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Sustainable management of reservoirs and
preservation of water quality

Sahnaz Tigrek', Ozge Gobelez? and Tuce Aras'

" Middle East Technical University, Civil Engineering Department, Hydraulic Lab Ankara, Turkey.
2 Ada HES Engineering, Consultancy Company, Construction Company, Ankara, Turkey.

Abstract. Sustainable development of water structures have been in hot debate for more than a decade.
Further sustainable development of water basins or integrated management of water basins are the following
ideas. However, after 150 years of dam construction, the number of undeveloped water basins is not too
high. Today, we need better tools to manage the basins which have already been developed. In this aspect
management of reservoir siltation is a backbone for sustainability of dams and water resources of the
respective basin. Therefore, in the present paper the mechanics of reservoir siltation, several alternatives
for desiltation process and new research on the topic are discussed. Consequently, a new approach to
Sustainable Development of Basin Water Storage Capacity is described.

Keywords. Sediment transport — Reservoir sedimentation — Delta formation.

Gestion durable des réservoirs et préservation de la qualité de I’eau

Résumé. Pendant plus de dix ans, le développement durable des ouvrages hydriques a fait I'objet d’'un
débat considérable qui a mis en évidence la nécessité de promouvoir un développement plus durable et/ou
une gestion intégrée des basins versants. Toutefois, 150 ans apreés la construction du barrage, le nombre de
basins versants sous-développés est peu important. Il est donc nécessaire de mettre au point des outils plus
performants pour gérer les basins déja développés. A cet sujet, la gestion de I'envasement du réservoir est
fondamentale pour la durabilité des barrages et des ressources en eau dans le bassin. Par conséquent, dans
le présent travail on passée en revue la mécanique de I'envasement du réservoir, les diverses alternatives
pour le processus de désenvasement et les nouvelles orientations de la recherche dans ce domaine, pour
présenter, enfin, une nouvelle approche de Développement Durable de la Capacité de Stockage de I'Eau de
Bassin.

Mots-clés. Transport des sédiments — Sédimentation du réservoir — Formation du delta.

| - Introduction

Civilization is known to have started with the invention of the wheel but the first wall built by
men has an undeniable importance, too. Walls have various purposes mainly as separation and
conservation. When a high structure which may be simply called as a wall is built right across a
river, it prevents the flow of water and forms a reservoir at the upstream. In civilization, these types
of structures, i.e. dams, which are designed as more complex walls, are built in order to provide
the use of water for life, such as irrigation, domestic uses, hydropower purposes and also for water
control during floods etc. In today’s world, when a problem takes place in the operation in time,
it is inadmissible to abandon a huge structure without any effort. In technological perspective,
while considering the rational use of water, keeping the basin water storage at its original level
has great significance. However, siltation prevents the rational usage of basin water storage. The
adverse effect of trapping sediment in reservoirs does not only influence the upstream face of the
dams but also affect the downstream face of the dams. For a basin near the coast, the continuity
of flow of solid particles together with water up until the coastline is very important, because
these particles form a delta by being deposited right at the region where the river meets the
sea. This influences the conservation of ecology in the downstream negatively. The prevention
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of the continuity of flow of solid particles will help avoiding the downstream delta formation and
destructive effects on the downstream face. Since, the water spilled from the spillway is not
loaded with solid particles, they have the ability to gain more velocity being unsaturated. Thus, the
scour rate will increase at the downstream and the fertility of the downstream plains decreases.
Because of these reasons, the most important criterion after the structural stability is sediment
transport blockage of reservoirs.

