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PREFACE

The development of water resources is a key element in the socio-economic development of many regions in
the world. Water availability and rainfall are unequally distributed both in space and time. Shifting weather
patterns are predicted to further affect the amount of rainfall in many regions. Some areas will become drier
while others will see an increase in precipitation events. These changes will have untold consequences for
the freshwater supply of the people living there. Decisions in water management planning must take this
development into account.

In this context dams play a vital role, there being only a few viable alternatives for storing water. Dams hold
a prime place in satisfying the ever-increasing demand for power, irrigation and drinking water, in protecting
human life, property and the environment from catastrophic floods, and in regulating the flow of water.
Dams have contributed to the development of civilization for over 2,000 years. Worldwide there are roughly
45,000 large dams listed by ICOLD, which have a height over 15 meters. Today, in many countries where
most of the water resources have been developed, it is of prime concern to investigate the long term
behaviour of the existing dams and measures to rehabilitate them in order to extend their economic life.

The proceedings of the 4™ International Conference on Long-Term Behaviour and Environmentally Friendly
Rehabilitation Technologies of Dams (LTBD 2017), which was held from 17 to 19 October 2017 at IRIB
International Conference Centre in Tehran, IRAN, include contributions from 19 countries. They provide a
state-of-the-art overview of the long term behaviour of dams covering aspects like load history and climate
changes, uncertainties and risk-informed decision making in dam design, construction and operation, the
time dependent behaviour of new construction materials, and new rehabilitation technologies. Traditional
areas are also considered, such as concrete dams and embankment dams, methods of analysis and design,
dam foundation, seismic analysis, design and safety, stability of dam and slope, dam safety monitoring and
instrumentation, dam maintenance, and rehabilitation and heightening.

These proceedings will be an excellent piece of reference for scientists, researchers, engineers and students
working in dam engineering, dam design, environmental engineering and structural hydraulics. We trust that
the contributions will provide an impetus for further study and research in all the areas covered.

We thank all conference participants and the authors of the papers for their contributions. Furthermore, we
are grateful for the support of the reviewers of the papers, the members of the International Advisory
Committee, the Scientific and Organizing Committees and the IRCOLD Secretariat. We also express our
sincere appreciation to the technical and financial co-sponsors: The Ministry of Energy, Shahid Beheshti
University, the Water Resources Management Company, and Iran Water and Power Resources Development
Company.

Tehran, October 2017

Ali Noorzad
Erich Bauer
Mohsen Ghaemian
Babak Ebrahimian
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Abstract

A zoned earth dam 40 m high is analyzed and modelled using a numerical code able to deal with unsaturated-
saturated soils and the coupled hydro-mechanical phenomena. The paper discusses the selection of the
materials for the design of the dam. The dam construction was modelled at the design stage (a type “A”
calculation) and results are compared with actual measurements registered during construction until the time
when the dam reached two-thirds of the total final height. The limitations of the type A model are discussed
and an updated model is presented taking into account compaction data and field tests performed during
construction

Keywords: Earth Dam, Unsaturated Soils, Compaction Conditions, Numerical Modelling, Real Case.
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Naser Tarkeshdooz
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Abstract

Today, “Air Pollution” especially the greenhouse gases generation; and dust storm, (known as dust cloud
and dust layer) have become a severe problem of human’s life and a real threat to the public health. The
issue is considered as a serious challenge for the societies, experts and etc. In this article, it is attempted
first to define the phenomenon, (dust storm, dust layer or cloud), and then to give a brief summarized
actual mechanism of their formation. Also secondly to describe their movement and travelling, together
with the causes of their remaining partly in the sky and partly deposited. The article concludes that the
excessive generations of the greenhouse gases are the main cause of pollution, and consequently the
formation of the dust storm (or dust layer or cloud). Also the most logical and possible remedial measure is
to decrease and mitigate the generation of the greenhouse gases. It is also concluded that the thermal power
station is responsible for generating the biggest portion and percentage of the greenhouse gases and the
transportation, industry and households uses are in descending order. To achieve the effective reduction in
greenhouse gases generation, one must resort to replacement of the production of the thermal power plant
by the renewable energy; and also allocate the largest possible share for the clean, green, renewable energy
in the basket of energy future production. Among the renewable energies, the hydropower clean and green
energy is the most logical, possible, economical alternative.

Keywords: Green House Gas Generation, Dust Storm, Health Problem, Mitigation, Hydropower as
Solution.
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Abstract

Concrete dams are one of the most important infrastructures in every country and the seismic safety
assessment of them is a major task in dam engineering field. Dam-foundation-reservoir system analysis is a
complex interaction problem because this system consists of three domains with different behaviors. For
accurate analysis of this system some important factors should be considered such as foundation mass and
earthquake input mechanism. In this paper the effect of foundation mass and earthquake input mechanism
on seismic response of concrete gravity dam is investigated. For this purpose, 2 different methods are
introduced for modeling of massed semi-infinite foundation in finite element method namely, Free-Field
Boundary Condition (FFBC) and Domain Reduction Method (DRM). To verify the feasibility of proposed
methods for seismic analysis of dam-foundation-reservoir system, the displacement and stress outputs
using proposed methods are compared with EAGD-84 results. The obtained results indicate that both
methods are accurate enough for finite element modeling of massed foundation. Finally, Koyna concrete
gravity dam is analyzed for rigid, massless and massed foundation cases using DRM and it is concluded
that the foundation has significant effect on dam response and the common massless foundation approach
overestimates the dam response.

Keywords: Soil-Structure Interaction, Free-Field Boundary Condition, Domain Reduction Method,
Massed Foundation, Boundary Condition, Seismic Wave Propagation, Radiation Damping.
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Abstract

History shows that the economic prosperity of a society and its cultural wealth was always closely related
to the level of the development of the water infrastructures, including dams and reservoirs. In view of
climate change, dams and reservoirs will and have to play an even more important role as mitigation and
adaptation infrastructures in order to satisfy the vital needs in water, renewable energy and food in the
different continents worldwide. It is also a worldwide political will to improve water, energy and food
security on a global level through the so-called NEXUS approach that integrates management and
governance across sectors and scales. Nevertheless, these political intentions have to be necessarily
followed by a concrete translation into the urgently needed enhancement of the worldwide water
infrastructure including reservoirs and dams. To gain wide acceptance and to obtain a win-win situation
between all stakeholders, such large water infrastructures projects have to be designed as multi-purpose
projects by multidisciplinary teams with a complex system approach. This needs excellence in engineering
sciences and management. Through the excellent work of his technical committees, the International
Commission on Large Dams (ICOLD) is contributing to the worldwide vision “better dams for a better
world”.

Keywords: Dams, Reservoirs, Water, Food, Energy, Sustainable Development, Climate Change.
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Constitutive Modelling of Wetting Deformation of Rockfill
Materials

Erich Bauer
Institute of Applied Mechanics, Graz University of Technology, Graz, Austria
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Abstract

In this paper the constitutive framework of hypoplasticity is used to model long-term deformations and
stress relaxations of weathered and moisture sensitive rockfill materials. The state of weathering of the
material is represented by a so-called solid hardness in the sense of a continuum description. The time-
dependent degradation of the solid hardness is a result of progressive weathering caused for instance by
hydro-chemical reactions of fluid with the solid material. The degradation of the solid hardness can lead to
collapse settlements and creep deformations, which are also called wetting deformations. In contrast to a
previous version, a new evolution equation for a more refined modelling of the degradation of the solid
hardness is proposed. With respect to a pressure-dependent relative density, the influence of the pre-
compaction of the material and also the influence of the pressure level on the stiffness can be modelled in a
unified manner using a single set of constants. The performance of the new model is validated by
comparison of the numerical simulations with experiments data.

Keywords: Rockfill Material, Wetting Deformation, Solid Hardness, Creep, Hypoplasticity.
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Internal Erosion in Dams. Studies and Rehabilitation

Laura Caldeira
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Abstract

In embankment dams, filters/drain systems constitute a first line of defense against the phase of
continuation of erosion. It is generally assumed by several authors that the continuation of internal erosion
can be prevented by using adequate granular filters in areas where important hydraulic gradients may
develop. This paper addresses the most important purpose and functions of filters. Once the internal
erosion process initiates, for a given load condition, and there are no effective filters stopping eroded
particles along the erosion path, the occurrence of progression of internal erosion should be assessed. In
zoned dams, upstream zones may assist in controlling the phase of progression of erosion, before flows
became excessively large for the downstream zone to discharge safely. The limitation of the progression of
internal erosion in zoned dams, potentially caused by an upstream zone can be assessed using a new test
cell. This device and correspondent test results are presented and analyzed. Two case studies of dams with
internal erosion problems are described. The first is an embankment dam, Lap&o dam, where due to design
and construction problems an internal erosion process was developed. The other is Crestuma dam, a gated
structure type. Since the dam started operating, the river bed in the vicinity of the dam has been subject to
frequent monitoring that evidenced progressive erosion of the protective layer. This paper presents the
results of the studies undertaken in relation to the hydraulic stability of the alluvial foundation of the dam’s
stilling basins and of the downstream rockfill, and the main features of the implemented solutions.
Keywords: Internal erosion, Filters, Laboratory tests, Case studies, Rehabilitation.
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Martin Wieland
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Abstract
For the seismic design and seismic safety checks of large storage dams, dynamic analyses have to be
carried in the time domain, as inelastic deformations have to be expected under the safety evaluation
earthquake ground motion. As input for such analyses acceleration time histories are needed. The
characteristics of these time histories are discussed. They may include features such as spectrum matching
of recorded or artificial acceleration time histories, aftershocks, directivity effects, near fault effects,
extended duration of strong ground shaking, number of earthquakes, and stochastic independence of
earthquake components as listed in the new guideline on the Selection of Seismic Parameters of Large
Dams of the International Commission on Large Dams. These acceleration time histories used for dam
design are models of earthquake ground motions but have hardly anything in common with real earthquake
acceleration time histories, but by using such records, the dam engineer can provide a safe design, which is
the main objective of the design of any structure.
Keywords: Dam Design, Seismic Analysis, Acceleration Time Histories, Aftershocks, Ground
Motion Modelling.
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Abstract

The failure of a large dam can be catastrophic to human life and property downstream. Therefore, the
seismic safety is of particular concern for high dams in seismically active regions. This paper addresses the
seismic response analysis of high arch dams due to spatially-varying ground motions. Firstly, a
comprehensive analysis model developed at Tsinghua University is presented, which takes into account
radiation damping effect of semi-unbounded canyons, dynamic interaction of dam-water, opening of
contraction joints, seismic damage cracking and strengthening of dam concrete, and nonlinearity of
foundation rock. Subsequently, the seismic damage of Pacoima dam during the 1994 Northridge
earthquake is qualitatively analyzed by the developed analysis model. The results agree with the actual
damage observed after the earthquake. Most of the contraction joints opened and closed during the
earthquake, and a larger residual opening occurred at the thrust block joint after the earthquake. The cracks
continue from the bottom of the thrust block joint in three directions: diagonal, horizontal, and vertical.
Finally, a large-scale numerical simulation of seismic ground motion from source rupture to dam canyons
is introduced, which can simulate the characteristics of near-field ground motions at dam sites by
considering the effect of source mechanism, propagation media, and local site.

Keywords: Concrete Dam, Seismic Damage, Spatially-Varying Ground Motion, Source To Site.
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Abstract

n this research, permanent earthquake-induced deformations of earth dams using Newmark methods are
investigated. For this purpose, the errors of all sliding block methods for the prediction of the permanent
deformation of 25 real earth dams are discussed in the time domain. Also, the importance level of some
related parameters, discussed by previous studies, is scrutinized using energy approach. The results of the
study revealed that, the energy value, related to the velocity time history, not only acts as a separator
parameter between conservative and non-conservative predictions of sliding block methods but also has a
significant impact on the prediction of permanent earthquake-induced deformations of earth dams.
Keywords: Energy Approach, Earth Dams, Newmark Methods.
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Abstract
Rock-filled concrete dam is a new type of dams constructed by RFC technology. Dozens of RFC dam have
been built in China. At first, a brief introduction to RFC dams is presented in this paper. Then, some
researches of RFC are introduced. The research focus on mechanical properties and thermal-physical
properties of RFC. Some data in situ are also presented. Research results demonstrated that the RFC has
good properties to be employed to build dams.
Keywords: Rock-Filled Concrete, RFC dam, Properties of RFC.
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Abstract

Seepage flow velocities are a key parameter to assess the risk of internal erosion in embankment hydraulic
structures, such as embankment dams, canal embankments or levees. Accurate orders of magnitude of these
seepage flow velocities are difficult to assess via conventional monitoring technologies or numerical
modelling. EDF and geophyConsult have developed for 15 years an innovative technology of seepage
detection using optical fiber distributed temperature measurements. This technology has already
demonstrated its capability to locate seepages through embankment hydraulic structures using passive
temperature measurements without any constraint of the optical fiber cable location with respect to the
ground water table elevation. The next step was to use this technology to quantify the seepage flow velocities
after having located them. A specific numerical modelling and analysis of optical fiber temperature data was
developed and applied to a canal embankment experiencing seepage. After having presented the main
geometrical and geotechnical characteristics of this canal embankment and its foundation, this paper presents
the optical fiber monitoring installation. Then, the hydraulic behaviour of this canal embankment is
discussed, based on visual inspections and piezo metric measurements. In its third part, this paper presents
the optical fiber temperature measurement analysis, allowing seepage location detection and seepage
velocity quantification. This innovative technology still needs to be tested and implemented on other case
studies but it has already shown a promising potential to significantly improve internal erosion assessment
from monitoring data.

Keywords: embankment dams, monitoring, seepage flows, temperature measurements, optical fiber.

1. INTRODUCTION

Seepage flow velocities are a key parameter to assess the risk of internal erosion in embankment
hydraulic structures, such as embankment dams, canal embankments or levees. Accurate orders of magnitude of
these seepage flow velocities are difficult to assess via conventional monitoring technologies or numerical
modelling. EDF and geophyConsult have developed for 15 years an innovative technology of seepage detection
using optical fiber distributed temperature measurements. This technology has already demonstrated its capability
to locate seepages through embankment hydraulic structures using passive temperature measurements without
any constraint of the optical fiber cable location with respect to the ground water table elevation ([1], [2], [3], [4],
[5], [6]). The next step was to use this technology to quantify the seepage flow velocities after having located
them. A specific numerical modelling and analysis of optical fiber temperature data was developed and has been
applied to an 800m-long portion of a canal embankment where seepages occurred at the downstream toe.

After having presented the main geometrical and geotechnical characteristics of this canal embankment
and its foundation, this paper presents the optical fiber monitoring installation. Then, the hydraulic behaviour of
this canal embankment is discussed, based on visual inspections and piezo metric measurements. In its third part,
this paper presents the optical fiber temperature measurement analysis, allowing seepage location detection and
seepage velocity quantification.
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2. CANAL EMBANKMENT DESCRIPTION

The 15-km long canal embankment of interest is located on the right bank of the intake channel of an
EDF’s hydraulic power plant located in the South-East of France. Figure 1shows a view of this canal from the top
of the embankment.

Figure 1 : View of the canal embankment

The embankment’s height above natural ground varies until 15m. Dam crest is 9m wide, downstream
and upstream slopes are 3H/1V. The foundation is made of silty sandy alluviums. The embankment body includes
a watertight upstream fill made of clay, sand and lime. The central and downstream part of the embankment body
are made of sandy gravels. In some parts of the embankment, diaphragm walls have been realized from the crest
to the upper part of the foundation (Fig. 2). However, this canal embankment which was originally built in the
years 1890’ has suffered for decades of seepages and low kinetics types of internal erosion (suffusion and contact
erosion).

Height: 8to 12 m
e < Grout diaphragm wall
Concrete pavement T Treated earth
|
3 ‘ Z 3: d | and earth
Disharge: 600 m*/s et " one 3 : sand, gravel and eal
AT T SR -
<,/
; // 2 » Drainage channel

...........

New cut-off wall

Zone 1 : original water tightness Zone 2 (icley, sendand aah

(clay, sand and lime)

Figure 2: Cross section of the canal embankment before its rehabilitation 3

As this canal embankment is located in a high-density urban area where a breach due to internal erosion
is a major safety issue, rehabilitation works have been carried out in 2014, following a safety assessment study.
These works included the realization of a continuous diaphragm wall from the embankment crest to the upper part
of the foundation and the rehabilitation of the drainage at the downstream toe of the embankment. The
rehabilitation of the drainage included the recalibration and reinforcement of the existing drainage channel in
addition to the realization of a new drainage ditch at the downstream toe of the embankment, in order to improve
the resistance of the embankment against internal erosion and to enhance seepage monitoring. Taking advantage
of the undergoing construction, optical cables were installed during the works of the new drainage ditch and the
existing drainage channel (Fig. 3). The goal of this fiber optic monitoring system is to monitor the spatial
distribution of seepages and to quantify the seepage flow velocities.
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Figure 3: 3D view of the canal embankment after its rehabilitation

The monitoring system of this canal embankment includes piezometers which are located along the crest,
behind the cut-off wall and along the berm between the downstream toe of the embankment and the drainage
channel, flow weirs which measure drainage flows at drainage exits and optical fiber distributed temperature
measurements located along the drainage ditch and channel.

The main potential failure mode of this embankment identified by the safety assessment study is contact
erosion in the upper and lower part of the silty-sand layer associated with a defect in the cut-off wall. Through
thermo-hydraulics modelling of seepages induced by this physical process, it was concluded that two optical fiber
cables parallel to the embankment were needed to detect it. The first cable is located at the base of the draining
ditch, just above the draining trench. The draining ditch is located at the base of the downstream slope. Flow from
seepages, if any, is drained into the trench and then routes through the outlets along the berm to end up in the
drainage channel. Some outlets are equipped with water flow sensors. The second cable is located parallel to the
drainage channel, which is roughly 20 meters from the toe of the downstream slope.

These two optical fiber cables are connected to the optoelectronic instrument, configured for hourly data
acquisition. Distributed temperature is computed using Raman spectra method.

Despite these rehabilitation works, seepages were observed along the downstream toe of the canal
embankment during visual inspections performed during fall 2015 on an 800m-long section. In order to better
understand the physical processes through a characterization of this seepage, an analysis of the optical fiber
temperature measurements has been performed with the goals to quantify this seepage.

In this section of the embankment, the core is composed of different gravelly and silty-sand soils. A 1-
meter-tall layer of silty-sand supports the core. The foundations are composed of sandy-silty-gravel (see Fig. 3).

3. EMBANKMENT HYDRAULIC BEHAVIOUR

To study the consistency of the optical fiber data processing results, conventional monitoring conclusion
is previously presented. Visual inspection, piezometer and flow discharge data, as part of the conventional
monitoring, give an insight of the embankment’s hydraulic behaviour in this specific section.

First of all, during the optical fiber installation works in 2014, a 600-meter long area of saturated soil
with the presence of very slight seepages has been highlighted during excavation of the draining ditch between
locations KP (Kilometric Point) 9.5 and KP 10.1. Figure 3 is a picture of the draining ditch being excavated. A
high water table level was also identified during drainage channel works in this area.
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Figure 4: Picture of the draining ditch being excavated during works in 2014 (left
picture), observation of humid soil (right picture).

During standard operation of the canal, a visual inspection is carried out along the whole embankment
on a 15-day basis. During visual inspections in 2016 and 2017, areas of humid soil at the toe of the downstream
slope around locations KP9.5 and 9.7 and a 180-meter wide area of high water level on the side of the drainage
channel were identified.

The piezometers along the embankment, during the period from 2014 to 2015, are extremely stable in
the area of interest and further with a standard deviation of about 20 cm. Figure 5 shows a piezo metric profile at
location KP 9.670 compiled with a 2-year dataset. Maximum, minimum and average piezo metric levels are
displayed in the French national reference unit. 5

Rhone level

175.6 nNGF

174.0
~NICE

Figure 5: Piezo metric profile at KP 9.670. mNGF unit refers to the topographic level in
the French national reference.

At location KP 9.670, the piezo metric profile shows that the optical fiber is located around 30 cm above
the highest water line. At location KP 9.940, the water level is slightly above the level of the optical fiber,
submerging it.

The draining ditch is composed of two drainage sub-sections as shown in Figure 6. The first sub-section
drains the draining ditch from location KP 9.46 to 9.7 with an outlet located at KP 9.58. The average water
discharge over the years 2015 and 2016 was 220 L.min-1 with a maximum up to 400 L.min-1. The second sub-
section spans from KP 9.7 to KP 10.1 with a non-monitored outlet located at KP 9.7. The visual inspection of
March 2017 gave an estimated discharge of about 100 L.min-1.
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Figure 6: 3D view of the drainage slopes and outlets layout

The conventional monitoring concluded that the water table is generally high, as described by piezo
metric data and visual inspections. At KP 9.94, the water level was higher than the location of the optical fiber.
The non-zero water discharge at the outlets showed that a flow ran in the draining trench and gave an insight on

the potential presence of seepage in the area of interest. The conventional results are summarized in Table 1. 6

=+ Wy Wy w vy W ~ W oo w o i o 2 - iy o~
K siisid|eisidiaisiaisiai~{isisis|s
. . Saturated soil during works n 2014
Visual inspection ey 7
Humd soi1l i i High water table
i N F— i [
Piezometry Optical fiber above water table Optical fiber below water cable
Discharge — — — «— — — —
i 225 Lmin-1 100 Lomin-1
Seepage suspected
from optical fiber Seepage suspected at ~5.10~m/s
mesaurement

Table 1: Summary of the conventional monitoring results in the area of interest.
4. SEEPAGE FLOW VELOCITY QUANTIFICATION METHOD

The seepage flow velocity quantification method is a physically-based seepage detection method
analyzing at each measurement point the optical fiber temperature measurements, using:

e A 1D energy numerical model to compute the temperature induced only by thermal advection as energy
transportation process from the water in the canal to the location of the optical fiber. The water temperature and
the distance between the canal and the optical fiber are the inputs of the computation. The model calculates the
seepage flow velocity in order to optimize the modelled temperature with the temperature measured by the optical
fiber.

e A 1D energy numerical model to compute the temperature induced only by thermal conduction as
energy transportation process from the ground surface to the depth of the optical fiber. The air temperature and
the optical fiber depth are the inputs of the computation. The model estimates the thermal parameters of the soil
so that the computed temperature fits best with the measured optical fiber temperature.

An offset and a ratio correction are allowed as means to take into account the limitations of the models, such as
the absence of solar radiative flux, the non-coupling of water and air effect, 2D or 3D problems, water and air
temperature measured potentially far away from onsite location...etc.

These two temperature numerical models are compared together in terms of their performance to
reproduce the measured optical fiber temperatures. When the air-based model gets less convincing, and the water-
based model becomes better, a seepage flow from the canal is likely to exist. Figure 7 presents the example of a
post-processing graph.
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Figure 7: Temperature difference between the water-based model and the optic fiber
temperature (blue line) and between the air-based model and the optic fiber data (green line)

This graph shows the average temperature difference between numerical results and measured
temperatures, along the position of the optical fiber cable. Between KP 9.7 and 9.9, the average temperature
difference between water-based model and measured temperature drops whereas the air-based model tends to
divert from the measured temperature. This area is highlighted as a potential area of seepage.

Between KP 9.7 and KP 9.9, the water-based model fits the measured temperature with a seepage flow velocity
of about 5.10-s m.s-1 over a span of about 150 meters. Figure 8 shows the time evolution of the water-based model
at PK 9.797 at the center of the area highlighted.

