Fill dam

Embankment Volume 3.30 M'm

Purpose Water supply (7.46 M)n Irrigation (9.72 M )
Crest Length 815 m

Crest width 7m

Head water 41 m

Maximum Bottom width 272 m

Normal Pool Level(NPL) 1859 m.a.s.l

Berm width 3 m (U/S and D/S)

Catchment area 290 Km
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Figure 3.2 Cross section of the Gerebsegen Zoned dam (TWRB, 201«

3.1.3 Topography and Geomorphology

The drainage density and pattern are mainly cdettoby the lithology, topography ai
geological structures of the area. The drainageejrabf the basin can generally be descr
as dendrite type and flows from East to West divectike some of theivers in the region, i
is perennial.

The total catchment area of the dam is km?and which is drained to the Tekeze drain
system. The study area has a wide variety of t@pbgc features ranging from moderate
high hills, faulted blocksdissected gorges high dolerite hills aadtlvial deposits soils i
thebed, preferable suitable for the cost earth dame. dam catchment and command are
characterized by a plain land of command area agikl mountainous terrain in the de
catchmentThe average elevation of the catchment areadilasl fabout 1920 m.a.s.| athe
highland is about 2204.90 .a.s.l. The command area of this irrigation schesnfeund ai
both sides of the river. This command area is maitlltivated land and includ
uncultivated bush land3WRB, 2014)

22




3.1.4 Climate

Climatic condition of the area is generally classifas semi-arid (Waynadega) zone, with hot
winter and relatively short cold summer. The raason is from June to the end of September
and the rest of the year is dry season. The rhidéah for Gerebsegen Dam scheme is taken
from Mekelle meteorological station. Hence, thenfai data of Mekelle is expected to be
representative to the study area without signiticemiation (TWRB, 2014). According to the
data taken from Mekelle Meteorological Agency, thean annual rainfall of the watershed is
555.77 mm.

The monthly mean maximum temperature is %3.%and the monthly mean minimum
temperature 10°€. The temperature data for Gerebsegen irrigatirerse is taken from
Mekelle meteorological station. Actually, thereais elevation difference of more than 250 m
between Mekelle and the project study area. Hetiee,project area is a bit hotter than
Mekelle. Nevertheless, the temperature data of NMeke used to represent the study area
without any modification (TWRB, 2014).

3.1.5 Geological Foundation of the Dam

Generally important considerations of the dam hde studied: competent foundation,

geological formations and discontinuities, liquefac prone soils during an earthquake,
stability problem, permeability characteristics alfflerential settlement are the major factors
that should be considered thorough the prelimirary detailed investigation. If sedimentary
rocks, particularly shale, poorly cemented sandsstoand cavernous limestone, they are
undesirable, because which are inter bedded anarigatation, leaching of soluble matter,

porosity and permeability through the foundatiord abutment of the dam. Granites and
basalts the type of igneous rock will be much campefor the site of the dam. Yet another
point of care should be taken that, the granites lzasalts will occur with the sedimentary

formations like shale, sandstones and limestoneor@ge 2008; Turkmen et al., 2001;

Asmelash and Meisina, 2015).

According the studies made by ATSWWC (2014), thgomgeological formations of the

project area are mainly Antalo formation, Agula@lshdolerite and the major soil types are
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mainly: alluvial and colluvial deposits and resitisails. Based on the previous study and
recent field visit, the geological formation of ttaget area is very disturbed, and also shows
an inter-layering of marl-shale-limestone intertiala with dolerite intrusions (ATSWWC,
2014).

Based on the referred engineering geological mgpaid geological structure interpretation,
the detailed description on the geological setbhghe dam foundation and its vicinity is as
follows (Figure 3.3 to Figure 3.5)(ATSWWC, 2014).

* The central parts of the dam foundation site asdmeir area are covered by alluvial
deposits. Their thickness varies from 4 m to 1(hrthe foundation. It is composed of
coarse (dominated by rounded sand, gravel, pebbkg boulders of different origin)
and fine materials (silt and clay dominated) otrideposit. The shale-marl-limestone
intercalation is observed underlying the alluviapdsit. This unit is observed at river
cut and open trench during construction excavdted.characterized by high degree

of weathering and fracturing.

 The two abutments of the dam site have similamldgical and structural setup
except small differences in thickness from top tdtdim; dolerite sill, shale-marl-
limestone intercalation unit and alluvial deposi#hile the talus deposits are limited
to the top part of the dolerite sills with a vatelhickness. The shale is variegated,
fissile with variable thickness. The dolerite isiniy outcropped in the right and left
abutments of the dam which extends towards theofithe reservoir area. The mode

of occurrence is mainly sill. Generally the dolershows high degree of weathering.
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Based on the geological map, it is recognizedttiatertical succession of the rock layers
the dam axis and reservoir area from-down is (ATSWWC, 2014):

» Dolerites exposed on the abutment rocks are higllgthered, and interpreted to

highly pervious.

» Shale-marklimestone exposed on the abutments, reservoir @nt river section
downstream slightly too highly weathered, fractuestl interpreted to be high

pervious.

* Quaternary deposits cover the valleys, depresaadsflat lands along the«eservoir
floor. Their thickness is generally variable, bbicker near the river course a
thinner toward the steep sides of the flanks asdri®ir periphen

Solution cavities and low angle horizontal beddipanes are very common in t
sedimentaryock units of the arei
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Generally, the rock units found at the dam sitegreoir area and its surrounding reme
highly affected by major and minor fractures. Theneyal orientation of the discontinu
structures on the right and left abutments it suitable from water tightnesperspectives
(ATSWWC, 2014).
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Figure 3.5: Geological map of the DaSite (ATSWWC, 2014).
3.1.6 Subsurface Condition:

The proper design of dams requires adequate int@n on the surface ansubsurface
engineeringgeological and/or geotechnical behavior of thetearaiterials (soils and rock:
According tothe investigation and geotechnical characterizadbthe soils and rocks of ti
Gerebsegen dam project made by ATWC, (2014), surface field observation, test f

trenches, geophysical (resistivity survey), conding, field in situ test and laboratory worl
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have been conducted. Using all the surface, sulseirdnd laboratory tests of the geologic
materials (soils and rocks) found within the dammidation and reservoir areas were analyzed,
interpreted, classified. Accordingly 10 boreholesrevdrilled of which five of them are in the
dam axis, one at the downstream, one at spillwayeralong the left abutment and three of
them are in the reservoir with depth of drilling 8060 meter (ATSWWC, 2014).

Generally, the main geological formations in theaarthe shale-limestone-marl unit at this
part of the trench are highly variable in termdratturing and voids formation. On the other
hand the shale marl is characterized by ductilalioed minor folds. The heterogeneity and
disturbance of this unit may result due to effecdolerite intrusion and major and minor
fractures. All the results indicate that this roukss is responsible for the excessive leakage
observed from the dam.

3.1.7 Construction Material
The embankment zoning should provide an adequaperiious zone, filter and drainage
zones between the core and the shells, and seepatyel zones. An impervious clay water-
retaining element or core of very low permeabitifysoil core fills. Zoning of an embankment
that places the more pervious material (shell) acheside of the core zone is preferable. This
placement improves the stability of the embanknoeming rapid drawdown conditions and

keeps the downstream slope drained for greatectaffeweight (Singh and Varsheny, 1995).

Based on previous studies conducted by the ATSWR014) the construction materials of
the Gerebsegen dam was constructed for varioustraotisn materials such as shell, clay
core, filter materials, and riprap materials inlsaon a variety of quantities and locations
within the fill. 1t was used which assumed the de€iald and laboratory works have been
done in the pre-construction investigation worke ®nell materials were used the weathered
shale. Dispersion test was carried out on four $asnpf the shell sources using the double
hydrometer and it was confirmed that all the sgies of the shell sources of the study area

are non-dispersive nature as compared with thelatdrvalues (ATSWWC, 2014).

Dispersive nature of the clay core was also cheawetlwhich is a non-dispersive and not

susceptible to piping erosion. The filter (sandswaed in different part of the dam such as in
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the horizontal filter and upstream work etc. But agailable in that area because which have
very poor quality and not fit filter requirementhds, sand was brought from the Agulae and
Giba rivers for the construction industry aroundkiglée, and the coarse filter material was
used within Gerebsegen river bed and the frestkldagstalline limestone and dolerite were
used for the riprap of the dam (ATSWWC, 2014).

3.2 Methodology

In order to answer the questions pointed out inrédsearch question and meet objectives of
the research work, first collection of all avaibdlata and information including as-built
drawings, geotechnical engineering material properthydraulic parameters and geological
cross-sections of the Gerebsegen dam area was Homectual value of the seepage through
the dam body, its foundation and around it has k#termined during the field work by
applying: direct field measurement using currenthoe and float method and also the results
obtained from the two methods were compared witiEFSB®/ model results. The actual
reservoir level was also measured by leveling umsént to obtain the drawdown of the
reservoir. Having geotechnical engineering matgsraperties of the dam material, seepage
(SEEP/W) and slope (SLOPE/W) analysis of the dam eane. Finally, based on the results
obtained from the measurements and analysis afedbpage and slope stability, evaluation the
dam, conclusions and recommendation on the possbiedial measures were drawn (Figure
3.6).
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3.2.1 Methods used
1. Soft ware: Geo-Studio 2007

Geo-studio, which includes SLOPE/W for slope stBhiSEEP/W for groundwater seepage,
SIGMA/W for stress-deformation, QUAKE/W for dynamiearthquake, TEMP/W for
geothermal, CTRAN/W for contaminant transport, ANRfor air flow, VADOSE/W for
vadose zone and covers is software products basédite element code that can be used to
evaluate the performance of dams and levees wityingalevels of complexity (SEEP/W,
2008). Therefore, the finite element method (SEEP#8Ed in this research work is the best
tool for analyzing seepage flow in an earth-filndaln addition, SLOPE/W software used
under different conditions to evaluate slope sighif dams was also applied in this research
work. Morgenstern-Price method which, applies mumimsafety factor considered as a safety

factor of slope stability, was used during the SED/KF model analysis.

I.SEEP/W: The SEEP/W program is capable enough to simujatte effectively seepage
rates and phreatic surfaces in homogenous and aorodenous earthen dams. It is finite
element computer enabled software which is capehleBugh to solve groundwater flow,
seepage and excessive pore water pressure probi¢mns the porous media such as soil and
rock. The software is capable enough to resolveptbblems ranging from simple saturated

steady state issues to saturated/unsaturated épendent problems (SEEP/W, 2008).

II.SLOPE/W :SLOPE/W is a software product that uses theomek @inciples of the limit
equilibrium methods (LEM) to compute the factorsafety of earth slopes, that developed by
GEO-SLOPE (Geo-Studio). International Canada isd use slope stability analysis. The
comprehensive formulation of SLOPE/W makes it dussio easily analyze both simple and
complex slope stability problems using a varietynathods to calculate the factor of safety
(SLOPE/W, 2008).

Many different method of slope stability analysiavle been developed and adopted since
many years. The procedure of computation in moshous are very similar, all the methods
are targeted to compute the factor of safety. Sofrthe common methods are Ordinary or
Fellenius, Bishop, Janbu, Spencer and Morgenstace-Rlethod (Novak et al., 2007). The
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stability analysis using SLOPE/W is included foliogg components: Drawing geometry

description of the stratigraphy and shapes of ttergial slip surface, soil strength parameters
properties used to describe the soil (material) @sglgning for the corresponding soil layer,
defining the water table, selection of analysishodt(Spencer, Morgenstern-Price method),

problem solving and display the results (Krahn,£00

2. Current flow meter (Physical): The measurement of the stream flow by directly
measuring the current to determine water velod&tych point velocity measurement is then
assigned to a meaningful part of the entire cresdian passing flow. The velocity-area
principle is used to compute discharge from curmeater data. Total discharge is determined
by summation of partial discharges (USBR, 1997;ae&s, 2001).

3. Float Method (Physicd): Fairly simple for measuring flow rate through @pen channel is
the float method. Although, not as accurate as asoming device such as current meter. This
method to comparing with current meter and whicloives measuring the surface velocity of
the water with a floating object, and then multiptythis velocity by width and average depth
of the channel. The needed equipments are understith as stopwatch, measuring tape,
visible buoyant, marker, data collection sheet ek (Joy et al., 2005, USBR, 1997).

4. Leveling instrument It is the simple and most accurate instrumentcthiised for

measuring vertical height or elevation (Landgat,3). For this research leveling instrument
has been used for measuring the actual reserwal Veth difference draw down water level
due to reservoir losses such as seepage at diffédree fluctuations by considering the

reference of bench mark of the dam.
3.2.2 Data collections

Before conducting of any research, it is imperatovenake a tough search for the data needed.
Therefore, the primary assignment of the studyetsirgg relevant information and data of the
study area. The data are collected during the §tldy as well as other relevant data has been
taken from the previous assessments done by TRRemyonal Water Resource Development
Bureau, Tigray Water Works Design and Supervisiategprise, Akam Three S Water Works

32



Consultants and the designer's technical reportpmndonal interview with personnel who

were in chief of construction supervision.

In order to collect the relevant primary data, picad field visit has been carried out for the

following purposes:

Visual inspection of the dam surveillance, locasi@md the quantity of seepage flow
rate has been measured by measuring the velocitlgeofvater which was used the
float and current meter method for comparing aliéwes for more accurate cross
checking.

Conducting survey on the crest of the dam struocivae done in order to check the
reservoir water level.

Interviewing of the operator, residential enginespervisors, engineering geologists
of the dam and beneficiaries of the command area.

Collecting of pictures that show the reservoir waéxel, the existing seepage areas

and measuring methods, the dam body with digitalera.

During the study work some of the secondary dallacted includes:

Dam cross sectional design and Geological settintigeostudy area.