There are 40 000 dams in the world and their number grows steadily. The world records in
sediment production measured in arid climate conditions are as high as 6000-8000 m3/km2/year.
Every year 0.5-1.0% of the world’s reservoir capacity is lost due to sedimentation (White, 2000).
Therefore, sediment data should be included in the design procedure of a reservoir in conjunction
with the hydrological data. These data are used in the analysis of operational optimization
including the economic life of the reservoir. In Turkey, the economic life of a dam is taken as 50
years, whereas it can change for other countries to 75 or 100 years. In this design approach, only
environmental and social issues are included in the initial stage of the project but any change over
the operation and maintenance period is not included (Palmieri et al., 2003). This period, which
actually depends on sedimentation, should be taken into consideration at the design stage in
order to achieve the sustainable development of basin water storage. The sediment accumulation
starts firstly along the upstream of reservoir and if no intervention is done at this stage, the
sediment transport of the river will be stopped and the reservoir will start to fill up. However,
modeling techniques and some precautions and interventions during operation can solve these
major problems. As a matter of fact there are three approaches for sustainable development of
basin water storage capacity such as preventing sediment inflow, sustainable management of the
reservoir and search for new storage alternatives. These techniques should be also considered
at the design stage. Today, the World Bank is promoting life cycle management approach. In
this approach, sedimentation, decommissioning of the dam, different reservoir sedimentation
management alternatives, social and environmental safeguards, economic optimizations for all of
the management techniques can be included in pre-feasibility study.

1. Reservoir Siltation in the World and in the Mediterranean Region

According to ICOLD, if the height of a dam is higher than 15 m from the foundation or the volume
of the reservoir is equal to or more than 3 hm3, the dam is classified as a large dam. Today, there
are 45 000 large dams around the world and the largest share with 22 000 of them belong to
China. In the Mediterranean Area, Spain is the champion with 1196 dams. Turkey comes second
with 625 dams and France ranks third with 566. The life-time of a reservoir depends on several
natural factors, among which climatic parameters and geographic — geological factors are the
most important. As a matter of fact, these factors determine the sediment production. The world
records in sediment production measured in arid climate conditions are as high as 6000 — 8000
m3/km2/year. Table 1 shows the storage, power and sedimentation of the corresponding dams in
given areas. Coming specifically to the Mediterranean Region, Ludwig (2008) gives the number
of dams in the riparian countries during the second half of the 20th century (Figure 1).

In Figure 2, sediment yield of the Mediterranean Basin can be seen. The Mediterranean drainage
basin incorporates more than 160 rivers with a catchment greater than 200 km?2, of which only
a few are larger than 50 x 103 km?. This observation emphasizes the role of the smaller rivers
(Poulus, 2005; Poulus and Collins, 2002). Poulus and Collins (2002) examined 69 rivers out of
169 of the Mediterranean drainage basin and concluded that the construction of hundreds of
dams around the Mediterranean Sea, especially over the last 50 years, has led to a dramatic
reduction in the sediment supply to approximately 50% of the potential (natural) sediment supply.
Such a reduction is considered to be the primary factor responsible for the loss of coastal (mainly
deltaic) land, with annual rates of erosion ranging from tens (Ebro, Po) to hundreds of meters
(Nile).
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Figure 1. Increase of water storage capacity of the riparian countries of the Mediterranean Sea (After
Ludwig, 2008).
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Figure 2. Sediment Yield of the Mediterranean Drainage Basin.
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Table 1. Worldwide Storage, Power and Sedimentation.

Annual loss due to

Hydropower . .
sedimentation

Number of Storage Total Power

Region large dams  (km?) (GW) Production in (% of residual sto-
1995 (TWhlyr)

rage)
Worldwide 45 571 6325 675 2643 0.5-1
Europe 5497 1083 170 552 0.17-0.2
North America 7205 1845 140 658 0.2
South and Central America 1498 1039 120 575 0.1
North Africa 280 188 4.5 14 0.08-1.5
Sub Saharian Africa 966 575 16 48 0.23
Middle East 895 224 14.5 57 1.5
Asia (excluding China) 7230 861 145 534 0.3-1.0
China 22 000 510 65 205 23