T

= Optical fiber temperature at PK 9.797

— Average optical fiber temperature over a
1500- meter area

m— Air-based model

— Water-based model

Figure 8: Air-based and water-based model temperature evolutions at PK 9.797
compared to optical fiber temperature evolution.

The seepage flow rate can be estimated from the width of the detected leaking area, from the estimation
of the flow velocity and assuming a height of the seepage path in the dyke. If a 0.2 to 2-meter average height is
assumed for the seepage, a total flow rate between 100 L.min-1 and 900 L.min-1 is calculated. This result is
consistent with the estimated water discharge at the outlet 1 (100 L.min-1). The monitoring of the water discharge
at the outlet 1 would give better confidence in this comparison.

The seepage flow velocity quantification method detected an area of temperature disturbance, explained
by the presence of seepage around KP 9.7 and 9.9 consistent with the conventional measurements. The analysis
of the optical fiber temperature measurements gathered between KP 9.4 and 9.7, where a significant flow-rate is
also collected from the drainage ditch is currently in progress.

S. CONCLUSIONS

A new method of quantification of seepage flow velocities by optical fiber temperature measurements
has been used on a real case of seepage on a canal embankment operated by EDF. This method doesn’t require to
heat the optical fiber nor to locate the optical fiber cable below the water table. Being able to provide seepage
flow velocities every one meter all along the embankment downstream toe, this method enables to envisage at
short term to assess automatically in real time and at low cost the risk of internal erosion along canal embankments
or levees for flood protection. This method is currently tested with data from other embankments in order to
characterize properly its domain of use.
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Abstract

System identification is an effective and important method in health monitoring of structures especially in
long term behaviors. It looks after any changes such as cracking or abutment instability in the behavior of
structure. There are several methods of system identification which investigate dynamic parameters of the
structure and each of them has advantages and disadvantages. The results in system identification process
are reliable when it is done by several records and similar results are achieved. In this article, dynamic
parameters of double curved Karun 111 dam was identified by different methods and different records. Peak
Picking (PP), Frequency Domain Decomposition (FDD) and Wavelet Transform (WT) methods are used to
identify the natural frequencies and extracting damping ratios of the Karun Il dam. The similarity of the
results for different records and different methods proves that the results are reliable.

Keywords: System identification, Wavelet transform, Frequency domain decomposition, Karun Ill.

1. INTRODUCTION

Operational modal analysis (OMA) is one of the best methods for health monitoring and detecting of
probable damages in structures. OMA methods are based on only-output data [1]. Classical modal parameter
identifications are usually based on frequency response functions or impulse response function that require
measurement of both the input force and the resulting response. However, for some practical reasons, modal
parameters must be extracted only from response data sometimes. In addition, ambient vibration testing (AVT)
has advantages over forced vibration and free vibration methods such as low cost, multiplicity and variety of
excitations and the continuous use of structure in real condition.

Several techniques are available for OMA such as pick picking (PP) from power spectral density (PSD)
functions, least-square curve fitting technique, natural excitation technique (NEXT), autoregressive moving
average (ARMA), stochastic subspace identification (SSI), frequency domain decomposition (FDD) method and
continuous wavelet transform (CWT) method. Frequency Domain Decomposition (FDD) method transforms
signal to frequency domain and selects system frequencies during processes [2-4]. continuous Wavelet Transform
(CWT) is a time-frequency domain method [5,6]. The advantage of the CWT than other time-frequency method
is variability of time and frequency resolutions which made CWT to a multi resolution method. In this paper, PP,
CWT and FDD methods were used to calculating frequencies and damping ratios of the recorded motions of the
Karun 111 dam.

2. SYSTEM IDENTIFICATION

System identification is used to obtain modal characteristics of structures to observe any changes. OMA
are output based methods which extract modal parameters based on dam responses regardless to input signal.
Different methods were used to this purpose such as Pick Picking (PP), FDD and continuous Wavelet Transform
(CWT). Here, system identification was used to identify modal parameters and dynamic behavior of the Karun I11
dam. PP, CWT and FDD methods were used as Operational Modal Analysis (OMA) method to calculating modal
parameters. PP is a simple method based on power spectral density spectrum. FDD and CWT methods are more
sophisticated and have special advantages. CWT is a multi-resolution time-frequency method that separate
frequencies precisely. In the first step, the wavelet parameters should be selected in an optimization process. Then
frequencies of the record are calculated. After that, the original signal is decomposed to single frequency signals
that contain identified frequencies. The calculated single frequency signals do not have any modes interference so
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they are appropriate to apply half power method to calculate damping ratios. So, the main advantage of CWT
method is its ability to decompose signals. FDD method is a frequency domain method which decomposes power
spectral density spectrum to its singular values. The peaks in first singular values shows frequencies of the record
and second singular value’s peaks are used to verify the weak peaks which appears at the first singular values.
The main advantage of the FDD method is its accuracy to decompose signals and to distinguish frequencies.

2.1. CONTINUOUS WAVELET TRANSFORM (CWT) METHOD

CWT is a mathematical transform which can analyze signals in both time and frequency domain with
variable resolution. The main equation of CWT is:
1)

cwr(ab) = — fﬂo (t)_(t_b)dt

x \a - \/a e x 1/) a
Where b and a are translation and scale parameters respectively. x is signal and t indicates that the signal

is in time domain and vy is wavelet function. In this research the modified Morlet wavelet was used as wavelet

function. Mathematical representation of modified Morlet wavelet is:

P(t) = —1 ei2mfct o—t*/fy (2)
Ty
Where fy, and f; are band pass and central frequency of wavelet respectively.

As mentioned above Wavelet transform is a multi-resolution transform that resolutions are depend on
wavelet parameters. Wavelet time and frequency resolutions are represented as:

ap = feffo @)
1~ ] 2
£o1 4
A =t—— (4)
fc ZT[ fb

As is clear by changing the value of f, and f;, different resolutions can be obtained. So these parameters
should be optimized to obtain better results. Here, a trial and error process was applied to optimize wavelet
parameters. The requested domain for wavelet parameters should satisfy Equation 5 [7].

_ fiis1 (5)
\/Efc = (2a) 2mAf 44

Where a is the parameter defining the overlap between the adjacent Gaussian windows of the modified
Morlet wavelet. Kijewski and Kareem suggested the empirical value 0=2 which is generally sufficient to
distinguish two adjacent frequency components [8].

2.2. FREQUENCY DOMAIN DECOMPOSITION (FDD) METHOD

In this method, Power Spectral Density (PSD) matrix of the response signal is calculated according to
equation 1 [7].
Gyy(jo)=H(j0)Gxx(jo)H(jo)" (6)
Where Gxx and Gyy are the PSD of input and output signal respectively and H is the matrix of frequency
response function. The frequency response matrix can be written as:

n

v QL Q ()
HQm)ikZ;jm-Ak +j0)-}_mk

Where n is the number of modes, A is the pole and Q, is the residue. By combining equation 1 and 2,
the relationship between PSD matrix of the input and output is derived as:

S R | ?
+—[.Gxx(jw). [ZJ‘@-XS +j0)';_\'s]

= j(,l)—)»k j(,l)-)\,k
Assuming that the input is white noise, i.e. its PSD is a constant matrix, after some mathematical
calculations the following equation can be obtained:

Gyy(jo)= [

S A A B B )
ny(jm)=z, k +- LI, S - k
L Jo-h ok oA -jo-hy
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Where Ay is the kth residue matrix of the output PSD. As for the output PSD itself, the residue matrix is
an (mxm) Hermitian matrix given by:

v Q" Q] (10)
Lo ks Dk

Ak: ch

The contribution to the residue from the kth mode is given by:

A QT 11)

2(Ik

Where ay is the negative of the real part of the pole. When the damping is light, the remaining term is proportional
to the mode shape and can be expressed as:

Q=Y (12)
Therefore,
Apx QkC(jk:d)kYkCYde)kT:dkd)kd)kT (13)

Where dy is a scalar constant, and @k and yx are the mode shape vector and the modal participation vector,
respectively. Thus, in the case of a lightly damped structure the response spectral density can always be written
as:

n - 7T

. ddy b A by (14)
G =) kT Tk
yy (o) ; Tor o
This is a modal decomposition of the spectral matrix.

Then, the PSD matrix of output signal is decomposed by taking the SVD of the matrix.

ny(_](l)l) = UiSiUiH (15)

Where the matrix Ui=[ui1, Ui, ..., uim] iS @ unitary matrix holding the singular vectors ujj, and S; is a diagonal
matrix holding the scalar singular values Sj;.

Frequencies of each pick in the first singular value are equal to frequencies of the record. In this method,
to choose the correct picks, the Modal Assurance Criterion (MAC) was used [7]. The MAC compares the
relationship between two complex mode shape vectors ¢ and s by linear comparing:

97| (16)
W) (9T d)
Continues Wavelet Transform (CWT) was used separately to decompose response signal to all identified
frequencies. Eliminating of modes interference and considerably increasing the accuracy of calculated damping

ratios are the advantages of this process. Then, half power method applied to PSD of each single frequency signal
to calculate damping ratios

MAC =

3. IDENTIFICATION OF MoDAL PARAMETERS OF KARUN 11 DAM

Karun 111 is one of the biggest double curved arch dam in Iran. The height and the crest length are 205
m and 462 m respectively, and its thickness varies from 29 m at the base of the crown cantilever to 5.5 m at its
crest level. An array of 15 accelerometers were installed on Karun I11 dam body to record dam responses to ground
motions. As is represented in Figure 2, four accelerometers were selected to study identification of modal
parameters of the dam.
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Figure 1- Location of accelerometers on Karun IV dam body

The recorded acceleration at 04 August 2012 was selected to investigate modal parameters. Two other
recorded events also were selected to verify the results obtained by processing the records of the first motion.
The recorded accelerations in stations 4,8,10 and 12 are shown in Figure 3.
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Figure 2- Recorded accelerations. A) station 4. B) station 8. C) station 10. D) station
12.

3.1. FREQUENCY IDENTIFICATION OF KARUN Il DAM WITH PP METHOD

The peak picking (PP) method is the simplest method in system identification methods. It is based on
power spectral density matrix of the accelerations. Here, there are four recorded motions from four different
stations which have their own PSD spectrum. In the first step all four PSD spectrum should be normalized and
then average spectrum should be calculated. The averaged normalized power spectral density (ANPSD) spectrum
can be used to calculate frequencies of the structure as shown if figure 4.
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Figure 3- ANPSD of the recorded motion

3.2. FREQUENCY IDENTIFICATION OF KARUN Il DAM WITH CWT METHOD

The calculated CWT for the record 1 is shown in Figure 5. As shown in Figure 5, there are four peaks
of energy and each of them could be assumed system frequency, but the energy of the first identified mode is not
as much as the others. Therefore, to find the first mode of the system accurately, two other records were used.
Figure 6 and 7 represent the first mode which were identified with record 2 and 3 respectively. As it can be seen,
these figures verify the selected modes of record 1.
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Figure 4- CWT of first motions and identified frequencies
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Figure 6- CWT of third motion and Figure 5- CWT of second motion and
identifying first mode identifying first mode

The identified modes of the Karun 111 dam by CWT method due to ambient vibrations are briefly shown in Table 1.
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3.3. FREQUENCY IDENTIFICATION OF KARUN Il DAM BY FDD METHOD

Frequencies of the system with PP and CWT methods were extracted. Here, in this section, FDD method
was applied to calculate frequencies of the Karun 111 dam. As explained, FDD method decomposes acceleration
record to its singular values and the peaks which appear in first singular value represent frequencies. Figure 8
shows first singular value of recorded motion and four identified frequencies.
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Figure 7- first singular value of recorded motion

Three different methods (PP, CWT and FDD) in frequency domain and time-frequency domain were
used to calculate frequencies of the Karun 111 dam from recorded motions. The results of all three methods briefly
are presented in table 1 below.

Table 1- identified modes of Karun 111 dam

Frequency (Hz)

Modes Average (Hz) Error(Percent)
PP WT FDD

1t 2.22 2.18 2.20 2.20 1.80

2nd 2.39 2.26 2.32 2.32 5.44

3rd 2.56 2.42 251 2.50 5.47

4t 2.86 2.72 2.73 2.77 4.89

3.4. CALCULATING DAMPING RATIOS

Half power method was applied to calculate damping ratios in four identified modes. Because the
identified modes, especially the first two modes are close, modes interference causes significant errors in
calculating damping ratios. Therefore, the dam responses were decomposed to identify frequencies. These
frequencies were used to eliminate modes interference in order to use half power method to calculate damping
ratios exactly. Damping ratios calculated are represented in Table 2.

Table 2- calculated damping ratios of Karun 111 dam

Modes Damping ratio (%6)
18t 1.66
2nd 1.58
3rd 1.02
4th 112
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4, CONCLUSIONS

In this paper PP, CWT and FDD methods were used to calculate modal parameters of Karun 111 dam.
Because the recorded responses on dam body are ambient vibrations and cannot excite all modes of the dam
clearly, more than one motion was used to find weak modes.

The first identified frequency by three methods has 1.8% difference and its average magnitude is 2.2. the
first mode is the most important one in system identification process and 1.8% error demonstrates that the all three
methods have almost similar results. the second identified frequency and its tolerance are 2.32 Hz and 5.44%
respectively. In all 4 identified modes, error tolerance percentage for different methods is lower than 5.47% which
shows excellent accuracy for identification process.

The signal decomposition technique which was used to eliminate modes interference showed good
results. In addition, damping ratios were calculated separately for each mode. This method significantly increases
the accuracy of calculated damping ratios.
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Abstract

One of the most important factors affecting the safety and stability of earth dams is arching in a clay core.
This phenomenon happens due to difference of elastic modulus of clay and filter materials, which, in turn,
causes more settlement in clay core than the sides. This makes transmissions of stress in arched format to
lateral filters; hence, stress recorded in pressure cells located in filters increases to more than the above
material layers' weight. This led to an increase of arching factor (ratio of stress recorded of total pressure cells
to materials weight over these cells) to higher than the unit. This implies that arching is of great importance
during the initial impounding of dam reservoir, which should not exceed limited value. The problem happened
in Mamlou earth dam is local arching in place of total pressure cells installed in filters which has caused
decreasing of recorded stress. Accordingly, the factor of arching is less than one. The phenomenon has
happened in most of pressure cells installed in filters. This paper, then, has studied the cases happened in the
highest section of dam (section 14). In the next part, we have modelled the main section of the dam in finite
difference method by FLAC2D. Finally, we have presented the results of comparison between instrument and
model results.

Keywords: local arching, modulus of elasticity, FLAC2D, total pressure cells.

1. INTRODUCTION

Safety of large structures made by human always requires a comprehensive and detailed understanding
of them. In the case of earth dams, as the most complex geotechnical structures, the best known structural failure
reason is defect in construction, which, in turn, leads to instability in dam body [1], [2], [3] and [4]. Rock fill dams
with clay core are desirable among engineers and societies largely due to protection against natural hazards and
also cost-effectiveness. As a result, they have developed rapidly in recent decades [5], [6], [7] and [8]. Failure of
high earth dams with central impermeable core and two permeable shell on both sides of core could cause risks
for communities in downstream. This has led experts and scholars to carry out extensive studies on the same issue.
Dam safety evaluation is a complex issue that requires a detailed analysis using instrumentation and analysis by
different soft wares [9], [10] and [11].

One of the most important parameters to be taken into consideration is pressure. In order to monitor
pressure, it is of great importance to place pressure cells in pre-determined locations in dam body. Recorded data
in pressure cells is cyclically collected through data loggers and analyzed. Stability of dam body depends on
different items including displacements, pressures, pore pressures. One usual phenomena that happens inside dam
body is arching. Arching takes place as a result of settlement difference in clay and filter materials arises due to
more filter modulus in comparison with clay. During this process, pressure transition happens from clay to filter.
To put it another way, clay behaves like an arch bridge and the side filters act as pile of bridge and carry loads
more than overhead load. Before dam construction, prediction is made in different methods to have safe and stable
body. Moreover, monitoring is done during construction and in first impounding of reservoir. During our study
on Mamlou earth dam, we observed strange phenomena happened in pressure cells located in filters. It was
understood that arching factor in these regions is less than unit meaning that it not only does not apply greater
burden on the region, but also, loading on the region is less than the overhead. This problem happened in many
pressure clusters located in these regions. we called these phenomena as "local arching”. In this paper we are
going to investigate these phenomena.

' Mamlou earth dam Safety and sustainability expert
2 Lar earth dam Safety and sustainability expert
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Technical studies concerning geotechnical complex structures such as dams is necessary and the related
researchers considered instrumentation a factor for keeping economic interests, which helps to grow the
construction and maintenance of development projects [12]. This is quite evident in Mamlou dam instrumentation.
In order to accurately evaluate the dam during the construction and exploitation stage, a complete set of
instrumentation were installed in 5 sections according to the length of the dam body .Mamlou dam instrumentation
consists of total 384 numbers of different instruments. One of the main goals that can be followed through
instrumentation of data at the end of dam construction is consideration of the correct Performance of construction
and verifying design assumptions and providing alerts to solve the potential problems of the dam. The basic
parameters necessary for this purpose in earth dams is measurement of pore water pressure, the amount of stresses
in soil and lateral and vertical deformation in dam body [9], [10].

This paper reports the analysis of actual measured pressure in order to estimate arching factor in Mamlou
earth dam. With rapid growth in computer processing power and speed, it is not surprising that many engineering
problems are solved through analysis or modeling. Today, these soft wares are highly optimized (Siva Kumar and
Singh, 2016) [13]. FLAC is a software is used for engineering calculations. FLAC software, which is known as
an explicit finite difference based on lagrangian analysis functions, was used to model the main section of Mamlou
earth dam (section 14-14) by using Mohr-Coulomb elasto-plastic model and also through data analysis
instrumentation. Furthermore, through back analyses, the actual parameters of dam body materials were extracted.
In this way, we were able to accurately assess our design assumptions with actual conditions. This analysis focuses
on pressure and displacements, and the available monitoring data entails a total of nearly 8 years including part of
the construction phase and stage of first filling of the reservoir (2 years), and 6 years of its operational Time.

2. MAMLOU EARTH DAM

Mamlou earth dam shown in Fig.1 is constructed about 2.5 km downstream the accession of
Damavand river to Jajroud Rivers in a place called "gate" by Longitude and latitude of 51.7880° and
35.5840° respectively which is about 45 km southeast of Tehran. In upstream of the dam is Pardis city
and at the downstream of the dam is Pakdasht city located in about 17 and 15 Km distance respectively.
Mamlou earth dam is 89m high from the base and 86m high from river bed and the length of crest is
807m (Table 1). The construction of dam began in 2002 and was completed in 2009. First impounding
of reservoir started in 2008 February.
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(b)

(©)

Upstream cofferdam

o

Intake System
Spillway

Dam crest

Rip-rap

(d)

Upstream cofferdam

Upstream filter
Downstream filter

Cutoff wall
Drain

Fig 1. (a) Geographical location of Mamlou earth dam. (b) A general view of Mamlou
earth dam. (c) General construction plan and layout of the Mamlou earth dam. (d)
Zoning of Mamlou earth dam.
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Table 1: General characteristics of the Mamlou dam.

characteristics estimate
Maximum height 89m
Crest length 807m
Crest width 10m
Crest elevation 1308m
Dam volume 7.17x 106 m®
Reservoir volume 2.5x 108 m®
Normal water level 1303.5m
3. ANALYSIS OF MONITORING RESULTS

This section deals with dam behavior around the pressure clusters situated in filters. Data collected during
dam construction, first impounding and then, operation period, is used for analysis. There are numerous pressure
cells that are facing local arching. Therefore, we have chosen one critical instrument which is located in highest
instrumentation section of dam body (section 14-14). Fig 2 shows the arching factor and stress changes in PC14-
1 which is installed at upstream filter and is at bottom level interface of foundation and filter. As shown in fig 2,
arching factor is less than unit which is unusual. According to equation 1, for arching factor (A) increases as with
Py Asaresult, we can claim that arching factor should be more than unit while this is completely different. In this
experiment, we found that this cannot happen while there is arching in clay core. In our argument, then, the only
reason is local arching which happens locally around the instrument. In other words, materials around the
instrument is in condition that settlement does not happens equally so stress transmitted to beside the cluster that,
in turn, it causes less pressure on the pressure cells and accordingly, arching factor decreases less than unit.

A= b
" yh 1)

Where Py is vertical pressure, v is special weight and h is height of building materials on the instrument.
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Fig 2. Arching factor and stress measured in pressure cells installed in PC 14-1 cluster
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4, NUMERICAL ANALYSIS OF MAMLOO EARTH DAM

In this study, finite difference method was used for modeling dam behavior in order to obtain reliable
stress-strain relationship. Mohr-coulomb model, as a conventional model for soil and stone materials, was used
for earth dam that provided most adaption with real measurement. FLAC software, which is known as an explicit
finite difference based on lagrangian analysis functions, was used to model the main section of Mamlou earth dam
(section 14-14) by using Mohr-Coulomb elasto-plastic model. Fig 3 shows the numerical model created in FLAC.
Fig 4 shows the vertical stress changes during construction of dam body. According to this graph, it is completely
obvious that vertical stress recorded in instruments is lower than the numerical results. Thus, it directly affects
arching factor to decrease less than unit.

(b)

CHtor itersal= 5 00E+05

Fig 3. (a) Regions of dam body (b) meshing considered for numerical finite difference
method (c) numerical result for vertical stress obtained in dam body at the end of
construction.
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Fig 4. Vertical stress changes in modeling and measurement at the end of construction

5. CONCLUSIONS

The pressure characteristics of an earth dam during construction and operation phases were investigated
in this research study. Monitoring was carried out for Mamloo earth dam in Tehran province. For comparison,
monitoring records were collected during construction and operation phases which mostly focused on pressure
and pore pressure records in pressure clusters located in filters. We observed unusual behaviors in pressure cells
located in filters as they showed less pressure compared to overload materials weights while arching has happened
in clay core and this is unreasonable. Thus, we understood that an unusual event went on around the pressure cells
which decreased the stress on the pressure cell and arching factor becomes less than unit. Since this behavior
occurs in clay core, we called it local arching. During our numerical study, we observed usual behaviors in dam
body spatially in susceptible zones. These results confirmed our argument about local arching around the pressure
cells. Differences between normal and unformal pressure records were about 400kpa at the end of construction
continued in operation phase.
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Abstract

Drilling borehole is one of the Geotechnical studies methods in land. The improvement of the procedure for
and largely reinforcing the ground and injecting the material into the ground used. According to ground
conditions and specify the desired goals of the depth of the borehole, which could include the borehole of
the shallow, deep and profound. In this research, in the alluvial land drilling operations are studied on alluvial
layers. Soils of fine-grained up to coarse-grained and even the structure of There is a very complicated that
you should be sure of the direction of the drilling operation. Soft rock with rock areas of the organization
that the cycle of diagenz there has to be complete and their effect on tectonic setting or location and climate
of the region suffered alteration and alteration have been certain important also in drilling. In fact, drilling
in the sand and stone strata loose organization, some of chemical- vaporize, because the coal and limestone
rock component that compresses the soft sensitive work; and the necessary measures in this regard should
be anticipated. A variety of machine tools for drilling, digging wells and the borehole in the world level used.
In this research is based on the mechanism of action of the machine, drilling them into different groups,
which is divided into the selection of the drilling system to each of these sets of factors, geographical
location, gender, position, and depth of the well diameter materials and other factors are correlated.
Keywords: Drilling, Alluvium, New methods of speculation, Management.