Engineering geological material properties of thedg area, which are important
inputs for Geo-studio model.

Construction material property (hydraulic condutyivunit weight, angle of internal
friction, cohesion of soil) from laboratory testiigr core material, shell material,

foundation material, and filter.

3.2.3 Data analysis

The quantity of seepage, the seepage path andelbeity of seepage water are of great

concern in analyzing the structural behavior ofamndwvhich is occurred in large quantity of

seepage through the abutments and the foundation.

After collecting all the relevant data, analysisvddeen done using different methods of

analyzing seepage and compare with the actualirxiseepage problem and slope stability
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with minimum standard factor of safety. The twothoels used were SEEP/W and SLOPE/W
of Geo-Studio model.

3.2.4 General Seepage observation condition of the Dam

Water seepage is common problem in most of dam, sitevhich the impounded water finds

the escape routes with least resistant througlldine body and foundation. The observational
method of seepage analysis and slope stabilitysisahvolves visually inspecting the area of
dam body embankment, the surrounding conditionsadinabtentially related factors (Jansen,

2006; Hasan et al., 2014).

As it was observed and collected the informationtloa reservoir filling and draw down
process during the recent field visit and constounctperiod, more than three meter of
drawdown was observed due to the seeping of wedar the dam in only six months. Since
during initial impoundment of the reservoir of teeepage conditions was not performed as
regularly as required. This was due to the lackadéty management procedures in the dam.
So, during this studying regular recording of tleemage rates and as | had measured the
actual reservoir level from January 2017 at 1854.¢1.till 06 August, 2017 up to the 1847.75
m.a.s.| (Appendix tablel).

The measured reservoir water level was taken fepage analysis at 1850 m.a.s.| but that of
seepage exit point water level is at 1828 m.axweldownstream of the dam(. This indicates
that the reservoir level is higher than the staiéter level on the seepage exit points, which
can give a clue on the interconnection conditiotwben the reservoir and the seepage exit

points through the left and right abutments as shiowFigure 3.7.
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Figure 3.7: Theeservoir conditior and the existing seepage frone downstream abutmer
and foundation of the dam

3.2.5 Field Seepagévleasurement:

The most common and direct method of estimatinghdigge is the veloci-area method. This
technique requires measurement of flow velocityretel width and the depth of water flown
cross flow vertical sectionDuring the studies for time the existing seepagesevwneasure
and repeated. Thdastharge of seepage lo:Q) refers to the horizontal water flow occurri
at the surface in flowThe discharges of seepage Gerebsegenwascollected in th drain
channé flow which is defined in well shaped streams t® &uitable measure. There
different types offlow measurement methods for seepage flow dischasgeh as flog
method, Vrotch method, buck and stopwatch, current meter etdSBR, 199). Therefore,
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from these above measurements, it was used thenfilehod and current meter measurements

during the field seepage flow.

Q = AxV (Equation3.1)

Where, Q is discharge seepage flow’/gmc), V is flow velocity (m/sec), and A is cross-
sectional area (fi) this cross-sectional area the flow is definedhaswidth (m) and depth of

the defined channel by which divided into rectaagslection.

1. Float flow method: This method, which is inexpensive and simple, messs surface

velocity from mean velocity, is obtained using a@reotion factor. The basic idea is to measure
the time that it takes the object to float a speditlistance downstream. With a floating object
the surface velocity of the river is measured. Nltthe velocity by the cross-sectional area
and by a correction factor (0.85). Since the toghefchannel flow faster than the bottom due
to friction against the flow bed, the friction cection factor events out the flow. For rough or
rocky bottoms, multiply the velocity by 0.85.The ameriver velocity can be approximated by

the following formula (Joy et al., 2005):
Vi, = 085V . oo (Equation 3.2)

Where,V meaniS mean velocity and Mrace
During field work, measuring of seepage flows ocedrdue to impoundment of water on both
abutments and foundation of the dam was done (Ei§®). Seepage water collected in a
drain trench of the dam is taken through open chlgnior discharge into the downstream of

the dam. The following steps were used the condtior float during observation:

1) Located the spot in the open channel of the seeibagevill act as the cross sectional

of the channel.

2) Using the meter stick, the depth of the channel masasured at selected intervals
along with the width of the channel.

3) Once these data were gathered, multiply each dmpthe interval it was taken in and
add all the amounts together. This calculatiorhes area of the cross section of the

selected channel.
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4) The length of the channel flow and typical widthtlé river was decided to send the
floating material down.

5) Using the stop watch, the time it takes the flaattravel down the length of the
selected channel flow from step 4 was recorded.

6) Step five was repeated 5 times to determine theageetime taken for the float to
travel the flow. The float was thrown into the wasd different distances from the
shoreline in order to gain a more accurate average.

7) The flow of channel length found in step 4 wasdiad by the average time in step 6 to
determine the average velocity of the flow.

8) The velocity found in step 7 was multiplied by fhetion correction factor (0.85).

2. Current meter method: The current flow meter is an electronic device gwunters from
the impeller stick or anemometer proportional teoweity. The total number of counters per
unit of time (normal one minute) can be convertedd a velocity value by referring to
calibration charts or using formulae is shown ie Eigure 3.8. So, the usual most important
equipments are needed: Geopacks stream flow m&tgrwatch, measuring tape, ranging
pole, data collection sheet and pens (Geopack4,. 200

The cross-sectional area of the channel is perpeladito the predominant flow direction.
Measurements of channel widths and depths arerduamded using data sheet provided. This
depth can be measured using the rule or staff cides sectional area of the flow is illustrated
in the following equation (USBR, 1997):

AT X e (Equation 3.3)

Where, A is cross sectional area of the flovf)(rdV is width of the defined channel (m) and d

is wetted depth of the define channel (m).

Determine the flow speed using the graph providiegufe 3.8). Alternatively, the flow speed
(V), in m/s is given by the following empirical fowla in which C is the counts per minute
recorded by the basic flow meter to water velo@ityin m/s. This formula was used from the

operational manual of current meter during my stiilég work (Geopacks, 2001):
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vV =(0.000854C) + 005 (Equation 3.4)

Where, V= water velocity in m/s, and C=trumber of counts per minut

During the field study worl the gepage water collected in a drain trench of the ataker
through open channels for discharge into the dawast of thedam Eigure3.9). In order to
determine the depth and width of the selected alapianting a wooden stake onto one b
and attaching a tag line running the line acrossdhannel perpendicular to flovnd also
Applying the second wooden stake to the opposimk laend attach tag line again is neec
This line must be kept in place for the duratiorthed measuring, as it serves as a marke
subsection intervals necessary for readings ofwheer plae a staff gauge, which w.
followed by the next step of connecting the counteter with the current meter. Once m«
is assembled and water depth has been establsiedy measuring method must be chos
from which revolutions is counted using aital meter reader each being at 60 secc

Generally current meter is more accurate than fioathod. Because the velocity is not
same all places in the stream whcan be affect by the slep(friction against the flow be:
and external wind distbec. In the current meter for the discharge flow measmt of the

cross sectional was divided into rectangular suhst to get more accura(Geopacks, 2001).
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Figure 3.8 Water velocity Calibratic chart (Geopacks, 2001)

IE [}

Figure 3.9: Measuringeepag flow using current meter and float methatdhe site.

3.2.6 Seepage analysis with SEEP/W Softwal

There are two fundamental types of seepage anabteiady state and transient analysis
steadystate seepage analysis is an analysis type whaesx p@ssures and water flow ra
are at equilibrium with the defined boundary coiotis and are not cnging with time in the
embankment and foundation strata.contrast, in a transient analysggepage analysis t
amount of flow into the system may differ from fit@v out of the system because the sys
stores or releases water and the -water praesures are changing with time in -
embankment and foundation strata. In general,rsigat analysis can provide more accu
results when soil conditions are modeled; howetley are significantly more complicat

than steadytate analyses. Bothe initial conditions as well as future boury conditions
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must be provided (Broaddus, 2015). In this resedmoth steady state and transient state

analysis was carried out.

The SEEP/W software was used to conduct the felgenent modeling for seepage analysis.
The following partial differential equations (PDEYr two-dimensional domain can be
expressed as assuming that flow follows Darcy’'s EEEP/W, 2008). The differential
equation can be written as follows for the two dasienal for steady state:

0 OH, 0 oH

Ex(kx 6_) +5Y (ky E) Q=0 (Equation 3.5)

X

The governing PDE for seepage through a heterogsnemisotropic, saturated, unsaturated
soil can be derived by satisfying conservation asmfor a representative elemental volume.
If the assumption is made that the total stressamesnconstant during a transient process
(rapid draw down or rapid fill of reservoir), théfdrential equation can be written as follows

for the two dimensional transient case:

The governing PDE can be written as follows fortiwe dimensional transient case:

oH

(Equation 3.6)
Ox

L 2
ax a ....................................

t

)+2 (kT +Q=

Where, k and k are the coefficients of hydraulic conductivity inet x and y direction,
respectively (meter per second), where the ratiard ky is assumed to be 1 in this research,
H is the total head being the summation of pressaaal Ith) and elevation heaz) (n m, and

Q' is the boundary flux (ffs/), 6 is the volumetric water content ani$ the time For steady

state seepage, the flux entering and leaving anezleal volume is the same at all times. But
under transient states that the difference betwkenflow (flux) entering and leaving an
elemental volume at a point in time is equal todhange in storage of the soil systems. More
fundamentally, it states that the sum of the rafeshange of flows in the x-and y-directions
plus the external applied flux is equal to the maftechange of the volumetric water content
with respect to time (Thieu et al., 2001; SEEP/\008).

40



1. Finite Element Method (FEM) meshes formationFinite element numerical methods are
based on the concept of subdividing a continuum gmhall pieces, describing the behaviour
or actions of the individual pieces and then reeating all the pieces to represent the
behaviour of the continuum as a whole. The threénnmaportant parts of finite element
analysis are: discretization (dividing the domaitoismall areas called elements), specifying
and assigning material properties and specifyinghbdary conditions. Basic requirements in a
finite element analysis are geometry, finite eletmaesh, material properties, and boundary
conditions. The finite element seepage equationbeaexpressed in a general form of using
(SEEP/W, 2008; Melih, 2014):

[K]{H}:{Q} (Equation 3.7)

Where, [K] is the element properties matrix, {H} ise vector of nodal heads, {Q} is the

applied flux vector.

2. Setting of Boundary Conditions:In SEEP/W the boundary condition is necessary to
always considered of both the pressure head andhtela components. In steady state
analysis, all the boundary conditions are fixede THoundary condition of the Gerebsegen
dam is carried out for the seepage analysis thrtlugldam at two scenarios, by means of the
normal pool level of the reservoir (1859 m) and #laéual reservoir water level (1850 mhn
transient analysis, the condition on the boundamyddion may change with time. On the
upstream side, where the reservoir contacts theaskmbent dam and the original ground
surface, the total head is equal to the full supeWel. The upstream boundary condition is
therefore a constant total head and the downstieamdary condition (zero total head) was
defined on the downstream side of the exit.

Before calculating the seepage, first by selegb@gmeability sections of the dam foundation,
in three sections (the number of these sectionedbas geological properties in the area
obviously by increasing the number of sections nameurate seepage analysis can be done)
based on the thickness of the layers of soil ank, rand the thickness of each layer. The cross
sections of the dam chainage (i.e. Ch: 0+065 m80+4, and 0+638 m) were selected in such

a manner that include the highest section of the Bady and more critical in sectional of
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geological conditions for model using SEEP/W so#irevand its permeability coefficients
values of various materials were taken from thegieseport of Gerebsegen Dam Project
(2014).

Table 3.2: Permeability coefficient charactersio the materials and foundation of the
Gerebesegen earth dam (ATSWWC, TWRB14):

Standard of Permeability Permeability
. coefficient (K) in m/sec | coefficient, K (m/sec)

Type of Material

(USBR, 1987 and George

2008)

Clay core <10 6.86x10'
Shell 10°-107 3.46x10°
Foundation (Marly Limestone) 1010° 1.7x10°
Foundation (shale-mudstone) “10 2.6x10°
Foundation (Shale with Gypsum) fo 1.17x10’
Fine filter sand (F1) 1610° 1x10°
Coarse filter gravel (F2) 1-10 1.07x10°

USBR (1987) describes soils with permeability g 1x1G m/s as impervious, those with
permeability between 1xTom/s and 1x18 m/s as semi-pervious, and soils with permeability
greater than 1x 10m/s is pervious. Accordingly, the permeabilityuelof the shell material

falls in the semi- permeable range.

3. Volumetric water content (VWCQC): It is important to understand the relationshgivieen

pore-water pressure and water content in seepagfsas. One of the required input
parameters for a transient analysis is the volumefater content function. In a saturated soil,
all the voids are filled with water and the volunewater content of the soil is equal to the

porosity of the soil. The SEEP/W has different noelh available to develop a volumetric
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water content function using either a closed-footutson that requires user-specified curve-
fitting parameters, or to use a predictive methuat ises a measured grain-size distribution
curve (sample function). Based these methods, déneplke function is used water content
functions for different the embankment materiale @adopted from SEEP/W modeling
engineering manual. Therefore, the volume wateterdrfunctions (Table 3.8nd appendix
figure 1) of material properties have been dire¢tiken from SEEP/W sample functions for
the Gerebsegen dam.

Table 3.3: The volume water content functions & #&mbankment dam material (SEEP/W,
2008).