Source: RESCON Manual Volume 1, 2003, After White, 2000

2. Siltation of Turkey’s dams

The diversity in the topography brings diversity in the climate of Turkey like many other
Mediterranean Countries. As a result, large variations in precipitation take place. The average
annual precipitation depth in Turkey is around 643 mm, which is lower than 800 mm, the average
precipitation depth of the world (Usul, 2005). Inner Anatolia and East Anatolia receive heavy snow
in winter. The annual flows of many of the large basins have a trend of fluctuation. Nearly every
30 years, a drought period takes place. However, the periods between these drought seasons
have shortened after 1960. The last drought was in 1994 and lasted five years (Komuscu et al.,
2005). Average annual surface water in Turkey is 193 billion m*® and groundwater is 41 billion
m?3. The total amount of exploitable surface water is 110 billion m® and groundwater safe yield
is 12 billion m3. The quantity of water per capita is around 1700 m®/year for a population of 67.8
millions. Today, Turkey utilizes only 39.3 billion m? of its capacity. However, it is expected that in
2030, the amount of available water per capita will be less than 1000 m? per year. As a result,
dam construction in Turkey will continue although there are 555 large ones already built up. The
first dam built in Turkey during the Republic Era is Cubuk | Dam, completed in 1936, built for
the domestic water requirement of the city of Ankara. After the second World War, an increase
in construction of dams and hydroelectric power plants could be observed in Turkey. The state
constructed more than 1000 dams and most of the rivers were taken under control. Most of
these dams have reservoir volume smaller than 100 hm?3, and their technical accessories are
simpler than in the large dams. Consequently, they are even endangered by siltation. The specific
sediment-yield of the watersheds in mountainous areas of Turkey where the most dams are and
will be constructed is considerably high.

3. Literature Review for Turkey

Fakioglu (2005) studied Seyhan Dam whichislocatedin Seyhan Basin, nearthe Mediterranean Sea.
In this study, the author has evaluated the sediment yield by comparing the hydrographical maps
produced in different periods and considered the causes of sedimentation and countermeasures
accordingly. It is found out that the active volume of the reservoir was 1238 hm? in 1966 and has
decreased to 831 hm? until 2005. Also, the accumulated sediment volume was 407 hm? in 2005.

Another case study on the effect of flow change and sediment transport on the river bed scour
downstream is made by Isik et al., 2005. Sediment rating curves in Lower Sakarya River are

44 Options Méditerranéennes A 88



determined and compared by using measured suspended load before and after the construction
of Gokgekaya Dam in the Middle Sakarya Basin. It was observed that the sediment transport
decreased at a rate of 40-65% after the construction of Gokgekaya Dam and consequently, the
comparison of cross section measurements in 1965 and 2003 pointed out an enlargement in the
width and a scour up to 7 m in the depth of the river.

A case study on Kizilirmak Basin (located nearby the Black Sea, also the third largest basin of
Turkey) shows that 12 important dams on Kizilirmak River (imranl, Yamula, Bayramhacil, Hirfanli
Kesikkopru, Kapulukaya, Bura, Obruk, Dutludere, Boyabat, Altinkaya and Derbent Dams), which
were built with the aim of energy, flood control and irrigation, have been trapping the alluvium;
therefore, the solid material reaching the coastline has decreased by 98%. This has resulted in
a decrease or even a stop in the increase rate of the delta; the coastal stream and waves cause
erosion of delta. A numeric illustration for the second consequence is studied by many authors.
Guler et al. (2002) points out that the yearly setback is around 30 m and Kokpinar et al. (2000)
gives the total number between 1990 — 2000 as 1 km back.

Although there are significant environmental effects, siltation starts to appear under the coastline
of the Black Sea after 50 years of dam construction; the design life approach is being used in
the design stage of new dams. There are limited studies about reservoir siltation, focusing on the
design life of the dam (Yalcinkaya, 1991; Yilmaz, 2005; Yilmaz et al., 2005). Sonmez and Dincsoy
(2002) prepared a report for the determination of annual sediment yield and possible precautions
for Ivriz Dam, which is located in the Central Anatolia, by using Geographical Information System
(GIS).