1. INTRODUCTION

One of the methods Renovation and strengthening of the land, injection into the land, materials, mainly
of the drilling method used to achieve this goal. now depends on the ground conditions and the goal of changes
in soil texture, drilling can be carried out in various forms such as can be used to make the chips, holes drilled,
dug the pit Borehole by drill point, drilling in order to dig here by car of the digger, in order to inject mixes of
Within the different ground

2. THE METHOD OF BOREHOLE DRILLING

To perform the drilling operation first must specify the position of the Borehole, as well as the location
of the work shall have been appropriated and not opponent as well as the access road to the site is possible by car
and in the case of not having the necessary measures must be well access way. in some cases, because of the
existence of legal problems or terrain can designer The location of the Borehole could be as much as possible and
as far as an aims the project would not be entered, move.

After you determine the location of the Borehole, according to the coordinates of the position presented
in the map of the borehole as with the mapping camera by a surveyor in the walk location. After being determined
the exact location of the borehole by seating the team preparing drilling. prepare device for seating include
preparing the way to access the flat, horizontal directional drilling and seating create a sturdy platform and prove
by concrete for mounting the device. After preparing the drilling platform of the device must be in the form of
Bob (perpendicular to the ground) in the desired location is fixed. Fixed to the device and its perpendicular on the
ground is very important, especially during drilling that the device should not be moved to no or Off-Plumb and
level. the error in each of these cases can cause wrong results or business failure of the drilling operation at that
point. At the time of the start of drilling operations generally, the value soil, alluvium or manual categories may
exist that must be of casing investment methods. Unless the desired level of concrete or stone and dig out the
starting point (zero point) on a concrete or stone. Soft rock with rock areas of the organization that the cycle of
diagenz there has to be complete and their effect on tectonic setting or location and climate of the region suffered
alteration and alteration have been certain important also in drilling. In fact, dig in the sand and stone flowers
loose organization, some of vapor and chemical because the coal and limestone rock component that compresses
the soft sensitive work; and the necessary measures in this regard should be anticipated (Mansouri, 1385).
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A variety of tools and devices Drilling for the well, and the Borehole in the world used the mechanism
of action they are., drilling of the four following main classified group (Bell, 1983):

1- bits drilling

2-wash drilling

3-impact drilling A

4-Rotary drilling
Select each of these systems Drilling of the collection of the following factors are correlated (Bell, 2000):

» The position of the geographical location of the

» Genus earth materials

» Diameter and depth of the wells and drilling machine

» The device being available.

» The aim of the drilling operation

» Sampling quality.

2.1. SPIRAL BITS DRILLING

One of the methods Conventional drilling, in the activities of the development will count come the
digging of wells in the rotation on their effect and spiral drill and go it on land obtained. application of this method
of more drilling in soft and semi hard and depending on the type of drill, various used (Duncan, 2005). Drill
drilling of the main two are divided into: 1. drill Manual of drill-2-mechanical indices.

2.1.1. HAND AUGERS

This drill These are manual by one or two people are slaves earning. overall the composition they include
bit, bar or tube in the Middle, and handles the drill head can be could have different shapes, and practice of drilling
and sampling done by them (Shafai, 1373).

This type of drill for drilling to a depth of 10 to 30 meters used in drilling depths by gender. land and
water access level control in underground, drilling through the drill. Manual of tasks usually done for the prospect
of another application, such as a declaration recognizing and water level basement and creating wells, drainage
can also.

Frequently asked questions The most common type of drill Manual, the following are divided into three groups:

A: Post — hole Auger
This type of drill for example, soil sampling of fine seeds used in sticky and their diameter shall be
between 100-200 mm.

B: Helical or Screw Auger
Spiral drill for samples Any of the soil (the non-sticky sticky or) use. of course, the soil should dry and
above the level of the ground water located between 50 to 100 mm in diameter they are.
C: Spiral Auger
This drill Building simulation, springs, and according to their forms and their uses are as follows:
1. Closed spiral drill, 2. Open spiral drill;

The first type of soil for samples of the hard clay soil and Sandy heaped up in use. the second type of soil sampling
for non-adherent of the sand used in slave of the drill diameter are between 50 to 100 mm.

2.1.2. MECHANICAL AUGER

The necessary resources for implementation of dropping this kind of drill Are supplied by a motor power
consumption amounts to a kind of drills and drilling for the Earth in which sex may be depends. drill of its duty
based on the mechanical properties of two group of drills and drill style of mechanical properties of heavy losses
in the Division.
2.1.2.1. LIGHT MECHANICAL AUGER

This drill in terms of application interface limit of the drill of the drill manual and mechanical properties

of heavy metals. Transport and work to get them done by one or two people from a small engine to power 10
horsepower for turning and sinking of land used in the drill. the depth of wells drilled by this type of drill between

41



Long-Term Behaviour and Environmentally Friendly Rehabilitation Technologies of Dams (LTBD 2017) DOI:10.3217/978-3-85125-564-5-006

10-15 m in diameter drilling, and between 75 to 300 mm. they further application in deposit that not soft and hard
and toward the drill Manual of the higher speed.

2.1.2.2. HEAVY MECHANICAL AUGER

These drills are usually on trucks and by them to the desired locations in data transfer with them by force.
A powerful engine and penetrating power supply (pressure) they may be caused by the weight of the drill and drill
machine itself or by an external supply of hydraulic power or dynamic.

2.1.2.2.1. FLIGHT AUGERS

These drills Height are equal to 50 to 300 mm and drilling to a depth of 50 of them for up to 60 meters
in use. The drill blade, depending on the application they have to drill two of the spokes of the drill and short
blade of a continuous classified.

2.1.2.2.1.1. SHORT FLIGHT AUGERS

The composition of this drill Are in three sections:

A: blade in the lower part of the winning and the drilling operation is performed.
B: drill spiral-length limit in the middle section.
C: the axial Rod drill set to attach drilling machine.

During the drilling drill machine to spin and the spin by the middle bar (axial) are transferred to the
winner of the blade It is done by drilling materials. in the middle part of the spiral instead of may be brought to
the surface of the Earth in this and rotated in the reverse-discharge materials drill drilling and drilling wells are
sent to the end again.

According to the type of blade used, drilling a winner may the following can be in.
1-spiral blade 600 mm maximum diameters: simple, drill for deposits of the soil surface and soft.
2-blade diameter 400 mm double spiral: maximum drilling, for deposits Hard rock of altered.
3-blade fish tail shape: maximum diameter 300 mm, for drilling in stone of loose soil and hard.
4-blade 300 mm maximum diameters, mounted: for drilling in stone of semi hard.

2.1.2.2.1.2. CONTINUOUS FLIGHT AUGERS

This drill Page spiral form head to head Kelly bar section [9] are unlikely to be seen as going a shail, a
result of the on-going progress in drilling and drilling materials with rotation of the page brought up in spiral, and
finally, at the level of the discharge in the Earth. the possibility of mixing sample Being brought up in the end in
this kind of drilling is high and not obtained samples of the precise location of the drilling depth will be
introducing. using this drill, then can be used to a depth of 60 m continuous drilling in. diameter drill this is
between 60 to 110 mm. drill with this type may be found in the any land, though in different drilling will use them
more on the sediment surface of and, like the loose shale. The middle part of the drill of the spokes going in May
to the following distort.

A: bold Flight Augers

When of the drill of the blades used in bold is required after each time the drill has to be outside of the
sample or part discharge of drilling has been performed in Australia and or drill, but tests of the blade of this score
are you available during the drilling core sampling done also and the intact samples of a diameter of 75 mm to
150 mm and a will get that, no need to drag out the drill from the inside Wells.

B: Bucket Auger

This drill Includes a cylindrical steel container in the shape of the top and on the bottom of the page are
open there is a metal on the blade of the winner has been anticipated in the vicinity immediately. this blade of the
winner of the thread that is located within the open compartment bar compartment of steel -to connect the drill
machine May drill during drilling operations. To rotate dermis and blade of the winning cause shatter and cut rock
or sediment in your path may be crushed by materials. Thread are way into the Chamber to be filled when they
and the Chamber is brought to the surface of the Earth, the drill and the discharge Chamber contents in this case
and the practice of oil drilling continue. using this method, the well of a diameter of one meter and to a depth of
50 meters drilled. Of course, this drills for drilling in soft sediment not suitable hard.
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2.2. WASH BORING DRILLING

Wash boring drilling method A simple exploration of the common Borehole and germination in one
application of this type of more drilling. deposits of soft and hard stones and half are badly needed, altered drilling
depth 30 m. and a diameter of wells drilling, to a limit of 15 cm. drilling speed in the sediment of the soft alluvium
in about 6 meters per hour and in stiff clay, 5.2 meters per hour. the practice of drilling samples obtained from
most of the hand and many are disrupted and distorted value for the activity of identifying the samples in order to
have healthy examples of tools usually used by Drilling tools include the drill (drilling blade) The bar mounted
on the drilling and steel through the cable (rope) attached to the drilling device may include drilling of
telecommunications device. (Three or four foundations), engine, steel cable, pulley and the water pump is a device.
drill (blade), drilling a three page form of linear, sharp tip and a page there is a crossover of the two types of
deposits for the first drilling soft clay to silts, for deposits of alluvial rock semi hard and loose use of this method
of drilling are usually in the form of the tube wall of the need to protect the wall used in the well and be in the
Borehole that the party does not have the necessity of at least two-walled pipe the first meters of the well by the
pipe wall protecting the safety of the Earth around the well that the place of establishment Drill machine is
guaranteed.

This drilling method for drill and drilling is the first bar to a certain height (30 to 100 cm) high by the
motion of the motor is brought Then abandoned and drilling tools in effect force called free fall to the bottom of
the well shall enter that causes the path of wisdom and shortening their materials into the water simultaneously.
Wells drilling through injected bar and through a hole that had been anticipated with the pressure on the drill blade
out. by pressing the crushed materials and parts for water through the gap between the pipe and that bar drilling
the wall with wall Located well to the top of the well, along with the materials out of the water to the pond or tank
shall discharge the alternatives. in these ponds are gradually destroying the bomb materials may have been
pumping and water wells within the injected again.

2.3. PERCUSSION DRILLING

This method for soil drilling Soil heaped up, hard and stiff clay minerals and rocks are used an average
drilling depth of 60 meters. and a maximum of more than 200 m and diameter of drilling between the Borehole-
100-600 in mm. drilling speed according to the type of ground materials and sex that are drilling be different.
Coarse of Soft surface and 2 to 4 meters per hour, in the semi hard materials 1 to 2 meters per hour and in rock
hard maximum of 1 meter per hour may. in rock drilling when the sample represents the mentality of the soil, but
are often examples of the obtained hand and drains me. this method more dug in deep water may be and its
application in geotechnical exploration due to the high cost of doing it and the lack of access to healthy, is limited.
The device Drilling tool set is included in the operation of drilling and sampling in two stages separately. Summary
description of how to work in below.

1. Drilling operation: on the effect of high and low go drilling tool within the wells and the influence
they have on earth are in effect if you hit Drill drilling tool included. (Blade), bar drilling and may be replaced by
metal cable pulley and the motor is attached to the drilling machine can be moved by first drilling tools. the engine
up to a height of 50 cm high to100 cm. then release brought shall be. This tool since all are steel, as a result, many
weight. so many during the fall energy (D) may blow in and enter and penetrate the Earth to cause drill bits.
Drilling drill during the penetration on the land, located in the materials is cut and their continued resistance. If
drilling beneath the surface of the water within the well water level, seeps, and mixed with chopped materials and
flowers and will create a layer that bring in the next step (stage of sampling) shall discharge from wells drilling.
Over the surface of the Earth, it is necessary to be entered into some water wells up with the crushed stone mixed
materials has mud and earth and can be used to discharge after layer.

2- the practice of sampling material discharge: after finding out drilling tools and drilling operation status
do Sample tools. the sampling Chamber or barrel including discharge and are depending on the gender of the
specific and different types of drilling materials type are part of the lower Chamber are each one win and her heel
is a side valve open. "thus allow crushed materials and flowers came into the Chamber layer may increase, but
prevents their exit Sample tools. the sampling and bar are connected to discharge drilling and drilling device by
cable to attach metal and move it by the motor adjustment, usually the discharge Chamber with a shot to the
bottom of the well is imported and with his winning of the heel into the building materials and flowers and are
down layer and high vacancies, while flower materials and layer to the level of the Earth.

Method The discharge of the other for flowers and used wells Te layer, for example when the bottom of
the well and mud materials sand layer of lacking adhesion can be used from head method and when more materials
are made of clay may be of the drill of the vane rotor movement that have spiral.
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2.4. ROTARY DRILLING

This method of drilling in all types of land in earthy and stone and has taken to act too deep. Borehole

diameter between 40 to 200 mm and has a sample of the obtained may be intact and represents or can depend on
what purposes these are drilling are done.
Drilling on their speed of operation compared to other methods of it is, therefore, more extensive use of Borehole
for digging deep and prospect of operating oil and gas. this method in the project application and exploration of
high-cost geotechnical for the implementation of complex it systems and it limited drilling of this system is its
duty according to the two groups of micro tool and the tool are divided into core study and a brief description of
each of the following has come in.

2.4.1. CUTTING BIT

When these tools are used The main purpose of the action are in the Earth, and the influence of advance
at drilling and sampling in the second priority is located in the samples obtained in this way have been routed and
crushed in the drill included utility (blade) and the body of the drill is a drilling axial rod is mounted and connected
to it by drilling machine may. A drill machine is equipped with hydraulic power generating engine that move the
supply of drilling tools on their May drill drilling. Rotate and move on their own and cause rapid shortening of
materials in the bottom of the well and drilling tool weight effect causes the sink into the Earth and water or
drilling mud. compressed air simultaneously through the drilling of the well within the injected bar and ultimately
through the holes and slots in the drill designed to drill around b.OBO very high pressure injected and thus in the
meantime climbed and materials have been routed to the surface of the Earth. of water (drilling mud) or
compressed air for cooling is used to keep drilling bit drilling in the flowers. the protection of the wall of the well
in front of the drilling mud also loss. Of the mix to water with bentonite obtained in drilling and wide use of oil.

2.4.2. CORING TOOLS

The only difference between core tools Gear and tools in tools core barrel insult, core gear is installed
after the bit and the sample during the 1960s dig into it driven and after completion of drilling, a thigh high along
the sample. core barrel length is usually between 50 to 300 cm. two types of related core barrel and there is double
core barrel related to the sample in the soil sample to take and double core barrel in the land of stone used It can
be.

3. MODERN METHOD OF DRILLING

In addition to the items listed by need method New ways have been devised to drilling is a brief
description of them.

3.1. THERMAL DRILLING

On the method of thermal, thermal radiation of energy helps the air with oxygen, or fuel type, white
cementing, oil used for may Air or oxygen and fuel stone. of the two separate tract into the reservoir located on
the back of the drill is added and after igniting the flame, heat the drill through the nozzle head to level the stones
conveys and also heat the surface of the stone is ready for separation and laminate. Finally, to help the water
pressure, laminate and parts of the Earth are transferred to the surface.
3.2. WATER DRILLING

In this method, using the water supply pressure at the surface, digging wells is possible here, with water
pressure in wear resistance; surface rocks in may Breaks, and thus, will face drilling. This method applied with
the increase of water pressure in coal mining and Placer reserves.

3.3. SHAKE DRILLING

This method of creating vibrations with high-frequency may be one of the most common stone broke.
One of shake drilling method is ultrasonic drilling.
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3.4 CHEMICAL DRILLING

In this method, the use of chemical action of explosive in explosion Be used in drilling classes. This
method is usually used of two types of spending.
1) Cylinder that makes spending are digging cylinder hole.
2) Spend hole is the increased diameter of the hole.

3.5. ELECTRICAL DRILLING

In this method, with electrical production type or traits or spark drilling operations, done in stone In some
of these methods, despite high temperatures, because of the call time short of being electric, the stone does not
melt, but other methods are due to the high temperature and long time contact with the surface of the stone electric,
after melting the surface of the stone, stone breaks.

3.6. LASER DRILLING

Electromagnetic radiation can be used with laser rays to be traits of production. This type of radiation is
Be used for evaporation, or melting of rocks, creating fractures in rocks and digging hole. With strong waves
phosphorous infrared thermometer can be used to surface traits, causing evaporation and melting the surface of
the stone, and the stone fractures around the melting range. The function of the radius of the areas heavily depends
on the laser radiation power.

4. DRILLING CATEGORY WITH FLUIDS

4.1. AIR FLOW

To dig in the ground such loose and soft can be from the air as drilling fluid. the only course to a depth
of 300 meters can be benefited from this method because for the depths of most existing equipment cannot be
used with the air volume required for the preparation of the cutting exit.

4.2. OIL BASE FLUID

The use of fluid with base oil which contains Automotive, petroleum and mining are to dig in the ground
of salt rooms and the possibility of a dissolution of the clay and the Borehole it would, especially in the depths of
the most high-temperature effect on clay may be used, these hydrated. so looking for a substitute fluid which does
not react with clay and lowest effect on other samples can be used instead of the oil, the water that The lowest
hand corrosion formation. One of the other benefits it resistance against salt pollution, chalk and acid gases CO;
and H2S can be. Of course, the cost of the above it should also be considered and only in special cases and sensitive
use. In addition to the cost of maintenance and the cost of disposal of waste transportation is also high. It is
therefore in terms of environmental and pollution that are in use, except for special cases It is not recommended
and is prohibited.

4.3. WATER-BASE FLUID

Water-base drilling fluid more broadly than oil and gas. Construction and keeping it comfortable and
simply can be low or high additive compounds it. For example, during the excavation until the Borehole in the
sand Stone Data on the water before it is completely on the drilling, but in some parts of the limestone that as soon
as the water reaches the full face excavation could not be found and in some other parts of the Red reverse in
water There are caustic cavities of that with filling by Some clay minerals (Mansouri & Ghadiri & 2012).

5. DRILLING IN ALLUVIUM

For the land in the section of alluvial clay which consists of alluvium and is to be no investment casing
up to 20 meters of drilling, but also because of the high risk are advised to be walled pipes or bentonite used. But
in the weakening of alluvium, coarse grain zone penalties crushed stone for each meter of drilling requires the
casing investment and for each 50 cm and less need to steer the casing in zone and casing be relevant.
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5.1. DETERMINE THE PRESSURE DROP IN THE RODS

One of the issues which in drilling It is considered a deep calculation of pressure loss within the steel
drilling rod. For this purpose, can be used with the graph of figure (1) the amount of pressure drop calculation for
rods (Amoco).

For example:
d=19mm, q=1501/m, dp =1 Mpa
d=19mm, q=1.5|/m, dp =10-4 Mpa
If the diameter of the rods 19 mm for pressure drop on the 150 I/min flow equivalent to 1 MPa in the

length of 10 meters and we so rod If Discharge is to reach the pressure drop 1.5 liters per minute for a length of
10 meters from the rods arrives to 0.1 Kpa.
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Figure 1: Determine The drop of pressure in rods (Amoco, 1994), (rods of metal and for
length 10 m in comments taken made); 1-drop the pressure, dp (in MPa), 2-viscosity
stream, v (Cm/S), 3-Discharge, Q (I/min), 4-diameter of pipe, D (mm, in)

6. THE BOREHOLE DEEP ALLUVIAL SYSTEMS:

In some areas the thickness of the layer Of the more than 300 meters of alluvial perhaps time. for drilling
on this earth can be the method of casing telescopic investments. The best method of drilling to the total length of
the dividing sections of 50 meters. This case up to a depth of 50 meters with two sizes of drilling core samples
taken, placed in the sample box and the required tests during the Borehole. Is done Of course, during the
excavation to prevent Borehole parapet loss of drilling mud (bentonite + water) or the casing will use investment.
If testing of the penetration the use of drilling mud is prohibited and can only be of the casing investments. After
completing the 50 meters high and rods all casing from borehole has to continue excavation work out with the
initial drilling diameter stabilizer along with drilling mud from the point 0 to 50 yards, where small size is to start
and to the end of the Borehole will continue. So it's casing (a casing size) to a depth of 50 meters can be laid, and
the Borehole thumbs up is given, the Borehole had to start drilling next 50 meters. This process has any value in
coring the depths of the Borehole can be continued.

The role of stabilizer in the prevention of the diversion of Borehole here. it is also to prevent too much
rods thong in the depths can be used spacers spacers depreciation in casing Working efficiency, and to prevent
the waste of energy in the direction of increased engine power, and to completely pass the boring head. the process
of drilling the Borehole of deep alluvial briefly can be divided into several stages:

1. drilling to a depth of 151 possible size (30-40 m), sampling and do the necessary tests and casing.

2. continue drilling to a depth of 50 meters with 127 size, sampling and do the necessary tests and casing Widget
3. send out rods and casing Of Borehole and Borehole within the rim by 151 stabilizers, along with drilling mud
to a depth of 50 meters.

4. install the casing to a depth of 50 meters inside the Borehole 146 by tension wire.

46



Long-Term Behaviour and Environmentally Friendly Rehabilitation Technologies of Dams (LTBD 2017) DOI:10.3217/978-3-85125-564-5-006

5. wash the Borehole and Borehole for preparing drilling 50 meters.
6. continue the process of working with a smaller size, such as the steps one to five and repeat these steps to
achieve the desired depth.

7. BOREHOLE MANAGEMENT

Here are the questions before starting to dig the Borehole should be investigated. the answer to this
question Can choose the appropriate size and performance management system for solid particles and help us
(Growcock, 2005).
1-What are the parameters of the well?

2- Where do you dig?

3What is the purpose of drilling?

4-What formations and geological effects expected?

5-well what is a teepee? (Straight, angled, horizontally)?

6-What is the foreseeable problems?

As well as the depth of underground water must be drilled in the location of the Borehole.

8. EQUIPMENT NEEDED FOR DRILLING

In addition to the drilling device and injection pump, most major equipment for the start of the drilling
operation and the infusion is necessary to be prepared as follows: casing, drill heads, drilling rod, and water pump,
dredge pump drilling mud, a strong pressure hose and push the breaker.

9. DI1SCUSSION AND CONCLUSIONS

At the end of the major issues that has arisen for the drilling operation may come and hole longing and
it is necessary that the Geotechnical Engineer is aware of it has been brought to the summary.

9.1. DRILLING ISSUES

1-What is the expected final depth?

2-Where and what places the necessary investment of casing? (The amount of the required size and how much)
3- Do chisel specified parameters? (Borehole size, type of drill, drilling speed, speed penetration)

4-What kind of drilling mud used to?

5- The amount of solid material density inside the well tolerance how much will it be?

6- What is the ratio of a stream is designed?

7- What to cutting Borehole of nazel intended?

8- What other demands of the flowers is considered? (The weight of the flowers, the point of surrender, stability,
viscosity, electric)

9.2. ABILITY TO THE EQUIPMENT

1- What kind of particle size Can be shipped?

2- What kind of equipment to the location of the cutting Suggested?

3- Is this equipment available? Where and who?

4- Weight and dimension of this equipment is how much?

5- The process of preparation of the equipment can be done how fast?

6- What is the efficiency of this equipment cannot be prospect?

7- How much drilling mud may be lost (go to waste)? (At ground level or within the well)?
8- What is the required fuel or power?

9- What are the experiences in this geographical area have already obtained? (The seller or the number of
equipment units or branches)

10- The duration of a break machines?

11- Safety certificate vendors?

12- The degree of safety of the equipment, to what extent?

13- Safety and health plan is available?

14- The volume of what any well required?
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12-3-mast design, equipment and its utility

What kind of pillar is selected?

How to install equipment?

Do not install correctly?

What repairs will be needed?