Type of Material Volumetric water Remark
content (VWC)

Clay core 0.47 Sample function

Shell 0.45 Sample function

Foundation -1 (MarlyLimestong) 0.38 Sample function

Foundation -2 (Shale with

Gypsum) 0.43 Sample function

Fine filter -1 (Sand) 0.35 Sample function

Coarse filter-2 (Gravel) 0.30 Sample function

The reason why volumetric water content of the ataye become higher than the other
material is because of the pores between the ohaiviclay particles in the clay is small. It is
often difficult to identify a specific air-entry itee for clay, as consolidation and changes to
the structure of the clay can release water froensfstem over a significant range before air
actually enters the pores. Since clay tends toobgpcessible, the slope of the function in the
positive pore-water pressure region tends to bepsteand becomes a significant parameter to
consider in saturated seepage analyses (SEEP/\8).200

The summary of setup procedures of seepage analfhiSEEP/W model:

* Three cross- sections of the dam were selectedidoa SEEP/W
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* The individual materials were assigned to theiraes}

» The assigned dam cross-sections were descritizethatl elements to apply FEM.

* The material and material models was assignedetmttividual regions.

* Type of analysis has been fixed both steady statdransient case.

» Upstream and downstream boundary condition wasrdeted based on the boundary
conditions.

* Finally the problem was solved and results weralyaed and discussed

So that, the discharge of the seepage was caldWgtanalyzing the resultant discharge of the
dam cross-section using SEEP/W software, whichalsutated from the total discharge of

seepage along 815 m length of the dam.

Pore-water pressure distribution

Finite element seepage analysis can be computegtine-water pressure distribution for
heterogeneous earth dam under both steady stateasstent boundary conditions. If seepage
analyses are performed to compute the pore wagsspres, the method of analysis, including
SEEP/W software, which was used. Appropriate castaf pore water pressure, total head,
or pressure head are presented (Krahn et al., 18863l analysis of the calculation is steady

state; the rapid filling and rapid draw down of tkeervoir are transient state analysis.

Evaluation of Horizontal and Vertical (or Inclined) drainage blankets

Vertical (or inclined) and Horizontal drainages arsed to control seepage through the
embankment by preventing materials eroded througtaek in the core from washing in the
downstream shell by seepage water under resereaid iSingh and Varsheny,1995;Bahru,

2014). For evaluation these drains sizes Darcyiswas used accordingly.

* The thickness of horizontal blanket drains (t) iegghto discharge the seepage flow

from the following equation based on Darcy’s law.
kt2

0= e, (ECUALION 3.8)

Where: g=Seepage flux rate per unit width of therfidrain
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k=permeability of the filter materiaf the drain

t=thickness of the filter drain

I=width of the downstream shell at tirain level
* The thickness of inclined drain, t, is given alsodarcy’s law.
(Equation 3.9)

Where: g= rate of discharge seepage flux per uithaof the filter drain

k=permeability of the filter materiafl the drain

A=cross-sectional area of flow i.e. At

i=hydraulic gradient
To determine thickness of vertical (or inclined)dahorizontal drainages blanket which
applicable the Darcy’s law is an equation that tedaonly application to flow through

saturated materials and deals mostly analysis Uadenar flow (or steady state) condition.
3.2.7 Slope Stability analysis withSLOPE/W Software

The stability of an embankment depends on the chematics of the materials and its
foundation and fill materials, on the geometry oafb@ankment section, and the additional
factors such as presence of water, loading comditeic. SLOPE/W is the most common and
popular software application used for the analgdislope stability. The Limit Equilibrium
Method formulation is based on two factors of saégjuations and allows for a range of inters
slice shear normal force assumptions. One equagii@s the factor of safety with respect to
moment equilibrium (F), while the other equation gives the factor ofesafwith respect to
horizontal force equilibrium @ The LEM method satisfies both moment and force
equilibrium by finding the cross-over point of them and F(SLOPE/W, 2008; Pasetto, 2014).

SLOPE/W Software was used to conduct the limit ldojium analysis for stability. Factor of
safety values for the circular slip surface deteedi using entry and exit method to specify
the location and shape of the trial slip surfadésdern limit equilibrium software is making it
possible to handle ever increasing complexity witAn analysis. It is now possible to deal
with complex stereography, highly irregular poretevgpressure conditions, and various linear
and nonlinear shear strength models, almost any &rslip surface shape, and distributed or

concentrated loads.
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An analysis of slope stability begins with the hipsis that the stability of a slope is the
result of downward or motivating forces (i.e. gtational) and resisting (or upward) forces.
The resisting forces must be greater than the @iy forces in order for a slope to be stable.
The relative stability of a slope (or how stablesiait any given time) is typically conveyed by

geotechnical engineers through a factor of safetydefined as followgKrahn, 2004)
= (Equation 3.10)
The equation states that the factor of safetyasr#ttio between the forces/moments resisting

(R) movement and the forces/moments motivating rfiddyement.

The limit equilibrium methods use the Meioulomb expression to govern the shear strength
along the sliding surface of embankment structufé® shear stress at which a soil fails in
shear is expressed as the shear strength of thansbthe shear strength is usually expressed

by the MohrCoulomb linear relationships defined as (Duncaal.e014):

Shear strength (available):

rp=C+(o-uytang . . ............. (Equation3.11)

Shear stress (mobilized):

T:C+(a—u)tan¢

eeer...... (Equation 3.12)
FS

Where Fsog, u, C, and ¢ = factor of safety, normal stress, pore presscofiesion and

friction angle respectively. The available sheaergjth depends on the type of soil and the
effective normal stress, whereas the mobilized rskt@ss depends on the external forces
acting on the soil mass. The procedures for ssfdjoe stability are well established, and have
been concisely documented by Duncan et al., (2@4ncan recommends that evaluation of a

slope focus on defining geometry, shear strengihis weights, and pore-water pressures.

The following data of dam material properties pagters were used as input data (Table 3.4)
when the stability analysis has been performedthdl data have been taken from laboratory
soil test resulted of geotechnical engineering mspof SLOPE/W for stability of Gerebsegen

multipurpose dam project and cross section ( EiQu2).
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Table 3.4: Materials properties of GerebsegenhEdatn (ATSWWC, TWRB, 2014).

Unit

weight, Y| Internal Cohesion,
Type of material (KN/m®  [Angle,¢ (°) | C (Kpa) | Remark
Clay core 13.13 14.03 44.25
Shell 15.23 29 25.5
Foundation (Marly Limestone 15.52 29 2.7
Fine filter (Sand) 18 33 0
Coarse filter(Gravel) 18 34 0

The summary of setup proceduresf slope analysis with SLOPE/W model

The maximum cross section of the dam was drawnL@PE/W

* The individual material was assigned to their ragio

* The strength parameters and the material model assigned to each region

* Morgenstern-Price method of analysis was used t@ mocurate

* The volumetric water contents were taken from SREBHcument

* Finally the problems were solved and the resulteve@alyzed and discussed

Methods of slope stability and loading conditions

The stability of the Gerebsegen Dam has been agdlyre limit equilibrium method (LEM)

according to Morgenstern-price presented using SE/@Pmethod. The usual failure of an

earth embankment consists of the sliding of a langess of soil along a curved surface. The

loading conditions considered in the present amalgse minimum water level 1844 m,

maximum water level 1859 m. The stability analy$esl been conducted in order to

determine the factor of safety for various slipfaces.
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Table 3.5: Various load cases and minimum requiaetbr of safety slope stability for Earth
and Rock-fill Dams at Full Supply Condition (Novekal., 2007):

) _ N N Factor of safety
Design of Loading condition Critical slope )
(FS min)
Steady state seepage Downstream 1.50
Upstream 1.10
Steady state seepage with seismic lopthownstream 1.10
Sudden draw down Upstream 1.20
Sudden draw down with seismic load 1.10
Upstream

Stability analysis of downstream slopes under stegdstate seepage condition:

When the reservoir has been full long enough fapage water to percolate all the way
through the embankment, the pressure in the poterwathe downstream portion reaches its
highest values (Duncan et al., 2014). Under thiglitmn the downstream slope may have its
lowest factor of safety against sliding. The phieaurface computed with the help of

SEEP/W was used to set up the pore water pregaarmlthe stability analysis.
Stability analysis of upstream slope under suddenrdwdown condition

Reservoirs may be drawn down in a matter of daysveeks. Stability computations were
performed for the upstream slope for conditionsuatieg when the water level adjacent to the
slope is lowered rapidly. For analysis purposesyas assumed that drawdown is very fast,
and no drainage occurs in materials with low petiiga The critical situation occurs when
a reservoir has been at high level for an appréziperiod of time so that the embankment
material has come to equilibrium (consolidated)arrttie high reservoir condition. Generally,
the upstream face of the impervious zone of the d@awgritical for stability (Novak et al.,
2007; Pasetto, 2014).
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Dynamic (Pseudo static) slope stability analysis

Earthquakes expose slopes to dynamic loads thatechute the soil shear strength and cause
instability. One of the earliest procedures forlgsia of seismic stability is the pseudostatic
procedure in which the earthquake loading is represl by a static force; equal to the soil
weight multiplied by a seismic coefficient the pdestatic force is used in a conventional
limit equilibrium slope stability analysis. Most monercial slope stability programs can
accommodate the use of a seismic coefficifPnincan et al., 2014). This analysis is similar to

the above cases with an additional earthquake ngadihe intensity of a shock is expressed
by acceleration coefficients horizontal,() and vertical @,) each representing the ratio of
peak ground acceleration to gravitational accdlamgy). The horizontal ground acceleration (
a,) and vertical ground accelerationr,() considering the vertical acceleration to be 50% o

the horizontal acceleration (Novak et al., 2007¢cdrding to the Ethiopian Building codes
standards, the ground acceleration value for wegteargin of the Afar depression (where
Gerebsegen dam is located) considered be a peakdyacceleration (PGA) value of 0.10g
When an earthquake condition is considered, theirmaxr credible earthquake with seismic
factor of 0.10g is taken (ATSWWC, 2014).

49



4 RESULTS AND DISCUSSIONS

4.1 Seepage analysis (using current meter and float nteids)

Previous studies indicate seepage of water throaigiund or under a dam is expected in all
embankment dams and even in concrete dams, whittbeaonsidered as one of the best
indicators of a dam’s performance. From this, sgedeom any dam must be controlled and

checked with respect to the allowable amount irtdataduring its design and construction

period. According to Jansen (2006), the allowablepage from embankment dams should not
be in excess of 0.03%s (30 I/s).

As it was observed during the field study to thendate and its surroundings, no indication of
seepage through the dam body was observed andditeer® wet area on the downstream of
the dam body despite its horizontal drainage systeitects part of the water losses and
creating stream along the river. The main seepagfepeint is along the left abutment/
spillway route/ at about 300 m length from the eéimie of the dam axis and has significant
seepage losses. In addition, seepage is also edsatong the right abutment, near to the
location of water supply treatment plant and duthi® reason, the areas along both abutments

become wetted as shown in appendix figure D aneértig figure E.

In order to obtain the approximate values of thepage or water loss from the dam, both float
flow and current meter of flow measurement methadse applied. The amount of seepage
measured using the two methods along both abutnaetdoundation outside the dam body
were found to be almost similar result as showgyfé 4.1 and Table 4.1). The average total
seepage losses measured using current meter andldler method were about 0.2053/sec
(205.3 I/s) and 0.202 #sec (202 I/s) respectively. But, along the lefutatent and rock toe
(seepage-1 and seepage-4) the amount of seepagergtasing float method was slightly
different from the results obtained using curreetimod (Figure 4.1), thus the results obtained
using the current meter were considered and takea astimate the amount seepage from the
dam. The seepage analysis shows that, the amofindeepage measured at seepage-1,
seepage-2, and seepage -4 of the exit area wghtlgldecreased in the last six months. But
seepage-3 was different from others exiting seepdgeh has measured almost constant in

the last six months. The results of seepage measmteat each seepage area, starting from
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the month January 28 to August 08, 2017 at differeservoir levels of 1851.05 m t01847.75
m a.s.| are shown in Appendix table 1.So that, ilager seepage discharge shows a tight
correlation with the reduced water level progréBse result indicates that, the volume of
water measured from the surface seepage and abbthim@a the drawdown of the reservoir

level were almost similar.

Seepage measures by current meter and float method
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Figure 4.1: Actual seepage rates losses measndeckaervoir head draw down

The seepage amount 0.02F/sec (10% of the total seepage) was measured atighe
abutment of the dam. Around 0.133/sec (65% of the total seepage) was recorded itethe
downstream side of the dam (along the spill waytapand 0.051 fifsec (about 25% of the

total seepage) discharged along the downstream takof the dam. Therefore, the total
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combination amount of seepage through the dam bfmyndation as well as abutments
measured becomes 0.2053/sec (Table 4.1) and the annual amount of wates thee to

seepage from 1851.05 m.a.s.l. to 1847.75 m.a.k.teservoir water level computed was
6,474,340.80 fityear. Therefore, excess water loss through seepeyeendangers for the

existence of the dam.

Table 4.1: Discharge measured using float andeatimethod at downstream area of the

dam.
Seepage discharge flow Status
(Q) in n/sec Annually Seepaggt of the
Location of excess seepage
N Pag Float Current meter losses(myear) total
method | method (gx3600x24x365) seepage
1 | Along Left abutment (Seepage-1) 0.111 0.1134 3,573,825.07 55%
2 | Along Left abutment (Seepage-2) 0.020 0.020 620,649.20 10%
3 | Along Right abutment (Seepage-| 0.019 0.021 661,103.54 10%
4 | Downstream rock toe (Seepage-4 0.0514 0.0513 1,617,283.67 25%
Total seepage losses from the dam
reservoir 0.202 0.2053 6,474,340.80 100%

Compared to Jansen (2006) the standard designllamdble seepage expected (0.03smc)
from the target dam, the total amount of seepagesared during this study is more than the
allowable amount of seepage. This seepage resuitorg target dam is the indicator of

excessive loss of water.

