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ABSTRACT

The study deals with the geotechnical and hydrological problem in
Dewerige dam. It's a new hydraulic structure constructed on Dewerige
river in the south east of Missan governorate, which represent amulti-
purpose dam used for flooding control, water storage for irrigation and
recharge ground water.

The objectives of this study is building a geotechnical assessment
approach to estimate the serviceability and stability of the project.
Serviceability include: accumulation of silt in dam reservoir and The
effect of dispersive soil erosion on the project, while estimation of
stability based on : sulphates attack on the dam body, piping erosion
impact on the dam foundation and safety factor against uplift pressure
in the dam foundation.

Geologica map for dam site with scale 1: 50,000 is compiled using
satellite images and field survey. The soil types are identified in this map.
The previous dSite investigations, hydrological and hydrogeological
reports are studied carefully to understand the geotechnical and
geologica parameters controlling the stability of dam structure units.

A direct method is adopted to calculate siltation in dam reservoir, by
developing quantitative method based on initid eevations of dam
reservoir and the measured siltation level during the draught season,
therefore the actual volume of giltation is calculated and the economic
life of the dam is recomputed.

The instability of the dispersive soils represent serious problems affecting
on stability of engineering projects. The Bird-eye satellite images show
the effects of dispersive soil near the dam site and surrounding areas. The
field survey for dam site is conducted the problem is identified in the
embankment and shoulders. Soil samples are collected from dam
shoulders for laboratory test. Emerson's test are used to determine the
degree of dispersion in soil. The results were drawn on a map showing
the severity of dispersive soil in each area of the dam shoulders, and
severa methods were proposed to address the problem.

The sulphates attack on the concrete structure of the dam was studied
optically through field survey, and the impact divided into three zones




in terms of the effect of sulfates. Zonelll was the most affected area in
dam body by concentration of sulphates in the water as a result of water
evaporation.

Numerical model was created using SEEP/W software to calculate
amount of seepage, distribution of pore-water pressure under the dam,
seepage velocity and hydraulic gradient, which used to calculate the
actual safety factor of the dam.

The outputs of simulation model indicate the difference in total head
between upstream and downstream at flooding condition increasing
seepage velocity in soil under dam body and increasing pore-water
pressure in downstream (toe).

The safety factor of the dam was also calculated, which showed that the
dam body was relatively stable, but plans have to proposed to protect the
dam in the future.
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CHAPTER ONEL
INTRODUCTION

1.1 Preface
The study areais also characterized by the Dewerige river, it's a seasonal river

and due to torrents from Iranian territory, the river is flooded every year, therefore
it is necessary to build a dam on the Dewerige river to avoid flooding risk and
water harvesting for irrigation and recharge ground water.

Thisdam called ' Dewerige dam'. It'sasmall scale dam or weir.Weir is avital
hydraulic structure that can be defined as small concrete dam with overflow and
low-head, which used for decreasing flooding risks, recharge ground water,
navigation, and environmental enhancement (Bligh ,1915). Dewerige dam play an
important economic and environmental rule for the future development of eastern
Mayssan area.

After the first season of Dewerige dam operating several geotechnical
problems encountered the project as amount of siltation in the reservoir, sulfate
attack, dispersive soil and seepage in the downstream side at toe.

The geotechnical problem in the dam and dam reservoir are investigated and
computed during this study by using: fieldwork , laboratory work and office work,
aso numerical modeling. Dewerige dam play an important economic and

environmental rule for the future development of eastern Mayssan area.
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1.2 Location of Dewerige dam site

Dewerigedam located in south eastern part of Mayssan province, south
of Irag Fig.1.1. The coordinates of dam axes are (E746239.862, N3551456.909) -
(E746256, N3550931).
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Fig. 1.1 Location of the study area

1.3 Objectives of the study
The main objectives of the study are as following:
1.Estimating the serviceability of Dewerige dam by:

a. Computing the volume of siltation and the economic life of the reservaoir.
b. Study the dispersive soil erosion in the reservoir and dam shoulders.

2.Analysisthe stability of the dam body by:
a. Sulfate attacks on the concrete structure of the dam body.
b. The seegpage erosion (piping) and uplift pressure under the dam structure.
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1.4 Engineering specifications of Dewerige dam
The main Dewerige dam structural partsshown in Fig.1.2 (Ministry of water
recourses, center of studied and engineering design, 2009).

Upstream . Downstream

— -

18.35m

_:q,-\.-'

Cut-off

1m

Cross-section of thewelr

©O O O O O O

Fig. 1.2 Geometry of Dewerige dam (Ministry of water resources, center of studies and
engineering designs, 2009)

Damtype/ gravity small dam (weir).

Dam length/ 512m.

Total storage capacity / 1,870,000m.3

Operation date/ 2013 — 2015.

Cost / 11.370.675.100 I1QD.

Purpose / Dewerige dam is amulti-purposes dam, used for flooding control,
water storage for irrigation projects.

1.5 Hydrological properties of Dewerige river
1.5.1 Description of river basin

Dewerige river stems from Iranian territory, about 90% of the river lies within
Iran. It is a common border river between Irag and Iran. Length of river is about
202 km and width is less than 800m and catchment area 3270km?. Theriver enters
Iraq from South - Eastern part at elevation 35m (Ministry of water resources,
center of studiesand engineering designs, 2009), Fig. 1.3.
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Fig. 1.3 Hydrologic map for Dewerigeriver (Alwan,2014)

The average length of river in lrag is about 35 km. Dewerige river isa
seasonal river and its discharge average about zero in summer because it is
dry, however flooding occurs during thewinter season . The discharge reaching
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latrodection

about 994 m3 /s ( Ministry of water resources, center of studiesand engineering
designs, 2009). The topography of study area explained in Fig.1.4.

738000

LEGEND 0 2000
®mm.mn Frosionalcliff
— Anticline
The main watershed
] .:;  The branch watershed

Steep slop

4000 6000 8000
meters

Fig.1.4 The3D topographic map of study area

The topographic map of study area shows steep slope beside the dam site,
especialy in right shoulder, that is a very important guide in explaining

concentration of dispersed soil effect in dam shoulders.
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1.5.2 Climate
a. Rainfall

The mean annual rainfall are variable for the period 1985-2015 in Al- Amara
station was studied to understand the rainfall duration in each season. The
average annua rainfall in the study are 152.5mm and the maximum annua
rainfall rate was recorded in March as 173.3 mm, while the minimum was in
October 45 mm. Fig.1.5.

Rainfall Data in Amara station in {mm)
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Fig.1.5 Mean of the annua rainfall data of Al-Amarastation (1985-2015)

b. Wind

The (NW , N and W) are the recorded wind directions in the study area. The
average wind speed about (3.1 m/sec ). The maximum wind speeds are recorded
in (January and July), while the minimum speedsisin (December. and January),
Fig. 1.6.

ocT
Months NOV  pec

Fig. 1.6 Mean of annua wind speed of Al-Amara station ( 1980-2015)
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c. Temperature

Based on data of Al-Amara metrologic station the maximum mean monthly
temperature recorded in July, nevertheless the minimum recorded in January.
Fig.1.7.

Months

Fig. 1.7 Mean of annua temperature of Al-Amara station (1980-2015)

d. Evaporation

The evaporation data in Missan is recorded by Al-Amara station for the
period 2000-2015. Data are represented in Fig.1.8, the maximum average of
evaporation was detected in July 479.1 mm, while the minimum was in
December 59.9mm.

Evaporation (mm)

Months

Fig. 1.8 Mean of annual evaporation of Al-Amara station (1980-2015)
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1.6 Geology of dam site
1.6.1- Stratigraphic of studied area

latrodection

Lithology of dam site consist mainly of Quaternary deposit, especialy flood
plain sediments : sandstone, siltstone and claystone, as shown in Fig. 1.19, which
Iscovering Tertiary deposit Mukdadya and Bai Hassan Formations.

Mukdadya (lower Bakhtiari) lithologically consists of: gravely sandstone -
sandstone — claystone, with fining upward grained. There are conglomerate beds
represent the border between Mukdadya and Bai Hassan, however Bai Hassan
formation comprise (conglomerate - claystone - sandy conglomerate ) (Agrawi,et

at,.2010).

Dam site is covered with recent alluvial and aeolian deposits with some
Quaternary and Tertiary outcrops (Jassm and Goff,2006), especialy in
construction materials quarries south of the dam.

W=

BH1

Lithology

[l sandy sit veth clay
W sity sand with grave!
D sity clay

B sity clay vith sand S

sty sand

.suy sand veth clay

sily sand with clay and gravel

= 25m

[ sity clay veth gravel =

BH2

BH3

BHS

" BHe6

Fig.1.9 Boreholeslithology of dam site
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1.6.2 Tectonic setting of study area

Dewerige dam is located in flat terrain, Himreen subzone, foothill-
zone in south- east part of Irag next to Mesopotamian zone as shown in
Fig.1.11. The study area comprise faulted structure beneath Quaternary
cover (Buday and Jassim,1987).

Tectonic map of Iraq
(after Al-Kadhimi et al., 1996)
Scale 1:6 000 000

Salman-Hadhar Zone Foothill-Zane C
[ Anah-Baaj Subzone [ ]8umn-Mesuisiuom  Geosyncline / Thrust Zone

B Dcmm . Miogeassyncline
I Ubaiyidh Subzone | Makhul Subzone [l Balembo-Tanjero Zone
[ saimanSubzone [ | Himreen Subzone

[ INajaf-Abu Jir-Hadhar Mesopotamian Zone

Suhzors [ ]viknit-Amara Subzone Sugeomymciine
Il Central Geosyncline Zone
[_] samawa-Nasirlya Subzone

[ zubairsubzone [ Shalair Zone

Bl Northern (Ora) Thrust Zone

Fig.1.10 Tectonic map of Iraq (Al-Kadhimi,et al,1996) showing location of dam site

1.6.3 Geotechnical propertiesof dam site

According to the geotechnical investigation report of Dewerige dam
site (Missan consultant engineering bureau, 2009) geotechnical cross-
section isidentified based on six boreholes are selected in dam site and
locations of sand and gravel quarries. Fig.1.11 show engineering geological
map of study area.