Do the layout and order the correct tanks do?

What does the conversion need to be corrected?

Do I need to add repositories or plumbing is required?

How section (Coupe divider) clean?

Where the mud volcano (mud gun) Take place?

Placement flower suction VVolcano?

What is the size of the centrifugal pump which is available?

How to mix sucked and stirred added and check?

For each point of the Borehole for the preparation of the drilling mud on Earth spend time how long?
What are the changes and reforms is needed?

Do you have the desired space for modification and changes in the hands of clay?
What is the source of the force which is available?

94. LOGISTICS

1- The location of the project?

2- Building facilities, logistics and warehouse?

3- How many staffing needs?

4- Do they all over the place and need food?

5- The need for protection of the equipment is intended for people who have considered or available?

9.5. ENVIRONMENTAL EFFECTS

1- Do you cutting can be buried in the soil or that they will be empty without being a threat to the environment?
2- What are the functions of contraption for this case there?

3- When cutting they are clean; what decision have?

4- What to test Where should the need for analytical?

5. What period of time is required to determine their cleanliness?

For a special topic and that are:

1-There is a site on the inside or outside of the site?

2. What equipment is needed, which should be added? Where section?
3- What type of fuel and the necessary accommodations?

4-do in terms of climate change there are limitations?

5-What is the necessary permissions?

6-who is responsible to provide them?

9.6. ECONOMIC DIMENSION

1. The value of each barrel drilling mud?

2- Which is more expensive, solid or liquid?

3. To obtain the value and price of the equipment require what should we do?
4. The cost of the installation and what is reform?

5- The value of the prices and availability and how much is being important?
6- How much to save for it is intended?
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Abstract

In this study, a numerical model is put forward to simulate the Bangiao reservoir dam breaching. Based on the
breaching process records, a numerical model is put forward. In this model, two different erosion formulas are
utilized to simulate the erosion process of dam shell and core materials, respectively; a mechanical equilibrium
equation is adopted to simulate the shear failure of clay core; meanwhile, broad-crested weir formula is adopted
to calculate breach flow discharge, the limit equilibrium method is utilized to analyze the stability of breach
slope as well. In addition, according to the real situation, the model considers dam base erosion. Based on the
surveyed records, the calculated results of the proposed model are in accordance with the measured data.
Keywords: Bangiao reservoir, overtopping, clay core dam, numerical model.

1. INTRODUCTION

Based on the Bulletin of First National Census for Water [1], by the end of 2011, there is 98002 reservoir
dams in China; on the contrast, according to the statistical data of Dam Safety Management Center of the Ministry
of Water Resources, P. R. China [2], from 1954 to 2014, there have been 3530 dam breach accidents happened in
China. According to the statistics, the dam breach accidents of overtopping failure occupy over 50% of the total
number. In August 1975, the clay core dam with a height of 24.5 m of Bangiao reservoir was failed due to
overtopping flow, the dam breached resulting in catastrophic downstream flooding and over 26000 fatalities [3].
In order to evaluate the consequence of the core dam breaching, the mechanism of clay core dam breach due to
overtopping failure requires in-depth research, as well as the mathematical model which can reasonably simulate
the breach process.

As we know, for the homogeneous dam overtopping failure, numerous tests of different scales are carried
out, an array of numerical models are put forward [4]. When it comes to core dam overtopping failure, owing to
the complexity of the model test, only the IMPACT Project [5] and NHRI [6] held a large scale model test of
moraine core rockfill dam with a height of 6.0 m and centrifugal model tests of clay core rockfill dam with a
height of 16.0 m, respectively (see Figures 1 and 2).

4

Figure 2. Céntrifugal model test of clay coré rockfill dam due to overtopping failure
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The model tests show that the overtopping flow first erodes the downstream dam shell. With the
increasing erosion of the downstream dam shell, the downstream side of the core is gradually exposed and hollow.
Under the co-action of the upstream water and soil pressures, shear failure occurs in the core. With the decrease
of water head, the discharge through the breach gradually fall to zero.

Since 1980s, according to the soil erosion tests, some mathematical model for core dam breaching are
put forward. Among these models, NWS BREACH model [7], HR BREACH model [8, 9], DLBreach model [10],
and NHRI-CCOB model [6] are the representatives.

It is worth mentioning that the subbase erosion of the dam is not considered in the core dam breaching
model tests at home and abroad. Figure 3 shows the final breach of the Bangiao reservoir dam, owing to the
erodible base and large reservoir storage and relative small dam height, the base erosion depth is 5.04 m (see
Figure 4(a)). Meanwhile, a scour hole which has a depth of 11.0 m is formed downstream, then the hole is filled
with reservoir deposit (see Figure 4(b)). In order to simulate the clay core dam breaching process of Bangiao
reservoir, a mathematical model is put forward, the technical details are described in the following sections.

Figure 3; Final breach of Bangiao reservoir dam
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Figure 4. Breach sections of Bangiao reservoir
2. BREACHING PROCESS OF BANQIAO CLAY CORE DAM

Bangiao reservoir has a maximum storage of 4.92x108 m®, and a maximum dam height of 24.5 m as well.
The length of the dam is 2020 m, and the crest width is 6 m. The dam crest and the wave wall elevations are
116.34 m and 117.64 m, respectively.

In August 1975, a heavy storm occurs in Henan. When it comes to Bangiao reservoir, there are two
inflow process, the first inflow occurs during 14:00 August 5th to 2:00 August 6th, and the peak inflow is 7500
md/s; the second inflow occurs during 12:00 August 7th to 8:00 August 8th, and the peak inflow is 13000 m3/s
(see Figure 5).
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Figure 5. Inflow and water level variation of Bangiao reservoir during “75.8” flood

3. NUMERICAL MODEL FOR BANQIAO CLAY CORE DAM BREACHING PROCESS

In this section, a numerical model is proposed to simulate the breaching process of Bangiao clay core
dam. Based on the model tests, the breach mechanism of clay core dam due to overtopping failure is revealed.
The breach is divided into two reaches at the early stage before the clay core is exposed (see Figure 6, D-2).
Once the core is exposed, the breach is divided into three reaches (see Figure 6, 3-®); then, the clay core may
fail due to significant erosion in the lower shoulder reach. After the core failure, the breach is divided into two
reaches again (see Figure 6, M-©). After the remaining material in the breach is washed out and the non-erodible
foundation is exposed, the breach can still widen until the headwater is depleted or the tailwater is raised.

Failure plane
of the core

Based on the mechanism of dam breach process described above, a numerical model is put forward for
clay core dam breach due to overtopping failure. The technical details are described as follows.
The water balance in the reservoir can be described by:
C:j_\t/ =A ddZtS =Q,-Q, _Qspill = Quuice @)
Where V=volume of water in the reservoir; t=time; As=surface area of reservoir; zs=water surface elevation;
Qin=inflow discharge; Qn=breach flow; Qssin=Fflow through spillways; and Qsuice=FfFlow through sluice gates.

The reservoir geometric characteristics are represented by the surface area and water depth curve, zs(h).
The curve is usually given as pair values of surface area and water depth in the reservoir.

The overtopping flow at the breach is estimated using the broad-crested weir equation:

Q, =K, (coh™® +c,mh?*) 2

Where b=bottom width of the breach; h=zs-z,, zn=elevation of breach bottom; m=side slope (horizontal/vertical)
of the breach; ¢,=1.7, ¢,=1.3 [11]; and ksn=Ssubmergence correction for tailwater effects on weir outflow. ksy is
determined with the empirical relationship [11, 12].

Two erosion formula are utilized to deal with the erosion of dam shell material and clay core material,
respectively.

For the dam shell material, it is assumed to be a noncohesive material and the erosion is calculated using
the following formula which is put forward based on the steep channel model tests [6]:
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Where Qs=erosion volume; dgo=particle size for which 90 percent is finer by weight; ds,=particle size for which
30 percent is finer by weight; Bp=width of breach bottom; 6=downstream slope angle; v+=friction velocity; v,=Fflow
velocity at breach bottom; vc=incipient velocity of dam material; yq= specific gravity of soil, in this paper, it is
assumed to be 2.65x9.8kN/m?; and yw=specific gravity of water, in this paper, it is assumed to be 9.8kN/mq,

The erosion rate of dam shell material can be calculated as follows:
(1-p) Do _ 9 @)

dt dt
Where p’=porosity of dam shell material; and dVy/dt=erosion rate of dam shell material.

It is assumed that the breach slope angle is equal to the internal friction angle, the relationship between
horizontal expansion and vertical undercutting is determined by (see Figure 7):
Ab = D% 5)

sing,

Where Ab=horizontal expansion value at each time step; Azp=vertical undercutting value at each time step;
niec=indicator of breach location (ni,c=1 for one-sided breach and 2 for breach located at the middle of dam length);
and gi=internal friction of dam shell material.

Figure 7. Breach development of dam shell

When it comes to the clay core, the erosion at the breach top flat section is computed using the following
excess shear detachment rate relation [13]:
dz
—=k, (7, -1 (6)
dt d ( e c)
Where dz/dt=erosion rate; kq=erosion coefficient; z.=bed shear stress; and z.=critical stress required to initiate
detachment for the material determined using Shields diagram.

The coefficient kg usually needs to be measured [14-16] or utilizes the empirical formula [17]:
31
K, :mexp ~0.121c%"** (7—"] ()
7d yw

Where c%=clay ratio.
The bed shear stress is determined by using the Manning equation:

_ PuIQ ®)
Te = 1
A’R®
Where py=water density; A=flow area; R=hydraulic radius. The Manning's n is relate to sediment median size dso
(m) by:

TS (©)
A

Where A, is an empirical coefficient. In this model, A,=12 for the field cases [10].
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The width change of the breach can be assumed as follows:
Ab=n, Az, (10)
With the erosion of dam shell and clay core, the downstream side of the core is gradually exposed and

hollow. Under the co-action of the upstream water and soil pressures, shear failure occurs in the core (see Figure
8(a)). The stress state of the failure clay core is shown in Figure 8(b).
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Figure 8. Shear failure of clay core

As shown in Fig. 9, the critical condition of clay core failure can be expressed as:

F.+F,=F,+F, +F, +F, (11)
In which,

F, =0.58B,y, {hyc tan? (45° - %j —2¢, tan (45“ —%H (12)
F,=057,B, (v, +h,)° (13)
F, =W tan g, (14)
Fss = 7/2 yc2 KLZ tan §02 (15)
Fo =GB, (16)
chzczyc(L1+L2) (17)
B, =B, —2y, cotg, (18)
K :1—Sin(02 (19)

1+sing,

L, =L +2y.cotp (20)
W =05z, (L +L,)B,Y, (21)

Where Fa=active earth pressure of the dam materials upstream the clay core; Fu=water pressure;
Fsp=friction along the bottom of failure plane; Fs=friction along the two sides of failure plane; Fe,=cohesion along
the bottom of failure plane; Fcs=cohesion along the two sides of failure plane; hq=the water head above the dam
crest; yc.=the height between dam crest to failure plane of clay core; K=coefficient of static earth pressure; Bi=
breach top width; By,=breach width at the failure plane; Li=top width of clay core; L,=width of failure palne;
W=clay core weight above failure plane; y1=dry specific gravity of dam shell material; y,=dry specific gravity of
clay core material; C;=cohesion of dam shell material; C,=cohesion of clay core material; a=slope angle of dam
upstream; S=slope angle of clay core upstream; gi=internal friction angle of dam shell material; g,=internal
friction angle of clay core material.

In the case of erodible foundation, the model allows erosion into the foundation. The breach is assumed
to have a flat horizontal bottom surface and can lower to a value predefined according to the foundation material
properties, but the base erosion does not affect the upstream water volume and downstream channel flow. The

breach flow discharge is determined using Eqg. (2) with submergence coefficient considered. As erosion continues
into the foundation, breach widens laterally until the breaching is finished.
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4, CALCULATE RESULTS ANALYSIS

The following section analyzes the results of the breaching process of Bangiao reservoir dam failure
using the model above-mentioned. The dam configurations, reservoir characteristics, and soil properties are shown
in Table 2. The calculated results of peak breach flow (Qp), breach top width (By), breach bottom width (By), time
to peak discharge (Ty), failure time (Tr), and measured data (Xu and Zhang 2009; Ru and Niu 2001) are shown
respectively in Table 3, Figures 9 and 10 also show the calculated breach flow hydrograph and the breach
development of Bangiao reservoir dam.

Table 2- Conditions of Bangiao reservoir dam failure case

Parameter Value
Dam height (m) 245
Dam length (m) 500
Crest width (m) 8
U/S slope (V/H) 0.384
D/S slope (V/H) 0.5
Reservoir storage (m3) 6.08x108
Reservoir surface area (m?) As-h
Initial reservoir level (m) 26
Inflow (m?%/s) Qin-t
Base erosion (m) -5.04
kd (cm®/N-s) 18
7 (Pa) 0.5
Clay core
Height (m) 23°
Crest width (m) 3?
U/S slope (V/H) 42
D/S slope (V/H) 42
dso (mm) 0.032
p’ 0.3
C (kPa) 302
9 (°) 26.6°
Clay ratio 0.42
doo/d3o 102
Dam shell
dso (mm) 0.2
p’ 0.35
C (kPa) 0
9 (°) 20°
doo/d30 202

Note: U/S=upstream slope=vertical/horizontal, D/S=downstream slope=vertical/horizontal.
@Assumed value.

Table 3- Results of Bangiao reservoir dam failure case

Calculated results Measured data
Qp (M%/s) Bt (m) By (M) Tp(h) | Ti(h) Qp (M¥/s) Bt (m) Bb (M) Tp(h) | Ti(h)
77085.1 432.4 286.4 1.72 3.03 78100 372 210 - 55

Note: The calculated failure time is defined as the time period from the beginning of dam breaching to the moment when
99% of the final breach width is reached.
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Figure 9. Calculated breach flow discharge Figure 10. Breach width development

Based on the contrast table and the figures, some conclusions can be drawn. According to Figures 9 and
10, owing to the collapse of wave wall, the overflow water head is about 1.5 m above the dam crest, the breach
flow discharge increases immediately at the initial breaching period, as well as the top and bottom breach widths;
after 1.72 h, the peak discharge occurs, then the breach flow decreases, and the breach width increases relatively
small until the end of breaching. According to Table 3, the calculated peak breach flow is 77085.1 m?/s, which is
1.3% smaller than the measured data. To the breach widths, we can see that the breach top width and breach
bottom width is 16.2% and 36.4% larger than the measured data, respectively. When it comes to the failure time,
the calculated data is 44.9% smaller than the measured one. Overall, the calculated peak discharge is in accordance
with the measured data; in contrast, the calculated breach widths are larger than measured data especially the
bottom breach width, the possible reason is the drainage of reservoir sediment affects the development of breach;
owing to the lacking of measured time to peak, the contrast of this parameter is ignored; with regard to failure
time, the definitions of calculated and measured data are different, the documentary record is the duration of whole
breaching process, which differs to the calculated failure time. From the above, the numerical model can meet the
demands in calculating of Bangiao reservoir dam breaching process.

5. CONCLUSION

A numerical model is proposed to calculate the Bangiao reservoir breaching process in this study
considering the erosion of different dam materials and the failure of clay core. Based on the calculated results,
the following conclusions can be drawn: The clay core dam can be assumed as a composite dam with noncohesive
and cohesive materials; a shear failure formula is adopted to calculate the time and height of failure clay core; for
the dam with relatively small dam height and large reservoir storage, base erosion should be considered if the
foundation is erodible. Based on the contrast of calculated and measured results, the proposed model can
reproduce good results, and can be utilized for the breaching process of clay core dam due to overtopping failure.
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Abstract
Embankment dams offer many outstanding benefits to the society, but like any built structure, dams also
pose potential risks for people or property, especially in densely populated areas. If a dam fails, it results in
most of the cases in a catastrophic event. The negative consequences could entail not only large loss of
property (besides the dam), but also loss of lives.
Principal causes of embankment dam failures are overtopping, internal erosion and problems associated with
the foundation. A literature review of historical failure events indicates that there are multiple reasons for
dam failure (e.g. a large precipitation, a human mistake, an intentionally act, etc.). Furthermore, most of the
cases report that dam crest depressions and other signals were observed at an early failure phase. The
conventional monitoring measurements could not give reliable information at the failure begin, in case they
were available. Hence, in many cases the failure detection at the dam occurred too late, which reduced the
time for executing the mitigation plan downstream.
Embankment dam warning systems are often part of large dams and some selected small dams. The
investigation of historical failure events (including the reported warning times) showed that there is the need
of an improved warning system detecting failures at an early stage. This paper proposes an embankment dam
break warning system, which could be based on the distributed temperature and strain sensing technology
(DTSS). The proposed concept offers not only a long term monitoring along the dam crest and the location
of a problem, but also the possibility of extending the warning time by early failure detection.
Keywords: warning system, dam failure, dam crest.

1. INTRODUCTION

Embankment dam failures occur due to different processes. According to a conducted study [1] of 75
earth and rockfill embankment dam failures from 1979 to 2009, approximately 48% failed by overtopping, 42%
by internal erosion and 9% by foundation problems. The number of embankment dams failed due to hostile actions
was extremely low (around 1%) compared to the total number of failures, but they could occur instantaneously.
Dams are possible targets in case of wars and terrorist attacks, because of their high damage potential [2].

Insufficient spillway capacities, extreme floods that exceed the design criteria, breaching of an upstream
dam, quality construction problems around the spillway or the embedded structures are the most common reasons
for embankment dam failures due to overtopping and internal erosion. In addition, foundation problems normally
occur due to inadequate material selection and treatment, which finally allows an unwanted water flow. In most
cases, these processes cause an important deformation or a local leak at the dam crest, followed by a dam crest
overflow.

At the beginning or at least in a relatively early stage of a failure process, a damage or a significant
deformation at the dam crest is typically visible. If water starts to leak through an initial breach, the failure progress
proceeds quickly and a complete failure of the embankment cannot be prevented at all. The flood wave resulting
from the breach depends on the interaction of many parameters (e.g. the velocity, the breach form, water supply
and reservoir proportions). Commonly, it exceeds by far the magnitude of a flood event and causes catastrophic
damages.

The consequences of an extreme event on dams are estimated by using flood wave methods. They assess
the effects of a failure on the individuals living downstream as well as for the local infrastructure and sometimes
for the environment. For this purpose, the flood wave models assume a hypothetical failure of a dam or suppose
breach formation as a start point for the simulation.

The simulation of the flood wave caused by a dam failure is a complex task. Higher flood velocities and
water depths (compared to one from an intense precipitation event), as well as uncertainties due the breach
formation progress, sediment transport, topography accuracy, bank stability, roughness choice, model selection
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or obstacles (e.g. bridge or other structures) make a simulation more difficult [3]. Thus, all these issues affect the
results in diverse magnitude.

The flood wave arrival time together with the flood wave propagation (inundated area), water depth and
flow velocities are the most relevant results of a simulation and the basis for developing evacuation plans.
Typically, the warning time is defined with the time difference between the beginning of the breach development
and the occurrence of a critical hydraulic condition (during flood wave propagation) at the downstream areas.
Commonly, warning times are in the range of several minutes to a few hours.

2. DAM MONITORING AND WARNING TIME

2.1. EXPERIENCES FROM DAM FAILURES

The structural behavior of an embankment dam is generally monitored depending on the size and type-
specific requirements of the structure. The monitoring of large embankment dams often includes the measurement
of reservoir level, seepage flow, pore-water pressure, and deformations. Moreover, some of the related measuring
systems include in many cases a relatively high number of measuring points, are automatized and provide a remote
data transfer. An additional part of the monitoring plan includes frequent visual inspections of the whole dam
including abutments, shoulders and the embankment crest. At other structures (e.g. control rooms and appurtenant
structures), also facilities such as security cameras or access sensors are often available. As a result, the probability
of observing an extreme situation at this type of embankment dams [4] is much higher compared with less
monitored embankment dams.

General specifications for small embankments involve less measuring systems, less frequent data
recording, and fewer measuring points. Only few structures have automatic data collection and remote data
transfer [1]. In addition, seepage monitoring is not always an implicitness. Therefore, a reliable detection of an
extreme situation in such cases could be problematic.

Warning times resulting from simulations usually assume an immediate detection of the start of the
breaching process at the dam and an instantaneous alarm. To ensure the efficacy of the emergency action plans,
real warning times should not fall below them significantly. In this context, the strong dependence between the
reliable recognition of a critical condition at the dam (aid monitoring and surveillance equipment) and real warning
time is evident.

However, not all embankment dams are monitored with the same frequency and measuring equipment.
Often large dams are well monitored. They have generally not only more equipment, but also more measuring
points, recurrent data collection, remote data transfer, etc. Hence, most probably an extreme situation could be
detected earlier than at small dams. It can therefore be assumed that in general warning times at large embankment
dams are longer.

19 documented embankment dam failures at the USA [5] shows that real warning times were extremely
short and in most of the cases (84%) an alarm activation was just given after the complete failure
(warning time = 0). According to the definition of the International Commission on Large Dams (ICOLD) for
dam classification, 68% of affected embankment dams were small and in all of them the warning time was zero.
Furthermore, warning times longer than 1 hour were only available at 50% of the large one.

2.2. SITUATIONAL WARNING TIME

The warning time is considered situational due to the close relationship with the monitoring plan, the
detection of a problem at the embankment dam and the alarm activation downstream. This definition will be
reviewed in this work using three potential situations shown in Figure 1. On top a well-monitored embankment
dam (i.e. continuous seepage measurement with remote data transfer), in the middle one equipped with fewer
elemeénts (only reservoir level measuring with remote data transfer) and at the bottom the worst case, an
embankment dam with no monitoring at all, are displayed.
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Situation 1

Seepage
measurement
with remote data
transfer

Situation 2

Reservoir level
measurement with
remote transfer of data

Situation 3 -

Isolated embankment
without monitoring or
remote data transfer

Figure 1: Embankment dam with three different monitoring plans

Figure 2 shows the cross-section from an embankment dam along the flood path to a residential area
downstream. Furthermore, two gauges at different locations, one at the embankment dam and another at the
residential area downstream, are marked in blue and green [4].

Gauge at Gauge at residential area
embankment dam .

iR

Figure 2: Cross-section with gauges and flood waves [4]

Figure 3 shows the situational warning times, the failure progress and the hydrographs at the gauging
stations defined in Figure 2 for the three monitoring situations defined at Figure 1. Here a typical internal erosion
process is shown also starting with the formation of an erosion tube that then expands until it collapses and the
embankment dam breaches.

The first monitoring situation leads to a fast observation of seepage flow rise. Consequently, the

occurrence of internal erosion is detected at a very early stage and the warning time is relatively long.
The second situation represents an embankment dam with a water level monitoring with remote data transfer. It
is supposed, that there are alarm values activated that allow the identification of unusual fast drops of the reservoir
water level. In this case, the internal erosion detection happens at a later time (after the breach initiation and the
start of an uncontrolled outflow from the reservoir) and the warning time is shorter compared to situation 1. The
efficiency of an evacuation plan is reduced significantly compared with the first monitoring situation.

The third situation represents the worst case without any remote date transfer. The alarm will be activated
after the whole breach, when the flood wave hits the residential area. Thus, the warning time at the residential
area is missing, the mitigation plan could not be implemented and the negative repercussions downstream are
most catastrophic than by the other situations.