4, Siltation mechanism

Nevertheless, in order to understand the complex mechanism and to find a universal solution,
both experimental and numerical studies by hydraulic engineers are needed. The main problem
in modeling desiltation is the determination of the particles’ motion behavior. Fan and Morris
(1992) divide the principal sedimentation into three categories: the deltaic deposition of primarily
coarse materials; deposition of fine sediments from homogenous material; and transportation and
deposition of fine sediment from stratified flow.

Coarser particles deposit mostly at the entrance of the reservoir forming a delta as shown in
Figure 3. Deposited coarser sediment materials at the upstream reach of a reservoir will cause
the water level to rise during flood time; spillway capacity will be overloaded. Delta formation
is modeled by using available semi-empirical sediment transport equations for the river flow
(Pulcuoglu, 2008). This kind of models can be useful for saving time while calculating and
comparing several approaches of sediment load carried by a river and its accumulation profile.
The profile of accumulation is also very useful for the location of intake structures in reservoirs
since any sediment particles cause great harm to the intake structures, pipes, turbines, gates of
hydropower equipment or irrigation systems, etc.

The state of flow after delta is a quasi-homogeneous flow. Since water within the reservoir has a
lower density than the incoming flow which carries sediment, the flow becomes gradually stratified
and plunges into the bottom. The plunge point may migrate forward. Lee and Yu (1997) reported a
limiting value of densimetric Froude number for plunge. Then, density current or gravity currents
occur. Due to their turbulence, they are generally called turbidity currents. Turbidity currents
are accepted to be the governing process in reservoir sedimentation (De Cesare et al., 2001).
They move sediment further towards the dam body. If there is an outlet on the dam body facing
turbidity currents, sediment can continue its voyage (outlet B in Figure 3). Otherwise, sediment
is gradually deposited on the bed... this condition reduces their capacity over time; consequently,
replacement of storage becomes necessary. On the other hand, finer sediment is carried by
quasi-homogeneous flow to nearer parts of the body of a dam (Yu et al., 2004). A muddy lake
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eventually forms and deposits sediments which decrease the storage capacity of the reservoir
and also reduces sediment supply into downstream river. In stably stratified reservoir, selective
withdrawal is accomplished by placing slit or slot outlets at different levels. An outlet at the upper
layer (outlet C in Figure 3) for intake to the turbines or water supply takes clear water. At this
process, initiation of muddy lake is an undesired situation. In some situations, dam is abandoned
due to sedimentation even if it is not completely silted. Sediment accumulation in the dead volume
of a dam after a certain time may interfere with the operation of bottom outlets (outlet A in Figure
3). On the other hand, sediment accumulation in the active volume will reduce the useful storage
of reservoir and the water stored in reservoir will not be sufficient for intended purposes.

— \V/
=
Outlet C
Outlet B
Muddy Bottom Outlet A

Figure 3. Typical reservoir cross section.

Majority of selective withdrawal experiments are made with brine and fresh water because sand
particles may create unsteadiness in the flow. There are also many studies on the initiation of
motion of sediment starting from the beginning of the last century. The most commonly used
chart is plotted by Shields (1936). This chart could not have been replaced because it is entirely
empirical, but many developments are made and many points are added to the plot by many
researchers, e.g. Vanoni (1964), White (2000), Mantz (1977) and others.

As mentioned before, initiation of motion of sediment particles has been studied by many
researchers among which Shields plotted a band in a dimensionless chart. On this plot, the
band is assumed to be region where the motion starts; therefore, above this band, the motion is
assumed to be started already, whereas the below region means that the particles do not move.
But the most important property of this diagram is the assumption of logarithmic law of velocity
distribution because all of the experiments are accomplished under open channel flow conditions.
Gobelez (2008) made several experiments on the initiation of motion using sand particles in a
model reservoir. This study gives an idea about the conditions of flow at the threshold of motion
of particles. A further experimental study on the quantity of transported material is needed for the
desiltation procedure. These studies can serve in the purpose of design of bottom outlets of dams.
The properties of the outlet directly influence the flow conditions (Cobanoglu, 2008). Furthermore,
the flow pattern within the reservoir and concentration of sediment is to be measured by advanced
measurement techniques such as Particle Image Velocimeter (PIV) in the laboratory conditions.
Additionally, the amount of sediment which is carried out will be measured. This kind of studies
can result to get realistic entrainment rate of sediment. Then, the amount of total transported
sediment as a function of flow properties and outlet dimensions can be obtained.