The total amount of seepage measured on the deanstarea of the surface is probably due
to discontinuities and untreated of highly fractlirmestone-shale-marl intercalation of the
geological foundation of the dam constructed. Isecaf rocks, the hydraulic conductivity

could be highly affected by discontinuities of fleemation of the rock. These geological and

structural conditions make this unit permeable @sponsible for excessive seepage losses.
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4.2 Seepage Analysis (using SEEP/W Model)

Steady state seepage analysis uses the princqhsitier the condition without respect to time
and the distribution of total head and pressura’hedeepage analyses through the dam and
the foundation have been conducted using finitenele method based computer program-
SEEP/W from Geo-slope international, 2007. Thetdisge quantified using SEEP/W is used
to evaluate thickness of filter, and is help fuhile working with water balances, in addition,
to compute phreatic surface, to set up the porem@essure line and is used in computing

slope stability analysis of the dam.

As the results obtained using the SEEP/W are pteden (Figure 4.2 to 4.4 and Table 4.2)
the expected quantity of the seepage (through #me dody and its foundation) for every
meter length of the dam and for the three selestxtions were computed. At the three
selected section chainage (Ch.) of 0+065 m, 0+48ht0+638 m of the actual water level
(ARL) of the reservoir, the quantified seepage dsixobtained are 2.040x10m%sec/m,
2.993x10° m*/sec/m, and 4.417xT0 m*/sec/m respectively. The average seepage flux
computed at the normal pool level for every metmgth of reservoir was 3.304x10
m%sec/m (Appendix Figure A). But the value from ttiesign document computed using
SEEP/W-2004 and estimated at one maximum seleatetos and one foundation of
hydraulic parameter was 1.031x1én*sec/m (Appendix Figure J), which is lower than the
value computed during this study. At the actualewdevel of the reservoir, the average
seepage flux computed was 2.252E-08set/m. The aforementioned results indicate, the
computed seepage flux at the two selected criseations ( left and right abutment) are
slightly higher than the maximum middle selectectis@ of the dam. This could be due to the
presence of highly pervious shale/marl-limestonergalation is shown in Figure 4.5.
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Table 4.2: The computed seepage flux using SEESefiMvare at selected sections

Seepage flux

Selected section at different chaina
(Ch.) of the dam for ARL

815 m of total length (L) of the dam

through, q in (1850 m.a.s.l)
(m*sec/m) [ atthe Ch: | at the Ch:| at the Ch:| Average q flux| Discharge seepage
0+065m | 0+480m | 0+638 m | (m%sec/m) | flux= (g*L) m*/sec
The dam body | 2.040E-05 | 2.993E-06| 4.417E-05 2.252E-05 0.01835
and foundation
The foundation| 2.0398E-05 2.974E-06| 4.416E-06 2.166E-05 0.01765
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Figure 4.2: Seepage analysis result for steady atachainage Ch: 0+065m

As the results shows that, the computed seepagdRigure 4.2 to Figure 4.4 and Table 4.2)
at the two selected critical sections (left anchtrigbutment) are higher than the maximum
middle selected section of the dam. The obtainegage flux through the foundation is too

much higher than the dam body, because of the deptixcavation is not reached bed rock
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(shale with gypsum). The shale-marl-limestone anthis part of the trench is highly variable

of in terms fracturing and voids formation.
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Figure 4.3: Seepage analysis result for steadg statdition at chainage Ch: 0+480m
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Figure 4.4: Seepage analysis result for steady standition at chainage Ch: 0+638m

The actual average seepage through dam body afeuitslation of the dam with 815 m of

total length, quantified are shown in (Table 4.2l @) in the steady seepage case analysis
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using SEEP/W model is 2.252E-05"/sec/m (0.01835 ffsec), and the annual amount of
water loss due to seepage at 1850 m a.s.|. compuated 578,685.60 ffyear.

Look (2007) indicates the allowable seepage flomfrearth dams with height of 40 m and
above should not be in excess of 9.33%I@%sec/m (7.60x18® m%s). Compared to the
standard allowable seepage expected from the darth the amount of seepage computed
using SEEP/W is more than the expected amountegfegge. This is due to the geological and
geotechnical characteristics of the area whereldine was constructed.

4.2.1 Seepage analysis with revised hydraulic conductiwitof Marly Lime stone

The type and condition of geological formation afget area play a major role in the stability
and water tightness of a dam to be constructefferd®nt geological formations have different
properties of stability and water tightness. Aseauit of this, detailed investigation on the
water tightness and stability of geological forroas is important before constructing of any
dam. According to ATSWWC (2014) and observed atnopeench during construction
excavation, the dominant geological formations lo¢ tsite are dolerite shale and marl-
limestone intercalations. The central parts of tfaan foundation and reservoir area are
covered by alluvial deposits. The shale-marl-lirnast intercalation is observed underlying
the alluvial deposit. The left and right abutmeoiftshe dam site have similar lithological and
structural setup except small differences in thadarfrom top to bottom. Lime stones and
related carbonate rocks vary widely in their suligbas foundations for dams and reservoirs.
Thin-bedded, deformed, and cavernous lime stonesept serious problems that may be so
extensive as to make corrective measures impratticihese sedimentary rocks of the area
are characterized by cavernous, joints and karéstittires which can be responsible for the
seepage and presents serious problems in the damd&tion, reservoir and abutments. The
shale is variegated, fissile with variable thickse#f is characterized by high degree of
weathering and fracturing and interpreted to behlgigervious (Figure 4.5 and Appendix

Figure F).
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Figure 4.5: Cross section showing various lithadsgiof the foundation and abutment
(ATWWC, 2014).

Gebremedhin et al., (2016), in their study for Kiraedicheber (Mekelle area); where the

present study area is located, identified that ditmee of the area is the main aquifer system
with highest hydraulic conductivity value rangingprh 1.226E-04 m/sec (10.6 m/day) to

3.634E-04 m/sec (31.4 m/day) which can be relabethe¢ target dam. The foundation and

reservoir rim geological formation (limestone-shat®rl intercalation) and setup of the

Gerebsegen dam is similar to Hizaetiwedicheber ditsen Considering the tests done on both
dams, the average hydraulic conductivity value of3E-04 m/sec was used during the
SEEP/W model simulation.
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Table 4.3: The computed seepage flux (K of Mairtyelstone =2.43E-04, Gebremedhin et al,
2016) using SEEP/W model at selected sections.

Selectecsection at differer 81t m of total length (L) of tht

Seepage flux chainage(Ch) of the dam for | dam.
. ARL(1850 m)
through, q in
m*/sec/m ) at the Ch:| at the Ch: | at the Ch: | Average q flux | Discharge
0+0 65m | 0+480 m | 0+638 m | (m*/sec/m) seepage flux(Q)
=(g*L) m¥sec

The dam body | 1.260E-04| 3.188E-06| 6.217E-04| 2.503E-04 0.2039
and foundation
The foundation| 1.259E-04| 3.17E-06 | 6.21E-04 | 2.500E-04 0.2038

Taking this value of average hydraulic conductindiyring the SEEP/W model analysis, the
amount of seepage computed was 2.503E3@&t/m (0.2039 ffsec) (Appendix Figure B
Fig.1 to Fig.3), and the annual amount of seepaggpated was 6,430,190.04/gear (Table
4.4), which is more than the amount of seepage otedpusing the design hydraulic
conductivity value. Therefore, excess water log®uph seepage is expected which can
endanger its existence of the dam. All the geokdimrmation indicates that this rock mass is

the cause for excessive seepage loss.

Table 4.4: The results of measured and simulatedal seepage losses of the dam

Recommended allowable | Seepage Annual seepage
Type of seepage
seepage (Jansen, 2006;Lo| losses rate, q | losses(myear)
Analysis 3
, 2007) (m°/sec) (g*3600*24*365)
Current meter 0.03 milsec 0.2053 6,474,340.80
9.33x10° m*/sec/m
SEEP/W Model 3 0.01835 578,685.60
(7.60x10°m’/s
SEEP/W (used; k=2.43H 9.33x10° m’/sec/m 0.2039 6,430,190.04
04 for marly limestone) | (7.60x10°m%s
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The aforementioned results indicate, the amounsedpage flow from the dam coming
through the central foundation and abutments waasored using current meter and float
method is higher than the amount of seepage compusgi®g the model. But, the amount of
seepage computed using the model by taking theageenydraulic parameters measured by
Gebremedhin et al., (2016), during their study Hizaetiwedicheber dam near to the study
area, which is relatively near to the actual amafnéxcess seepage measured during this
study. Compared to the standard allowable seepgugcted from the earth dam, the amount

of seepage both computed and measured are moréhtharpected.

Previous studies indicate that water flow through $oil media due to their potential energy
and gradually lose their energy because of frictiothis environment. This phenomenon is
called water seepage in the soil porous environmdmth has negative effects are such as
loss of water stored behind the dam structure, rgeio@ of pore pressure in porous media and
reduction of effective stress between soil parsicl€hus, reduction of its shear strength,

creating uplift pressure, movement of soil paraad internal erosion could be created.

4.2.2 Analysis of Pore-water pressure distribution

Due to lateral flow, pore-water pressures may iaseein areas of initially low excess pore
water pressures (beneath the toe of the embankmEn¢) value of pore water pressure
distributions from SEEP/W modeling are shown inufeg 4.6 and table 4.5 under steady state
seepage. Therefore, the pressure distribution gasrasulted as expected with minimum at
the top and maximum at the bottom along with thgtld@f water increment. In addition, the
computed phreatic surface as shown by the bluedimsed to set up the pore water pressure
line and is used in computing slope stability asslyf the dam. It has been seen that the blue
phrearic line is well aligned with the filter matdrof the dam body (not intersected with

downstream slope).
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Figure 4.6 : Pore water pressure distributiorsteady state at chainage Ch: 0+480 m

For transient state (the rapid fill) condition @epage analysis six time steps ( 1, 5, 10, 60,
100,297,1314,5400 days) of reservoir filling wered during the SEEP/W software model
simulation to assess the reaction of the constudéen to the amount of water stored and
assess the pore water pressure along the dam Buapyd 4.8 and Table 4.5). Prior to running
of transient condition, a steady state analysisegtablished at the time where the reservoir is
empty.In other words, a total head of O m is assignethéaupstream face of the embankment
dam as an initial condition. Then the total heahéseased from 0 m to 41 m in instantaneous
time, exponentially. Water level in the reservairconsidered to rapidly increase during the
rising stage of single reservoir fill. The simutatiduration is selected as 4800 days, which is
sufficient time for the flow to reach a conditiorh&re almost steady-state conditions are
observed for the flow. It clears from this figur& 4hat after 4800 days, the seepage rate does

not change with respect to time.
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Table 4.5: The hydraulic parameters of steady staid transient state result of seepage

analysis of the dam.

Method of seepage analysis using SEEP/W Model
Hydraulic . — ——
Transient (reservoir filling with time, days) steady
parameters
5 10 |60 |100 [297 |1314 | 4800| State
1 day| days | days | days | days |days |days |days | condition
Seepage flux
(m¥day/m ) 0.188] 0.246| 0.269| 0.296| 0.303 | 0.316 | 0.326 | 0.329| 0.331
Maximum pore
-water pressure
(Kpa) 665.8| 679 | 683.8| 689.7| 691.20| 693.30| 694.60| 694.7| 695.5

The output and evaluation result of the analysiscete, both the seepage quantity and pore-

water pressure were increased gradually to thd Bteady state flux at rapid filling of

reservoir time stages. In addition, the gap betwberposition of phreatic line of the dam and

that of the result obtained from the steady statedition is relatively large, which in turn

needs long time to attain the normal phreatic éind therefore saturating of the shell materials

of the dam. This can be due to using of low perntigalshell construction material, which

can play a significant role in the stability of ttiem.
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Figure 4.8 : Pore-water pressure versus X-cooreliagtransient state at chainage Ch: 0+480m

4.2.3 Evaluation of Horizontal and Vertical (or Inclined) drainage blankets

In practice, the minimum thickness of a filter layethat which can be placed without danger

of gaps of discontinuity. In order to evaluate thelined and horizontal filter thickness,

seepage analyses through dam body and its foundates conducted using SEEP/W
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software. The computed seepage fluxes (AppendiurEig2) were used to calculate the filter

thickness of the dam.

Table 4.6: Evaluation of Horizontal and Verticat (nclined) drainage blankets

different parameters of the dam

Thickness of filter
blanket (t) in meter

Seepage fluxq at NPL| Angle | Hydrauli| permeabi| width | Inclined | Horizontal
through (m/sec/m) seepage c lity of | ofd/s | ()=g/k.i | (t)=(2ql/k)”
dam body and face(a) | gradient| filter shell (I)
Dam body | foundation —tant ()=sin | material in
(1/0.23) a (K) in meter
m/sec
8.99E-07 3.304E-05| 77 0.97 0.001 110 0.001 2.70

According to Singh and Varsheny (1995), the mininthiokness of an inclined filter layer is

determined from consideration of filter thicknessquired for drainage, allowance for

intermixing with adjoining zones depending on coptfmam equipment, minimum width

required for compaction and earthquake effects.e@dly, a minimum thickness of 2.0 m

inclined filter is recommended. Where filter maddsiare scarce, a horizontal filter width of

1.0 to 1.5 m can be also used.

For the inclined filter, the seepage flux (q) atmal pool level through dam body at angle of

discharge face with horizontaky i.e. tan' (1/0.23) =77 and slope core zone of 0.23:1

computed at steady state was 8.99E-07see/m (Appendix Figure A2). The hydraulic

conductivity value taken was 1.0E-04 m/sec. Dartgg was used to calculate thickness of

the inclined filter (t) (equation 3.9) and hence).001 meter and considering times by a factor
of safety of 2 (i.e. t=2x0.001 m=0.002 m) (Tablé)4This shows the calculated thickness of
inclined filter (0.002 m) using Darcy’s law is mutgss than the minimum thickness (2.0m)

indicated by Singh and Varsheny (1995). As it i®Wn that, the inclined filter is used to

protect the core from any possibility of pipingioternal erosion, cracking and earthquake etc.
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Without taking these into consideration, the dans wanstructed without any inclined filter,

which can endanger the stability and also the emxecst of the dam.