The above considerations do assume that the development of the internal erosion process could not be
detected within the scope of the regular dam surveillance procedures (e.g. visual inspection). Thus, in a certain
way this comparison has to be considered as a schematic approach in order to present the fundamental
relationships in a simple way.
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Figure 3: Cross-section with gauges and flood waves

2.3. CURRENT WARNING SYSTEM

There are a number of different systems for warning of an imminent dam failure. These include video
surveillance (e.g. closed-circuit television), strong motion digital accelerometer and geotechnical instrumentation
with automated data acquisition [6].

Methods such as close-circuit television (CCTV) can be particularly useful where defects below water
level or in inaccessible areas are suspected and an inspection is required without lowering the water levels [7].
However, these systems require site personnel to point out an anomaly.

Strong motion digital accelerometers are special required in earthquakes susceptible areas. They range
from seismic alarm devices to digital accelerographs installed in the foundation. The high installation and
maintaining costs make this system no reachable for all structures. Furthermore, some experts consider it only in
some cases meaningful, because of the low probability of obtaining significant data. [8].

3. THE DAM CREST IN EXTREME SITUATIONS AND THE PROPOSED WARNING SYSTEM

The dam crest is a suitable indicator of the dam condition in extreme events. Particularly high water
levels in impoundment (e.g. due to unexpected extreme inflow or severe problems at appurtenant structures) cause
higher shear stresses which bring erosion forward. The following overtopping performance depends essentially
on the embankment fill type [9]. Even after a shorter or longer time period, along with the formation of an initial
breach, deformations may be registered in the dam crest.

A similar performance could be observed in cases of embankment dam failures due to internal erosion.
Failures due to this mechanism involve a long process and their detection is normally very difficult. For instance,
after the formation of an erosion tube, the process of the following expansion of the tube could conclude in diverse
scenarios [10]. The most frequent scenario covers deformations and/or sinkholes which could be observed during
the breach formation and before the overtopping of the embankment. The occurrence of a cavity which crosses
the body of the embankment dam with a subsequent reservoir emptying is a less frequent scenario.

According to the previously mentioned embankment failure study, in all failure cases due overtopping
and in around 84% of the failures due internal erosion, a clear change or a relevant deformation of the dam crest
was evident in an early phase of the failure development -usually at the start or before of the breach formation-.
Therefore, the observation of these deformations could not only extend the warning time in several cases but also
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give further information about the breach development (e.qg. the location and the approximate size of the anomalies
respectively the significant deformations).

In conclusion, as soon as a noticeable damage at the embankment crest is identified, a major risk for the
dam structure could be assumed. So, a reliable and early recognition of a problem by means of an embankment
dam break warning system contributes to improve the management of the remaining risk and consequently to
enhance the safety of the people living downstream.

Currently, it seems that there is no warning system for monitoring the entire embankment crest internally
and permanently under operation. Therefore, this work proposes a cable-based warning system installed at the
embankment dam crest.

Distributed fibre optic measurements along cables offer the option of measuring temperature and strain
as a continuous profile along a single optical fibre. In other words, the distributed temperature and strain sensing
(DTSS) permits monitoring of deformations lengthways the entire fibre optic cable. Compared to conventional
sensing techniques, this distinctive feature made this technology interesting for monitoring of large structures
such as dams, tunnels or bridges. Indeed, a remarkable advantage of this sensing system in internal parts of dams
is the detection and localization of differential deformations where a single point, geodetic or visual monitoring
methods are not feasible [11]. The use of cable - based systems is well known through the successful application
in civil engineering [12], [11], [13], [14], [15], [16]. However, for the purpose to use this technology as an
operative and reliable dam failure warning system, several adjustments are necessary and discussed in the
following.

The monitoring of the dam crest integrity as an indicator of the probable condition of the embankment
dam using a cable — based system for early detection of a dam failure could contribute to an increasing of the
safety level of an embankment dam in extreme situations. Basically, the warning system consists of a DTSS
sensor cable that is installed lengthwise in the embankment crest within the dam structure and of a measuring
system which is located at a convenient and safe position [4] (see Figure 4). For this purpose, a high accuracy of
the temperature and strain sensing system is not required. However, it has to be able to confirm the dam integrity
through it permanent functioning (i.e. by means of continuously recurrent measurements). In addition, in the case
of a significant structural change at any point of the embankment crest, the warning system has to provide an
immediate detection of the position and depending on the possibility, the approximated magnitude. Then, the
collected information has to be automatically and directly sent to the responsible person (e.g. operator or safety
responsible person). Other requirements associated with the system and its effectiveness in several structures are
great robustness, low maintenance efforts and reasonable installation costs. The idea is to implement this safety
measure in newly built embankments (large and small embankment dams), but also in existing structures with a
reasonable effort.

Cable (e.g. fibre optic cabl
Embankment dam crest able (c.g. libre optic cable)

Automatic
Sensing system
(OTDR/DTSS)

Cable

Figure 4: Cable based warning system [4]

4. CONCLUSIONS
Failure mechanism such as overtopping and internal erosion are the cause of approximately 90% of the

registered embankment dam failure cases. The residual 10% of failures are attributed to problems in the
foundation and sabotage actions. Despite, the continuous improvement of the construction of embankment dams,
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a remaining risk of a dam failure is present. The development of dam break warning systems, which handle these
outstanding threats is recommended. Furthermore, the systems should be applicable and financially reachable for
small and large embankment dam projects.

Based on the analysis of the historical dam failure cases, the embankment crest could be considered as

a consistent indicator of the dam structural behavior — especially during extreme situations. A suitable cable based
sensing system located longitudinal in the embankment dam crest in a shallow installation depth could contribute
to enhancing the dam safety (people, infrastructure and environment).

5.

OuTLOOK

Although cable - based dam warning systems installed at the dam crest could provide important data

about the breach formation and its development, essential issues such as the system efficacy, the scope of
application, and the detailed description of the installation require further research.

Physical models and numerical simulations are suitable for studying the possible scenarios of a dam

failure. A combination of both simulation methods could contribute in different ways to a further development
of the cable based warning system. A physical model can provide significant information about the installation
(system set-up) and the efficiency in diverse materials. In addition, the numerical simulation could investigate
dam failure scenarios, and therefore, improve the data about the scope of application.
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Abstract

This study attempted to monitor the performance and assess the safety of seven storage dams in Khuzestan
province, including Karkheh, Masjed Soleiman, Marun, Jarreh, Shahid Abbaspour, Dez and Karun 3.
Moreover, a GIS database was developed for the dams to assess the structural and non-structural damages,
while creating access to a wide range of descriptive information, relevant maps, guidelines and reports
concerning damages and rehabilitation plans provided based on two different information levels. The
levelone GIS database displays the geographical location of each dams along with layers such as rivers,
cities and access roads. The level-two GIS database displays the components of each dams separately on
their general plan and also provides information regarding each dam component through Identify.
According to previous studies, it can be concluded that the methodology adopted in the current study is
applicable to other dams to ensure proper performance and safety expected by project designers and
operators.

Keywords: Performance and Safety Assessment, Storage dam, GIS Database.

1. INTRODUCTION

Nowadays, one of the major challenges in the dam construction industry is the poor consistency between
modern requirements and functional characteristics of many existing dams. In practice, many dams have lost their
capability to fulfill the water and energy generation requirements for various reasons. These include managerial
and executive factors, which leads to failure of realization of the project objectives in the design and
implementation of dams. There are several factors contributing to that trend, including failure to finance essential
and timely credits, weaknesses in design and implementation, insufficient well-documented statistical information
about the design of dams, utilization of inappropriate equipment, inferior construction materials and the ever-
growing population. By identifying the damage factors and providing desirable solutions, it is possible to achieve
the previous (or even higher) structural performance and safety at lower costs. Undoubtedly, this is not possible
without proper recognition of the type of damage and its causes.

Performance monitoring and safety assessment of dams aims to ensure the acceptability of the safety and

performance of dams in accordance with the expectations of designers and owners. The results will form the most
important record on which performance reviews will be based [1].
In recent years, the modern technology of Geographical Information System (GIS) has initiated many
developments in design, management and operation [2]. Effective planning and decision-making require access
to accurate and up-to-date information. In order to adopt a concentrate data management, it is critical to import
all available information into a GIS database [3].

The advantages of information integration include:

- Facilitated use of information in computers

- Facilitated integration of information

- Accelerated information updating in the integrated GIS

GIS-based projects are capable of handling a large amount of different information at minimal cost and
in the shortest possible time, providing reliable forecasts for experts and users. GIS is capable of producing a
variety of maps at different scales and in different image systems with a variety of colors. Also it is an analytical
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tool for spatial information. The most important advantage of GIS lies in its ability to identify the spatial
relationships between various geographical features on the map [3].
GIS is not merely a means of storing and maintaining a map (recording of cartographic documents), but also
provides a tool to store information for specific purposes. GIS links spatial data with geographical data of a
particular phenomenon on the map, while data are stored in the form of geographic features in the computer.
This study attempted to monitor the performance and assess the safety of seven storage dams in
Khuzestan, including Karkheh, Masjed Soleiman, Marun, Jarreh, Shahid Abbaspour, Dez and Karun 3. At the
end, a GIS database was developed for the seven Iranian dams to assess the structural and non-structural damages,
while creating access to a wide range of descriptive information, relevant maps, guidelines and reports concerning
damages and rehabilitation plans provided.

2. METHODOLOGY
This study was carried out on 7 storage dams in Khuzestan (Iran), including Karkheh dam over Karkheh

River, Masjed Soleiman (Godar Landar) dam over Karun River, Marun dam over Marun River, Jarreh dam over
Yellow River, Shahid Abbaspour (Karun 1) dam, Dez and Karun 3 dams over Karun River (Figure 1).
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Figure 1- Location of storage dams

The mechanism of dealing with identified damages to the dams and providing rehabilitation plans was
determined according to Table (1). Furthermore, the damages were classified into five categories based on type,
severity and weakness (Table 2), while prioritizing rehabilitation studies based on severity of damages separately.
This study involved the following stages:

1. Identification and investigation of damages found in dams and appurtenant facilities.

2. Identification of cause(s) of damage to predict and prevent factors leading to exacerbation of damage. It also
serves to find appropriate and effective solutions to repairing and rehabilitating of the damage.

3. Overall examination of rehabilitation plans for damages or describing services for more in-depth investigation
of damages and proposing comprehensive plans for rehabilitation of damages.

4. Providing appropriate solutions and procedures for improving performance and safety of dams.

5. Realizing timely essential measures to prevent or minimize any possible damages to downstream buildings and
facilities surrounding the dams.
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6. Compiling a GIS database where information about dams and associated facilities are accessible and new data
can be added or removed.

7. Examining the quantity and quality of manpower in exploitation of storage dams and providing the employer
with necessary advice in those areas.

Table 1- The mechanism of dealing with identified damages to the dams and providing
rehabilitation plans [3]

Collecting the previous plans, reviewing and completing plans and estimating the

Type | damages executive operations

Carrying out essential studies and presenting preliminary plans to identify and estimate the

Type Il damages project overall costs.

A general assessment of damages and their effects, description of services and estimation of

Type Il damages | \osoarch plans

Reviewing the current instructions for operation and maintenance, completion and

Type IV damages refinement, if necessary

Table 2- Prioritizing damages to dams and providing rehabilitation plans [3]

Priority | Very severe damages with highly destructive aftereffects

Priority 11 Severe damages with moderate destructive aftereffects

Priority 111 Moderate damage with weak destructive aftereffects

Priority 1V Low damage with very weak destructive aftereffects

Priority V Very low damage without destructive aftereffects or with long-term destructive aftereffects

In the first step, the initial information and existing records were collected by holding several meetings
with the project employer, executive and stability managers of the dam as well as their proficient experts. The
primarily identified damages (structural and non-structural) were listed along with their respective approach to
dealing with, significance, future effects and priority. Then, the information and records about damages were
requested from the employer, who made available a portion of information. The information included case reports
and behavior studies, maps, published guidelines and a few photos related to dam damages and associated
structures.

The next step consists of two sections of initial and specialized visits to the dam sites. In the initial visits,
after negotiating and discussing issues with the employer, the details of damages to dam components and related
facilities were explored. Then, any information inadequacy was resolved by the employer. Meanwhile a part of
GIS database was prepared. Afterwards, the expert team did specialized visits to the dam and related structures
including the body, abutment, instrumentation, hydromechanical equipment, access roads and dam site. With
regard to the primarily identified damages, the expert team members included the specialty of structural,
geological, geotechnical and hydraulic. After reviewing the results of visits, additional information was requested
from the employer concerning the damage type and severity. The final list and location plan of damages were
compiled for each dam.

At the last step, the GIS database of Khuzestan dam was developed to investigate structural and
nonstructural damages, while creating access to a wide range of descriptive and spatial information. In addition
to providing damage-related reports and rehabilitation plans, the database can easily load information in case an
appropriate structure is developed for a web-based system. The key feature in the new GIS database is the dual
information levels, each offering different capabilities separately. This database can also be loaded across
intraorganizational networks in order to easily gain access to all available information with different levels of
access. The new GIS system can update information in all subsequent periods, which provides access to latest
information revised at any time interval.

During compilation of this GIS database, it is crucial to design an appropriate structure for
implementation. In this regard, two information access levels were developed through data models representing
the structure of each level. These data models provided the basis for creating a database at each level.
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Furthermore, a suitable structure was developed for storing and encoding additional information
concerning each layer. For instance, Figures 2 and 3 display the level-one database structure of Khuzestan dams
and level-two database of Karun 3.
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Figure 2- GIS data model (Level 1) [3]
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Data model for Spatial Database of Performance Monitoring and Safety Assessment of Karun 3 Dam
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Figure 3- GIS data model (Level 2) - Karun 3 Dam [3]

Prepared on a provincial scale, the level-one GIS database displays the geographical location of each
dams along with layers such as rivers, cities and access roads. This level also includes technical and general
information about each dam, while all other layers provide descriptive information. In addition to displaying
descriptive data of dams, the system provides access to all classified maps, relevant reports, guidelines, and other
documents. It is also possible to update all information in every section. In addition, access roads to each dam
from Khuzestan central city and nearest cities have been marked down. Figure 4 displays an overview of levelone
database along with available access levels to each section.

The level-two GIS database displays the components of each dam separately from a plan perspective.
This level also provides information regarding each dam component through Identify. The precise locations of
structural damages have been located at this level. In addition to displaying the precise coordinates of each damage
through access links, this level provides access to photos of each damage, maps drawn from various related
sections, previously prepared damage detection reports and damage detection reports. The remarkable point about
the new GIS database lies in accessibility between the two levels. In fact, users can select an option to gain access
to level-two database of each dam. The communication process takes place automatically as the user switches
between the two information levels. It is necessary to note that all access levels and links have been established
according to structures described above. Hence, the database is absolutely dynamic, enabling users to update all
information at any stage and add new information. Figure 5 illustrates the level-two database for Masjed Soleiman
Dam together with accessible information.

3. RESULTS

The frequency of each damage identified in the dams has been provided by priority (Table 2) as well as
the location of each damage in Figures 6a and 6b. As shown in Figure 6a, the frequency of moderate damages
with 6 poor destructive aftereffects, low damages with very weak destructive aftereffects and severe damages with
moderate destructive aftereffects were more abundant than other types of damages.
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Figure 5- Level-two database - Masjed Soleiman Dam [3]

One example of moderate damages with weak destructive aftereffects is the inappropriate collection and
redirection of surface waters at the dams. Considering the important impact of the collection and redirection of
surface waters on the performance of other dam facilities and structures, it was essential to initially conduct a field
inspection of the dam and identify the current conditions and problems in this respect. Moreover, a comprehensive
list of services was provided for drainage studies and collection network of surface waters at storage dams in
Khuzestan.

The lack of a proper dock is an example of low damage with very weak destructive aftereffects. Docks
refer to coastal structures marking the border land and sea, river or lake at dams. They are also essential
components in dam design. Since the function of docks significantly affects their design, it was recommended to
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employ floating docks as a rehabilitation plan in dam lakes given the prevailing conditions such as high depth,
water level fluctuations and location limitations. One advantage of this system is the communication from one
dam point to another or even from one dam to another.

Verysevere Intake System _ ———
————__ damages with highly

destructive
aftereffects -

(@
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Galleries Guidelines
8% 9%

Figure 6- Damages in 7 storage dams in Khuzestan Province by: (a) priority of

damages, (b) location of damages.

This type of damage also covers the failure to carry out landscaping and poor condition of buildings in
charge of dam operation and maintenance. In this regard, a comprehensive description of services was provided
to design dam site plans according to environmental requirements and essential access levels as well as distribution
of dam operation and maintenance at different dimensions. This served to develop uniform studies on all dams
through integration of spaces required for dam operation and maintenance.

One example of severe damage with moderate destructive aftereffects was instability of excavation rocks
and trenches. Collapse in the vicinity of rock mass fractures is the major cause of instability observed in the dam
area. Considering the suitable location of the dam with regard to instability potential associated with rock mass
discontinuities, the instability near the reservoir does not significantly affect the dam and related structures.

However, it is critical to control debris flows on higher horizons in an effort to prevent damage to related
facilities and structures. This partly concerns poorly developed anti-collapse protectors during the dam
implementation.

As can be seen in Figure 6b, it can be stated that three major damages observed in dams involved
landscaping, body and abutment as well as inadequacy of documents and operating/maintenance instructions.

4, CONCLUSIONS

This study aimed to assess the performance and safety of seven storage dams in Khuzestan (Iran)
including Karkheh, Masjed Soleiman, Marun, Jereh, Shahid Abbaspour, Dez and Karun 3 dams. Several
specialized field visits were completed and statistical data and behavioral reports were collected to monitor the
performance of the dams and assess their safety. Then, the approach to dealing with identified damages to dams
was clarified based on type, severity and weakness, while prioritizing rehabilitation studies based on severity of
damages separately.

Then, a rehabilitation plan was provided for each identified damage. At the last step, the GIS database
of Khuzestan dams was developed to investigate structural and non-structural damages, while creating access to
a wide range of descriptive and spatial information. In addition to providing damage-related reports and
rehabilitation plans, it is possible to load information easily if a proper structure is created to provide a web-based
system.

It can be concluded that the frequency of moderate damages with poor destructive aftereffects, low
damages with very weak destructive aftereffects and severe damages with moderate destructive aftereffects were
more abundant than other types of damages. Finally, it can be stated that the methodology adopted in the current
study is applicable to other dams to ensure proper performance and safety expected by project designers and
owners.
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Abstract

Measurements of surface and deep soil displacements are among the best approaches for monitoring and
controlling the behavior of geotechnical structures such as dams, which can be conducted by using magnetic
borehole extensometers. This type of instrumentation is installed into the boreholes and the space inside the
borehole is filled with a mixture of Bentonite-cement grout. Studies have shown that the mechanism of
borehole extensometer measurement, the effect of the mixing design of Bentonite-cement grout to fill the
gap between the borehole and the extensometer and the effect of grout properties on the measurement have
not been carefully studied. In this paper, a number of laboratory tests with different grout mixing designs
were performed to determine mechanical properties and geo-mechanical parameters for numerical analysis.
The results of numerical analysis show that compressive strength and hardness of the sample of grout will
decrease as Bentonite to cement ratio increases. Furthermore, as the hardness of the grout and soil converge,
the measurement error will decrease accordingly.

Keywords: Instrumentation, Magnetic extensometer, Bentonite-Cement Mixing, Numerical Modeling.

1. INTRODUCTION

Due to the uncertainty in assumptions of the design process, problems and constraints of the construction
of dams, it seems necessary to pay closer attention to the assessment of the behavior of the dams and to study the
results of the analysis of the actual behavior of the dam from the start of construction to the impoundment and
within the operation period.

Engineering monitoring in geotechnical projects are part of the design process. Instrumentation is a way
to control the stability of structures during the time of construction and operation. [1].

One of the important steps during installation of extensometers, is filling the gap between tube and
borehole internal wall. The filling material is in direct contact with rock and instrument and thus can have
significant impact on the accuracy of the measurements. If the filling material does not have the proper features it
will not be able to provide the proper contact and thus the stability between the extensometer tube and borehole
wall will be compromised. Materials commonly used to fill the gaps include cement, granular materials such as
sand and Bentonite pallets. Experience has shown that cement - Bentonite grout is the best option for a filler
material in the borehole and has been widely used in many applications. In cases where grout stiffness reduction
is required, fly ash can be used instead of cement [2].

The ideal type of grout should be consistent with the ground stiffness. A weaker blend of the grout does
not reflect the behavior of the surrounding soil, even if the grout is properly injected into the borehole. Also, a
stronger mixture may exhibit a behavior which is independent of the surrounding ground. [3]

Burland et al (1972) described the grout around access tube of the magnetic extensometer as a soft
flexible material that could prevent the collapse of borehole. Also, in order to inject in soft ground after installing
extensometers a thick Bentonite grout was suggested [4]. Sonebi et al (2012) performed experiments on properties
of Bentonite grout for geotechnical applications and the results showed significant effect of Bentonite on fluidity,
the properties of the deformation and the compressive strength of the grout. The increase in the amount of
Bentonite, unlike the water / Bentonite ratio (W / B), leads to an increase in the amount of flow time, plate
adhesion, plastic viscosity and yield tension, and decreases water deflation and compressive strength in 3 days, 7
days and 28 days [5].

Also, Salehi (2008) carried out experiments on different mix designs with cement, Bentonite, and fly ash.
The results of these experiments show that the increase of Bentonite has the greatest impact on reducing drainage
water followed by decreasing water. In the meantime, the increase in the fly ash has the least impact. The dry
density of the grout samples increases with increase in the amount of fly ash, comparing that with shear stress of
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interface between the grout and tube show a specific trend. It was also shown that the phenomenon of bleeding
and, as a result, detachment causes significant errors in measuring the shear strength of the interface between the
grout and the tube and the unaxial compressive strength. [1]

2. GROUT MIXING DESIGN

A review of past studies shows that the mechanism of measurement in extensometers, effect of
Cement-Bentonite mixing design and the effect of grout properties have not been addressed. In this study, a
number of laboratory tests with grout mixing design were used to determine mechanical properties. Mikkelsen
(2002) [2], Kuisi et al. (2005) [6], as well as Slope Indicator Co. [7] and Soil Instruments Ltd. [3], introduced a
grout mixing design for Cement-Bentonite in the installation of soil inclinometers (Table 1).

Table-1 Mixing design for Cement-Bentonite grout

Row (W/C) (B/C)
1 3 0.3
2 3 0.4
3 3 0.5

Mickelsen (2002) believed that the water-to-cement ratio should be controlled to perform field
experiments [2]. For this purpose, in this mixing design, the cement was first mixed with water, which makes the
ratio of water to cement constant. Furthermore, the strength and grout modulus will be more controllable. Finally,
after 5 minutes, Bentonite was added to the mixture and, according to Will (1997) [8], and it took 30 minutes to
hydrate Bentonite and better mixing. From each mixing design in Table (1), some examples are made in Nx
standard dimensions, as shown in Fig.1

Cement
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After performing uniaxial compressive test with self-controlling loading device in Shahrood university
of Technology Laboratory on the provided samples presented in Fig.2 , the extracted results are presented in
Table(2).

(b)

Fig.2 a) Sample before and after loading, b) Sample with strain gauge under the self-
controlling loading unit

Table-2. Parameters obtained from uniaxial test

o Ratio of (B/C) in constant Density Peak of strength Modulus of Poisson's ratio
W ratio of (W/C=3) (Ka/m3) (MPa) elasticity (MPa) Issons rati
1 0.3 1268 1.18 91 0.26
2 0.4 1166 0.9 79 0.27
3 0.5 1012 0.7 62 0.25
3. NUMERICAL MODELING

In order to investigate the effect of slurry properties on the results of measuring the borehole
extensometer, a block was created in FLAC3D. The dimensions of the block is 8 m in length, 4 m in width and
10 m in height. Then a borehole with 0.15 m diameter was generated in the block.