10
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Fig.1.11 Engineering geological map of study area
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1.7 Previous Studies

1- Chanson and James (1999) studied siltation of Australian reservoirs, the
study concluded that many of reservoir in Australian dam had been totally
filled by the action of siltation.

2- Rickard,et al, 2003. established general practical guide for classification
and general properties of weir.

3. Khan, et a,2007. studied sediment load assessment of small embankment
dams in southern regions of Pakistan, the study concluded that increasing
siltation in embankment dam decrease reservoir capacity.

4. Gandhi (2009) deals with geotechnical aspects of dam safety and
foundation problems, the study indicate seepage problem occurs by the
action of geological properties of dam site.

5. Noori and Ismaeel (2011) studied evaluation of seepage and stability of
Duhok dam, the study observed increasing seepage through the dam with
increasing the difference between horizontal and vertical conductivity
Kx/Ky.

6. Alahiane et al. (2014) studied practica method proposed to estimate
siltation in small and hillside dams. The study concluded that the surveying
method is low cost and an acceptable accuracy comparing with other
method.

7. Nasser (2014) studied evaluation of storage for Dewerige weir and
create 3D model using geographic information system (GIS). The study
confirms that the real storage capacity of reservoir less than design, so the
resent position of dam isincorrect.

8. Alwan (2014) estimate the volume of runoff of the basin valley
Dewerigeriver by remote sensing techniques and geographic information
system (GIS).The study explains that geological conditions have a
significant impact on amount and volume of runoff in Dewerige basin.

9. Ljungblad and Backstrom (2016) studied safety evaluation of the Zhaoli
taillings dam: a seepage, deformation and stability analysis with GeoStudio.
The study concluded that the Zhaoli tailings dam was safe from seepage
and stable.

12
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1.8 Procedure of the study
The summery of geotechnica and hydrological study of Dewerige dam
project smplified in flow chart Fig.1.12.

lnbrodastion

Problems studed in
Dewerigr dam

A 4

Maps, Reports
Previous studies
Field work

/4\

A 4

A 4

. Dam
Dam Reservoir Dam body e ndation
Siltation Sulfates attack Seepage model

Dispersive soil Piping
Erosion
Stability

v
> Discussions <
Recommendations

Fig.1.12 Procedure of study
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CHAPTER TWO
THEORETICAL BACKGROUNG

2.1 Introduction
This chapter explains classification of weirs, and discusses the main
geological problemsin the dam body, dam shoulder, and reservair.

2.2 Weir definition
Welirs are known as engineering structures that similar to dams in terms
of flood water storage function and ground water recharge, also called
submerged dam or small dams, however it differs from dams that water flux
over the weir and water outlets located under the weir (Bligh,1915).

2.2.1 Weirsfundamenta parts
The main parts of weir are explained in Fig.2.1.
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Fig.2.1 Parts of weir (Rickard,et al.,2003)

2.2.2 Effect of weir construction
The mainly influence of weir on dam is increasing water depth in
upstream side as shown in Fig.2.2 and explained in Table :2.1.

UPSTREAM DOWNSTRE AM

Fig.2.2 Influence of weir (Rickard,et al.,2003)
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Table: 2.1 General effects of weirs (Kay and Melvyn, 2007)

WEIR EFFECT NAGATIVE POSITIVE
Increased depth Wisual appearance.
Increased flood nsk. ; :
Wprean. Loss of marginal vegetation. I.Il:p'rt:-‘-.n{l 1J.|.'|l.u.11‘_l.-'
; Improved oavigation.
Loss of ravmemcnins vegetation et T e
Increased risk of death by drovamg Esl!:.-ri-.-s
Feduced brodiversity. Raised i R e
Raised p‘_uuur]wurg ievel_l.ua:-f _lr..aw level may have positive
negative umpacis (such as restocted b
drainage). :!.III.]:I&EtS (=0 : as
inproved wetland).

Drop in water level at
welr

Bamer to fish migration

Nolse, acourately,
Barrier to mayizalson. Poteniial — for — power
oaeTaliog.

Amenity value
Abality to measure flow

Reduction of
velociiy upsiream

waler

Algal blooms.
Lisss of some angling opporiminiss

Safer navigation (except
tieai the welr itsell may

b 5 hazard).
Turbulent low Bank mnd bed erosion, Yisual appearance,
downstream Dangerous conditions  for canoessts | Aeration of water,

anad gwrmEmers

Attrachive condiions for
canoeists,

Physical barvier across
the river

Trapping of debns.
Siltation of channel npstream
Fish migration mhibited

Opporfunity fo creale a
CrOssing point,

2.2.3 Classfication of weir

Weirs vary in size and design according to the purpose built for it.The

following mainly classification of welrs:

a According to crest elevation: horizontal, shallow V-shape, and

compound types, Fig.2.3.

Elevation (viewed from
R Crost NI
M Horizontal

k. oy ‘

WA o
g E‘ Shallow Vee or
A Flat Vee

N N
§ E Compound
\ i .

Crest level is constant across the weir.
This is the most commaon type of weir

Used for discharge measurement for
accuracy across a wide range of flows

Low flow section for improved
discharge measurement or amenity,
and improved fish passage

Fig.2.3 Weir type based on crest elevation (Rickard,et al.,2003) 16
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b. According to extension of the weir axis: classified as : orthogonal,
diagonal, curved, labyrinth, and side weir, as explained in Fig.2.4.

Plan

onhogonal W sparss chantet ot nont aogies 10 flow

di&gonal Vet s channed ot an ange - Jves
W (0asent bength of crent

curved Leogth of wes Crest mcreanod Vinuady
Alncine (308 COf0 photograph ) Ao
referred 10 as o Duchtal Wew

. > Longth of wesr cren! ncioosed Lsahd S
lab}'rmth wtar brved tegutalon B arshe s
channets not sayadt 10 Mgh Sood Bows

. . Usad 1o controf watee wrvwl 0\ navvgabise
Slde welr walonewys and 1o dvert 8000 Sows

Fig.2.4 Weir type based on extension of axis (Rickard,et al.,2003)

c. According to crest shape: broad crested, sharp crested, crump, ogee,
straight drop, stepped, dumped stone or rock, tilting, gated, Fig.2.5.

e -
Bew = N -
crested
dumped stone
B~ -
-
BDe - B -

Fig.2.5 Waelir type based on crest shape (Rickard,et al.,2003) 17
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2.2.4 Classification of Dewerige dam or weir
Dewerige dam can be classified according to its design into 'ogee’ type weir
with orthogonal plan & horizontal crest, Fig. 2.6.

|:" . a by
TESE Sevartion L5 iy

P

IJE- P '.'-'l""'\"'lI
iy
e

Fig.2.6 Sideview show design of Dewerige dam

2.3 The main geologica problems in dam and reservoir
2.3.1 Sulfate attack
Represents a commonly problem in concrete, especially in hydraulic
structures as shown in Fig.(2.7, 2.8). Sulfate attack defined as a chemical or
physical reaction between sulfates in soils or groundwater with concrete
or mortar. Sulfate attacks occur especidly in arid area when salts can be
deposited on concrete and cause unusua cracking and discoloration
(Ouyang, et al,1988).

Chemical reaction /

Sulfate + calcium hydroxide —> Gypsum + calcium aluminate - calcium

sulfo aluminate (Ettringite)
SO4 + Ca (OH)2 _> CaSO42HZO + 3CaOA|203—> CaeAlz(SO4)3(OH)1226HQO(2'1)

Physical reaction /
crystallization of sulfates in pore of concrete — growth of crystal cause
cracking in concrete.

These reactions produce internal stresses which cause expansion and cracks
(Taylor, 1997).

18
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Fig.2.8 Cracksin the concrete by the action of sulfate attack
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Sulfate ion can be originate from internal or external source. The external is
found in the (ground or surface water ) and soil surrounding the concrete,
while the interior sulfate ion is found in the structures of construction
materials used to produce concrete mix (Marchand et al., 2003).

2.3.2 Dispersive soils
a.lntroduction

Soil characterized by dispersion structure without influence of water and
be unstable when wet, amost dispersive soil be sodic and rich in silt. Type
of clay minerals indicate of degree of dispersion, for example content of Na-
montmorillonite increase dispersion in soils (Fell et al.,2005).

The strength of soil are important to support the engineering structure on
or in it. The failure of soils different according mineralogy and structure of
its particles. Some failure can be expected and controlled like settlement and
consolidation, other failures like quicksand, mudflow and dispersive happen
suddenly Fig. 2.9 and need careful understanding of soil properties before
constructing the engineering structure which using these soils as
construction material (Sheraed et al.,1976).

Failure of dispersive soil

Fig. 29 Examplefor dispersive soil failurein earth fill dam (Fell et al.,2005)
20
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b. The main sources of dispersive soils
There are severa causes represent the sources of theses soils as the
following ( Hardie et al.,2009) :
» High sodium content in weathering rocks.
» High saline water seepage through soil.
» High water table form concentration of Na near the surface.
» Increasing salinity as a result of evaporation.

c._Factors control the dispersion of soils
There are severa agents control dispersion in soil (Valentin et al.2005):

» Chemical content of water that seep through soil, especially Na
content.

» Amount of dissolved salts in soil decreasing strength of soil and
cause dispersion.

» Amount of calcium in soil decrease and treat dispersion .

» Presence of montmorillonite in clay soil transform soil to dispersive
soil.

2.3.3 Siltation problem
a. Introduction
Deposition of large amount of silt sediments in reservoir at flooding
condition as can be seen in Fig. 2.10. Saturated silt sediments causing
pressure more than hydrostatics pressure about (1922.4 kg/m3). Siltation
has direct impact on safety of dam reservoir as shown below (Swenty and
Westphal ,1989):

.