Thickness of the horizontal filter (t), calculateding Darcy’s law was 2.70 m (Table 4.6)
(equation 3.8). As it can be seen from the residt,calculated value is greater than both the
designed (1.0 m) and the minimum thickness (1-1).5ndlicated by Bharat and Singh (1995).
This shows, large amount of seepage loss was deduthan the amount of seepage flux
expected from the design of the dam. In earthdflin, the inclined filter is connected to a
horizontal drainage blanket at the dam base to tleadvater drain safely without disturbing
the downstream slope of the dam. In other words hibrizontal drain has to be of sufficient
cross-section to convey the maximum quantity opage estimated to come through the dam
section with a conservative factor of safety. Ims tdam, the horizontal filter used during
construction was less than the required amount iledr fthickness, which can cause

accumulation of uplift water pressure and therefiirean have stability problem on the dam.
4.3 Slope Stability analysis (using SLOPE/W model)

There are many methods which can be used in thgsasmaf slope stability of embankment
dams, but in this study, SLOPE/W software usingMwggenstern-price method was used to
evaluate the stability of dam with functional oftelastorage and consideration of downstream
slopes under steady state seepage condition ariceaps slope under sudden drawdown
condition, slope stability analysis under steaditestwith seismic load condition and slope
stability under sudden drawdown with seismic loahdition. In addition, the location of

phreatic surface is crucial for slope stability lstais.
4.3.1 Downstream slope stability analysis at steady stateepage condition

The stability analysis under steady state conditiae been checked by considering normal
pool level at 1859.0 m a.s.| for the downstreanthef dam. The phreatic surface computed
with the help of SEEP/W was used to set up the paater pressure line in the stability

analysis. The green colour shown in Figure 4.9caidis the critical slip surface and factor of
safety of the dam. It is known that at steady statedition, the downstream slip surface is

more critical than upstream one. The downstreampcoed factor of safety of the dam was
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1.805 (Figure 4.9 ) and (Table 4.8). The outputltezss well as the design of the dam of factor
of safety is higher than the minimum standard nexlifactor of safety (1.5) indicated by
Novak et al., (2007) which is 1.742, so that carcbncluded as the downstream slope of the

dam as stable.
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Figure 4.9: Result of stability of downstream sldpesteady state seepage condition

4.3.2 Pseudo static slope stability analysis at steadyasé seepage

The pseudostatic force is used in a conventionat kquilibrium slope stability analysis. The
seismic stability of a slope is strongly influendadits static stability. The pseudostatic force
is treated as a static force and acts in only orextion, whereas the earthquake accelerations
act for only a short time and change directiondteg at certain instances in time to stabilize
rather than destabilize the soil (Novak et al., D00’he stability analysis for upstream and
downstream under steady state with earthquake rgadondition has been checked by
considering NPL.
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Figure 4.11: Result of stability of downstream gldpr steady state with seismic load

As shown in the Figure 4.18nd Figure 4.11 the stability condition of the $affactor for
upstream and downstream slope the computed fat&afety in LEM method are 1.423 and

1.366 respectively. The results of the pseudosttBady state analysis are also shown in
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Table 4.8. This result indicates a safe (i.e. agdeminimum factor of safety greater than

1.10) against slope failure for the Gerebsegen idaime event a full reservoir.
4.3.3 Upstream slope stability analysis under sudden dradown condition

In actually, determination of the rate of drawdowmat would prevent upstream slope
instability is dependent on permeability and geaynef the embankment zoning. SLOPE/W
software model was used for examining the slopeilgtaof the dam in the rapid drawdown
(transient state) by limit equilibrium conditionimg Morgenstern-Price method of slices at
critical loading conditions. The analysis of saftgtor for each step was determined by using
the SEEP/W analysis results as input data. ForGeebesegen dam, the total boundary
conditions pass instantaneously from 41 m (NPL2&am (outlet level) with a drawdown of
15 m (Figure 4.12).

For transient state condition of the slope stabdihalysis of the dam, the analysis results of
SEEP/W of eight time steps (1, 5, 10, 20, 30, 6D 260 days) starting from the instantaneous
time of sudden drawdown were used during the SL@PEb6ftware model simulation to
calculate factor of safety of the constructed dareagh time step (Figure 4.12, Figure 4.13
and Table 4.7). Embankment dams may become salubgiteeepage flow during long term
reservoir stage. If the reservoir is drawdown glyickan happen that the pore-water pressure
cannot spillage, so high level of the pore-waterspure and consequently reduced stability
will result. The case, in which the water has tajbekly lowered in presence of impermeable
material in the dam slope, so that the phreatie fadls very slowly, is common problems
(Tran, 2004; Pasetto, 2014). In case of rapid ddawn, it is assumed that the pore water
pressure within the embankment continuous to refle original water level. The lag of the
phreatic line depends on factors such as: permsabil soil, drawdown rate and slope
gradient. Highly permeable materials drain quicldyring rapid drawdown, but low
permeability materials take a long time to draiheTrapid drawdown condition is critical for

the upstream slope of the Gerebsegen earth dam.
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Figure 4.12: Seepage flow the days (1, 5, 1038060, and 360) after rapid draw down

From the analysis results, it can be noted thaptireatic line starting from the day one to the
final time stage (360 days) falls slowly, which alsothe shell materials used for the

construction of the dam is less permeable andrasudt of which upstream slope pore water
pressure of the shell material will not be disspatuickly. In other words, due to the

presence of low permeability shell material, nagigant change in the saturation level inside
the slope takes place when the reservoir level does. But in the case of factor of safety of
the upstream slope stability, the result obtairedughout the whole time stage used during
the analysis are in the range of safe value. Thenmuim factor of safety obtained was 1.833
as well as the specified in the design of the dami6) exceeding the desired safety factor
specified by the Novak et al., (2007). From thtscan be concluded that, the amount of
materials used for the construction of the danmeacess.
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Figure 4.13:U/S slope of the minimum stability factor using SEEYW result with 1day

sudden drop in water level of reservoir.

Table 4.7: The results safety factor of the upstreslope stability analysis under sudden draw

downs condition:

Water height in| Recommended Computed
. _ the reservoir Factor of Factors of
Time loading ] Slope
Safety( Fsmin) | safety N
(day) stability
Morgenstern-
Novak et al. _
Price Method
1 26 1.2 1.833
5 26 1.2 1.836
10 26 1.2 1.839 Upstream
20 26 1.2 1.842
slope
30 26 1.2 1.844
60 26 1.2 1.847
360 26 1.2 1.865
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Figure 4.14: Trend of safety factor during rapidwidown (Upstream slope)

The trend of the safety factor (Figure 4.14) shtved, the increase in safety factor throughout

the analysis time stage is almost uniform.
4.3.1 Pseudo static slope stability analysisnder sudden drawdown

The drawdown is known as one of the most dangeronditions for the upstream side slope.
When the countervailing upstream water pressuredissppeared, it causes a danger to the
upstream slope. The upstream shell cannot stalestabler the hydrodynamic pressure due to
rapid drawdown. Soils inside the dam body rematoraged and seepage commences from it
towards the upstream slope. Seepage and hydrodygnam@ssures create downward forces
acting on the upstream slope. Those are adverde tstability and create a critical condition

to the upstream slope.
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Figure 4.15:U/S slope of the minimum stability factor using SREYW result after 1day

sudden drop with seismic load in water level oeresir.

In the above Figure 4.15 shows that the value andtion of most critical slip surface for
rapid drawdown condition with seismic load effdttshows that the value of factor of safety
of upstream decrease when rapid drawdown cond#rahseismic load effect. The factor of
safety obtained was 1.203 more than the desireztysédctor specified by the Novak et al.,
(2007).
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Table 4.8: Summary of the computed results andnmewended of the factors of safety for

different loading conditions of Gerebsegen eartin:da

Recommendeq Designed Fs| Computed Fs
Analysis Loading Factor of using using
. Slope , Status
condition Safety( Fsmin)| Morgenstern-| Morgenstern-
by Novak et al] Price method Price method
Steady state seepag{ D/S 1.50 1.742 1.805 Ok
Steady state seepag u/s 1.10 1.388 1.423 Ok
with seismic D/S 1.10 1.263 1.366 Ok
Sudden draw down | U/S 1.20 1.76 1.833 Ok
Sudden draw down
with seismic U/S 1.10 1.246 1.203 Ok

The summery result safety of factors of the pertmnanalysis, it can be concluded that the

Gerebsegen dam satisfies the entire requiremetitebiovak et al., (2007) recommendations

as shown in the Table 4.8he stability analysis results of computed factafrsafety, which

have almost similar as compared the specified & dbsigned factors of safety as stable

against slope failure under the four different logdconditions.
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5 Conclusions and Recommendations

5.1 Conclusions

The excessive seepage flow from Gerebsegen danhaan a future impact on the
constructed dam, for which the amount of water flomming through the central
foundation and abutments was measured using cumetdgr and float method. The
total combination amount of seepage measured W2@58.ni/sec and the annual
amount of water loses due to seepage from 1851.@% 1847.75 m a.s.| computed
was 6,474,340.80 fyear, which matches the amount of water expectdx tsupplied

for Mekelle water supplyAs the purpose of the constructed dam is for bodkélle

city water supply and irrigation; a water use cwmhfbetween the irrigation user

farmers and the city could be an issue for the ngrgears.

A computer model based on finite element methodguSEEP/W software has been
used to analyze the seepage rate through dam batlitsafoundation at steady state
condition. By selecting three different sectionstlod dam, the average seepage flux
computed at the normal pool level (1859 m a.st) the actual reservoir level (1850
m a.s.l) for every meter length of reservoir wergd0@x10°> m*sec/m and 2.252E-05
m%/sec/m respectively. But the value computed dudesigning of the project where
only one section of central foundation was con&derand so only one hydraulic
parameter (conductivity) taken was 1.031E-07sec/m, which ignores the two left
and right foundations which are found to be persiand critical to the water tightness
of the dam. As a result of this, the amount of agepcomputed using the model,
taking the hydraulic parameters measured duringdiésigning time of the project
become less than the actual amount of seepage radafiuring this study.

According to the previous studies done on the,at®a geological coverage of the
reservoir area and abutments is dominated by westhdolerite overlying highly to

completely weathered marl-limestone, interpretegp@wvious and easily erodible. In
addition, the geology of the area was affecteddigting; weathering process, fault

and the present of thin bedded plane can act asvpag for water/seepage from the
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dam reservoir to the downstream of the dam. Theuatof seepage computed using
the model by taking the average hydraulic parametezasured by Gebremedhin et al.,
(2016), during their study for Hizaetiwedichebendaear to the study area become
2.503E-04 n¥sec/m (0.2039 ffsec), which is relatively near to the actual amafn
excess seepage measured during this study. Theseseepage, which was not taken
in to account during the design process may hawedsarse impact on the constructed
dam like piping of the dam foundation effect. Fothis, it can be concluded that
designing or constructing of a dam without detaestigation can limit its potential to

fulfill the demanded target.

For the transient analysis, the output and evaloatsult of the analysis indicate, both
the seepage quantity and pore- water pressure wereased gradually to the final
steady state flux at rapid filling of reservoir #nstages. In addition, the gap between
the position of phreatic line of the dam and thathe result obtained from the steady
state condition is relatively large, which in tumeeds long time to attain the normal
phreatic line and therefore saturating of the simlterials of the dam. This can be due
to using of low permeability shell construction eval, which can play a significant
role in the stability of the dam.

In earth dam, the inclined filter is connected twoaizontal drainage blanket at the dam
base to lead the water drain safely without distgytbthe downstream slope of the dam.
But the dam was constructed without placing ofiimed filter and therefore will lose

the service of the filter mentioned above.

The factor of safety computed from the downstredopesstability analysis at steady
state seepage and steady state seepage with skiaohicondition as well as upstream
slope stability at rapid drawdown condition andidagrawdown with seismic load
condition using SLOPE/W model, and also the faofosafety indicated in the design
of the dam is higher than the minimum standard ireduactor of safety indicated by
Novak et al., (2007), which can be concluded agithvenstream and upstream slope of
the dam as stable against slope failure. But thepninolled excessive seepage can
have an adverse impact on the constructed earth fdmmvhich the stability of the

dam against the excessive seepage.

74



5.2 Recommendations

* As it was observed during this study, the hydraplarameters of the geological
materials of the central and both abutments ofiira were underestimated, therefore
detailed investigation should be done in ordergseas the possibility of minimizing

the excessive seepage emanating from the dam.

 As it was known that uncontrolled seepage can haveadverse impact on any
constructed earth dam, the stability of the damrasfjdhe excessive seepage should
be assessed regularly. This can be used as an fiopditirther controlling of its

sustainability of the dam.

* The most appropriate actions are installation afrdrge measures and barriers which
would minimize the risk of piping, cracking, or nease pore-water pressure. The
practical option for the Gerebsegen dam should xtend an upstream impervious
blanket to cover over the permeable geological &iom on both abutments. In
addition, the most practical options would be tmstouct upstream impervious
blanket, to improve the capacity of the downstraatief wells and pervious blanket
should be installed with ditch drains at the palttc location, this should be properly
maintained such that the seepage water could sit beaused-provided of course that

the ongoing seepage does not compromise the safdtg dam.

* As it was observed 65% of the amount of seepagesumed during this study, which
can be used for irrigation with very little effabmes from the left abutment, along
the alignment of the irrigation canal. Thereforengsthis water until the remedial
measures of seepage minimizing mechanism are ingpltd can play a measure role
in minimizing or avoiding water use conflict betwethe irrigation user farmers and

Mekelle city water supply.