A tube with 70 mm in diameter and 5 mm in thickness was modeled inside the borehole and the
magnetic/spider ring is considered as a loop connected to the tube at measuring points 2 and 5 m from the surface
of the model. As shown in Fig. 3, the space between the tube and borehole is filled with grout. Due to axisymmetric
property of the model, half of model has been used for analysis. The surroundings of the borehole have been
considered dry, and no change in volume or creep has been made in the grout.

Constitutive models provide a qualitative description of the materials behavior and other parameters of
the material to determine this behavior [9]. A good constitutive model is able to predict the soil response under
critical loading constituents, taking into account the actual properties under these critical loads [10]. The FLAC
3D software provides various constitutive models for the user. Among existing models, the Mohr Coulomb model
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is used to simulate plastic deformations and to show shear failure in soil [11]. The used soil parameters are shown
in Table (3).

FLAC3D 6.00

©2017 Itasca Consulting Group, Inc.

7Z.ome Group
Default=Magnet-ring
Defaull=grout
Default=soil
Default=tube

|

(a) (b)

Fig 3-a) Model geometry and its meshing, b) Components of the model include grout,
tube and magnetic ring

Table 3. Geomechanical Properties of Soil Types

Row Parameter Unit Soft soil Medium soil Stiff soil
1 Density Kg/m? 1750 1800 2000
2 Modulus of elasticity MPa 10 40 80
3 Poisson's ratio - 0.35 0.3 0.35
4 Internal friction angle Degree 25 17 38
5 Dilation angle Degree 0 0 15
6 Cohesion KPa 3 30 0
7 Interface friction angle Degree 22 18 28

After applying the boundary conditions, the stress and vertical displacement contour are presented in this
study for numerical model verification (Fig. 4).

To determine the error percentage of the extensometer measurement according to Fig. 4, the model is
placed under an additional 10 kPa load and the points are located within the grout at a distance of 2.5 m from the
borehole axis in the soil environment.
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FLAC3D 6.00

CE01T Itases Consulting Group, Ine

FLAC3D 6.00

2017 Ikasca Consulling Greup, Ine.
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(a) (b)
Fig 4- a) Stress contour, b) Displacement contour

The measured points are indicated by distance (d) from the model surface and the difference between the
displacement obtained within the grout (yc) and its corresponding soil (yr) is the measurement error. In this study,
the percentage of the measurement error of the settlement is obtained from equation (1).

Measurement error (35) = Q x 100 (@D
q
: Y Y YYYYYYYYYYYYYYTYY

s ¥ Soil-grout interface

d

v | (R S By
. (') YC y'

4 F s ('.).__B
Eg Es Measurement error

h 4

Fig 5- Determination of measurement error

Using the parameters obtained from the uniaxial compressive test presented in Table (2), for all types of
soil including soft, medium, and stiff soils, the results are shown in Fig 6.

4, ANALYSIS OF THE RESULTS

Obviously, if the stiffness of grout inside the borehole is equal to the stiffness of the surrounding
environment, the displacement of the environment will be transferred to the extensometer more accurately.
Therefore, if the stiffness of grout to the stiffness of soil is closer to one, then less error percentage is found. It can
also be found from fig (1) that with increasing the percentage of Bentonite to cement, due to reduced stiffness of
grout, the measurement error percentage decreases.
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Fig 6- Error percentage of measurement for different ratios of (B / C)

Also a parametric study is carried out on different (Eg/Es) ratios for soft, medium and stiff soils, where
Eg is the elastic modulus of the grout and Es is the elastic modulus of the soil. This study is also carried out in 3
states where the cohesion of the interface (between soil and grout) is a coefficient of the soil cohesion (1, 2/3,1/3)
and theangleof friction of thevarious levels has been investigated, and the results are shown in Fig (7), (8) and (9).

According to the fig (2), (3), (4), it can be seen that, the higher the ratio of Eg / Es increases the error
percentage of measurement, and if grout stiffness is less than the soil stiffness, the measurement error percentage
will be lower, but there will be a borehole stability problem. Also, the closer the interface cohesion is to the soil
cohesion, the lower the measurement error percentage and the internal friction angles of the interface also have
no effect on the error of measurement.
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Error (%)
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[
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-—-- Mz.adlum o
soil pid
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Fig 7- Error percentage of measurement for different (Eg / Es) ratios for different soils
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Fig.8 Error percentage of measurement with different interface cohesion for different

(g/Es) ratios for medium soil
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Fig.9 Percentage error of measurement with different friction angles in different ratios
of Eg / Es for medium soil

5. CONCLUSIONS

The results of laboratory studies on grout samples show that as the amount of Bentonite to cement ratio
increases, the strength and grout stiffness decreases. Also, according to the numerical study, the measurement of
the displacement of the extensometer in the borehole is a function of grout stiffness surrounding it. The error
percentage of measurement is reduced by increasing the ratio of Bentonite to cement. This reduction in error
percentage of measurement is compared in three soft, medium and stiff soil types. Comparison of these results
shows that stiff soil is less affected by grout properties and less error percentage will occur. Measurement errors
have been increased by increasing the modulus ratio and was not significant for rates of the elastic modulus of
(Eg / Es) more than 5% for the three different soil types (soft, medium, and stiff), and the higher error in the soft
soil type Is found.

It has also been shown that the grout with less stiffness than the surrounding soil has lower measurement
error. The interface cohesion in different ratios of Eg/Es less than 5, has no significant effects on the results, but
when this ratio is more than 10 and the closer the interface cohesion to soil cohesion, the lower the measurement
error rate, is. Also, the friction angle of the interface was studied, according to the results obtained, these angles

do not affect the results of the error percentage.
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Abstract

In recent years the rise of groundwater level in some regions of Mashhad, attributed to the water transfer
from the surrounding dams has caused complications in many projects. Groundwater in Mashhad is mainly
charged from Binalood Mountain in addition to absorbing wells traditionally used as an effluent disposal
method. However, the balance of groundwater has been further tipped by decommissioning of upstream
suburban water wells, having been replaced by the water transferred from Dousti dam. Obviously, inbound
groundwater diversion methods and/or regional drainage projects are needed to compensate the extra inflow.
One of the successful methods for groundwater diversion is appropriately positioned grout curtains in
aquifers, acting as a subsurface dam. River and canal engineering projects aimed at prevention of surface
runoff infiltration, as well as re-commissioning of wells, would also positively affect the problem. In this
study, the effectiveness of the aforementioned methods for groundwater management is studied and based
on the available data tentative proposals are made as to the most effective methods.

Keywords: Mashhad, groundwater management, subsurface dams.

1. INTRODUCTION

Typically, the major concern in groundwater for water resource management engineers is a decline in
groundwater levels [1]. But today rise in groundwater levels has become a major concern all over the world which
has been reported in most cities around the world [2, 3]. In Iran, we can mention the cities of Mashhad, Kerman,
southern Tehran and Sabzevar. As direct groundwater recharge is reduced by the development of urbanization,
new sources for recharging aquifers, including leakage from water pipes, sewage, absorption wells and other
waterways, are created. The effects of these changes often increase groundwater recharge than pre-urbanization.
The rate of increase in groundwater level in arid regions and populated cities where drinking water is usually
supplied from other resources is significant [4].

If the groundwater level rising continues, it may have a geotechnical effect on the structures [5]. The
rising water level causes serious problems for existing structures as well as new constructions. The problems for
new constructions include water entering the construction sites, increased maintenance costs for trenches and the
system supporting structure for the temporary stabilization of trenches. In the existing structures, the rise in
groundwater level and an increase in the moisture content of the soil will reduce the soil's resistance, increase the
liquefaction potential, increase the risk of soil compaction due to the water compression, the increase in the soil
corrosivity potential and the deterioration of concrete and metal components [6]. In this study, we will show the
rise in groundwater levels, describe its problems and finally, we will present solutions to deal with these problems
or mitigate their effects.

2. SOIL TEXTURE OF MASHHAD CITY
In general, sediments of Mashhad city include sedimentary deposits, flood plains and conifers. The

maximum thickness of sediments in the center of the Mashhad plain is more than 250 meters. The thickness of
sediments is reduced to the southern and northern slopes (Fig. 1) [8].
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Figurel. Map of Soil texture of Mashhad city [8].

3. LOCALIZED RISING OF GROUNDWATER WATER LEVEL IN MASHHAD

In recent years, Dousti Dam has been one of the most important Mashhad’s sources of drinking water.
In this way, 500 million cubic meters of the outflow of the dam enter into the Mashhad watershed. With the arrival
of this volume of water, the drinking water wells in the city were turned off. On the other hand, the development
of some urban infrastructures such as the sewer collecting network did not construct along with other urban
developments. As a consequence, the water entering the aquifer has caused the localized water level rises,
especially in the central areas of the city, which imposes some problems for other urban development [9].

Ghandahari et al. (2014), showed that there are four periods of groundwater water level changes during
the period of 1985 to 2013, by drawing the hydrograph of the existing piezometers in the city center (Fig.2). In
general, groundwater level decreased from 1985 to 1991, increased from 1991 to 2001 and again decreased until
2008 and then increased. From 2008 to present, despite the drought, a rise in groundwater level is observed. The
groundwater level has been rise 36.23 meters in 68 months (an average monthly increase of 1.53 meters).
Therefore, it can be concluded that the main factors of the rise in groundwater level are the entrance of the Dusti
dam outflow into the watershed and the lack of utilization of drinking water wells [9].

960

Figure 2. Hydrograph of the piezometers in the city center.
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In general, the reasons for the localized rising of groundwater water level in Mashhad are:

1. Transferring more than 500 million cubic meters of water out of the basin (Dusti dam) into a small watershed
for drinking water and turning off the drinking water wells in the Mashhad city, simultaneously [9].

2. Numerous Qantas that drain groundwater from different areas to the central basin of Mashhad [7].

3. The existence of Golestan artificial recharge in the upstream basin of the catchment area and on the Qantas
route, hence transfer water to the central basin [12].

4. Consolidation of soil due to groundwater withdrawal, reduction of soil storage capacity, and consequently
the increase in the velocity of entry water rising from absorption wells [9].

5. The existence of clay layers with a low depth (up to 40 meters) below Mashhad creates a shallow aquifer [9].

4, PROBLEMS DUE TO LOCALIZED RISING OF GROUNDWATER LEVEL IN MASHHAD

The rising water level causes serious problems for existing structures as well as new constructions. The
problems for new constructions include water entering the construction sites, increased maintenance costs for
trenches and the system supporting structure for the temporary stabilization of trenches (Fig. 3). In the existing
structures, the rise in groundwater level and an increase in the moisture content of the soil will reduce the soil's
resistance, increase the liquefaction potential, increase the risk of soil compaction due to the water compression,
the increase in the soil corrosivity potential and the deterioration of concrete and metal components [10].

Figure 3. Water entering the construction sites.

I. Reduction in bearing capacity [11]
I1. Reduction in soil stiffness and/or Collapsibility phenomenon [12]
I11. Degradation and corrosion of structures [13]
IV. Liquefaction
V. Sewage Infiltration to groundwater

5. SOLUTIONS FOR LOWERING GROUNDWATER LEVEL

I. Aquifers management and prevention of excessive recharging of the aquifer, through the construction
and development of sewage and surface water collection networks (completion and development of the
energy tunnel in the distressed area of Mashhad city) (Fig. 4).

1. Water supply management from the Dousti Dam and the water wells in the northwest of Mashhad
(Ghasem Abad area), which is no longer withdrawn from them.
111.Construction of underground dams in the north, northwest and southwest areas, pumping of stored water
behind these dams into canals and rivers inside the city and eventually, transferring the water to the
Kashafroud river as a natural drainage area.
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A 3 ot -
Figure 4. Energy tunnel in the distressed area of Mashhad city.
From the above, we will explain the underground dam.

6. THE UNDERGROUND DAM

I. What is underground dam?
A facility that dams up groundwater flow, stores in the pores of the stratum and uses groundwater in a sustainable
way. Furthermore, a facility for preventing saltwater intrusion is also included to definition of the underground
dam. In a wide sense, it is called as underground dam including reservoir area (Fig. 5). Underground dam have no
huge “Tank” under the ground, generally have a lot of porosity in the aquifer (underground). In other words,
underground dam reserves the groundwater in “hard” porous sponges [14 and 15].

Strface dam stores the sueface water
siteam (tived).

Underground dam intetcepts the
groundwater flow  and  stores
groundwater into the underground,

pmos A

7

Figure 5. Scheme of surface dam and underground dam [14].

11.Types of Underground Dams
i.Classification by dam purpose.
ii. Classification by construction method.
iii. Classification by the reservoir type.

i. Classification by dam purpose.
a) Dam up type (Storage type, Run-off control type): This dam type is planned to store groundwater. The
reservoir, which dams up groundwater and regulates its discharge, accordingly increases the groundwater level
and allows stable intake of groundwater [14 and 15] (Fig. 6).
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b) Saltwater intrusion prevention type: This dam type is planned to prevent intrusion of saltwater into the
groundwater and to protect available water resources. The reservoir unconditionally allows groundwater pumping
and the resultant adjustment of the groundwater level [14 and 15] (Fig. 6).

e Reservoir area
ESEIVOIT area Cut-off wall of

Figure 6. Dam up type (storage type), Saltwater intrusion prevention type [14].

ii. Classification by construction method.
a) Ground improvement method (grouting method): In general, is applied by foundation improvement of the
surface dam, using an injection of cement milk under the ground and hardening the milk, and so constructing the
impermeable barrier (grout curtain). This method is applied to the underground dam in small scale [14 and 15].
b) Impermeable body driving method: This method is to construct a dam body by driving steel sheet pile (or
concrete sheet pile). This method is used for shallow unconsolidated layer [14 and 15].
c) Diaphragm wall method: Diaphragm wall method is applied to the underground dam in large scale. Among of
the several types of diaphragm method used for underground dam construction, (Soil Mixing Wall method) [14
and 15].

iii.Classification by the reservoir type.
a) Fully subsurface storage type: This dam type is an ordinary case of underground dam and reservoir is not visible
directly [14 and 15].
b)Partially surface storage type: This dam type has functions not only to reserve groundwater but also to store
surface water on the ground in the reservoir area [14 and 15].
a) Surface dam hybrid type: At the surface dam, reservoir water is stored in the ground in addition to on the ground
by the effectiveness of the water-tightness barrier, which is created by the foundation treatment such as grouting
works [14 and 15].

1. REQUESTED NATURAL CONDITIONS FOR UNDERGROUND DAM

a) Excellent storage aquifer
An aquifer with large effective porosity and hydraulic conductivity must be available in the planned area.

a) Impermeable basement
The basement stratum forming the reservoir floor and side boundaries must be relatively watertight so as to form
efficient groundwater reservoir.

a) Sufficient recharge to the reservoir area
Sufficient and appropriate groundwater recharge must be available in the reservoir area of the underground dam.
Normally, high precipitation and infiltration will be required corresponding to the planned amount of storing water
[14 and 15].

8. CRITERIA FOR CHOOSING DAM SITE
« Sandy soil (images of river bed and surface information).

* Less salt content.
* Large average annual flow rates (annual rainfall data is the measure).
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+ Land gradient <5% (Topography and DEM).

* Less drainage density (WMS calculation).

« Less evaporation rate (meteorological data).

» Bedrock not too deep (experience 20-70 m, geological maps, geophysics, etc.).

Do not build on fractured rocks or large boulders to prevent seepage.

« Build on solid bedrocks instead or 1 meter in the solid and impermeable soil [14 and 15].

CONCLUSIONS

The rise of the groundwater level in some parts of the Mashhad over the past few years has caused

disturbances in some construction projects. Over the past decades, factors such as water transfer from the
surrounding dams, waste water disposal through absorbing wells and the decommissioning of upstream wells have
led to an increase in the water balance of the region.

One of the successful methods in groundwater diversion, which can be a suitable solution for diversion

of the excess inflow to the north and northwest of Mashhad is subsurface dams. also, river engineering projects in
Binalood Mountain and pumping and water transfer to Kashafroud river (as natural drainage of the area) can be
complementary to this action.
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Abstract

Considering actuality of a problem of climatic factors influence on development of agricultural grades the
results of the Nurek reservoir influence on meteorological parameters of three agricultural regions of
Dangara, Fayzabad and Yavan of the Republic of Tajikistan are presented in this paper. In mountain districts,
as usual because of the heights processes of reflection influence, a deviation of the directed movement of air
masses are observed. Consequently, existence of the developed network of meteorological stations in
mountain districts is pledge of receiving a real scenario of meteorological parameters dynamics. Timely
establishment of the weather conditions variations and development of adaptation technology to the modern
meteorological conditions and selection of agricultural grades steady against changes of climatic factors and
stressful situations pledge of ensuring food security.

Keywords: Reservoir, Impact, Agriculture, Adaptation, Mountain.

1. INTRODUCTION

In the Aral Sea Basin, on the territory of which five states are located, water resources are used generally
for an irrigation and hydropower. These water users demand the different modes of a river drain regulation. In
interests of hydropower — the greatest power generation and, respectively, the use of the most part of the rivers
annual drain in winter- the cold period of year. For an irrigation, the greatest volume of water is required in the
summer, during the vegetative period. Regulation of a river drain thus is carried out by the large reservoirs. Thus,
all largest hydroelectric power stations are constructed in the republics of a formation zone of a drain in upstream
of the Amu Darya and Sir-Darya Rivers — in Kyrgyzstan and Tajikistan. The main areas of the irrigated lands are
located in the republics of the rivers downstream — Kazakhstan, Turkmenistan and Uzbekistan.

The question of a river drain regulation in the region and construction of large reservoirs as Kayrakkum,
Nurek (Tajikistan), Toktogul (Kyrgyzstan) and Tyuyamuyun (Uzbekistan) in Central Asia arose from the 1950™
years in connection with development of the irrigated agriculture.

What are the possibilities of this problem solution? Cardinally resolution of conflict between an irrigation
and hydropower is not restriction of activity some one of them or submission one another, and on the contrary,
their greatest joint development by construction of new large hydroelectric power stations with reservoirs of large
volume. For hydropower it means the increase in production of cheap and environmentally friendly energy, for
an irrigation — the increase of depth of long-term drain regulation and water security of already developed lands.

Existence of several water-engineering systems with reservoirs will allow to resolve contradictions
between hydropower and an irrigation. Today the conflict between them arises because in basins of each of two
main rivers of the Region-Sir-Darya and Amu Darya the only one large water-engineering system with a reservoir
is available: on Sir-Darya — Toktogul in Kyrgyzstan, on Amu Darya — Nurek in Tajikistan. The only a large water-
engineering system on the river cannot carry out a drain regulation at the same time in two modes — irrigational
and power.

Construction of one larger water-engineering system on each of two rivers will cardinally change a
situation. In this case, the reservoir, top on a flow will be able to work in purely power mode; the lower reservoir
of the same volume will be able to overregulate a drain up to restoration of its natural mode. Especially it can
provide a drain regulation in interests of an irrigation. The presence of numbers of water-engineering systems with
reservoirs will improve the situation even more [1].

The Republic of Tajikistan possesses 527 Billion kWt-h the general potential hydroenergy resources but
now more than 5% are used [2]. Therefore, to expect that in near future not one tens averages and large
hydroelectric power stations with reservoirs will be built. It means that at planning of the agriculture perspective
development of coastal areas to reservoirs it is necessary to consider a factor of the water reservoirs influence in
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transformations of meteorological conditions of the district and introduction of adjustments to norms of the
corresponding cultures irrigation.

According to [3] direct influence of reservoirs on meteorological parameters of nearby areas is felt at
distances some hundreds of meters and in the direction of a wind such influence can be registered at distances
more than 10 km.

2. METODOLOGY AND BAsIC DATA

The purpose of the present research is the retrospective comparative analysis of statistical parameters of
60-year temporary temperature ranks, atmospheric precipitation and humidity and monitoring of the Nurek
reservoir influence on a trend of change of these parameters.

For establishment of the mountain reservoirs influence on possible changes of Agroclimatic conditions
we analyzed a trend of meteorological parameters of two regions of Dangara and Fayzabad of the Republic of
Tajikistan with the developed agricultural branch coastal to the Nurek reservoir. The meteorological data of the
1950-2012 period of stations located in areas of researches are used.

Construction of the Nurek reservoirs begun in 1961 and in 1979 reached water level of 890 m. The mark
of NPU of equal 910 m was reached in September 1983. Therefore, it is possible to consider that of a reservoir
influence on meteorological parameters of the district has to be felt after the eightieth years.

For removal of other factors, a method of the analysis of spatial differences was used. If physiographic
conditions do not change strongly, spatial differences between two couple’s stations are steady sizes (in a long-
term section). On change of spatial differences of two couples’ stations one of which is located in the sphere of a
reservoir influence, it is possible to estimate the effect its influence. An indispensable condition of the analysis -
duration of the meteorological parameters number before and after construction of reservoirs.

3. RESULTS AND DISCUSSION

The studied areas coastal to Nurek reservoir are located in a radius up to 35 km around of reservoirs and
at various heights from sea level and altitudes: Fayzabad (1215 m a. s. |, 38°15” N, 69°32” E), Dangara (660 m a.
s. 1., 38°10° N, 69°32” E), Yavan (632 m a. s. 1., 38° 32’ N, 69°05’ E).

It should be noted that for the period 1950-2012 the change of temperature in all three areas has the
increasing character without manifestation of any deviations or extreme after 80-their years testifying about
influence of the Nurek reservoir.

Comparison of the temperature change before construction of the Nurek reservoir shows various trends
of the temperature increase for the considered districts (Fig. 1). For example, if the temperature changes in the
districts of Fayzabad and Dangara up t01980 is fluently but after 1980 increase of temperature gains abrupt
character (Fig.1).
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Figure 1. Trend of change of temperature of Fayzabad and Dangara
districts before (a, c) and after (b, d) construction of the Nurek reservoir

Thus, exactly the opposite temperature changes are observed in Yavan district. A trend of change of
average annual value of temperature before construction of a reservoir more abruptly and replaced on fluently

after 1980 (Fig. 2 a, b).
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Figure 2. Trend of change of temperature of Yavan district before (a) and after (b)
construction of the Nurek reservoir.

The explanation of the observed phenomena from the point of view of districts remoteness from Nurek
reservoir is wrong as Fayzabad is at distance of 20 km, Dangara at distance of 35 km and Yavan on 30 km. On
height of a situation of districts above sea level, Dangara (660 m) and Yavan (639 m) are closer to each other and
it is logical to assume similarity of behavior of their meteorological parameters.

90



Long-Term Behaviour and Environmentally Friendly Rehabilitation Technologies of Dams (LTBD 2017) DOI:10.3217/978-3-85125-564-5-012

In addition, we carried out the monitoring spatially - temporary change of an atmospheric precipitation
above the listed areas during 1950-2012 years. On the Fig. 3 (a, b) the average annual values of precipitation in
Fayzabad district for the 1950-1980 periods and 1981-2011 are presented. A trend of change of an atmospheric
precipitation Fayzabad both before construction of a reservoir and after it has the decreasing character. However,
the change of humidity of the area for the considered periods is characterized by the increasing trend (Fig. 3 (c, d)).