Jownstream load with
seduzers filied

o

Joad with
Dz wall clesowater
reser\oee

. . - . 21
Fig. 2.10 Accumulation of silt in dam reservoir (Chanson and James, 1999)
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b. Siltation effect on dam safety, (Bruk,1985)
1. Effect of sediment deposits on outlets:
Block out the bottom outlets of dam is the most dangerous problem of
sedimentation by accumulation sediments, in addition to the remains of trees
and plantsin the reservoir.

2. Effect of sediment depositson gates and valves:

The flow occurs at high speed through bottom outlets more than (40 m/s),
therefore that causes scratch and bore by the action of the sediments
particles, which effects on underlay and concrete surfaces, especialy if the
sediment contain heavy metals. Remove pressure and mud can emission gas
(hydrogen sulphide gas) which may cause eroded metal parts of gates and
instrument located in gate chamber.

3. Effect of sediment deposits on the dam:

Sediment deposit produce pressure should be taken into account in
structural design of dam, also its important to sureness the properties of
designed structure are not change by impairment of concrete. Furthermore
chemical interaction in sediment, especially the sulphur cycle and corrosion
in water.

4. Effect of sediment deposits on monitoring of the dam:

Sediment deposits prevent the monitoring of the dam by disturb using
subsurface instruments of monitoring for example: submersible, divers.
They can prevent visual observation after avoiding reservoir (Bruk,1985).

c. The effect of siltation on economic and social aspects, (Bruk,1985)
1- Shortage Storage capacity
One of important effects of siltation is decreasing storage capacity of dam
reservoir, which isthe axis of reservoir. Lack of storage reflected on energy
product, water supply for domestic use, and control of discharge,
Furthermore siltation will effect on the surface areaof reservoir with time
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by reducing the depth of water. The impact of gltation in decreasing
reservoir storage capacity can be summarized in the following points:

a Decrease power generation:

Dams usually be multi-purpose, so siltation problem will be reflected on
power generation, any reduce in reservoir storage capacity will decrease the
power output of hydroelectric station.

b. Impact on agriculture and industry:

There is no alternative for water in irrigation, so reduce reservoir storage
will effect crop production. Industry is the biggest consumer of water.
Water used in industrial process and cooling. Lack of water may be very
costly for industry.

2- Impact of the shortage of water surface
Influence of siltation in water surface is happened by appearance of
sediment deposits near the surface and growth weeds in shallow depth.

a Impact of boats and river navigation:

Both of sediment deposits and aguatic vegetation can hamper river
navigation. Mud is a real problem for shoreline but, from the other hand
represent a suitable environment of swimming and water spots. Aquatic
vegetation represent a good refuge for aquarium and birds.

b- Impact on public health:

The shallowest of surface water by the action of siltation, and aguatic
vegetation help the presence and proliferation of insect. The seriousness of
these insects carry disease like: yellow fever, Malariaand Onchocerosis.
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2.3.4 Seepage and Piping
a_Seepage

Movement of water through soil called seepage. It is the most commonly
problems in dams both of earth fill and concrete. This study concerned with
seepage problem under the concrete dam foundation. Water flow through
low permeable media in sow velocity, This flow can be defined as ‘laminar
flow'. Increasing flow velocity could change flow pattern to turbulent flow.
The Reynolds number is used to identify the type of flow, if it laminar or
turbulent (Tomlinson and Vaid, 2000).
RIEVD D/ ettt (2-2)

Where:

V = velocity of discharge (cm/sec)

D = average diameter of soil particles (cm)

p = water density (g/cm3)

M = water viscosity (g sec™! cm™?).
Generally, water flow through most soil in low velocity, therefore Reynolds
number will be 1.0 or less (Wahlstrom and Ernest,2012).

b. Flow net

Hydraulic net within vertical section in permeable media, illustrate
water flow in lines called ‘flow lines, which be perpendicular to
equipotentia line (pressure line) at a right angle (Das and Sobhan,2013) as
illustrate in Fig.2.11.

Flow line

L2 11 equipotential line

| : | | | | sH |

Fig.2.11 Flow net beneath concrete dam (Wahlstrom and Ernest, 2012) 24
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In saturated soil under the dam there is upward pressure defined as 'uplift
pressure’, which produced by pore - water in permeable material uplift
pressure in maximum at (heel), while minimize about zero at (toe) as
illustrate in with details in chapter five. Causing rotate and coup in the dam
body, however flow velocity at toe in maximum which constitutes a threat
to the foundation of thedam by weathering and piping in foundation.

Therefore concrete dams base are rarely built at elevation of reservair,
and instead of cut-off constructed to control on seepage problem .Cut-off
Is a wall constructed below the dam Fig.2.11, it's a narrow concrete wall
(Wahlstrom and Ernest,2012).

The benefits of cut-off are (Hinchberger and Newson,2010).

1. Decreasing the dangerous of piping and erosion at dam toe.
2.Decreasing uplift pressure at dam heel, and uplift pressure at toe.
3.Increases the length of the flow lines and thus reduces the velocity of
the flow downstream, which reduces seegpage beneath the dam.

c.Piping problem

Piping occur by the action of seepage flowing through erodible soil
causing transporting of particles with flow direction. There are three
factors for piping: intensive seepage, progressive erosion (back direction),
and washing of fine particlesof erodible soil (Wahlstrom and Ernest,2012).
The following chart Fig.2.12, explained the stages of piping failure:

FORMATION OF A
BREACH MECHANISM

IN ITIATION CONTINUATION PROGRESSION
L OF EROSION L OF EROSION TO FORM A PIPE

\4

<€ € ;I‘ :|‘
Crest settlement

or sinkhole on dam
or

Gross enlargement

Crest
overtopping

Dam storage

of pipe empties
Pipe remains or Crest subsides
Zoning without open = Unravelling of toe = leading to ==
filter, or filter or overtopping
Concentrated omitted Piping hole L 5"“"""““‘/1"13". > Breach
leak —_— or forin :‘ - H pore pressures in Downstream
[ s | " . i da
or Filter holds crack ! ] d/s slope slide
Suffusion or : i f
R L Ll el gl dabalelad b el
Filter allows (for low fermeability d/sizone)
excessive or :
e . . Crest settlement Crest
continuing erosion > Pipe collapses =3 . .
” or sinkhole overtopping

Fig.2.12 Stagesof piping failure (Fell et al ,2005)
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Dams foundations have to be able to resistant forces, which acting on as
shown Fig.2.15. Dams are exposed to horizontal forces make it move toward
downstream and produce a horizontal stress on the dam base. Identify the
forces that would affect the stability of structure is very important when
study the safety of gravity dam. These forces are (Bureau, 1977) :

a.Reservoir water pressure.

b. Pore- water pressure.

C. Pressure of siltation.

d. Pressure of ice accumulation.

e. Force of earthquake.

f. Dam weight.

g. Force that result from gates.

VS WATER LEWL

Vv
3
1 — CREST NESATIE PESSURES
L. I n'
W O
WATDN
w3
W3 WATER
LOWO
TALWATES LAWL
; (e s
SLYLOD. FaacaTon
] Ll 11 ? I Y :
U\'T \— unLFr
le— GROUTCURTAIN l+— GROUTCURTAIN
(a) OROWNED JUMP {b) PRE-JUMP TAILWATER
Note: Upiift at d/'s end may
Cotrespond W post-ump level

Fig.2.13 Forces influence in dam body (Bligh,1915)
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2.5 Numerical mode

Numerical model is an important tool for understanding the physical
phenomena, and can be defined as numerical simulation of physical
processes. The results of mathematical models must analyze and compared
with available practical results. The most important characteristics of
numerical models (Atkinson, 2008):

» Numerical model can be prepared faster than physical model (minute
or hours).

» Physical model have specified certain condition, while the
mathematical model have a wide and different ranges.

» Mathematical models the gravitational effects are not taken into
consideration, opposite of the physical model.

» In mathematical models there is no risk to the safety of workers,
while the physical model damage is caused by heavy equipment.

» Numerical model presents accurate data at any point within the
model.

2.5.1 Modelingin geotechnical engineering

The importance of mathematical models in geotechnical engineering is
illustrated by professor Burland through a lecture in 1987, in which he
explain the geotechnical engineering consists of three main compounds: the
ground profile, the soil behavior and modeling. Geotechnical engineering
compounds called Burland triangle (Ayyub,1987), Fig.2.16
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Genesis/Geology
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d— Sile investigation,

pround descripiion
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i Ry
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Hehnvour

t !

Labi/field testing, ldealizaton followed by

Observation.,
Measurement,

evaluation conceptual
or physical modeling,
analyiical modeling

Fig.2.14 The enhanced Burland triangle (modified after Anonymous, 1999)

The ground profile explain site properties, both of definition and
description. The soil behavior contain : laboratory test, in-situ test and field
measurement. The Burland triangle has been studied extensively by
(Anonymous,1999) and (Morgenstern, 2000), so Burland triangle has been
expanding and improving.

The triangle illustrates the important role of modeling in geotechnical
engineering. Modeling require planning and careful analysisof all the field
measurements and the characteristics of the soil (Krahn, 2004).

2.5.2 Modeling by using GeoStudio 2012

Modeling in GeoStudio based on finite eement method (FEM) to
geotechnical and geological problem modeling in two- dimension.
GeoStudio in a package software (Krahn, 2004), Fig. 2.17. In this study
SEEP/W are used to simulate seepage under the dam.
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Fig. 2. 15 Approach of modeling by using Geostudio2012
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2.5.3 Principle of SEEP/W modeling
The purpose of Seep/w analysis to simulate seepage flow through soil
in saturated & unsaturated soils, The outputs of seep/w are (Krahn, 2004):

I Seepage flow or discharge .

i. Distribution of pore-water pressure (very important in stability
analysis).

lii.  Water velocity and pathway .