* Any possibility of using the excessive seepage agnfrom the reservoir, which
matches the amount of water expected to be supfietekelle water supply by
constructing any structure downstream of the damulshbe assessed. This option can
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be applied if the stability of the dam against éixeessive seepage from the reservoir

is confirmed.

In order to have detailed information on how theoant of water for irrigation and
Mekelle water supply should be allocated, detaeder balance of the area should be

done by considering the actual amount of seepage fine reservoir.
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Appendices

Appendix Figure A: SEEP/W Software results for diestate at Normal pool level
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Appendix Figure B- SEEP/W results at steady state hen revisedk=2.43E-04m/sec for

marly limestone foundation
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Appendix Figure C: Slope stability results using SOPE/W under rapid draw down.
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Appendix Figure D: The existing seepage at diffetecation area on the downstream of the

dam.
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Appendix Figure E: location of seepage on the déneasn area of the dam.
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Shale layer

Appendix Figure F: during the trench excavatiohef geological foundation (shale-limestone
intercalation in the Gerebsegen dam.
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Appendix Figure GPhotographs showing the weathering open jointetvoids on the left

reservoir rim area.

1815.001,82

0.001,825.001,830.001,835.001,840.001,845,001,850.001,855.001,860.001,865.0

a.00

5.00

———_
N

Wl

n
o
Q
S

N

//

15.00

Area-Elevation-Curve X

{ewA) wnjop

20.00

~

N\

/

A\

25.00

/

N\

30.00

0 Elevati
180.00 (m)

60.00
40.00

20.00
Area (m2)

an

Volume

Area

Appendix Figure H: Ared:levatior-Curve of Gerebsegen dam (TWRB, 2(

90




/ Clay

.~ Silty Clay
- Silt

/ Silty Sand

Yol Water Content {m@/me)

/ Sand

/ Rock

L L L IIIIII L L L IIIIII L L L IIIIII L Ll III:I——I_\-I_I\I-%I-I-
0.0 L R L N L
0.01 0.1 1 10 100 1000

Matric Suction (kPa)

Appendix Figure I: Volumetric water content samfpalection from (SEEP/W, 2008).

91



=

File Edit Set View Draw Sketch Modify Tools Window Help

DU 8@ el (QRRAQAR (= B

D - R R d: A S

]
§g2
£ i
wh i
- | q
¥ N g %
* 3
B - e
e
: =
Bottom with of damim) :

EHeEp, press F1 ) Steady-State X: 118.00000 m Y: -10.000000 m

330 AM
1V/5/204

AN -BE R - Nl T

Appendix Figure J: Seepage flux through the danylaodl foundation at the chainage Ch:
0+480m (TWRB, 2014)

92



Appendix table 1 : Summery seepage discharge m&asmts using Current meter and Float

method during at the field time

Location seepage
Actual seepage one (?fmsec) seepage twof‘lﬁec) seepage seepage |Design of reservoin
obs?e?\t/Ztion RESENOi three(nf/sec) | four(m’sec) | |
Level(m) Curent mete Curent metd  Float Curent Float Curent Flogfd EIevatllonCapegtcny
method Float methd method methd meter methd meter |methd |(m.a.s.l) {(Mm?)
method method
28/01/2017 1851.45 0.116 0.112 0.021 0.020 0.021 0.020 0.05B19 0.0525 1841.08.161
02/02/2017 1850.94 0.115 0.107 0.021 0.019 0.014 0.020 0.05p43 0.p53
08/02/2017 1850.82  0.114 0.105 0.021 0.02p 0.0P0  0.019 208750.0444
22/02/2017 1850.47 0.114 0.121 0.020 0.018 0.027 0.019 0.05191 0.0474 1840.58.611
10/03/2017 185047 0.114 0.111 0.020 0.020 0.021 0.021 0.05p14 0.0558
24/03/2017 1850.245 0.114 0.113 0.021 0.019 0.021 0.0190.05194 0.058 1850.00 13,07
09/04/2017 1849.86  0.114 0.102 0.020 0.02p 0.0p1  0.018 3095 0.05]
23/04/2017 1849.45 0.114 0.115 0.020 0.021 0.023 0.0200.05194 0.0474 184950  12)55
09/05/2017 1849.47 0.112 0.114 0.020 0.022 0.02] 0.0200.05243 0.0558
23/05/2017 1849.J1  0.113 0.117 0.019 0.02p 0.0p2  0.018 983)40.0558 1849.00  12.04
08/06/2017 1848.80 0.114 0.102 0.019 0.020 0.021 0.0200.05263 0.058
22/06/2017 184825 0.112 0.111 0.019 0.019 0.02] 0.0200.05152 0.058 1848.50 11p4
08/07/2017 1848.05 0.111 0.113 0.019 0.018 0.021 0.01)80.04851 0.0474 1848.00 1105
06/08/2017 1847.75  0.111 0.111 0.014 0.01B 0.0p0  0.01794484 0.0474 1847.40  10.57
Qaverage sespage loses 0.1134 0.1110 0.020 0.019 0.02]1  0.01p40.0513 0.051% 3p 3.59
Tatal seepage Losses 0.205
Tatal seepage Losses from 28/01/2017 to 06/08/2(851.05m-1847.75 m a.s.l) 3,369,192.35 3,590,000.00
The variation may be due evaporation and otheruiiens 220,807.65
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Appendix table 2Field data seepage discharge measurements Usatgrfethod along D/S left
abutment (seepage -1 and 2)

Table:Field Data Sheet Showing Discharge Measurements using the float Method

Location seepage -along Left abutment(seepage- 1)
1000] Cofficient 0.85]
Month, from January -july,2009E.C
o M N M N M N N A N AN AN o
No zc,c}‘Q . \Q\,\'\' \Q'L\q' \Q'L\q' \Q'»\’\' \&\r\, \g,\'\’ \Qv\"’ \&\q, \S,,\"' \Qo)\'\’ \Q@\"’ \So\"’ \6\\"’ \@\q’
N S A A A AN A A A N ANA A A A
1|Average Width(w) m 1.5 1.5 15 1.5 1.5 1.5 1.5 15 1.5 1.5 1.5 1.5 1.5 1.5
2|Average Depth(h) mZ 0.15 0.16] 0.145 0.15] 0.155 0.15| 0.145] 0.145| 0.148] 0.155 0.15| 0.145 0.15| 0.145 Average
3|Area (A)=wxh m 0.225 0.24] 0.2175| 0.225] 0.2325] 0.225] 0.2175| 0.2175] 0.222] 0.2325| 0.225| 0.2175] 0.225] 0.2175 Discharge
4|Run length(L) m 11 11 11 11 11 11 11 11 11 11 11 11 11 11
5|Average travel Time(t) [Sec 18 20 19 20| 18 19 18 20 18 19 18 20 19 18 @
6[Velocity(V)=0.85(L/t) m/s 0.519] 0.468| 0.492| 0.468] 0.519] 0.492| 0.519| 0.468| 0.519] 0.492| 0.519| 0.468| 0.492| 0.519
7|Discharge (Q)=A.V m°/s 0.117] 0.112| 0.107| 0.105} 0.121} 0.111| 0.113] 0.102| 0.115f 0.114] 0.117| 0.102| 0.111] 0.113] 0.111
Location seepage -along Left abutment(seepage- 2)
1000]  Cofficent | 0.85
| Month, from January -July,2009E.C
A A A I A I ol
$ S N AN A A A A A A AR A A A A
seN /P S DA A AN A A A A A A A A A
1|Average Width(w) m 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.5
2|Average Depth(h) m 0.08] 0.075] 0.085| 0.075] 0.082| 0.074 0.08] 0.078| 0.082] 0.077 0.08] 0.075 0.07] 0.075 A
3|Area (A)=wxh m’ 0.06] 0.0563] 0.0638] 0.0563| 0.0615] 0.0555 0.06] 0.0585] 0.0615| 0.0578 0.06{ 0.0563] 0.0525| 0.0375 Di::f::fgee
4]|Run length(L) m 6 6 6 6 6 6 6 6 6 6 6 6 6 @
5|Average travel Time(t) |Second 15 15 15 16 16 15 15 14 14 15 15 15 15 15
6|Velocity(V)=0.85(L/t) m/s 0.340] 0.340] 0.340] 0.319] 0.319] 0.340] 0.340] 0.364| 0.364] 0.340] 0.340| 0.340f 0.340| 0.340
7|Discharge (Q)=A.V m3/5 0.0204| 0.0191] 0.0217] 0.0179] 0.0196f 0.0189] 0.0204| 0.0213| 0.0224] 0.0196] 0.0204| 0.0191| 0.0179] 0.0128| 0.019
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Appendix table 3: Field data seepage discharge uneaents using float method along D/S

right abutment and horizontal filter (seepage -@ 4n

Location seepage -along D/S rock toe (seepage- 4)

| 1000 Cofficient |  0.85]
| | Month, from January -july,2009E.C
FCEELFL TS ESEE &
£ S S A A A S A U I Sl S A A A
sr.N S 04 N i % > 0 $ v $ » &P % & &
1)Average Width(w) m 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
2|Average Depth(h) m 0.1] 0.095| 0.085] 0.085 0.1] 0.095| 0.095] 0.085 0.1 0.1] 0.095| 0.095| 0.085| 0.085 A
3]Area (A)=wxh m’ 0.15] 0.1425] 0.1275] 0.1275 0.15] 0.1425] 0.1425] 0.1275 0.15 0.15] 0.1425] 0.1425] 0.1275] 0.1275 Di::f::f;e
4]Run length(L) m 7 7 7 7 7 7 7 7 7 7 7 7 7 @
5|Average travel Time(t) |Second 17 16 17 16 16 16 16 16 16 16 16 16 16 16
6]Velocity(V)=0.85(L/t) m/s 0.350] 0.372] 0.350f 0.372| 0.372| 0.372| 0.372] 0.372] 0.372| 0.372| 0.372| 0.372| 0.372] 0.372
7|Discharge (Q)=A.V m3/s 0.053] 0.053] 0.045| 0.047] 0.056] 0.053] 0.053] 0.047f 0.056] 0.056] 0.053|] 0.053] 0.047| 0.047| 0.0514
Location seepage -along right abutment(Seepage- 3)
1000 Cofficient 0.85
| | Month, from January -july,2009E.C
% &Qo &oo W\@o &Qo %\@o %\W@“ S &SP PP
# S S A i U A U A A A A s
sr.N £ » 4 & ' » s S Vv S (% S WV i &
1|Average Width(w) m 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
2|Average Depth(h) m 0.08] 0.075] 0.075 0.07f 0.077| 0.075 0.07f 0.078] 0.075 0.07|] 0.078] 0.075 0.07 0.07] Average
3|Area (A)=wxh m’ 0.06] 0.0563] 0.0563] 0.0525] 0.0578| 0.0563] 0.0525] 0.0585] 0.0563] 0.0525| 0.0585] 0.0563| 0.0525] 0.0525 Discharge
4|Run length(L) m 6 6 6 6 6 6 6 6 6 6 6 6 6 (@
5|Average travel Time(t) |Second 15 14 15 14 14 15 15 15 14 15 15 14 15 15
6|Velocity(V)=0.85(L/t) m/s 0.340] 0.364] 0.340f 0.364] 0.364] 0.340| 0.340] 0.340] 0.364| 0.340] 0.340| 0.364] 0.340] 0.340|
7|Discharge (Q)=A.V m3/s 0.020] 0.020f 0.019] 0.019f 0.021] 0.019f 0.018] 0.020f 0.020{ 0.018] 0.020] 0.020{ 0.018] 0.018} 0.019
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Appendix table 4: Field data seepage discharge une@&nts using current meter method along D/S