Figure 4 reports a sample measurement to visualize the streamlines of the flow in a model
reservoir which has a one outlet (Gobelez, 2008; Yilmaz and Tigrek, 2007)
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Figure 4. A sample measurement visualizing streamlines in a reservoir when bottom outlet is open.

5. Sustainable Development of Basin Water Storage Capacity

Water has a vital importance for human being for the purposes of basic needs such as drinking
and providing hygiene. In addition, water provides agricultural and industrial development,
hydropower generation, navigation and ecosystem conservation; therefore, water also provides
development. However, the amount of fresh water is limited and also qualified resources are
not sufficient for the increasing human population. Thus, the existing water resources should be
managed properly to fulfill the needs of human beings and to reach the developed country level
as well. In other words, the water resources should be used in a sustainable manner; that “use
and discard” philosophy should no longer be followed.

The concept of Sustainable Development is defined as “development that meets the needs of
the present without compromising the ability of the future generations to meet their own needs”
by the World Commission on Environment and Development in 1987 (Tortajada, 2001). In
addition, for the water-based development projects the concept of sustainable development
includes determination and planning of the demands for the water through the project region,
rational water use, participation of the stakeholders, equitable development for human
development, achievement of the environmental and social protection by a sensible economic
growth, comprehensive observation and assessment, effective supervision and provision of the
necessary conditions for the protection of water related structures (Tortajada, 2001). Sustainable
development in water is actually accomplished by using the basin water storage capacity in a
sustainable manner. This object is called “Sustainable Development of Basin Water Storage
Capacity”. In order to attain “Sustainable Development of Basin Water Storage Capacity”, three
courses should be followed such as Preventing Sediment Inflow, Sustainable Management of the
Reservoir and Search Lost Storage Replacement or Decommissioning of Dam.

Preventing Sediment Inflow can be applied by Watershed Management, Upstream Check
Structures (Debris Dams) and Reservoir Bypass.

— Watershed Management. Watershed management is a method which is used to reduce the
reservoir siltation coming from the upstream basin of the reservoir by using some techniques
such as forestation, prevention of erosion by vegetation and tillage management, sediment trap
and change in land usage. As a matter of fact, watershed management aims to conserve soll
and consequently conserve water. In order to achieve this aim, techniques should be combined
efficiently. However, especially in semi-arid regions it is impossible to manage the watershed
effectively.
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— Upstream Check Structures (Debris Dams). Debris dams are relatively smaller dams than
the main dam provided by spillway structures. Their function is to stop the main sediment
coming from tributaries to the reservoir of a dam which will be used to supply either power or
water. It can extend the life of the dam but the debris dam itself will require reservoir sediment
management program.

From the economic viability point of view, short lifetime and relatively high cost of debris dams
are a problem. Sediment concentration of tributary conversely affects the lifetime of debris dam.
This means that if sediment concentration in the tributary is large, lifetime of the dam is short. In
addition, debris dams are not active in design flood reduction. The cost of a debris dam is another
problem, since a debris dam implies the construction of a dam, of auxiliary structures and the
foundation treatment. Increasing the main dam capacity weighed against debris dam capacity is
more economical and useful than building a new additional dam.

However, if accumulated sediment in the debris dam is used for construction purposes, like
roadway constructions etc., debris dams’ usage will be cost effective by making arrangements
at institutional level.

— Reservoir Bypass. Reservoir bypassing is to let the sediment-laden flow pass from a channel,
meanwhile keeping the sediment-free water.

Actually, reservoir bypass system is very hard to apply. First of all, it should be designed correctly
and operation should be planned carefully since it is a very expensive system. As a matter of
fact in order get a feasible Bypass System, some special conditions should be provided at the
same time. For example, topography conditions and size distribution of sediment load are very
important factors that should be bewared.