It's very necessary to categorize problem that studied in Seep/w. In the
Dewerige dam case, the problem represent as confined flow to use seep/w
effectively its essential to have a clear understanding of some key
fundamentals:

A. Darcy law.
B. Basic finite element equation.

C. Define total head.

A. Darcy low :
Darcy low applied in case of saturated flow conditions (Whitaker,1986). AsS
explained in Fig.2.18 and equations below:

(0 A SRR (2-3)
v = % 2 R (2-4)
Where:

g= specific discharge.
A= cross-section area.
k= permeability .

I = Hydraulic gradient .
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Fig. 2.16 Water flow through soil (Das and Sobhan,2013)
Where:
h,- h,= hydraulic gradient.
Q= discharge.

Also, differential equation is used to estimate seepage flow in 2D in transient
flow (Pollock, 1988):

a9
= (Kx 2 +% (Ky g_;’) F Q= S (2-5)
Where:
H= total head.

Kx= horizontal conductivity
Ky= vertical conductivity .

Q =flux
e = water content (volumetric) .
t=time

In steady-state flow the equation will be (Pollock, 1988) :

= (Kx 2 +% (Ky g—’;) F Q0 teiieeee e, (2-6)
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B. Finite element equation / general finite element method applied in
seep/w simulation model (Krahn, 2004) :

Where:

K= nodes material properties .

H= nodes total head.

Q= water flow at node..

Components of finite elements / there are four components to finite e ement
method(Krahn, 2007):

» Geometry: including dimension ( length & area), subdivisions of
space .

» Material properties: in Seep/w there are two material properties in
saturated & unsaturated conditions include:
- Volumetric water content .
- Conductivity .

» Boundary condition: total head specified as a boundary condition of

problem.

» Time — temporal integration
- Specified only in transient flow.
- In steady—state analysis the time will be infinite.

A. Total head ( H):
Seep/w isformulated in term of total head, boundary condition is specified
according to total head (Goldstein, 1936):

Total head (H) = pressure head (u) + elevation head (h)
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2.5.4 The main model parametersin SEEP/W

The following parameters are used to build the numerical model in the
SEEP/W software, and explained in Fig. 2.21 (Krahn,2004).

1. Analysistype
There are two fundamental methods for seepage analysis.
Steady state analysis
Transient analysis
In the steady state seepage analysis, the water pressure and water flow
are not change with time. In transient analysis, the pressure conditions
are changed with time.

2. The model geometry
To build the model geometry in order to represent soil conditions there
are two main steps, as following:
a. Create ascaled model of the soil and structure cross-section.
b. Define the soil regionsin the soil cross-section.

3. Define materials
The materials simulated in the software using one of three types,
a. Saturated only- the materials are remains saturated in the duration
of the simulation.
b. Saturated/ unsaturated- if unsaturation zones are expected during
simulation.
c. Interface- using for zero hydraulic conductivity materials.

4. Assign Boundary Conditions
In Seep /w, two types of boundary conditions can be specified;
a. H (Head); the difference in head between downstream and
upstream.
b. Q ( Total Flux) ; the quantity of water passing through the soil by

seepage.
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Fig. 2. 17 Main components to create Seep /w model
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2.5.5 Seep/w Results Analysis

When the software solves the problem, the results must analyzed and
make conclusions,

The seepage analysis used to solve three essential variable requirements:

a. Calculating flow rate.

b. Gathering hydraulic data for determining factor of safety against
piping.

c. Useas apparent analysis for slope stability estimation.

In this study the first two items were studied in chapter three.

2.6 Calculating thefactor of safety against piping

The downstream toe of any dam is the most critical area for blow out,
piping and excessive seepage. The Seep/w can be used to compute the factor
of safety by indirect method. This done by studied the finite element nodes
and the average of hydraulic gradient over the entire surface of required
location. Factor of safety against vertical piping computing by the equations
(Duncan, 2000) (2-8 and 2-9);

__ gravitational pressure

FSEXIT PP (2_8)

Seepage pressure

FSEXIT P (2'9)

Where:
Ys= Submerged unit weight of the soil (the saturated unit weight minus
the unit weight of water).

Yw= theunit weight of water.
I = hydraulic gradient.
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3.1 Introduction

The approach used in this study depend on field work measurements,
mathematical equations, reviewing the theoretical studies of dam site, and
numerical model to study geotechnical and hydrological problems of dam
site, Fig.3.1.

Methodology

Previous studies
(mapping, reports, papers
& literature)

!

Field work

A 4 U v

Laborotary work Office work
: -
Microscopic study Sulfates attack
| !
Dispersive soil Siltation
v
Numerical model

Fig. 3.1 Method of study
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3.2 Sulfate Attack in Dewerige dam

Metiodobipy

Study sulfate attacks in Dewerige dam depond on field survey and optical
identification, according to the procedure which explained in following

flow chart Fig.3.2.

Methodology of
Sulfates attack study

Field work

i

Surveyed dam body to detect
The effects of sulfates attack

i

Classified the effects 1nto
three zones

Recommendations

Fig. 3.2

Procedure of sulfates attack study
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3.3 Dispersve Soils

Metiodobipy

Dispersive soil study included: field survey to dam shoulders and
|laboratory test to detection degree of dispersion in soil samples. Fig. 3.3
show the the procedure of dispersive soil study in Dewerige dam shoulders.

study

A

Laboratory work
Emerson test1967

A 4

Detection degree of
dispersion in shoulders

Methodology of
dispersive soil

A

Field work

A

Surveyed dam site

A

Detection the effects
of dispersion in
shoulders

Recommendations

A

Fig. 3.3 Procedure of dispersive soil study in Dewerige dam
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3.3.1 Identify dispersion of soil in dam shoulders

Classification of dispersion class in soil of Dewerige dam shoulders:
The procedure of used test (direct test, Emerson 1967) asillustratein
Fig.(3.4, 3.5, 3.6, 3.7 and 3.8) and procedure :

1.
2.

Crushing dispersive soil sample using crushing device.
Sieving the sample by sieve 4.75mm diameter (sieve no.4 ) and
measuring the weight.

3. putting the sample in clean plate.
4,
5. leaving it about two hours.

adding distilled water to the sample.

Fig. 3.5 Sieving the sample

Methodotosy
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Fig. 3.6 Measuring the weight of the sample

Fig. 3.7 Adding distilled water to the sample

Fig.3.8 Soil sample after about two hours 41
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3.4 Microscopic Study
Dino capture Microscope (version 1.4.0.B) is used to study mineralogy of
collected soil samples, Fig. 3.9.

Soil Sample

Fig. 3.9 Microscopic study of soil sample

3.5 Method used to calculate siltation in reservoir of Dewerige dam

A /| Estimate siltation volume in dam reservoir by creation two layers in
Surfer software represent the initial elevation of reservoir and siltation
elevation and caculate the difference between them which represent the
volume of total siltation in reservoir, Fig. 3.10 and 3.11:

Length of reservoir u
- 3,730 Krir - i
Downstream
=12m
-
| Silted surf N b
. ted surface . Dam height

Upstream

Fig. 3.10 Caculate siltation in reservoir of Dewerige dam
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SAON SWITACE  —

Natural ground level /

Negative volume ( according to cut & fill analysis )

Fig. 3.11 Analysis of reservoir elevation

B / Procedure of siltation study :

1. Field work /visiting dam site in draught period to able to surveyed
some points at silted surface by GPS and measuring tape.

2. Using initial survey data, which provided by (Ministry of water
resource /center of studies & engineering designs, 2011).

3. Software process including :

0 Using the initial survey data to create grid data (gridl) in
Surfer 12 software.

0 Using GPS coordinates & elevation of surveyed point to create
grid data (grid 2 siltation horizontal plan).

0 Using volume option in Surfer to calculate difference between
two surfaces (grid 2 - grid 1= grid 3), grid3 represent siltation
volume in Dewerige dam Fig.3.12.
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C / Engineering calculation of reservoir / after calculate siltation volume in
reservoir there are important factors have to calculated such as: rate of
sediments, economic life time and sediment yield (Tigray,2006) as
explained in the following equations:

Rate of sediment (SR) = silt volume (SV) / age of reservoir (Y) ....cccceveeeeeeciveennenns (3-1
Economic lifetime (LE)= reservoir storage capacity(dead) / SR..........ccccccveveeennnnne. (3-2
Sediment yield (SY) = silt volume (SV) x dry bulk density (DBD).........ccccocvvrieriene (3-3)

3.6 Redrawing reservoir map

Based on topographic map (base map, CAD file) the reservoir map has
been drawing by using software according to the following procedure
Fig.3.12, (as explained in details in chapter four):

—_—

BRICSCAD ._i'?”’“ o | SURFER | 2P EE}EH];H'.]:ITEEI’:' _E"'“" - F‘-.-;‘: | Bgen | EXCEL
{dw fils] fsrf fil=] (el e} [cvs file) | [zls filap

Fig. 3.12 Software are used
Procedure of redrawing reservoir map:

» Base map georeferenced using SURFER.

» Exporting the topographic map (base map) CAD file to Google Earth.

» Redrawing contour lines by polyline tool in Google Earth for
each contour line in topographic map and save it as KML file.

» KML files exported to TCX to extract coordinates (longitude and
latitude) only.

» CVS files exported to Excel, then altitude field added to Excel
sheet from base map.

» Using extracted data in SURFER to draw a contour map, which
represent natural ground elevation to dam site.



3.7 Field work

1-Field trip (1)

Date: 19-9-2016 .

Objective : investigate the geological condition of the dam site asillustrate in Fig. (3.13,
,3.14, and 3.15) :

Fieldwork equipments : GPS, high resolution camera.

Result : Insitu-tests and observation damagesin dam body and reservoir.

Pathway of the fieldwork trip , ’ >
. . e : B o Current Track
saved in Gps _ O A CurnTck

4 Curent Track
¥ Current Track |
¥ Current Track
& Current Track
¥ Current Track
4 Current Track
¥ Curent Track
¥ Current Track
» Current Track
A Current Track
8 Current Track
¥ Current Track
< Curent Track
B Curent Track

4 Current Track
¥ Cument Track
( Feature 1
¥ Feature 2
® Feature3
4 Featured

) @ Features
& Path

e

Fig.3.13 Pathway of field work in GPS on Google Earth

Fig.3.14 Reservoir of Dewerige dam (in Aug. ,2016)



Fig.3.15 Dam site (in Augest,2016)

2-Field trip (2)

Date: 11-1-2017.