Absolutely other nature of the humidity change and an atmospheric precipitation was revealed at
monitoring of meteorological parameters of Dangara and Yavan. The humidity change of Dangara before
construction of the Nurek reservoir is present on Fig.4. For the period after construction of a reservoir, i.e. after
1980 the humidity reduction tendency though its increasing trend up to 1980 is observed. The same transition
from the increasing trend of the 1951-1979 period to the decreasing trend for the 1980-2011 period it was observed
in change of precipitation also.

1400 7 a 1300 - b
1200 1
£
= 1000 1000 1
5
g
2 800 - ) .
3 700 -
-
R~ 600 -
v =|-4,1231x+ 8920, _ ,
2 (10368 y =-5.5898x+ 12016
400 : : : R2=0,0686
1950 1960 1970 1980 100 ' ; '
years 1981 1991 2001 2011
- 68 L
58 " d
55 1 63 A
L
£
52
= 58 -
: .
s
49
53 4
1 —%gzx(;gézs 8 0,2138%- 37
46 ; : | R*=0,1749
1950 1960 1970 1980 48 | T |
years 1981 19901 2001 2011

Figure 3. Trend of change of precipitation and humidity of Fayzabad district before (a,
¢) and after (b, d) construction of the Nurek reservoir.
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Figure 4. Trend of change of humidity and precipitation of Dangara district
before (a, ¢) and after (b, d) construction of the Nurek reservoir.

Dynamics of the humidity change of Yavan is presented on the Fig.5 (a, b). From the Fig.5 (a, b) seems
that humidity of this area had everything the reducing character up to 1980 and was characterized by moderate
increase of precipitation. After 1980 sharp increase and humidity and an atmospheric precipitation is observed.
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Figure 5.Trend of change of humidity and precipitation of Yavan district before (a, c)
and after (b, d) construction of the Nurek reservoir.

The reduction of an atmospheric precipitation of Yavan for the periods 1950-1979 on 4.7 mm and
increase for the period 1980-2011 on 443 mm is calculated (in comparison with 1979 makes about 30%). The
temperature change of Yavan for the period 1980-2011 equals 1.1 C against his increase on 0.97 C for the period
1950-1979.

According to our opinion, the behavior of meteorological parameters of coastal to Nurek reservoir areas
in winter and the summer periods represented a considerable interest. For example, on Fig. 6 a trend of the
temperature change of Dangara in winter and the summer periods before and after construction of a reservoir is
presented. Before construction of a reservoir the temperature change corresponds to the natural mode is reduction
of their values in the winter and increase in the summer. After construction of a reservoir the return to the natural
course of temperature the following phenomenon is observed- temperature increases in the winter. The Fig. 6
demonstrated that after construction of a reservoir on a curve of temperature change the deep minimum of the
covering period 1982-2012 years testifying about influence of a reservoir on temperatures of Dangara district.
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Figure 6. Change of temperature of Dangara in winter (a, ¢) and the summer (b, d)
before and after a reservoir construction r respectively.

4, CONCLUSIONS

Thus, the analysis shows the ambiguous reservoirs influence on meteorological conditions of coastal
areas. It first is caused by that the considered areas are characterized by a mountainous terrain. In mountain
districts, as usual because of influence of heights processes of reflection, a deviation of the directed movement of
air masses is observed. Consequently, the existence of the developed network of meteorological stations in
mountain districts is pledge of receiving a real scenario of the meteorological parameters dynamics.

It should be noted that continuous monitoring of meteorological parameters of large water reservoirs is
important from the point of view of agriculture development. Timely establishment of weather conditions
variations and development of adaptation technology to the modern meteorological conditions and selection of
agricultural grades steady against changes of climatic factors and stressful situations pledge of ensuring food
security.
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Abstract

There are more than 36000 dams in the world. In 1950 there were 20000. That means there are now at
least 20000 dams in the world more than 50 years old. This is the challenge we face in dealing with
rehabilitation. Many of these dams were built under difficult circumstances with inadequate resources, the
population in desperate need of drinking water, hydroelectric power, or flood relief. Therefore, the
establishments of these dams such as Latyan and Amir Kabir dams in Iran are very old and this has created
an increasing attention to the issue in recent years. In this paper we have investigated the possibility of
introducing new techniques for rehabilitation and improvement of dams’ behavior through a holistic
viewpoint. In order to proceed with dam rehabilitation analysis, dam owners should perform a detailed
incremental hazard evaluation of the dam which is the main focus of this research. The step by step
approach discussed in this paper is the recommended standard protocol that will assist dam owners in
performing decision analysis. An integrated environmental and social Assessment with an environmental
management plan have been developed to manage risk and maximize environmental and social benefits
wherever it is applicable. This will be finalized based on earlier work and experiences and consideration
of improvement activities proposed by Water and Power Ministry.

Keywords: integrating, environmental, rehabilitation, framework.

1. INTRODUCTION

There are more than 36 000 dams in the world. In 1950 there were 20 000. That means there are now at
least 20 000 dams in the world more than 50 years old. This is the challenge we face in dealing with rehabilitation.
Many of these dams were built under difficult circumstances with inadequate resources, the population in
desperate need of drinking water, hydroelectric power, or flood relief.

The world is becoming more litigious and many countries regulate dam design, construction and
operation. There is therefore often a need to rehabilitate a dam following a review of the design to check that it
complies with current standards.

The purpose of this article is to present an overview of the state of the art in dam rehabilitation, to
highlight the major innovations and to provide sufficient references for the non-specialist to pursue areas of
particular interest. Case histories are used to illustrate the methods.

2. MANAGEMENT OF REHABILITATION

2.1. MANAGEMENT OF DESIGN

Good practice in terms of monitoring the behaviour of a dam should comprise the following as a minimum:

« Sufficient monitoring equipment in good order to be provided to allow a basic understanding of the behaviour
of the dam.

» Measurement data to be regularly evaluated.

* The dam should be inspected regularly and independent advice should be called for when unusual behaviour is
noted.

The first step in rehabilitation is to develop an investigation programme to define the extent of
rehabilitation, and the methods to be used. Operating experience should be established through structured
questioning of operating personnel and reference to published work. Hydrological studies may suggest an increase
in spillway capacity, power studies may recommend more hydroelectric capacity or irrigation and water supply
and these possibilities should be included in the programme. It is costly to take important hydraulic structure out
of operation. There may be an annual window when investigations can be made, and failing to use the window
can delay the work by a year. The owner and the financing agency may have to agree urgently on the most
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practicable and expeditious way forward. They may agree to single source or price enquiry contracting for specific
services.

Often the problems are complex, emphasising the need for lateral thinking when devising solutions, and the
foresight to know what data will be required and when. Senior experienced personnel are required. A brainstorm
approach may be appropriate. A site inspection is essential.

Having examined the available data and understood the problems, the engineer undertakes a feasibility
study to identify the possible solutions to each of the problems. At this level of study, the engineer identifies the
options and examines them from technical and economic points of view. Comparison is usually on the basis of
benefit/cost ratios. The bases of costs and benefits are kept consistent from one option to another so that
meaningful comparisons between them can be made quickly and at low cost. In this way he identifies and excludes
options that do not merit costly data collection.

Integral to the feasibility study is arranging the financing of the rehabilitation work. The source of
funding depends on several factors. If there are definable and reliable income stream for the rehabilitated project
it may be possible to arrange private funding in which an investor takes an equity share in the project for an agreed
period. Where the income stream is neither well-defined nor politically reliable, grants or loans from a funding
agency become relatively more likely. The financial arrangements depend on how the rehabilitation project may
be structured into fundable contracts without comprising the progress of the works.

2.2. MANAGEMENT OF CONSTRUCTION

Surprises are endemic in rehabilitation. A good contract for rehabilitation work therefore requires the
work to be defined accurately. The selected form of contract must be equitable for both parties, minimizing the
points of conflict, and permitting the quick and fair agreement of additional work. Alternative forms of contract
for rehabilitation work include: the bill-of-quantities format, cost-plus, target cost, and design and construct.
Careful structuring of pre-qualification documentation ensures that the owner, his engineer, and the funding
agency receive appropriate information to judge which contracting companies are to be included in the tendering
list. Joint ventures between local and off-shore contractors are favoured for two principal reasons. The local
contractor brings intimate knowledge of the local business environment and government procedures while the
international company brings project management and technical skills. The form of joint venture can be specified
in the contract.

The construction manager needs regular submissions of supporting data from the contractor and needs
to generate significant records himself. Experience is needed to anticipate problems before they arise and to
arrange for the necessary data to be collected in good time. The site supervisory team must be organized so that
every critical piece of permanent construction is witnessed and monitored. Each position in the team carries well-
defined responsibilities. The team must always be led by a person with sound technical skills and contracts
administration experience.

2.3. RISK MANAGEMENT

Dam operators increasingly carry out risk management to assist in the identification and quantification
of potential threats to the works, and to manage the risk effectively. This allows better decisions to be made
concerning the rehabilitation of ageing structures, taking into account both the value of the asset to the business
and the safety of the public. There is often inadequate operating data available to assess failure frequency,
particular for remote plants, underlining the value of experience and generalized statistical data. It emphasizes too
the value of a comprehensive data base of operating incidents. Whether or not they reflect well on the operating
staff, they are encouraged to report then faithfully. The priority in assessing risk is to understand the consequences
of a failure in terms of the business that relies on the works. The study should include assessment of the safety of
the general public. Several approaches to risk analysis have been proposed to supplement the direct and effective
method of inspection, analysis and reporting which suffer from the limitation that they principally identify defects
that have already developed.

A technique described by Beak et al (1997) is known as the Failure Mode, Effect and Critically Analysis
(FMECA). This is based on a British Standard (5760 part 5 1991). It involves applying simple criteria to an
engineering system in order to identify the areas of greatest risk. Potential modes of failure are identified for each
component of the works. For each failure mode the severity of the event is assessed, taking into account
(a) the effect of failure on the operations, environment and wider community, (b) the probability of the occurrence
and (c) the likelihood of the failure being detected. Each of these three circumstances is assigned a relatively
coarse indicator on a rising scale, typically 1 to 5. The term criticality is given to the product of three indicators.
The method produces a qualitative rather than a quantitative result. The actual probability of the event occurring
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is not calculated but the approach identifies which elements of the works pose the greatest threat and is useful in
allowing effort to be concentrated on those elements.

Several approaches to a probabilistic risk analysis have been proposed. This technique has been used for

a number of years by the chemical and nuclear industries. It has been argued that in both of these industries the
works are largely constructed of standard components with well-known reliability, whereas every dam is a
prototype with the reliability of its components being less easy to define. It has also been asserted that the results
obtained from studies of chemical or nuclear plants are less precise than has been assumed.
Typical of the probabilistic approach applied to dams is the procedure detailed by Bowles et al (1990) and Vick
et al (1996). This involves developing all the possible failure scenarios that could develop as the result of a
triggering event and developing them into an event tree. A probability of failure is then allocated to each
component of each scenario. Thus the probability of each of the components of the tree occurring is assessed and
the overall probability of each of the failure modes identified is calculated as the product of all the components in
that branch of the tree.

This technique provides a quantitative risk of failure for every failure path identified and for each possible
event. Itis therefore possible to use this to justify whether to carry out works based on comparison of the calculated
risk with a predetermined acceptable risk of loss of life or cost to the community or operator. It must however be
borne in mind that the overall risk has been developed as a product of many components. A small error in each
component may have a significant effect on the overall assessment. Calculation of accurate probabilities of failure
for the various elements of the tree can be difficult and usually involves significant costs.

This technique has been further developed into the Portfolio Risk Assessment (PRA) approach by Bowles
et al (1998). This is usually based primarily on available information, without performing extensive additional
analyses or investigations; the steps are normally conducted at a reconnaissance level and make use of professional
judgment which leads to an engineer certifying aspects of safety of the dam. Subsequent to the initial PRA,
additional engineering studies will usually be necessary to verify the need for remedial work and to justify the
extent of the work. As with the FMECA technique, this produces a qualitative rather than quantitative result.

Hoeg (1996) describes a simplified probabilistic risk analysis in the re-certification of existing rockfill
dams that seeks to use the rigour of a logical approach via an event tree while making full use of the professional
judgment of the engineers involved. The first step is a site inspection—a desk study is not an acceptable
alternative. Next, all possible failure modes are visualized and defined. Those that lack technical credibility are
eliminated. The third step is to construct an event tree that allows the interrelationships between events to be
displayed. Only those events that lead to an uncontrolled release of water are developed at this stage. Each of
these events is then reviewed to find those with greatest probability of occurrence, perhaps using a simple scale
of likelihood from virtually impossible through very unlikely, completely unknown to complete certainty. The final
step is to review the results from the event tree to determine the reasons for certain failure modes giving larger
contributions than others.

Other methods include the production of fault trees and Hazop studies. With a fault tree the initial
consideration is the failure of the element being considered and a tree is built up to establish the various means by
which the failure could develop. As with the event tree the probability of each component is assessed to calculate
an overall probability of failure. Hazop is a well estabilished technique used in the chemical industry and bears
many similarities to the event tree process but uses standard probabilities of failure for the components used in
the construction of the plant.

None of the techniques remove all risk. The aim is to reduce the risk of failure to one that is As Low As
Reasonably Practicable (ALARP). The basis for ALARP is that risks are acceptable only if reasonably practical
measures have been taken to reduce risks. This is commonly taken to mean that the risks have been reduced to the
point where it is longer cost effective to reduce them further.

With all the methods of risk assessment the procedure should involve a team including engineers with
experience of design, operations and maintenance and may also require advice from specialists in hydrology,
geology and seismology in order to develop a comprehensive assessment. A site visited by the team to inspect all
aspects of the works is essential, as are discussions with the local operators and the study of such construction
drawings and operational records as can be obtained, to enable them to produce a worthwhile assessment.

3. REHABILITATION OF FOUNDATIONS OF CONCRETE & MASONRY DAMS.
3.1. INTRODUCTION
Three important scenarios in which the foundations of masonry or concrete dams need rehabilitation are

described below, together with a description of appropriate methods. Table 1 summarizes some case studies
describing the methods mentioned below.
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Table 1. Rehabilitation of foundations of concrete and masonry dams

Dam data
Cause of Rehabilitation
rehabilitatio n Name Heigh t Type Constructio n Country
After 20 years, permanent
Loss of strength : . displacement
Albigna 115 PG
U”dfr gz_peated g Switzerlan d of the foundation noted.
oading Successfully treated by
After 20 years, substantial
foundation movements noted.
Los; of streng&h A tr)e(ientI)(1 codnstructgd tunnel 400m
under repeates . Switzerlan d elow the dam and 1400m was
loading Zeuzier VA 1957 responsible for draining the
foundation. Successful treatment of
grouting the
The hydraulic gradient
Eros d from the reservoir to new
rosion an : drainage gallery was steep enough to
solution Lister 40 PG (M) Germany etode the
fillings from joints in the
foundation.
i Soluble foundation rock
Erosllotp and Henne PGn (M) Germany became so pervious that
solution the effective solution
Cracked grout curtain repaired with
Ageing grout | Schlegei s 131 VA 1973 Austria anew 5m
curtain deep cut off wall
Blocked drains Baitings 53 PG 1958 UK Choked foundation drains replaced.

3.2. LOSS OF STRENGTH UNDER REPEATED ACTIONS

Rehabilitation may be needed when the foundations rock is damaged by alternating stresses caused by
the variation in hydraulic gradient experienced when the water level in the reservoir changes. These variations
may lead to deformation, to movements on joints and to the initiation and propagation of cracks. There may be
changes in the water content and pressure within joints. The rock mass is usually strong enough to adopt a new
equilibrium after several years of operation. Sometimes, however, there is permanent change that may adversely
affect the seepage quantity, uplift pressure and rock strength over a long time scale so that rehabilitation is needed.
Such effects are usually detected through reliable and detailed monitoring. The aim of rehabilitation is usually to
strengthen the foundation by grouting, improving the drainage, or by installing an impervious apron upstream of
the dam.

3.3. EROSION AND SOLUTION

The flow of water through erodible or fractured rock can lead to increasing leakage from the reservoir.
Large flows may be observed when the rock itself or the joint infill is soluble, resulting in karstic caverns. Detailed
investigations of the foundation rock mass at the design stage is the best way of avoiding this problem. Monitoring
the volume and pressure of the seepage through the foundation will be helpful in giving warning of this condition.
A useful correlation of seepage quantity and pressure shows that when both are increasing, urgent rehabilitation
may be necessary. When both are reducing no action is necessary to improve the foundation drainage. Rising
seepage and decreasing pressure reveals the possibility of erosion within the foundation.
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The aim of rehabilitation is to reduce the seepage flow through the foundation. Improved drainage to
reduce the seepage pressure of the water may also be appropriate for rehabilitation, but care is needed. The case
history of Eder dam, shown on Table 3, is one in which the improvement of the drainage within the foundation
caused increased seepage and consequential erosion.

3.4. AGEING GROUT CURTAINS AND DRAINS

Grouting is one of the most common current methods of reducing the seepage below the dam. Older
dams often were not provided with a grout curtain. Although cement is the most frequently used material for
grouting, other materials are used in specific circumstances where, for example, the seepage paths to be grouted
are particularly fine.

Drainage systems are designed to intercept and reduce the pressure of the water seeping below the dam.
They include galleries, tunnels and bore holes. Both grouting and drainage are among the most useful measures
for rehabilitating the foundations of ageing dams. When these elements deteriorate, owing to poor maintenance,
or to chemical or physical attack, seepage may increase in quantity or it may begin to carry sediment. There may
develop unusual readings of piezometric pressure. Rehabilitation usually consists of reconstructing the ageing
component whether it is the grout curtain or a drainage system.

4, REHABILITATION OF CONCRETE AND MASONRY DAMS

4.1. INTRODUCTION

The four most common scenarios triggering the need for rehabilitation of the body of concrete and masonry dams
are described below. This is followed by a brief account of rehabilitation in particular circumstances: at structural
joints, in pre-stressed structures, and where the rehabilitation is required to improve the static stability of the dam.

Table 2 summarizes a selection of case histories.

Table 2. Rehabilitation of concrete and masonry dams

Cause of Dam data S
Rehabilit ation Name Height m Type Constructio n | Country Rehabilitation
Chemica | Slots cut in the concrete
reaction resultingl Chambon 90 PG 1934 France to relieve the stresses. Expected to
IS be in
Shrinkag e Germany Detailed monitoring and analysis
and creep Olef Buttress 1955 justified
leading additional concrete and
Degradat i Comparison of facing
on at dam La Girotte Mult arch 1949 France repair methods show the good
performance
Degradat i New 120mm thick asphaltic
on at Agger 45 PG 1928 Germany concrete face
has lasted 30 years.
Degradat i Pracana 65 Buttress 1948 Successful repair using
Portuga | . .
on at pvc facing (Silva
Degradat i Successful underwater
on at Lost Creek 36 VA 1924 USA installation of a pvc facing.
(Harlan et al)
Loss of strength |- : i Locking of the joints in
Zillergrund i 186 VA 1978 Austria g J
due ;‘(’:t'i'gﬁgated 9 the dam by grouting.
(Schoberl et, at
|8055t0f strentgt(? Additional structural support
ue a&'{gﬁga € Ternay 41 PG 1867 France through recountring.(Lino et al,
Loss of strength Increase of the overall
due to repeated La Bourne 18 PG 1878 France level of compressive stress using
actions post tensioned anchors.
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Abstract

Due to the increase of construction projects, we are faced with the necessity of using lands, having loose
and soft soils more than before. Recently a new method for strengthening these soils has been developed,
by which saturated lime is intruded into soil. As it penetrates due to the gravity, improves the soil strength
through pozzolanic reactions. In this paper, the influence of two key parameters, on the improvement of
unconfined strength of sandy soils is studied. Two sets of laboratory tests were conducted on silty sandy
soil specimens. In the first set, the saturated lime solution (SLS) was intruded with different volumes
through the specimens and then they have been used for uniaxial strength test. In the second set, after
passing specific volume of SLS through the specimens, they have spent different curing times under
controlled humidity and temperature conditions, then have been used for uniaxial strength test. The first
set of tests indicates that the uniaxial strength increases with an increase of the volume of infiltrated
solution linearly. And the second indicates, contrarily to clay soils, the curing time, cannot be a
contributing factor to the improvement of the silty sandy soils.

Keywords: stabilization, the volume of infiltration, curing time, uniaxial stress, silty sandy soils.

1. INTRODUCTION

Using the Calcium cation is common in civil projects. The main method for having that is by virtue of
lime. Adding lime to increase the strength parameters of fine graded soils have been used before. Alongside with
environmental issues, the economy of projects should be considered as a significant factor that should be relevant
to the importance of site.

Although using lime as a whitewash or dry mixture with soils have been suggested by Puppala et al.,
(2003) [1], Rao and Shivananda, (2005) [2], Farzaneh and Mosaddegh (2007) [3] and other researchers for fine
graded soils, it is not practicable because of not being able to move the rockfill materials. As had been studied by
Davoudi (2007) [4], if the lime is soluted in water and infiltrated as a saturated lime solution, the result will be the
increase of the friction angle and cohesion in soils. This recently used method by researchers is known as Saturated
Lime Solution (SLS).

There has been researches such as Rostami (2010) [5], “Investigation on Effects of Saturated Lime
Solution on Uniaxial Compressive Strength of Clayey Soils”, that has shown this method is economical
comparable in stabilizing the landslides. But there has been no research for this method on silty sandy soils so far.
In this research, it has been tried to study the usage of SLS method on silty sandy soils by means of investigating
the volume of filtration and the curing time after that.

2. THISIS METHOD

This study has been done on silty sandy soils by virtue of laboratory tests. The soil had 7.5% clay and
P1=0, it was categorized due to ASTM-D422 as SM. By standard proctor test, its maximum dry density was 1.92
gr/cmsz while its optimum moisture content was 12%.

A special device has been designed and made for this research including three parts: cylinder molds with
50 mm diameter and 130 mm height, cubic tank with 50*150*150 mm capacity and a big tank with 500*500*80
2 mm capacity. The tanks have been connected by plastic vessels and the filtration was upside down through the
soil specimens. All specimens were compacted at 10% moisture content, in 10 cm height, 95% of standard
compaction and with dry density of 1.80 gr/cms. For each specimen, specific volume of saturated lime was passed
in 48 hours. After filtration completed, the cylinder was separated from the cubic tank. In 7 specimens, water was
penetrated for comparison purpose. In 10 specimens, different volume of saturated lime was penetrated and then
they were used for uniaxial strength test. In 16 other specimens, saturated lime was passed through the soil in 48
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hours, then they had curing times of 4, 8 and 28 days, then they were used for uniaxial strength test as well. The
“controlled stress” uniaxial test has been held in this study.

For evaluation, the volume of penetration is presented based on their void volume (Vv). And also, to ease
the comparison between results, the “relative uniaxial strength” is defined as the equation 1 below in which, quo
and quare the strength of unreformed and reformed specimens respectively.

Aq, = 17% x 100 (1)
Quo
In the equation above, quo is derived from the uniaxial strength plotted versus the specific dry density in
unreformed specimens, shown in fig.1 which is presented as equation 2;

Guo = 0'0249(pd)15977 @)

In addition, the “relative failure strain” is presented in equation 3 in which &u is the strain of reformed
specimens and the €uo is the strain of the unreformed ones which has been derived from the failure strain plotted
versus the specific dry density in unreformed specimens, shown in fig.2 which is presented as equation 4.

fupg—%u .
Ae = —=2—x 100 3)
Eug
= - (4)
g,, = 0.5916 — 0.984In(p;)
100
350
— 300
:___? 250
2 0.0249x1357
= 200 R?=0.7368
=z
% 150
S 100
50
0
1.7 1.72 1.74 1.76 1.78 1.8 1.82
specific dry density (gr/cm?)