left abutment seepage-1

Table:Field data sheet showing discharge measutsrmasing the current meter method

Location Left abutment @chainage 300m from dam ¢&éepage-1) 0.0008p4
Velocity (V) ]0.000854C+0.05 0.05
Date Width (W) of Area(A)=Wx|Counts Velocity @0.6d Discharge (Q)
interval(m) | pepth(d)in m d(n?) (C)/minute |(V)=0.000854C =A*V(m?3s)
+0.05 (m/s)
28/01/201 0.2% 0.15¢ 0.039¢ 56& 0.532¢ 0.021(
0.2% 0.16( 0.04 58C 0.545: 0.021¢
0.2% 0.16% 0.0412! 60C 0.562¢ 0.023:
0.2% 0.1¢€ 0.04 582 0.547( 0.021¢
0.2% 0.1t 0.037¢ 41% 0.402° 0.015!
0.2E 0.13% 0.0337!¢ 37€ 0.371: 0.012¢
Total widtr 1.5C Qvotal 0.115¢
02/02/201 0.2% 0.1¢€ 0.04 57C 0.536¢ 0.021¢
0.2% 0.17 0.042¢ 60C 0.562¢ 0.023¢
0.2% 0.16% 0.0412¢ 55C 0.519° 0.021¢
0.2E 0.1€ 0.04 52E 0.498¢ 0.019¢
0.2t 0.1t 0.037¢ 414 0.403¢ 0.015!
0.2% 0.13¢ 0.0337¢ 38C 0.374¢ 0.012¢
Total width 1.5C Qrowm 0.114¢
08/02/201 0.2t 0.1t 0.037¢ 56&E 0.532¢ 0.020(
0.2E 0.15¢ 0.0387¢ 58C 0.545: 0.021:
0.2% 0.16% 0.0412¢ 58¢ 0.553( 0.022¢
0.2F 0.1¢€ 0.04 58C 0.545: 0.021¢
0.2% 0.14¢% 0.0362! 46C 0.442¢ 0.016
0.2% 0.13% 0.0337! 37€ 0.371 0.012¢
Total width 1.5C Qootal 0.114%
22/02/201 0.2% 0.1t 0.037¢ 50C 0.477( 0.017¢
0.2% 0.16% 0.0412! 56€ 0.533¢ 0.022(
0.2% 0.16% 0.0412! 567 0.534: 0.022(
0.2% 0.1¢€ 0.04 57¢& 0.543¢ 0.021
0.2% 0.15¢ 0.038¢ 50C 0.477( 0.018¢
0.2% 0.12 0.032¢ 37€ 0.371: 0.012:
Total widtr 1.5C Qvotal 0.114:
10/03/201 0.2% 0.162 0.040¢ 56& 0.532¢ 0.021¢
0.2% 0.15¢ 0.038¢ 58C 0.545: 0.021(
0.2% 0.15¢ 0.039¢ 60C 0.562¢ 0.022:
0.2E 0.1€ 0.04 582 0.547( 0.021¢
0.2% 0.14¢ 0.037 4132 0.402° 0.014¢
0.2t 0.13¢ 0.034¢ 37€ 0.371 0.012¢
Total width 1.5C Qrom 0.114:
24/03/201 0.2% 0.1¢€ 0.04 584 0.548% 0.021¢
0.2E 0.1€ 0.04 59¢& 0.560" 0.022¢
0.2E 0.1€ 0.04 56&E 0.532¢ 0.021:
0.2E 0.1€ 0.04 52€ 0.499: 0.020(
0.2% 0.15¢ 0.038¢ 41€ 0.407( 0.015%
0.2% 0.13¢ 0.034¢ 382 0.376: 0.013(
Total width 1.5C Qrowml 0.114%
09/04/201 0.2F 0.15¢ 0.039¢ 56& 0.532¢ 0.021(
0.2F 0.15% 0.0392! 58C 0.545: 0.021¢
0.2F 0.1¢€ 0.04 60C 0.562¢ 0.022¢
0.2% 0.1€ 0.04 582 0.547( 0.021¢
0.2% 0.14¢% 0.0362! 41% 0.402° 0.014¢
0.2% 0.13% 0.0337! 37€ 0.371: 0.012¢
Total widtr 1.5C Qvotal 0.113¢
23/04/201 0.2% 0.15% 0.0392! 584 0.548 0.021¢
0.2% 0.1¢€ 0.04 59¢& 0.560" 0.022:
0.2% 0.16% 0.0412! 56E 0.532¢ 0.022(
0.2E 0.1€ 0.04 52€ 0.499: 0.020(
0.2% 0.1t 0.037¢ 41€ 0.407( 0.015:¢
0.2E 0.13¢ 0.0337!¢ 382 0.376: 0.012%
Total width 1.5( Qroal 0.1139
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09/05/201 0.2¢ 0.1¢ 0.037¢ 57(C 0.536¢ 0.020:

0.2¢ 0.1¢€ 0.04 59C 0.553¢ 0.022:

0.2¢ 0.16¢ 0.0412! 60C 0.562¢ 0.023:

0.2t 0.14¢ 0.0362! 52t 0.498¢ 0.018:

0.2t 0.1¢ 0.037¢ 45C 0.434: 0.016:

0.2¢ 0.1z 0.032¢ 38C 0.374: 0.012:

Total widtt 1.5C Qrotal 0.112
23/05/201 0.2¢ 0.1€ 0.04 57(C 0.536¢ 0.021¢

0.2¢ 0.1€ 0.04 60(C 0.562¢ 0.022¢

0.2¢ 0.1€ 0.04 55C 0.519° 0.020¢

0.2¢ 0.1¢€ 0.04 52t 0.498¢ 0.019¢

0.2t 0.15¢ 0.038¢ 414 0.403¢ 0.015¢

0.2t 0.13¢ 0.034¢ 38C 0.374: 0.012¢

Total widtr 1.5C Qrotal 0.113:
08/06/201 0.2t 0.157 0.0392! 584 0.548" 0.021¢

0.2¢ 0.1€ 0.04 59¢ 0.560" 0.022¢

0.2¢ 0.16¢ 0.0412! 56E 0.532¢ 0.022(

0.2¢ 0.1€ 0.04 52€ 0.499: 0.020(

0.2¢ 0.1¢ 0.037¢ 41¢€ 0.407( 0.015:

0.2¢ 0.13¢ 0.0337! 38z 0.376: 0.012;

Total widtr 1.5C Qrotal 0.113¢
22/06/201 0.2t 0.1¢ 0.037¢ 49€ 0.475: 0.017¢

0.2t 0.16¢ 0.0412¢ 56€ 0.533¢ 0.022(

0.2¢ 0.16¢ 0.0412! 567 0.534: 0.022(

0.2¢ 0.1€ 0.04 56( 0.528: 0.021:

0.2¢ 0.15¢ 0.038¢ 45(C 0.434: 0.016:

0.2¢ 0.1z 0.032¢ 37€ 0.371: 0.012:

Total widtf 1.5C Qrota 0.111¢
08/07/201 0.2¢ 0.14 0.03¢ 56C 0.528: 0.018¢

0.2¢ 0.15¢ 0.0387! 57C 0.536¢ 0.020¢

0.2¢ 0.15¢ 0.0387! 61C 0.570¢ 0.022:

0.2t 0.16( 0.04 57z 0.538¢ 0.021¢

0.2¢ 0.15¢ 0.039¢ 41F 0.404« 0.016(

0.2¢ 0.1z 0.032¢ 37C 0.366( 0.011¢

Total widtt 1.5C Qrotal 0.110¢
06/08/201 0.2¢ 0.14¢€ 0.036¢ 56( 0.528: 0.019:

0.2¢ 0.1¢ 0.037¢ 57(C 0.536¢ 0.020:

0.2¢ 0.15¢ 0.0387! 61C 0.570¢ 0.022:

0.2t 0.15¢ 0.03¢ 57z 0.538¢ 0.021(

0.2t 0.15¢ 0.0387! 41E 0.404« 0.0157

0.2t 0.13i 0.0342! 37C 0.366( 0.012¢

Total widtt 1.5C Qrotal 0.110;
Averane diccharae of the crenane(N) et N 113
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Appendix table 5: Field data seepage discharge unea&nts using current meter method

along D/S left abutment seepage-2

Table:Field data sheet showing discharge measumsmsing the current meter method

Location Left abutment @chainage 300m from dam &éeepage-2) 0.0008p4
Velocity (V) ]0.000854C+0.05 0.05
Date Width (W) of Area(A)=Wx|Counts Velocity @0.6d Discharge (Q)
interval(m) | Depth(d)in m d(n?) (C)/minute |(V)=0.000854C =A*V(m3/s)
+0.05 (m/s)
28/01/201 0.2E 0.08¢ 0.0212!¢ 33C 0.331¢ 0.007:
0.2t 0.0¢ 0.022¢ 35C 0.348¢ 0.007¢
0.2t 0.07¢ 0.0187¢ 30C 0.306: 0.005%
Total widtr 0.7t Qrotal 0.020¢
02/02/201° 0.2t 0.08¢< 0.021 34C 0.340¢ 0.007:
0.2t 0.0¢ 0.022¢ 37C 0.366( 0.008:
0.2E 0.07 0.017¢ 33C 0.331¢ 0.005¢
Total widtr 0.7¢ Qvotal 0.021:
08/02/201° 0.2t 0.08g] 0.0212¢ 33E 0.336!: 0.007:
0.2E o.os_l 0.022¢ 36E 0.361° 0.008:
0.2t 0.07¢ 0.0187¢ 32C 0.323¢ 0.006:
Total widtr 0.7¢ Qvotal 0.021<
22/02/201 0.2E 0.07¢ 0.0187! 33C 0.331¢ 0.006:
0.2t 0.08¢ 0.0212¢ 37E 0.370¢ 0.007¢
0.2t 0.07¢ 0.0187¢ 32E 0.327¢ 0.006:
Total widtr 0.7t Qrotal 0.020:
10/03/201° 0.2t 0.0¢& 0.0z 32E 0.327¢ 0.006¢
0.2t 0.08g] 0.0212¢ 36C 0.357¢ 0.007¢
0.2E 0.07¢ 0.0187! 33C 0.331¢ 0.006:
Total widtr 0.7¢ Qrotal 0.020¢
24/03/201 0.2E 0.08¢ 0.0212!¢ 30C 0.306: 0.006¢
0.2E 0.0¢ 0.022¢ 36C 0.357¢ 0.008(
0.2t 0.07¢] 0.0187¢ 31E 0.319¢( 0.006¢(
Total widtF 0.7E Qrotal 0.020¢
09/04/201 0.2E 0.0¢ 0.0Z 31E 0.319( 0.006¢
0.2t 0.08¢] 0.0212¢ 36E 0.361° 0.007%
0.2E 0.07¢ 0.0187!¢ 31C 0.314" 0.005¢
Total widtr 0.7t Qrotal 0.020(
23/04/201° 0.2t 0.08f] 0.0212¢ 30C 0.306: 0.006¢
0.2E 0.08¢ 0.0212!¢ 37E 0.370: 0.007¢
0.2E 0.07¢ 0.0187! 32C 0.323: 0.006:
Total widtr 0.7 Qrotal 0.020¢
09/05/201 0.2E 0.0¢ 0.0Z 31E 0.319( 0.006¢
0.2E 0.08¢ 0.0212!¢ 37¢E 0.370: 0.007¢
0.2t 0.07 0.017¢ 31E 0.319¢( 0.005¢
Total widtr 0.7t Qrotal 0.019¢
23/05/201 0.2E 0.0¢ 0.0Z 30C 0.306: 0.006:
0.2t 0.0¢& 0.0z 36E 0.361° 0.007:
0.2E 0.07¢ 0.0187! 30C 0.306: 0.0057
Total widtr 0.7t Qrotal 0.019:
08/06/201° 0.2t 0.08¢< 0.021 31C 0.314° 0.006¢
0.2E 0.0¢ 0.022¢ 37¢E 0.370: 0.008:
0.2E 0.07 0.017¢ 31E 0.319( 0.005¢
Total widtr 0.7% Qvotal 0.020¢
22/06/201 0.2E 0.07 0.017¢ 31C 0.314" 0.005¢
0.2t 0.0¢ 0.022¢ 36E 0.361° 0.008!:
0.2t 0.065] 0.0162!¢ 30C 0.306: 0.005¢(
Total width 0.7E 0.08¢ Qrotal 0.018¢
08/07/201° 0.2t 0.0SE:I 0.0212¢ 30C 0.306: 0.006¢
0.2t 0.07¢ 0.0187¢ 36C 0.357¢ 0.006"
0.2E 0.07¢ 0.0187! 31C 0.314" 0.005¢
Total widtr 0.7¢ 0.07¢ Qvotal 0.019°
06/08/201° 0.2t 0.0¢ 0.022¢ 31C 0.314° 0.007:
0.2E 0.07¢ 0.0187! 36¢E 0.361° 0.006¢
Total widtr 0.5C Qrotal 0.013¢
Average discharge of the seepage(Q) ifset 0.02(
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Appendix table 6: Field data seepage discharge uneaents using current meter method

along D/S right abutment seepage-3

Table:Field data sheet showing discharge measumsmsing the current meter method

Location Right abutment @chainage 350m from dam @espage -3) 0.0008p4
Velocity (V) 0.000854C+0.05 0.05
Date Width (W) of] Area(A)=Wx|Counts Velocity @0.6d Discharge (Q)
interval(m) | Depth(d)in m d(md) (C)/minute |(V)=0.000854C =A*V(m¥s)
+0.05 (m/s)
28/01/201° 0.2E 0.08¢ 0.0212¢ 31C 0.314° 0.006"
0.2 0.0¢< 0.022¢ 36C 0.357¢ 0.008(
0.2E 0.07¢ 0.0187¢ 33C 0.331¢ 0.006:
Total widtf 0.7¢ Qo 0.021(
02/02/201° 0.2 0.07¢& 0.0187¢ 33E 0.336° 0.006:¢
0.2E 0.08¢ 0.0212¢ 36E 0.361° 0.007%
0.2 0.06¢& 0.0162¢ 30C 0.306: 0.005(
Total widtr 0.7% Qrotal 0.019(
08/02/201° 0.2t 0.0& 0.0z 32C 0.323¢ 0.006¢
0.2 0.08¢t 0.0212¢ 37E 0.370¢ 0.007¢
0.2E 0.07 0.017¢ 34C 0.340¢ 0.006(
Total widtf 0.7¢ Qo 0.020¢
22/02/201° 0.2E 0.07¢ 0.0187¢ 33E 0.336! 0.006¢
0.2t 0.0¢< 0.022¢ 36E 0.361" 0.008:
0.2 0.07¢& 0.0187¢ 38E 0.378¢ 0.007:
Total widtlr 0.7t Qrotal 0.021¢
10/03/201° 0.2 0.0& 0.0z 33C 0.331¢ 0.006¢
0.2E 0.08¢ 0.0212¢ 37E 0.370¢ 0.007¢
0.2t 0.07 0.017¢ 38C 0.374¢ 0.006¢
Total widtf 0.7% Qo 0.021°
24/03/201° 0.2E 0.0¢& 0.0z 33E 0.336! 0.006"
0.2 0.0¢& 0.0z 36E 0.361" 0.007:
0.2E 0.07¢ 0.0187¢ 38C 0.374¢ 0.007¢(
Total widtr 0.7E Qrowm 0.021C
09/04/201° 0.2 0.0& 0.0z 33E 0.336!° 0.006"
0.2E 0.08¢ 0.0212¢ 36E 0.361° 0.007%
0.2 0.07 0.017¢ 36C 0.357¢ 0.006¢
Total widtr 0.7% Qrotal 0.020;
23/04/201° 0.2E 0.08¢ 0.0212¢ 32E 0.327¢ 0.007¢(
0.2 0.08¢t 0.0212¢ 37C 0.366( 0.007¢
0.2E 0.07¢ 0.0187¢ 36E 0.361° 0.006¢
Total widtf 0.7¢ Qo 0.021°¢
09/05/201° 0.2E 0.0¢& 0.0z 32E 0.327¢ 0.006¢
0.2E 0.08¢ 0.0212¢ 37C 0.366( 0.007¢
0.2 0.07¢& 0.0187¢ 36E 0.361" 0.006¢
Total widtr 0.7% Qrotal 0.021:
23/05/201° 0.2t 0.08¢t 0.0212¢ 33C 0.331¢ 0.007:
0.2E 0.0¢ 0.022¢ 38C 0.374¢ 0.008¢
0.2E 0.07¢ 0.0187¢ 36C 0.357¢ 0.006"
Total widtf 0.7¢ Qo 0.022:
08/06/201° 0.2E 0.08¢< 0.021 33E 0.336!: 0.007:
0.2t 0.0¢< 0.022¢ 36C 0.357¢ 0.008(
0.2E 0.07 0.017¢ 35C 0.348¢ 0.006:
Total widtlr 0.7% Qrotal 0.021:
22/06/201 0.2E 0.08¢t 0.0212¢ 32C 0.323¢ 0.006¢
0.2E 0.0¢< 0.022¢ 37E 0.370¢ 0.008:¢
0.2E 0.07¢& 0.0187¢ 36E 0.361" 0.006¢
Total widtr 0.7¢ Qvotal 0.022(
08/07/201° 0.2E 0.07¢ 0.0187¢ 32E 0.327¢ 0.006:
0.2 0.08¢t 0.0212¢ 37E 0.370¢ 0.007¢
0.2E 0.07¢ 0.0187¢ 36C 0.357¢ 0.006"
Total widtf 0.7¢ Qo 0.020,
06/08/201° 0.2 0.0& 0.0z 30C 0.306: 0.006!°
0.2E 0.08¢ 0.0212¢ 35E 0.353: 0.007¢
0.2 0.07¢& 0.0187¢ 36C 0.357¢ 0.006"
Total widtr 0.7t Qrotal 0.020:
Average discharge of the seepage(Q) itset 0.02]]
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Appendix table 7: Field data seepage discharge uneaents using current meter method