Objective : Dam site surveying at draught period to measuring elevation of silt in

reservoir, asshown in Fig. (3.16, 3.17, and 3.18) :

Fieldwork equipments :GPS, high resolution camera, measuring tape, plastic bags,
marker.

Result : collection soil samples for laboratory test & surveyed point at silted surface.
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Fig. 3.16 Dewerigeriver in draught period



Fig. 3.17 Dewerige dam reservoir in draught period

Fig. 3.18 Collection soil samples
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3.8 Modeling by SEEP/W
To create numerical model by using Seep/w the following procedure are
used (Krahn,2004) :

a Geometry
To simplified the cross-section of the dam, Fig. (3.19, 3.20) are drawn
as explained:

Upstream ol

1Em Dovwnstream

Toe

Fig.3.19 Cross-section of Dewerige dam by AutoCAD

Maodel of Dewerige Dam at Flooding Condition

|ipsiream
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4 .
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c '
=
=
2 ol
m
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Fig. 3.20 Cross-section of Dewerige dam by Seep/w model 48
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b. Meshing
The meshing of finite element method used in this study comprises

517 nodes and 463 elements with quadrilateral and triangular pattern.
Element size approximately 1.5m. The problem geometry consist of three
regions represent the basic soil divisions Fig.3.21 :

Model of Dewerige Dam at Flooding Condition
Elpstreaim
[hvnsirenm
& =
A.9m -
] l [eam by
Tom
E Sl
il
=]
F -
g
L1} SO SOE GO 1
]
| | |
L1} a i B 1 o I 2] 1] 1E = A e a4 ab D I
Liistance [m}

Fig. 3.21 Sketch Cross-section of Dewerige dam and geological material in SEEP/W

c. Materia properties
Material properties is a fundamental part of finite element equation for

setting of seepage simulation model. Hydraulic parameters are used in
Seep/w explained in detailsin Table: 3.1.

Table:3.1 Hydraulic parametersin Seep/w software

Geologica Region | Hydraulic Saturated Saturated water | Materia type
conductivity (m/day) content
Regionl 0.5002559 0.427 Saturated only
Region2 0.5002559 0.427 Saturated only
Region3 0.5002559 0.427 Saturated only
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d. Boundary condition:
Total head define aboundary condition of the Seep/w problem in normal
and flooding condition.

e. Outputs of Seep/w mode!:
Distribution of: pore water pressure, pressure head, total head,
hydraulic gradient and flow velocity, in soil foundation of Dewerige dam.

f. Summary of SEEP/W modeling:

v Steady-state selected as analysis methods in Seep/w.

v' Draw dam body and detect material properties/ saturated material.

v’ Seepage finite element mesh consist of : 517 Nodes, 463 element and
element size 1.5m.

v" The model using steady-state which represent the flooding condition in
dam study.

v boundary condition is defined according to total head, in normal
condition and flooding condition.

3.9 The most important software which used:
ROCKWARE V.16.
SEEP /W V. 2012 .
AUTOCAD V. 2016 .
BRISC CAD V.2008 .
Arc GIS 10.1.
SURFFER V. 14.
GRAPHER V. 12.
VISO.

TCX.

GOOGLE EARTH PRO.

AN N N N YR N N NN
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CHAPTER FOUR
GEOTECHNICAL ASSESMENT OF DAM SITE

4.1 Geotechnical properties

The geotechnical and hydrological properties of dam foundation and reservoir
were analysis to understand the behavior of these materias (Geotechnical investi-
gation report for Dewerige dam site, Missan consultant engineering bureau, 2009)
based on:

v Reviewing literatures and previous geological and geotechnical report.

v" Field work / initial surveying for dam site and reservoir.

v" Six boreholes had been drilled in dam site to depth 20 -25m, five bore-
holes at dam axis and one in dam reservoir, Fig.4.1.

v" In-situ test / standard penetration test (SPT), observation of groundwater
level.

v' Laboratory tests / by selection samples from each boreholes with vari-
ous depths. The laboratory test based on American Society for Testing
and Materials (ASTM) and British Standard (BS), including : index
properties, moisture content, grain size analysis, consolidation test, per-
meability and chemical test, as shown in Table: 4.1.

Table:4.1 The geotechnical test which used in dam site ( Missan consultant
engineering bureau, 2009)

Test type Standard

Classification tests

Liquid limite (L.L), Plastic limite (P.L) | ASTM D-423 , ASTM D-424

Grain size analysis ASTM D-422
Hydrometer test

Moisture content (wc) ASTM D-2488
Unite weight (ywet ,ydry) ASTM D-2488
Specific gravity (Gs) ASTM D-854
Engineering properties tests

Standard Penetration Test ( S.P.T) ASTM D-1586-99
Unconfined compressive strength (g,,) ASTM D-2166
Consolidation test ASTM D-2435-02
Permeability Test ASTM D2434
Chemical tests

CaCO3 content ASTM D-4373
Organic content (OM) ASTM D-2974
Gypsum content BS1377

Total soluble salts B.S. 1377: 1990 Part 3
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Fig. 4.1 Boreholes location

Geotechnioal assesswent

Table:4.2 Propertiesof boreholes indam site (Missan consultant engineering

bureau, 2009)

Borehole No. Depth Elevation Samples type
Borehole 1 25m +35m Undisturbed, disturbed
Borehole 2 20m +29.5m Undisturbed, disturbed
Borehole 3 20.5m +29.25m Undisturbed, disturbed
Borehole 4 20m +23m Undisturbed, disturbed
Borehole 5 25m +33m Undisturbed, disturbed
Borehole 6 20m +30m Undisturbed, disturbed
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4.2 Geotechnical cross-section

The geotechnical investigation report of dam site explains that the soilsin

dam site consists of : SM, ML, CL and CH. These soils divided in this study to
two main types as the following:

I.  Fine grain soil (clay , silt).
li.  Coarse grain soil (sand , gravel).

Each type has a different behavior with dam conditions. In this chapter, the

geotechnical properties for each type are studied, and the geotechnical behavior
estimated to understand the stability of the dam.

Left shoulder
BHI ) . . Right shoulder
(- 35m) Geological cross-section for dam site
35m = BHS (=33m)
. e BH}
Hm 3 (+29235m) BH4
3 = ; =23m
T —
20m
im
10m
Legend
Jm
. Stlty Clay -
Silty Sand with clay
Sandy Siit
Water table
Silty sand

Fig. 4.2 Soil section inthe dam site (Missan consultant engineering bureau, 2009)
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4.3 Geotechnical assessment
4.3.1 consistency

Geotechuioal assessment

a. liquid limit and plastic limit / The values of LL and PL in soils of boreholes
with difference depth are explained in Fig.4.3, 4.4, 4.5, 4.6, 4.7 and 4.8.

e Borghale |
I 1 40 44 W
| = PR N R RN il WL ol I O
n_ 1 | i i
Fig. 43LL and PL in BH1
%
& &
' &
S|
Barretwrle X
Bk i e e Fig. 4.4 LL and PLin BH2
&
& &
& &
55
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Eorehale 3

Geoteohnisad assessment

Fig. 4.5 LL and PLin BH3
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Fig. 4.6 LL and PLin BH4
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Fig. 4.7 LL and PLin BH5

Fig. 4.8 LL and PLin BH6

57



5@12/* Four

b. Plasticity chart
Results of Atterberg limits for samples with difference depth based on

Geoteohnisal assessment

(ASTM D-4323 and ASTM D-4324) explained in plasticity charts below Fig.4.9,
410 and 4.11) :

Prasticity Dindex, TR {1

5l

A0 -

4

20

L bequrded B imaie, LL (%)

+ —+ | — —
u 40 50 L1 il an

Fig. 4.9 Plasticity chart in BH1 & BH2

Plastisaty Tndey, PR )

ab 1

a0 4

il a0 & 0 i
Ligmbd Linl, LL (%)

1]

Fig. 4.10 Plasticity chart in BH3 & BH4
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2]

40 -

Plastivany Tndey, P1 %)

; CLML .~

1 20 i 40 50 & it &0
Lisguic Limit, LL {3}

Fig. 4.11 Plasticity chart in BH5 & BH6

Plasticity charts above illustrate the relation between liquid limite and plastic-
ity index in soil samples from different depth of boreholes. Liquid limite values <
50 % , based on position of soil samplesin plasticity chart the soil classified as
clayey soil of low to medium plasticity (CL).

Table: 4.3 Classification of mineral according to values of LL and Pl (Das and
Sobhan, 2013)

Minera type LL M
Kaolinite 35-100 20-40
llite 60-120 35-60
Montmorillonite 100-900 50-100
Halloysite (hydrated) 50-70 40-60
Halloysite (dehydrated) 40-55 30-45
Attapulgite 150-250 100-125
Allophone 200-250 120-150

Liquid limitsof the soilsin study area rang from (33.76% - 59.04%), therefore soil
classified aslllite clay soil, which represent a safety soil on engineering struc-

tures.
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Table: 4.4 Relationship between plasticity index and swelling potential (Das and
Sobhan,2013)

Plasticity Index Swelling Potential
0-15 Low
10-35 Medium
20-35 High
More than 35 Very High

Soil of dam site classified as medium swelling potential soil, because Pl values
around (17.36 - 23) in all boreholes for 10m depth.