Fig 1: Uniaxial strength versus specific dry density in unreformed specimens
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Fig. 2: Failure strain versus specific dry density in unreformed specimens

3. RESULTS AND DISCUSSION

The results of first set of tests are presented in table 1.

Table 1: Results of uniaxial strength test in first set of specimens

Volume of Relative Relative . . Maximum
penetration | failure strain | uniaxial srength Fa:::;/e e uniaxial strength NO.
(Vo) 0 (8] Pa
1.5 55948 35 0014 402.09 1-4-5-10
4.53 921 1.71 0.012 303.43 L-1-1-14
4.95 -123 45.03 0.021 3958 L-1-12-9
6.26 -93.14 8.72 0.015 35437 L-1-4-26
6.47 53.59 1103 0.019 400 L-4-5-2
6.95 3.74 65.07 0.018 450.5 L-2-5-20
7.87 -111.83 151 0.028 34338 L-3-5-10
7.88 16.78 0.34 0011 299.33 1-3-4-26
9.27 36.15 76.03 0019 401 47 L-2-4-26
10.5 54.57 8249 0011 4554 L-1-4-14
116 229 78.57 0.040 33964 L-1-5-17
13.27 3490 184.55 0.023 59281 L-1-5-2
16 25.66 343 32 0018 1106.32 L-1-3-19
16.51 -15.64 75.19 0.028 437.18 L-1-5-20
21.77 49.59 275.6 0.015 856.64 L-2-4-14
2437 15.09 1792 0.030 581.67 L-3-5-2

The purpose of first set was identifying the effect of the volume of solution penetrated on uniaxial
strength as it is shown in figure 3.
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Fig 3-1: All specimens of the first set
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Fig. 3-2: All specimens in first set without considering L-2-4-14 and L-1-3-19
Fig 3: Relative uniaxial strength versus volume of penetration in first set without

considering L-2-4-14 and L-1-3-19

Specimens L-12-4-14 and L-1-3-19 had different behavior in comparison with others. Without
considering these two specimens, the correlation will not get better, but considering that, without any solution the
relative uniaxial strength would be equal to zero, the graph in which the correlation is close to zero would be
acceptable. Therefore, according to Fig 3-2, the equation can be derived for the “volume of penetrated solution”
and the “relative uniaxial strength” as presented in equation 5.

Aq, = 7.8784V —8.1141 (5)

In case of comparison between this study and the same on CL-ML soils (Rostami, 2010, [5]), figure 4 is presented.
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Fig. 4: Comparison in relative uniaxial strength versus volume of penetration between
this study and Rostami 2010 [5]

Figure 4 illustrates that in case of less than 20Vv of penetrated solution, the increase in relative uniaxial
strength in CL-ML is much more than in SM. This might be a reason of the soil nature that the passing of sieve
NO.200 in CL-ML was around 65% while it was almost 29% in SM. The uniaxial strength between these two soil
types are different as well, in CL-ML with 80% of compaction, it is around 40 kPa while in SM with 95% of
compaction it is around 0.3 kPa, that might be a result of cohesion in clays. This cohesion causes chemical reaction
between Ca++and clay minerals. Table 2 shows the uniaxial strength after filtration of different volume of solution
in specimens. Consequently, by increase of the volume of filtration in specimens, the effect of this method will
be more noticeable.

Table 2: Comparison of uniaxial strength (kPa) between CL-ML and SM after filtration
of different volumes of solution

Volume of filtration (V) 0 5 10 15 20

(This Study) SM 032 | 037 | 042 [ 047 | 052
Soil Type

(Rostami, 2010 [S]) CL-ML | 41.45 | 46 46 | 55.1 | 59.65

The results of the second set of tests are shown in table 3. Also, in figure 5 the relative uniaxial strength
versus volume of penetration without considering the curing time, is presented.

Table 3: Results of uniaxial strength test in second set of specimens

Volume of | Curing Relaﬂ_luve Rn_lntl_vel Failure Ma)_.'lm_mnl
penetration time 2 strain NO.
Vo | @y | Span | s | gy | STSER
(%) (%) Pa
1.5 4 559.48 35 0.014 402.09 L-4-5-10
5 28 -1435.26 11.22 0.036 395.82 L-3-6-14
6 28 -36.18 17.83 0.018 351.50 1-4-6-14
6 8 17.40 40.26 0.020 350.03 L-2-5-27
7.87 4 -36.18 15.1 0.018 34338 L-3-5-10
9 8 54.57 40.92 0.011 249.55 L-2-6-10
93 28 -144 .64 7.89 0.019 351.65 L-2-5-31
93 28 17.40 19.25 0.020 297.59 L-1-5-31
10.5 4 54.57 82.49 0.011 4554 L-1-4-14
11.6 4 229 78.57 0.040 339.64 L-1-5-17
11.65 8 33.92 41.17 0.016 3522 L-2-5-24
124 28 -210.85 78.78 0.041 533.36 L-1-6-14
16.22 8 26.06 51.69 0.022 34597 L-1-5-24
16.35 28 -27.37 40.72 0.045 293.17 L-2-6-7
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Fig. 5: Relative uniaxial strength versus volume of penetration in second set without

considering the curing time
90

80 e o

70

60 L =
50 — @
40 ® ° e ' .
30 |

20 - .

relatively increase in uniaxial strength (%o)

10 e

0
0 2 4 6 8 10 12 14 16 18

volume of penetration (V,)

The results are shown in figure 6

This figure (5) illustrates the effect of volume of filtration on increase in uniaxial strength even without
considering the curing time.

To evaluate the effect of “curing time” on “uniaxial strength”, specimens are divided in two groups based
on the volume of filtration:
1. first group, which less than 10Vv of solution is passed
2. second group, which more than 10Vv is passed
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Fig. 6: Uniaxial strength versus curing time in all specimens of second set

As it can be seen, curing time does not affect uniaxial strength of specimens that might be as a result of
lack of clay minerals in SM to reach the goal in this method. In other words, the access of the increase in
strength in this method requires clay minerals for pozzolanic reactions which is around 7.5% in the tested soil in
this study. Also, due to passing more saturated lime in second group, we can see an increase in uniaxial strength
in comparison with the first group.

In the research had been done by Rostamiy (2010) [5], for three groups of 19Vv, 28Vvand 40Vy, as it is
shown in figure 7, correlations between uniaxial strength versus curing time, have been found.
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Fig. 7: Comparing the uniaxial strength of three CL-ML groups treated with different
volume of solution versus curing time (Rostami, 2010 [5])

Comparing these two figures (6 and 7) illustrates that due to lack of clay minerals in SM soils, curing
time is not as effective as it is in increasing the relative uniaxial strength in CL-ML soils, which has a relation
with the volume of filtration, as the more volume of solution passed, the more effectiveness of this method by
passing curing time can be seen.

4, CONCLUSIONS

The study has been shown that there is no correlation between the volume of filtration and failure strain
in SM soils. Also because of the difference of soil natures in CL-ML and SM, in case of the volume of less than
20V of filtration, the relative uniaxial strength in SM is much less than it is in CL-ML due to less clay minerals
in SM, that causes less cohesion. In addition, by increasing the volume of saturated lime solution passed through
SM, the uniaxial strength can be more affected. The studies have been shown that in case of the 17V of filtration,
the increase of relative uniaxial strength in both SM and CL-ML soils are the same considerable value of 129%.
In CL-ML specimens due to the presence of clay minerals, noticeable increase of relative uniaxial strength can be
seen after curing time.
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Abstract

There are many uncertainties for greenhouse gases (GHG) emission in hydro-electrical water reservoirs.
GHG sources and sink are different than ponds and lakes and they should be addressed specifically to
understand the processes affecting GHG emissions. In many studies, only limited sources and sinks are
included in models and it leads to production of unreal GHG budget for water reservoirs. In this study, we
discussed different sources and sinks in water reservoirs for calculation of GHG net fluxes. Among the
sources, water-level drawdown and turbine degassing effects are specifically for hydro-electrical water
reservoirs and molecular diffusion, ebullition, plant-mediated transport and woody material decomposition
might happen in ponds or lakes. The water-level drawdown magnitude and timing has a huge effect on
ebullition events and it might be the reason for wide variation of GHG fluxes in different studies. Regarding
the sinks, proper methods should be selected to measure carbon burial in sediments, net primary production
in aqueous environment, vegetation in landscape of coast and CH4 oxidation in landscape of coast precisely.
Methanotrophic activity in the soils around the reservoir induced by alteration in hydrological regimes and
land use changes after creation of the reservoir is not included in GHG prediction models yet. Reservoir
management, improving green carbon capture in shore lines and afforestation around the reservoir are main
strategies for GHG mitigation in water reservoirs.

Keywords: greenhouse gas, reservoir, sources, sinks.

1. INTRODUCTION

It has shown in recent studies that water reservoirs are sources of greenhouse gases (carbon dioxide
(CO2), methane (CHa4), and nitrous oxide (N20)) for the atmosphere [1, 2]. Inland waters contain large quantities
of organic carbon produced by terrestrial primary production [3]. Carbon input is dominated by dissolved organic
carbon (DOC) and it can increase microbial production and respiration. Gradually, this addition leads water to be
CO; supersaturated and act as a source for greenhouse gases (GHG) fluxes [4].

In the first studies, hydroelectric power was considered as a carbon-free source of energy (i.e.[5]). Rudd
et.at., for the first time, concluded that the greenhouse gas production per unit of power generated is not zero [6].
Although recent development in GHG flux measurements there are uncertainties in GHG emission in water
reservoirs. There are two main reasons for these uncertainties: i) GHG fluxes are measured by different methods
(e.g., floating chamber, thin boundary method, eddy covariance tower, acoustic methods and funnels). CO; and
N0 are soluble in water (mole fraction solubility of 7.07 x 10-4 and 5.07 x 10-4 respectively at 20°C) and the
dominant flux pathway is the air-water interface. In contrast, CH. is relatively in soluble in water and often emitted
from the sediment in the form of bubbles [7, 8]. Several methods do not capture ebullition events (e.g., air-water
gas exchange) or exclude ebullition due to interfere with the linear accumulation of CH, in the sampling chamber.
ii) Temporal and spatial variation of aquatic GHG fluxes is high. For instance, CH4 ebullition measured by funnel
traps are deployed for relatively short period of time in relatively limited number of locations. However, it is not
convenient to estimate both temporal and spatial variability of fluxes[8].

Investigating on GHG sources and sinks in water reservoirs facilitate the process to have a real estimation
of GHG budget and manage the existing sinks and sources to mitigate GHG emissions. There are very limited
studies that included all GHG sinks and sources in estimation of GHG emissions. However, a guideline for future
studies to include the most affecting sources and sinks for GHG emission in water reservoirs is crucial. In below
sections, we will discuss briefly GHG sources and sinks. Finally, we will focus on GHG mitigation strategies in
water reservoirs for moving to carbon-neutral hydropower production.
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2. GREENHOUSE GAS SOURCES

Water reservoirs around the world can affect biogeochemical cycles of elements (e.g., carbon and
nitrogen). Although reservoirs are considered as a carbon-neutral sources of energy, there are many studies
reported their role as GHG sources. There are very limited studies to include all possible GHG sources and
pathways in their investigations. GHG sources in water reservoirs may vary than lakes and ponds and should be
addressed specifically.

2.1 MOLECULAR DIFFUSION

CO:; is highly soluble in water and therefore deep water layer depth contain higher CO. concentration.
Photosynthesis at surface layers can deplete CO; in this layer and lead to an influx of atmospheric CO. In water
reservoirs where photosynthesis rate is not high at the surface layer, water is over saturated with CO; and release
CO; into the atmosphere. N2O like CO; is soluble in water and diffusive loss is high. In contrast, CH4 is insoluble
in water and consequently rate of diffusive loss to the atmosphere is relatively low. Floating chambers are
regularly used to measure diffusive gas flux in aquatic surfaces. Both spatial and temporal variation of gas fluxes
can be measured by placing numerous chambers in different location and various time.

2.2 EBULLITION

This is the main gas transportation pathway when an insoluble gas (e.g., CHa4) produced in sediment
cannot be dissolve in water and consequently produced bubbles emit into the atmosphere by ebullition[9]. Funnel
trap is the most used method to capture ebullition which float beneath the surface of water. In recent years
development modified funnel traps can measure bubbles in longer-term by incorporating an air tight tank equipped
with a differential pressure sensors or optical bubble size sensors [10]. Acoustic technigues or an echosounder
mounted with a boat or a stationary object associated with funnel traps can support higher spatial and temporal
resolution for ebullition measurements [8, 11, 12].

2.3 PLANT-MEDIATED TRANSPORT

Plants can transport CH4 produced in the rhizosphere through the aerenchyma tissue into the atmosphere.
There are many studies showing that more than half of CH, emitted from wetland soils, including rice paddies,
was plant-mediated transport [13, 14]. Plants growing along the shore in water reservoirs can transport
considerable amount of CH4 from the anoxic soils. In the majority of studies for water reservoirs, GHG budget
measurements vegetation effects, especially for CH,, are ignored.

2.4, WATER LEVEL DRAWDOWN

Water level management can substantially affect the magnitude and timing of CH4 fluxes into the
atmosphere. Although water-level fluctuation can clearly affect the timing and the magnitude of CH4 fluxes in
reservoirs there have been very limited of this effect in reservoirs. Harrison et. al., showed that water-level
fluctuations can increase drastically CH4 fluxes to the atmosphere [15]. They examined CH. emission dynamic
in six reservoirs varying in trophic status, morphology and management regime. They reported water-level
drawdowns can increase CH4 emission for more than 90% of annual reservoir CH,4 flux in a period of just few
weeks. However, it is possible to reduce CH4 fluxes in reservoirs by water-level management.

2.5 DEGASSING BY TURBINES

As water undergoes rapidly depressurization or aeration dissolved gases can be emitted. After water
passes through the turbines GHG gases can be emitted into the atmosphere or can be absorbed by microbes (e.g.,
CH, oxidation by methanotrophic bacteria). Large degassing emission are expected when GHG content in spilled
water is high. Rohem and Trembly [16] reported that the highest quantity of degassing observed in winter and
spring when water temperature and CO; solubility were low and the buildup of gases due to mineralization of
organic matter and the influx from watershed sources due to the springtime melt were high. They concluded that
depending on the effluxes occurring at the air-water interface of the main reservoir, degassing can represent a
maximum equivalent 16%.
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2.6 WOODY MATERIAL DECOMPOSITION

Abril, G, et al reported that standing woody material decomposition constitute a high amount (26-45%
of CO2 equivalents in a 100-year period) of total GHG emissions in tropical reservoirs [16]. This GHG source
should be investigated in future studies in temperate and arid regions.

3. GREENHOUSE GAS SINKS

After creating a water reservoir carbon can be captured in several pathways. To have a real
estimation for GHG budget carbon sink strengths should be investigated and included in real budget
calculation. In many studies and investigations for calculation of net GHG emissions, carbon sources are
included in models but the capacity of carbon sinks are underestimated or ignored. In below we present the
main carbon sinks in water reservoirs.

3.1 CARBON BURIAL IN SEDIMENT

Inland water reservoirs can accumulate carbon more than natural lakes because of higher sedimentation
rate (three to four times higher, [17]). The real carbon accumulation rate in water reservoirs is not well-investigated
yet. The potential of water reservoirs in carbon sequestration depends on organic carbon deposition rate, efficiency
of organic carbon preservation process and the life-span of system. In more productive and smaller systems
organic carbon deposition rate and organic carbon burial are high. Organic carbon preservation efficiency depends
on sediment source, oxygen exposure and temperature [18-20]. There are few studies on organic carbon burial
assessment in artificial reservoirs and applying a precise method for estimation of sediment deposition rates,
organic carbon content and sediment density measurements remain challenging. Mendonga et al., (2014)
determined the organic carbon burial rate and the total organic carbon stock accumulated in the sediments of a
tropical reservoir by combining sediment sample analyses and a seismic survey. They estimated organic carbon
burial in two tropical reservoirs was about 2.5 times lower than emission in one reservoirs and about 2.5 times
higher in the other one. The main two important factor for this variations were the trophic state and the sediment
load.

3.2 NET PRIMARY PRODUCTION IN AQUEOUS ENVIRONMENT

Primary production is the synthesis of organic compounds from atmospheric or aqueous CO;. This
process occurs by photosynthesis which uses the light as a source of energy. Gross primary production (GPP) is
the amount of chemical energy as biomass that primary producers produce in given time. Some fraction of this
energy is used by primary producers as cellular respiration and maintenance of tissue. The remaining fixed energy
is referred as net primary production (NPP). The main primary producers in aquatic environments are planktonic
algae (phytoplankton), periphytic algae (periphyton) and macrophytes (aquatic plants). The relative contribution
of these main primary producers to total primary production depends on basin morphology, water clarity, substrate
suitability and extent of water level fluctuations. Phytoplankton productivity is higher in reservoirs than natural
lakes. Reservoirs are located in fertile regions and however, the natural trophic equilibrium level is higher than
most of natural lakes [21]. Primary production is influenced by water size of reservoir, latitude, insolation and
nutrient availability [22].

In addition, aquatic vegetation in water reservoir has the high potential to capture carbon. For example,
it has been shown that over 10 years after dam construction the most rapid changes in soil cover was the area of
aquatic vegetation [23]. These plants sequester atmospheric CO, and however act as a carbon sink in reservoir
environment. Bini et. al., [24] showed that floating macrophyte assemblage in water reservoirs has a direct
relation with nutrient concentration in both sediment and water and light penetration was the strongest predictor
of submerged species occurrence. Perera et. al., [25] showed that vegetation in coastal water can be functionally
as sink for atmospheric CO> and this was contrary with previous studies considering near-shore ecosystems as a
source of CO,. The key factor for determining whether or not coastal ecosystems directly decrease the
concentration of atmospheric CO, may be net ecosystem production.
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3.3 VEGETATION OF LANDSCAPES OF COASTS

Soil hydrological regime changes can affect land cover, wildlife, and micro-climatic conditions.
Increased water table depth induced by water reservoir leads to changes in soil physio-chemical properties and
soil cover. Creating a reservoir can change plant species richness and plant community structure in the coastal
regions and the places where soil hydrological regime is affected. This effect can be more obvious in arid and
semi-arid regions where water is the main limiting factor for the region.

Many studies demonstrate that, on shore of reservoirs, several years after the construction the changes in
ecological conditions promote the growth of tree vegetation. The magnitude of these changes depends on
geographic position of reservoir and local geological-geomorphological condition of the coast. Novikova and
Nazarenko [26] reported that the soil vegetation cover and the species number tend to increase in the direction
away from the coast in water reservoirs. They concluded that this is the results of diversity of conditions in the
biotope and a decrease in the externality of factors. They added that the typical vegetation after creating the
reservoirs for steppe zones includes 115 species of higher vascular plants from 29 families. The leading families
were Asteraceae, Poaceae, Fabaceae, Chenopodiaceae, Labiatae, and Polygonaceae. Lange et. at., [27] showed
that in diverse plant communities soil carbon storage and soil microbial communities are higher than in soils with
low species number. However, creating water reservoir can increase carbon sequestration rate by increasing
vegetation growth and plant diversity in landscape of coasts.

However, creating water reservoir can change soil vegetation and through this process atmospheric CO-
can be captured. In most of recent biogeochemical models for GHG emissions, this effect is ignored.

3.4, CHj4 UPTAKE IN LANDSCAPE OF COAST

Methanotrophic bacteria have the ability to utilize CH, as their energy source [28] and have been found
in many terrestrial ecosystems. Soil moisture is the main driver of methanotrophic activity. In the other hand,
water stress can restrict the activity of methanotrophic bacteria. The optimal range of water content depends on
land use. In grassland soils, maximum CH, oxidation occurred in a range from 18 to 33% of gravimetric moisture
content and in forest soils, optimal soil moisture was between 30 and 51% [29]. Creating water reservoir can alter
soil moisture in the landscape of the coast and optimise methanotrophic activity in the oxic soils. In many studies
effects of water reservoirs on methanotrophic activity in the coastal soil are ignored and it should be investigated
in future studies. In addition, land use changes in the coastal landscapes can improve soil CH4 oxidation. Karbin
et. al., [30] showed that CH,4 oxidation in grassland soils is less than forests and it increases as the forest stand age
increases. However, the forest soils around the reservoirs has the potential to increase soil CH4 oxidation and
decrease the net CH4 emission.

4, GHG MITIGATION STRATEGIES IN WATER RESERVOIRS

Renewable energy sources such as hydropower contribute significantly to the GHG emission reduction.
Comparing with conventional coal power plants hydropower reduce CO; emission about 3 GT annually or about
9% global annual CO; emission [31]. Over last decade there has been many investigations on methodologies of
GHG budget in hydropower reservoirs and in some cases, unreal data in GHG emission has challenged
hydropower development. As an instance, in some studies in early 2000 estimated hydropower emissions as high
as 7% of global emissions. High level of GHG emission estimations were due to studies at sites with very
unfavorable conditions. In the recent synthesis by Deemer et.al., [8] CO, and N2O fluxes in reservoirs are lower
than anthropogenic or natural sources as reported by the IPCC and CH4 emissions are similar to rice paddies.
GHG mitigation and adaptation programs in water reservoirs are important and should be considered in reservoir
management. Mitigation refers to reduce the source or enhance the sinks for GHG and adaptation assign for
adjustment in natural or human systems in response to actual or expected effects of global warming conditions
which moderate negative effects or exploits beneficial opportunities.

Reservoir management can mitigate GHG fluxes in reservoirs by affecting CHa4 ebullition events.
Demmer et. al., [8] demonstrated that water level drawdown events affects timing and the magnitude of CH4
ebullition substantially in water reservoirs. Decreasing the number and the magnitude of drawdowns could
decrease CH, emissions but there is a potential trade-off between power generation and GHG fluxes.

In addition, it is possible to reduce CH4 emission by changing drawdown timing from the end of the stratified
summer to a period when waters are better mixed. This allows rapid methanotrophy at the sediment-water
interface.
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Moreover, in recent studies “Blue Carbon” refers for the carbon captured by aquatic living organisms
and has been recently highlighted as a new method for climate change mitigation strategy. For instance, carbon
sink capacity of seagrass meadow in water reservoirs could be used to support strategies to mitigate climate
change. Carbon accumulation rate for seagrass meadow is reported between 83 and 133 g C m2y ! and about
50% of this organic matter is driven from seagrass tissue. However, between 41 and 66 g C m~2 y~! of the organic
matter produced by seagrasses become buried in the sediments [32].

In addition, methanotrophic bacteria in upland soils can oxidize atmospheric CH4 and act as a sink for
emitted CH. from reservoirs. Forest soils pose the highest ability in CH4 oxidation comparing to other different
land uses (e.g., grasslands, agricultural fields). However, afforestation and land use changes (i.e., altering
rangeland to forest) rooted from microclimatic effects of water reservoirs can increase CH4 sink strength.

5. CONCLUSIONS

There are many uncertainties in GHG flux estimation for hydro-electrical water reservoirs. Some of these
uncertainties are results of selecting improper sampling methods to collect data with clear spatial and temporal
resolution. Including data for all sinks and sources strengths in biogeochemical models is the next challenge for
estimation of GHG budget in water reservoirs. This is due to very limited studies with proper data collection for
all available sinks and sources water reservoirs. To mitigate GHG fluxes in water reservoir the strengths of the
sinks and sources should be determined first and the proper method should be selected in next step. Water-level
management has a huge effect on CH, ebullition events and should be done when water is not stratified and is