along D/S horizontal filter seepage-4

Table:Field data sheet showing discharge measutsmsing the current meter mett

Location D/s river seepage along Rock toe @chai@ge from D/S end(Seepage -4)
Date Width (W) of Area(A)=Wx|Counts Velocity @0.6d Discharge (Q)
interval(m) | Depth(d)in m d(m?) (C)/minute [(V)=0.000854C =A*V(m?¥/s)
+0.05 (m/s)
Date Width (W) of | Depth(d) in m | Area(A)=Wxd(|Counts Velocity @0.6d Discharge (Q)
28/01/201 0.2F 0.09( 0.022¢ 33E 0.336: 0.007¢
0.5C 0.10% 0.053¢ 37E 0.370: 0.019¢
0.2F 0.107 0.0267! 36C 0.357¢ 0.009¢
0.2F 0.10( 0.02¢ 34€ 0.345¢ 0.008¢
0.2F 0.09( 0.022¢ 33¢E 0.338" 0.007¢
Total widtr 1.5C (O 0.053;
02/02/201 0.2F 0.092 0.02: 33C 0.331¢ 0.007¢
0.5C 0.10% 0.053¢ 36C 0.357¢ 0.019:
0.2F 0.107 0.0267! 36€ 0.362¢ 0.009%
0.2F 0.10( 0.02¢ 33¢E 0.338° 0.008¢
0.2F 0.091 0.02262! 33C 0.331¢ 0.007¢
Total widtr 1.5C Qo 0.052¢
08/02/201 0.2% 0.09% 0.0237! 33C 0.331¢ 0.007¢
0.5C 0.10¢ 0.05¢ 34E 0.344¢ 0.018¢
0.2t 0.10¢ 0.027 352 0.350¢ 0.009¢
0.2t 0.10¢ 0.0262! 34E 0.344¢ 0.009(
0.2t 0.09( 0.022¢ 33C 0.331¢ 0.007¢
Total widtr 1.5C Qo 0.052¢
22/02/201 0.2t 0.10C 0.02¢ 33C 0.331¢ 0.008:
0.5C 0.107 0.053¢ 35C 0.348¢ 0.018"
0.2t 0.107 0.0267! 34E 0.344¢ 0.009:
0.2t 0.09¢ 0.0237! 344 0.343¢ 0.008:
0.2t 0.09( 0.022¢ 33E 0.336: 0.007¢
Total widtr 1.5C Qo 0.051¢
10/03/201 0.2t 0.10C 0.02¢ 33C 0.331¢ 0.008:
0.5C 0.10C 0.0t 36€& 0.364: 0.018:
0.2t 0.11C 0.027¢ 34E 0.344¢ 0.009¢
0.2F 0.10( 0.02¢ 344 0.343¢ 0.008¢
0.2F 0.09( 0.022¢ 33t 0.336! 0.007¢
Total widtr 1.5C Qo 0.0527
24/03/201 0.2F 0.10( 0.02¢ 33C 0.331¢ 0.008:
0.5C 0.11( 0.05¢ 32E 0.327¢ 0.018(
0.2F 0.11( 0.027¢ 34E 0.344¢ 0.009¢
0.2F 0.10( 0.02¢ 344 0.343¢ 0.008¢
0.2F 0.09( 0.022¢ 33E 0.336! 0.007¢
Total widtr 1.5C Qo 0.051¢
09/04/201 0.2F 0.09( 0.022¢ 33E 0.336: 0.007¢
0.5C 0.107 0.053¢ 37E 0.370: 0.019¢
0.2F 0.107 0.0267! 36C 0.357¢ 0.009¢
0.2F 0.10( 0.02¢ 34€ 0.345¢ 0.008¢
0.2F 0.09( 0.022¢ 33¢E 0.338° 0.007¢
Total widtr 1.5C Qo 0.053:
23/04/201 0.2F 0.10( 0.02¢ 33C 0.331¢ 0.008:
0.5C 0.11C 0.05¢ 32E 0.327¢ 0.018(
0.2F 0.11( 0.027¢ 34E 0.344¢ 0.009¢
0.2t 0.10( 0.02¢ 344 0.343¢ 0.008¢
0.2F 0.09( 0.022¢ 33E 0.336: 0.007¢
Total widtr 1.5C (O 0.051¢
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09/05/201 0.2 0.092 0.02: 33C 0.331¢ 0.007¢
0.5C 0.107 0.053¢ 36C 0.357¢ 0.019:

0.2°F 0.107 0.0267! 36€ 0.362¢ 0.009:

0.2¢ 0.10( 0.02¢ 33¢ 0.338" 0.008¢

0.2¢F 0.091 0.02262! 33C 0.331¢ 0.007¢

Total widtr 1.5 [ 0.052¢
23/05/201 0.2F 0.09( 0.022¢ 32C 0.323: 0.007:¢
0.5(C 0.10( 0.0t 36C 0.357: 0.017¢

0.2¢F 0.10( 0.02¢ 35C 0.348¢ 0.008"

0.2 0.10( 0.02¢ 33C 0.331¢ 0.008:

0.2F 0.09( 0.022¢ 32¢ 0.327¢ 0.007+

Total widtf 1.5C Qiotal 0.049¢
08/06/201 0.2 0.10( 0.02¢ 33C 0.331¢ 0.008:
0.5C 0.107 0.053¢ 36C 0.357¢ 0.019:

0.2 0.107% 0.0267! 36€ 0.362¢ 0.009:

0.2¢F 0.09¢ 0.0237! 33€ 0.338" 0.008(

0.2 0.09( 0.022¢ 33C 0.331¢ 0.007¢

Total widtt 1.5C Qiotal 0.052¢
22/06/201 0.2 0.092 0.02: 33C 0.331¢ 0.007¢
0.5C 0.10(¢ 0.0t 36€ 0.364: 0.018:

0.2 0.107 0.0267! 36€ 0.362¢ 0.009:

0.2¢F 0.10(¢ 0.02¢ 33€ 0.338" 0.008¢

0.2F 0.091 0.02262! 33C 0.331¢ 0.007¢

Total widtr 1.5C Qootal 0.051t
08/07/201 0.2¢F 0.08¢ 0.0212! 32¢ 0.327¢ 0.007(
0.5(C 0.10( 0.0t 36E 0.361" 0.018:

0.2F 0.10( 0.02¢ 35¢€ 0.354( 0.008¢

0.2 0.09( 0.022¢ 337 0.337¢ 0.007¢

0.2¢F 0.08¢ 0.0212! 32¢ 0.330: 0.007(

Total widtf 1.5C Qootal 0.048¢
06/08/201 0.2¢F 0.08¢ 0.0212! 30C 0.306: 0.006¢
0.5C 0.10(¢ 0.0t 32C 0.323: 0.016:

0.2 0.10( 0.02¢ 32C 0.323: 0.008:

0.2F 0.09( 0.022¢ 31C 0.314" 0.007:

0.2 0.08¢ 0.0212! 30C 0.306: 0.006¢

Total widtt 1.5C Qiotal 0.044:
Average discharge of the seepage(Q) ifset 0.0519
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Appendix table 8: The trench excavated reducedl I@Re) and fill volume of the dam
(TWWDS, 2014)

Project Name: Gereb Segen Dam
Trench Excavated and Fill volume

Original Trench Cross- Original Trench Cross-
Chainage(|ground level |Reduced Sectional ;. |Chainage( ground level |Reduced Sectional 3
. 2, |Volume(m®) . 2, |Volume(m®)
m) (OGL)inm  |Level(TRD) [area(m?) m) (OGL)inm |Level(TRD) |area(m?)
inm inm

0 1864.00 1855.80 66.47 0 410 1821.33 1810.10 171.09 1569.05
10 1860.68 1852.84 62.10 642.87 420 1822.03 1810.15 188.52 1798.01
20 1858.00 1838.65 264.61 1633.58 430 1822.52 1810.97 179.52 1840.18
30 1855.10 1836.43 249.03 2568.22 440 1822.75 1810.98 185.61 1825.67
40 1854.05 1832.70 313.39 2812.10 450 1822.65 1811.35 173.00 1793.05
50 1846.54 1832.77 149.98 2316.81 460 1823.65 1811.65 192.00 1824.98
60 1843.50 1826.78 206.66 1783.17 470 1824.67 1812.42 199.03 1955.17
70 1842.56 1819.48 358.72 2826.88 480 1824.88 1812.85 192.87 1959.51
80 1841.20 1815.18 442.72 4007.19 490 1823.82 1812.97 161.15 1770.09
90 1836.03 1815.26 298.55 3706.37 500 1824.38 1813.39 164.79 1629.70
100 1834.75 1814.80 278.83 2886.94 510 1824.59 1813.40 170.08 1674.37
110 1833.33 1814.64 423.87 3513.52 520 1824.61 1813.46 169.03 1695.55
120 1831.92 1814.25 383.14 4035.07 530 1825.06 1813.87 170.03 1695.28
130 1830.90 1813.73 363.30 3732.21 540 1825.82 1814.09 184.38 1772.02
140 1829.90 1813.36 339.81 3515.51 550 1825.82 1814.25 180.01 1821.92
150 1828.75 1812.80 318.02 3289.14 560 1826.42 1814.66 185.20 1826.05
160 1828.25 1812.65 306.08 3120.50 570 1826.76 1814.56 123.17 1541.86
170 1827.70 1812.37 296.50 3012.90 580 1828.22 1814.12 155.91 1395.43
180 1827.33 1811.95 297.89 2971.96 590 1828.15 1814.26 152.06 1539.88
190 1826.85 1811.89 283.54 2907.15 600 1828.25 1814.54 148.77 1504.15
200 1826.71 1811.92 278.14 2808.40 610 1828.55 1814.54 154.13 1514.47
210 1826.85 1812.01 279.72 2789.30 620 1829.41 1815.04 160.73 1574.27
220 1826.71 1812.21 268.38 2740.51 630 1831.20 1817.08 156.17 1584.48
230 1826.46 1812.21 260.00 2641.90 640 1832.29 1819.41 134.45 1453.09
240 1826.46 1812.20 260.32 2601.60 650 1833.05 1820.44 129.93 1321.90
250 1826.41 1812.02 264.60 2624.61 660 1835.62 1820.88 167.58 1487.52
260 1826.45 1811.71 276.29 2704.47 670 1837.01 1821.75 177.38 1724.76
270 1826.46 1811.50 283.51 2799.00 680 1839.89 1825.60 159.35 1683.66
280 1826.45 1811.70 276.63 2800.68 690 1842.80 1827.97 169.25 1643.00
290 1826.39 1811.61 277.40 2770.15 700 1845.05 1830.70 160.36 1648.04
300 1826.36 1811.66 274.79 2760.95 710 1848.57 1832.51 193.14 1767.51
310 1826.42 1811.59 279.28 2770.36 720 1849.90 1832.64 217.89 2055.15
320 1826.60 1810.75 188.93 2341.07 730 1849.71 1834.65 173.58 1957.36
330 1826.59 1810.45 194.75 1918.41 740 1849.54 1848.65 3.95 887.65
340 1827.13 1810.32 208.42 2015.87 750 1850.14 1850.65 -1.88 10.32
350 1827.21 1810.20 212.79 2106.09 760 1851.57 1850.85 3.13 6.24
360 1819.53 1810.21 80.71 1467.53 770 1854.05 1851.63 12.60 78.63
370 1819.52 1810.25 80.07 803.92 780 1855.10 1854.45 2.80 76.99
380 1819.56 1810.68 114.44 972.56 790 1854.79 1854.79 0.00 14.01
390 1820.01 1810.96 118.08 1162.60 800 1856.68 1856.68 0.00 0.00
400 1820.72 1810.61 142.72 1304.03 815 1863.80 1863.80 0.00 0.00
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