Furthermore, bypassing sediment-laden water from channel is not acceptable for arid areas
where water is really needed.

Sustainable Management of the Reservoir can be achieved by Evacuation of Sediments from
Reservoir and Management of Reservoir.

— Evacuation of Sediments from Reservoir

— Flushing: Flushing is a sediment removal technique by which the deposited sediment is scoured
from the reservoir by increasing flow velocity and then transported through low level outlets.
Flushing can be operated in two ways such as by lowering water level or without lowering
water level, called “flushing under pressure” and “free-flow flushing” respectively. Flushing
under pressure is to release water through the bottom outlets by keeping reservoir water level
high. On the other hand, free-flow flushing releases water by emptying the reservoir and also
routes inflowing water from upstream by providing riverine conditions (Morris & Fan, 1998). For
semi-arid regions, “flushing under pressure” applicability is suitable because of water scarce.

Another categorizing of flushing is done again by Fan & Morris and summarized in Table 2.
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Table 2. Types of flushing.

Sediment discharge (2)

Operating rule (3)

Outlet type (4)

Mode of action (5)

Advantages and
disadvantages (6)

Sediment routing
during floods

Drawdown
flushing

Emptying &
Flushing

Venting Density
Current

Discharge < inflow:

Outlets opened as early
as possible, or reservoir

Sedimentation rate significantly |oyel remains seasonally

reduced if hydraulic detention
time is greatly reduced during
sediment discharge events

Discharge > inflow:

Under favorable circumstances
sediment accumulation can be
arrested

Discharge > inflow:

Under favorable conditions,
sediment accumulation can be
arrested and lost capacity can
be regained by erosion

Discharge < inflow:

Under special circumstances,
accumulation of fine sediments
can be significantly reduced

low, to minimize storage
during sediment-laden
flood periods

Outlets opened as early
as possible to create rapid
flow through reservoir
during rising limb of flood

Reservoir empty during
flood season to permit
scour of sediment
deposits by floods

Open bottom vents when
density current reaches
dam site; water level
draw-down not required

Low-level outlet
required to achieve
significant reduction in
reservoir pool level

Bottom outlets
capable of discharging
sediment-laden flood
flow with minimum
backwater

Bottom outlets required
to permit reservoir

to be drained; outlet
capacity may be less
than the flood flow

Low elevation bottom
outlets of moderate
capacity to minimize
backwater of muddy
flow

Impede deposition of
slowly setting silt and clay
particles by minimizing
detention period

Turbulent flow maintains
sediment in suspension,
and can remobilize some
previously deposited
sediments by erosion

Turbulent flow maintains
sediment in suspension,
and some sediment
deposits removed by
retrogressive erosion

A portion of the density
current containing silt and
clay is vented

Useful at many types of
sites. Can utilize excess
water during floods for
sediment control; cannot stop
sedimentation

Under proper conditions,
capable of arresting
sedimentation.

The only strategy which
can recover lost capacity,
but it requires emptying the
reservoir on a regular basis

Does not require drawdown
of reservoir pool level




Sluicing: Sediment sluicing is an operational design. In most cases the reservoir is drawn down
in flood season and then sediment carrying inflow directly passes through the reservoir. The
sediment has no chance to settle down. After flood season the clear water will be stored and
reservoir will be raised for the next season usage. In the worldwide usage, generally sluicing and
flushing are used together.

Density Current Venting: Density current venting means to route the sediment-laden flow through
the stored water in the reservoir. In order to have successful density current venting, the incoming
sediment-laden flow would have enough velocity and fine particles to form turbid flow. If these
favorable conditions are got, current should be able to reach dam. At this time the bottom outlet
will be opened and the current will be vented through. In this method, it is not necessary to
decrease the reservoir water level contrary to flushing or sluicing.

Mechanical Removal

Dredging: Dredging is the mechanical removal of accumulated sediment in the reservoir from a
reservoir bed by pumping (traditional hydraulic dredging) or by mechanical equipment without
emptying the reservoir and then dumping the dredged sediment at a suitable area. Dredging
method is suitable for medium- and small-sized reservoirs, which do not have enough water for
flushing.