4.3.2 Natural moisture content

Moisture content in soil of dam site difference depth shown in Table:4.5, which
close to plastic limits. Values of consistency index (Ic) rang from (0.8- 2.1) at
depth 3m for al boreholes that indicate soils of dam site classified as stiff soils
based on I

Table4.5 Natura moisture content in boreholes

BH NO. Wn% Depth (m)
BH1 24.9 18.5
BH2 14.8 5.5

19.7 9
BH3 22.8 55
BH4 27.5 10
BH5 22.4 175
BH6 27.5 8

4.3.3 Specific Gravity (Gs)

The results of specific gravity test in dam site soils show approximate values
of specific gravitiesasillustratein Table: 4.6
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Table:4.6 Values of specific gravity in different depths
BH NO. Gs Depth

BH1 2.67 4,18 ,20

BH2 2.68 55,16

BH3 2.68 15.5, 19

BH4 2.67 3,7,105

BH5 2.69 3&8

BH6 2.67 15,8&145

That explain the soil havethe same source and composition .

4.3.4 Activity of sail

Activity can be calculated by this formula, which studied by Skempton 1953 :

Activity =

Clay Soil %

Activity of clay soilsin al boreholes in dam site shown in Table:4.6 compared
with standard table of clay activity Table:4.7.

Table: 4.7 Standard table of clay soils activity by ( Skempton 1953)

Activity values Clay activity
<0.75 Clay (Kaolinite)
0.75-1.25 Clay (lllite)
>1.27 Clay (Montmorillonite)

Table: 4.8 Activity of clay soil inall boreholesin dam site

BH NO. Pl % Clay % Depth Activity
BH1 23.89 71.7 8 0.33
BH2 21.93 70.75 9 0.30
BH3 22.81 72.33 7 0.31
BH4 26.15 79.57 8 0.32
BH5 25.15 34.45 7.5 0.73
BHG6 26.74 40.32 9 0.66

Since activity inal boreholes range from 0.30-0.66 lessthan 0.75, so soil

type isinactive soil .
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4.3.5 Engineering Properties Test

a_Standard Penetration Test ( S.P.T)

According to ASTM D-1586-99 standard penetration test were performed for six
boreholes and calculated corresponding number of blows (“N” value) as shown in
Fig.(4.12, 4.13, 4.14, 4.15, 4.16 and 4.17). N values were corrected by using the
equation (Terzaghi and Peck ,1996):

Norrectea =15+ 0.5(N measured - 15)....................... (4-2)

N-Values (Below/30cm)

BHI 0 “|° 9 T * Description
—afp—— N measured 1F |
—— N6
Dense
E
=
£ t +
L
A Water table
% + Hard

Fig. 4.12 SPT Log in borehole 1
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Geotechnioal assesswent
N-Values (Below/30cm)  Description
BH2 o 2 & 0 » 0o
b N Lo Ul
N measured
:1: e Dense
Water table
Hard

Fig. 4.13 SPT Log in borehole 2
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N-Values (Below/30cm)

BH3 0 T ‘°L T T Description
r— v ; : -
—p— N0
Very stiff
Water table,
M. dense
e
+
g Hard

Fig. 4.14 SPT Log in borehole 3
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BH4

——afp—— N moasured
—4— N

Depth (m)

0

N-Values (Bclow/30cm)
’I’ ‘;’ T T ** Description

Water table

Dense

Hard

Dense

Fig. 4.15 SPT Log in borehole 4
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ber Four

%

N-Values (Below/30¢cm)

Description
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Water table

Hard

80
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Fig. 4.16 SPT Log in borehole 5
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N-Values (Below/30cm) Description

BH6 0 2 0 & ©
| S | =
——efp— NGO
—4}-— N measured
M.dense
Water table
E
5
o Hard
a

Fig. 4.17 SPT Log in borehole 6

The results of standard penetration test show the soil of dam site is strong,
because the average of N-values were more than 50 in sandy soil, and more
than 32 in silty clay soil. According to Table of (Rogers,2006) soil of dam site

classified as:
» Very stiff — Hard, in cohesive soil.

» Dense-very dense, in non-cohesive soil.
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b. Unconfined compression test (g,,) : unconfined compression test was performed
oneight selected samples from six boreholes at different depthto  evaluate the
undrained shear strength of the samples. Test procedures were in general accord-
ance with ASTM Test Method D 2166. Result of test are presenting in in Table:
4.9 and q, classification in Table: 4.10.

Table: 4.9 Unconfined compression strength (q,,) kPain soil of dam site

BH NO. Depth of samples (m) Unconfined compression C (kPa)
strength (q,,) kPa
BH1 18.5-18 205 102.5
BH2 5-5.5 69 345
8.5-9 76 38
BH3 5-5.5 112 56
BH4 9.5-10 240 120
BH5 17-175 193 96.5
19.5-20 212 106
BH6 6.5-8 123 61.5

Table:4.10 Classification of soil according to values of g, (Terzaghi and Peck ,1996)

Consistency qu (KN/m?)
Very soft 0-25
Soft 25-50
Medium stiff 50-100
Stiff 100-200
Very stiff 200-400
Hard > 400

The result of unconfined compression strength (qu) in study area range from
69-240 kPa, that's mean consistency of soil is medium in BH2 and range from
stiff to very stiff in other boreholes.
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c. Consolidation Test

Consolidation test was performed according to ASTM, for different depths of
boreholes. The results of consolidation test summarized in Table: 4.10.

R T o T (4-3)  (Nagarg &Murty,1985)

Cr =0.0463 (252) S (4-4)  (Nagarg &Murty,1985)

Where:
C. =Compressibility index
C,- = Recompressihility index

Results of consolidation test are as shown below :

- Initial void ratio (e’/ the maximum value (0.748), and the minimum
(0.526), The average of e’) (0.65) which represent a perfect case.

- Compressibility index (C.) / The results of consolidation test, explain
the compressibility index range from (0.103-0.152) in soil of dam site.

- Recompressibility index (C,) / the results of Cr about (0.008-0.017)
that's indicate the soils of dam site have low swelling rates.

Table: 4.10 illustrate Consolidation test parameter

BH NO. | Depth (m) Consolidation test parameter
Initial void | Compressibility | compressibility | Pre-consolidation
ratio (e”) index (C,) index (C,) | (P.) kPa
BH1 18-18.5 0.672 0.107 0.011 164
BH2 5-55 0.632 0.103 0.017 60
8.5-9 0.526 0.131 0.017 66
BH3 5-55 0.609 0.113 0.009 101
BH4 9.5-10 0.748 0.152 0.012 155
BH5 17-17.5 0.598 0.115 0.008 173
19.5-20 0.730 0.147 0.010 185
BH6 6.5-8 0.748 0.152 0.012 108
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d. Permeability

The laboratory test of permeability coefficient (k) based on ASTM

D2434.Table 4.11 illustrate classification of soil according to permeability coeffi-
cient (k).

Table: 4.11 Description of soil based on permeability coefficient (k) (Terzaghi
and Peck ,1996)

Permeability coefficient (k) cm/s Description of soil permeability
>1073 High
101 1073 Medium
1073 _ 1075 Low
1075_1077 Very low
<1077 Impermesble

Maximum value of permeability coefficient (k) recorded in borehole 4. In
general permeability coefficient (k) in dam site soil rang from (1.04 x 10~*

cm/s) at  depth 15-20m (9.26 x 10~*cm/s) at depth 10-15m. Therefore soil of
dam site represent low permeability soil.

4.3.6 Assessment for cut-off width and location

Cut-off can be defined as wall of impermeable substance, which built under

the dam in order to monitoring and reducing seepage and piping under dams toe
(Bureau,1977). In Dewerige dam the cut off wall composed of concrete Fig.4.12.

Cut-off
%

70
Fig. 4.18 Design of cut-off in Dewerige dam
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a Cut-off width

The perfect width of cutoff in design of small dams calculated by this equation
(Bureau,1977):

WS Do e (4-5)

where:

w= cutoff width.

h= water head in reservoir.
d= cut off trench depth.

When applied equation (4-5) to find the correct width of Dewerige dam
w=h-d

W =3.5m - 2.5m

w=1m

The correct width of cutoff is (1m), in spite of the design width is (0.75m).

b- Assessment for cut-off length
Vertical extent of cutoff should be ended on impermeable bed, To ensure
seepage optimum control for example (Bureau,1977) :

o Uil

impermeable bed — k=0 mi's

Fig. 4.19 Extent of cutoff through beds (Bureau,1977)

The Fig.4.13 shows the cutoff wall stops at impermeable bed, to limitsand con-
trols on length and velocity of the flow lines, which reduces seepage benesth the
dam, Fig.4.14 explaine variation in permeability under Dewerige dam.
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Upstream downstream

Soill  k=868s 1077

Gofly k=926=10""

Fig. 4.20 Variation in permeability with depth in Dewerige dam

In case of Dewerige dam, the wall extended through soill, and stopped at
soil2, which had the higher permeability coefficient (k) compared by soill. There-
fore the cutoff wall could not control on flow linesin soil under the dam.

The summery of geotechnical investigation of dam site soils explained in detailsin

Table: 4.12
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4.3.7 Chemical Test

The result of chemical test shows that the gypsum content in soil are increase
in shalow depth, above water table in granular soil Fig. 4.15. That’s mean
Dewerige river isthe source of gypsum content in soil,

Gypsum content%

0 ' 1 : J

10 —

Depth (m) 23

158+

20 —

25 =

Fig. 4.21 Gypsum content in dam site
While the gypsum content under the water tableincrease in both of cohesive

and granular soils. The maximum gypsum content isin BH5 at depth 17.5m about
5.72.
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Table: 4.13 Final geotechnical assessment for critical zone ( from ground surface to 3m depth)

E
=z I
@) — é I wn m I =S 2 Pe G -
Z <3 | F Q |0 RE | P28 | = > g | §'§ =& | o = & - £
:r (32 |z |3 |5 |EE|E s |T | |g3|°%2 = =
5 825 |5 - 5 3 €| & <
L =
BH1 +35 Cohesive | CL 0-1.5| 30 3.05 - 162.5 - - 0 29.6 2.1 11.5 2.67 19.78
granular | SM 15-3 3.05| 34.8 - 27 0.57 0 59.3 -
BH2 +29.5 granular | ML 3 20 422 | 36.4 - 32 0.64 0 55.38 - 5 2.67 18.46
BH3 +29.2 | Cohesive| CL 3 20.5 4.95 - 175 26 0.46 0 59.9 2.1 5 2.67 19.98
+23 Cohesive | CL 3 20 521| - 250 36.5| 0.66 58.3 0.8 0.4 2.68 19.45
BH4
+33 granular | SM 3 25 354 | 335 - 22.5 0.52 0 60.1 - 105 22.6 20.06
BH5
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CHAPTER FIVE
RESULTS OF THE STUDY

5.1 Introduction :

In this chapter the results of the study are expose to show the main

geotechnical problemsin dam site. These problems are listed as the following:

l.
1.
1.
V.

Sulfate attacks.
Dispersive soil.
Siltation .
Seepage modeling.

5.2 Results of sulfate attacks study

Based on the procedure which explained in chapter three, the results of

external sulfate attacks divided the dam concrete body into three zones based on
optical identification to the degree of attack, Fig. 5.1.

Side view of Dewerige dam

Fonel
Zonell

ZaneTI

Toow; £D i |
Jonesof sulaes attack

Fooal

Dowmnstream

upstream

explain zones of sulfates attack

ke [T

Fig.5.1 Sketch illustrate zonesof sulfates attack 76
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5.2.1 Zones of sulfate attacks in Dewerige dam

Sulfate attacks on concrete dam classified into three zones, as the following:
» Zone I: Represent the dam crest area, classified as negligible, Fig. 5.2.

Fig.5.2 Sulfatesattack in dam body, zone

» Zone Il : This area represented dam slope and where the external sulfate
attacks is low to medium based on optical identification, Fig.5.3, 5.4.

Fig.5.3 Sulfates attack in zone Il 77
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Fig.5.4 Effect of sulfates attack in dam slope, zone |1

» Zone Il : The higher intense attack in the dam body explained in this zone
Fig. 5.5,5.6,5.7 and 5.8:

Fig.5.5 Creviceson concrete of dam body, zone I11
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Fig.5.6 crevicesin zonelll

Fig.5.7 Impact of sulfates attack, zonelll
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Fig. 5.8 Deposition of efflorescence on concrete as aresult of sulfates attack

5.2.2 Assessment of sulfate in dam site soils
According to the results of geotechnical investigation report (Missan
consultant engineering bureau, 2009), chemical tests which explained in
chapter four, sulfate in foundation soil of Dewerige dam in about (3.33)%
and concentrated in shallow depth. Therefore sulfate in foundation soil of
Dewerige dam classifies as very sever, Table: 5.1.

Table: 5.1 Standard requirements of concrete foundation (Neville, 2004)

Classification | Soluble Dissolved Required Maximum

of sulfates sulfates(So,) | sulfates (So,)in | Portland water -

exposure in the soil % | theground cement type | cement
water (ppm) ratio

0.1 to 0.2 |150 to 1500 Typell (050 |

Very severe over 2 over 10.000 TypeV with 0.45
pozzolan
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5.3 Dispersive soil

The results of dispersive soil study of dam shoulders are discussed in the
following:

5.3.1 Field survey
After surveyed dam site to determine dispersive soil Fig. 5.9 explained surveyed

points in both shoulders. Field survey and high-resolution satellite imagery (bird
eye) were used to study soil in study area and identify dispersion in more
accurately. The following satellite imagery shown dispersive soil near the dam
site, in shoulders of the dam, and its impact on engineering structures in study

Fig.5.9 Surveyed points in dam shoulders by Google Earth
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The detected area show highly and depth dispersive soil erodibility near the dam site, Fig.5.10.

GARMIN.
Fig. 5.10 satelliteimagery explain the effect of dispersion in soil of dam site
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The evidences of dispersive soil extend until more than 800m from dam site. That isindicate the soil of study
area not suitable for backing the dam shoulders, Fig.5.11.

E47° 37.100°

E47° 38 600 E47° 36 700 E47" 36.800 E47* 36,900 E47* 37.000 E47° 37100
Workdwidn Actorcute DEM Basomap NR 1 — rr— .~
:M:gww{awumt Om Sm 150m 2%5m 300m
o - froee (da -
m"ﬁdm 9% 10/11/2016 08:11:36, :
S Sere L8 erd B Svnden SUT7 B
GARMIN. 2cia0n

Fig. 5.11 satelliteimagery shows influence of dispersive soil near dam
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The evidences of dispersive soil in different positions in dam reservoir, Fig.5.12.
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Fig. 5.12 satelliteimagery shows influence of dispersive soil near dam site



Destruction of engineering structures by the action of dispersive soil in study
area, Fig.5.13 and 5.14.

Fig. 5.13 Effect of the dispersive soil on external roads
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Fig. 5.14 Dispersive soil destroyed engineering structure (abridge) in study area

5.3.2 Impact of dispersive soil on dam shoulders
Soil of dam shoulders eroded by influence of dispersion, and form grooves which
develop to piping and threaten the safety and stability of Dewerige dam.

o Left shoulder / Fig. 5.15, 5.16 display dispersive soil in left shoulder:

— -
REEYS .

g 1n“re’ft Sh:cil d

Fig. 5.15 Dispersive soil in left shoulder 86
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Fig. 5.16 (A & B) explain grooves and gullies dispersive soil in left shoulder

e Right shoulder / The impact of dispersive soil in the right shoulder
explained in Fig. 5.17, 5.18 and 5.19

Fig. 5.17 Pipingin soil of right shoulder
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Fig. 5.19 Gulliesin dispersive sail
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5.3.3 Dispersion test

Theresult of Emerson test indicate soil samples of dam shoulders classified as

dispersive soil class 2, Fig. 5.20.

Kesubls of the stady

imnarse Airdry Crumbs in Water
l o
does u:or slake
dass 7 class 8
swells does not swell
{arganic (lateritised
soks) dayl
r 1
dass 3 does not disperse
disperses v '
(dlite) carbonate and class &
sum absent carbonate and
nake up water suspension gypsum presant
shake vigorously (Ca/Mg iibte
3 1 2 CaMg montmer-
class § dass 6 fllonite )
disperses does net
(flite) disperse
| kaolinite
chiorite)

Fig. 5.20 Emerson class number (Ingles and Metcalf,1972)

5.3.4 Identify types of clay minerals in dispersive soil
Clay mineralsin dispersive soil can be identify by location of these minerals
on Casagrande plasticity chart Fig. 5.21

&0

Plasticity indes

0 10 20 30 40 | e 20
Corites

Lsapnd it

Fig. 5.21 Clay minerals on Casagrande plasticity chart (Holtz and Kovacs, 1981)
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After using the results of Atterberg limits, especially soil samples from dam
shoulders and representation in Casagrande plasticity chart to identify type of
clay mineral in these soils Fig.(5.22 and 5.23).

Plasticity Tndex, Pl (%
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Fig. 5.22 Position of soil samples from left shoulder
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Fig. 5.23 Position of soil samplesin Casagrande plasticity chart of right shoulder

90



Chapter five Kesulbe of the study

Position of soil samples on plasticity chart proved that the type of clay minera
is Illite, aso the field survey to dam site show effect of dispersive soil
concentrated in right shoulder.

As aresult of impact of dispersion on dam site, soil of dam shoulders classified
according to intensity of dispersion in soil: zone | and zone II, when zone |
represent dispersive soil with medium intensity, zone Il represent dispersive
soil with high intensity Fig.5.24.

ossssm  Dwerige dam

The Dispersive Clay Zones
In Dam Shoulders

Fig. 5.24 Dispersive soil clay zonesin dam shoulders

5.4 Results of microscopic study
Microscopic study explained the following results:

- Fabric of soil samples/ fine sand : well sorted & subrounded particles,
Fig.5.25 and 5.26.

- Mineraogy / particles consist mainly of : Quartz , Feldspar ,Chert fragments
within Al-Mukdadiyaformation . asillustrate in Fig. (5.27, 5.28) :
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Fig. 5.26 Fabric of soil samples, sample (2)
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Fig. 5.27 Minera composition of Al-Mukdadiyaformation sandstone (after Ali & Khoshaba,1981)
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Fig. 5.28 Heavy mineral contain in of Al-Mukdadiya formation sandstone (after Ali & Khoshaba ,1981)

5.5 Siltation

the volume of siltation in Dewerige reservoir computed by technique explained in
chapter three. The amount of siltation can explained as the following :

5.5.1 Theinitial elevation of thereservoir (baseleve), as Fig.(5.29).

AT 605 A7.61 47 615 47 62 AT 625 AT.63 AT G35 47 64

Fig. 5.29 Reservoir of Dewerige damin initial elevation in (m) 93
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5.5.2 Measuring the elevations of silt in thereservoir during dry season
Through a final surveying to the reservoir to measuring siltation thickness in
reservoir, based on a benchmark (dam crest ,+32.5m) elevation. The elevation of
the surveyed point was (+29 m), Fig. 5.30.

The dam measured thickness

Fig. 5.30 Measuring siltation thickness

Siltation thickness in reservoir of Dewerige dam for first year calculated based on :
- Initial surveyed data (Ministry of water resourse /center of studies
and engineering design ,2011).
[1-  Results of field measurement and final survey to the silted surface
during the draught period at 2017.

Measuring of siltation thickness/ as explained :

Siltation thickness in upstream side = total dam height - measured height
=3.50-2.23 =1.27m at measured points

That isindicate siltation level cover more than 36% of dam length in first year.
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5.5.3 Estimatereservoir area

Area of reservoir have been calculated using Surfer software, asthefollowing :
1- Determination of reservoir area by drawing polygon .
2- Calculate the area of this polygon .

Reservoir of Dewerige dam coloured in light green with area (1015426 m?) as
shownin Fig. 5.31.

E3
by

& 3 r g

Ares of Reservor=1015420 m?

Fig. 5.31 Determination of reservoir area

5.5.4 Calculate elevations of silt sediment in reservoir
levels of siltation in dam reservoir shown in Fig.5.32 (measureinm) .

Siltation Thickness i Dwerige D Reservoir in (m)

% 95

Fig. 5.32 Elevations of silt in dam reservoir
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5.5.5 Estimatethetotal siltation volumein the reservoir
Siltation volume have been calculated by Surfer software by the volume

command, which calculates the difference between two surfaces (2grids). Grid 1
represent initial elevation of reservoir and grid 2 represent siltation horizonta
level. The difference between the two grids is siltation volume in Dewerige dam
reservoir for 1% year = 285337 m?.

Fig.5.33 explained siltation and initial elevation layersin reservoir.

nitial elevation layer

J gas 1v! !00

Meoters

Fig. 5.33 Outputs of Surfer
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5.5.6 Calculate rate of sediment, economic lifetime, and sediment yield in dam
r eservoir

gltation volume in the reservoir was compute the real economic life as
explained in following equation and The results of siltation study are summarized
in Table: 5.2

Rate of sediment (SR) = silt volume (SV) / age of reservoir (Y) ....ccccceeveeuenees (5-1)
Economic lifetime (LE)= reservoir storage capacity(dead) / SR.......................... (5-2)
Sediment yield (SY) = (SV) x dry bulk density (DBD).........cccccoevurvinireirirniriene. (5-3)

Table:5.2 Summary of siltation study in Dewerige dam

Variables of Dewerige dam reservoir

Sediment volume (m?3) 285337
Age of reservoir (y) ly
Sediment rate (m3/y ) 285337
Reservoir storage capacity (m?) 6886818
Designed life time (y) 50
Economic life time (y) 24
Dry bulk density (t .m=3) 1.62
Sediment yield (t.y 1) 462245.94

As illustrated in Table (5.2) , the sediment volume in Dewerige dam reservoir is
about 285337m3, for the first year only, so the economic life time can be reduced
from 50 years to 24 years, two times less than the designed. That’s confirms there
are gaps and errors in data which adopted during the design stage.
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5.6 Seepage model

5.6.1 SEEP/W model

Simulation model (SEEP/W) dealt with seepage in foundation soil of Dewerige
dam at flooding condition and analysistype steady-state, as explained in chapter
three the following procedure, Fig.5.34:

SEEP/W MOD EL

Explained i *
in chapter 2 ;

SET UP THE MC}D

ATFLOODING
CONDITON

STEADY - STATE
ANATYSS METHOD

GEOMETRY
Explained
in chapter 3 v
g MATERIAL
" BOUNDARY CONDITION
L BASED ON TOTAL HEAD
Explained /

SOIL FOUNDATON

in this chapter 5 STI}-L&TE SEEPAGE

Fig. 5.34 Flow chart illustrate procedure of seepage modeling
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5.6.2 Thetotal head results:

Simulation model shows gradually decreasing in total head in upstream toward

downstream , Fig. 5.35 and 5.36.

Model of Dewerige Dam at Flooding Condition

Upstream

Downstream

Fig. 5.35 Cross-section shows distribution of total head under the dam in (meters)

"“T  Upstream

HH_H_."—I-..._-
134 ! -‘-'T !
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Talnl Haomd {m}

L downstream
e

it . \
10 S P

X m)

Fig. 5.36 Tota head under the dam in X axis
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5.6.3 The pressure head results:
Difference between upstream and downstream in pressure head, Fig. 5.37 and

5.38.

Model of Dewerige Dam at Flooding Condition

Upstream
Downstream

Elevation (m)

Distance (m)

Fig. 5.37 Cross-section shows distribution of pressure head under the dam in (meters)

[
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\
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1 t i I i 1
] & 11 15 m F =3 30 b1
Dhstance {p)

Fig. 5.38 pressure head in foundation soil (meters) 100
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5.6.4 Pore-water pressure results (uplift pressure)

SEEP/W model explaine the difference in uplift pressure under dam body in
the hedl to toe. The difference in the pore pressure in the two sides is a serious
problem because quicksand maybe happened on the downstream side because of
the high pore water Fig. 5.39 , 5.40.
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Fig. 5.39 Cross-section shows distribution of pore-water pressure under the dam in (kPa)
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5.6.5 Seepage velocity results :
- Seepage velocity with depth / velocity of seepage within foundation soil in

with depth concentrated under dam body is shown in Fig. 5.41, 5.42.

Muodel of Dewerige Dam at Floodng Condition

Lipeiream

Diownstresm

Elevation (m)

n F4 4 ] L] I 2 [E] L] 1] k| = 25 o il | | iz M
Ciistancea im}

Fig. 5.41 Cross-section shows distribution of seepage velocity in Y-axis under the dam
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Fig. 5.42 Seepage velocity with depth
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- Seepage velocity with distance / velocity of seepage in X-axis is very low
and concentrated in heel, Fig. 5.43 , 5.44.

Maodel of Dewenige Dam at Flooding Condition
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Fig. 5.43 Cross-section shows seepage velocity in X-axis
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Fig. 5.44 Seepagevelocity in X-axis
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5.6.6 Hydraulic gradient result :

Fig. 5.45, 5.46 illustrate hydraulic gradient in foundation soil between upstream

and downstream with depth.

Kesubls of the stady
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Fig. 5.45 Cross-section display hydraulic gradient in'Y axis
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The relationship between seepage velocity & hydraulic gradient shown in Darcy
law:

Vo T K (5-4)
where:
V= seepage velocity.
i= hydraulic gradient .
k= permeability.
Both of Fig. 5.47 , 5.48 illustrate the proportionality between (v and i).
g
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Fig.5.47 Seepage velocity under the damin XY
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Fig.5.48 Hydraulic gradient under the dam XY 105
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5.6.7 Summery of seepage simulation model

Kesulls of the Study

The results of SEEP/W model can be summarized based on hydraulic parameters
which shown in Table (5.3).
Table: 5.3 summarized the outputs of simulation model

Hydraulic Min. Depth M ax. Depth
parameters

Tota head 10m 1m (upstream) 135m 1m (downstream )
Pore-water 0 kPa Om 129.06 kPa 10m
pressure

Pressure head Om Om 13.15m 10m
X-velocity 5.9 x 10711 m 8.2 x107° At toe & cut-off
Y -velocity 3.7 x107° m 2.9 x10°° At toe & cut-off
XY - Hydraulic 0.004 2m 12 At toe & cut-off
gradient

5.6.8 Caculation of piping safety factor under the dam

Hydraulic gradient as explained in Fig. (5.45, 5.46) concentrated under the dam at

hedl and toe.

To compute piping safety factor in downstream at toe :
1. Extraction hydraulic gradient at toe, Fig.5.49 (i eithydraulic gradient = 0.45).

Toe
(45

Downstream

Fig.5.49 Hydraulic gradient at water exit (toe)

106




Chapter five Besuble of the study

2. Calculation critical hydraulic gradient d critical) and piping safety factor by the
following equations (Das and Sobhan,2013) :

Critical hydraulic gradient d critical)= R (5-5)

yw yw

Hydraulic gradient (i eity have to be less than (critica), according to the result of

simulation model in Table (5.3) hydraulic gradient under the dam range (0.005 -
1.2).
ysat —yw 1945 — 9.81

Critical hydraulic gradient dcitica)y = — 3,y os1 098

Piping safety factor (F Piping ) = lf:;tcal ....................................................................... (5-6)
098

F pipingin soil = soas = 21

Since piping safety factor (2.1), Therefore thedamis relatively safe against
piping problem in flooding condition.
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CHAPTER SIX
Conclusions and Recommendations

6.1 - Conclusions of thisstudy can be summarized as:

1. Soils of dam shoulder consist of dispersive soil class 2.

2. Based on (Emerson test 1967) dispersion degree in soil of dam
shoulders classified as a moderate dispersive soil.

3. Concrete of dam body exposed to sulfates attack (as explained in
chapter three and five) in down steam side, by the action of high
salinity ratio in water of Dewerige dam.

4. The amount of siltation in the dam reservoir was similar to the initial
calculations of siltation in 2009. Siltation decreasing the economic
live time of the dam from 50year to 24 year for one year only, That is
very dangerous and threatens completely bury to the reservoir in the
next few years.

5. Seepage modeling
v" SEEP/W software which used to analyze seepage in foundation

soil of Dewerige dam in 2D provide a good accuracy outputs
compared with hand solutions, which make it a very important
tool in geotechnical studies.

v Hydraulic gradient and seepage velocity can be observed in
maximum values under the dam body, especially in heel and
toe, which produce internal erosion threaten stability of dam.

v Dewerige dam is safety from piping problem, because of piping
safety factor is 2.1, while piping safety factor have to 5 or more
according to design studies of small dams.

6.2 — Recommendations

1 - Sulfates attack / It’s a very necessary to use sulfates resistant coating to
paint the surface of dam in zone III.
2- Dispersive soil / improve soil by using :
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Soil stabilization by add gypsum or lime, to dam shoulders to
support the dispersive soil. Since soil of dam shoulder is basic

the gypsum will be used to increasing strength and supports

soil stability.

Soil stabilization by add organic material which increase
bonding between soil particles and improve stability of soil
(Davies et al ,2010).

For more benefit organic material can be used with gypsum or
lime with the same time.

3- Siltation problem /

a

Administration of watershed (erosion and deposition ) in
designing stage is a perfect way to decreasing accumulation of
silt in reservoir.

Rehabilitation of storage capacity: through periodic
maintenance for reservoir including : partially removal for
siltation which depend upon reservoir topography, amount of
water and the cost.

Maintenance of bottom outlet to avoid block out and Damage

by the action of siltation velocity flow.

Using the removal sedimentation to improve agricultural land
and used building.

4 - Seepage problem

a

Using slurry trench (consist of mixture of sand , gravel and
slurry with width range (1-3) m and depth based on drilling
method ) to extend in foundation soil especially at maximum
seepage velocity.

Drilling wells for relief pressure to controlling on hydraulic
gradient at exit in foundation soil.
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