Trucking: Trucking is the excavation of the accumulated sediment from a reservoir like dredging
but it requires the drawdown of the reservoir. Then the excavated sediment is transported to
a suitable disposal area by using traditional earth moving equipment. Cost of drawdown,
transportation cost and suitable area cost make the method very expensive. This is why trucking
is not widely used.

HSRS: Hydrosuction Removal System (HSRS) is similar to traditional hydraulic dredging and
it is simply a siphon and airlift system, which uses the potential energy stored by the hydraulic
head at the dam, removes the sediments through a floating or submerged pipeline to an outlet.
This system is named Hydrosuction Removal System (HSRS) and Sediment Evacuation Pipeline
System (SEPS) in the USA, Geolidro System in lItaly. This method has some advantages with
respect to traditional dredging. For example, since potential energy stored by hydraulic head is
used there is no need for any equipment to produce energy. Therefore, the operating costs are
substantially lower than those of traditional dredging. In addition, finding suitable disposal site is
not needed in HSRS, because sediment goes to the downstream end of the reservoir, which is
also environment friendly. The reason to use this technique is the lack of water for flushing. The
released water and sediment can be used for irrigation.

6. Management of Reservoir

Operational Rules. The reservoir operating rule can effect how the sediment deposition occurs.
For example, during flood season if reservoir water level is high, the sediment is mostly deposited
in the upper reaches of the reservoir. On the contrary, during flood season if the reservoir is drawn
down, the sediments tend to deposit in the dead storage zone of the reservoir.

Tactical Dredging: Tactical dredging is the same as traditional dredging; the difference is to remove
accumulated sediment in the reservoir locally. For example, in hydropower dams it is important
to keep the vicinity of the outlets clear. If the outlets of the reservoir get blocked, the hydropower
production will stop. In addition, the mechanical equipment like turbines used to produce energy
will be damaged because of sediments. Therefore, by tactical dredging the useful life of the
reservoir will decrease, also operation and maintenance costs will increase unexpectedly. It is
understood that localized dredging can be an effective tool to prolong the reservoir life.
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7. Search Lost Storage Replacement or Decommissioning of Dam

Raising Dam Height. Raising dam height is to increase the reservoir capacity in order to
compensate the storage loss due to sedimentation. Especially in arid regions raising should
be seen as a cost-effective method. Nevermore, in the long term period it is not a solution for
sediment problem. In addition this method requires very careful engineering.

Building New Dam. In order to replace the storage lost of an existing dam, a new dam can be
built downstream or upstream of the existing reservoir or on another river. Generally, in Turkey it
is used this to replace the lost storage capacity but it is a temporary solution.

Decommissioning (Retirement of Dam). Decommissioning is removing all the structures of a dam
project so as to end the operational life of a dam. Decommissioning of a dam is not a reservoir
sediment technique; on the contrary it is an economic option if the dam useful life is finished.
In other words, if operation costs of the reservoir are higher than the benefits gained from the
reservoir, decommissioning is an economic option for further actions.

Aras (2008) and Cetinkaya (2006) studied the economic aspects of the sustainable development
of basin water storage capacity. In this study, the methods that provide extension of reservoir life
are discussed from the hydraulic, economic and applicability point of view. In addition, an already
existing, free of charge, program RESCON, which examines and compares some sediment
evacuation methods and decommissioning, economically and also hydraulically, is used.
Moreover, some sensitivity analyses are presented and construed for Turkey Dams to understand
the program suitability under Turkish conditions. RESCON is a spreadsheet-based program
written in Visual Basic programming language and works with macros. There are two pages
to input the required data. There are eight types of data the user should input for the program
RESCON in these two pages. These are as follows: Reservoir Geometry, Water Characteristics,
Sediment Characteristics and Removal Parameters, Economic Parameters, Flushing Benefits
Parameters, Capital Investment, and Environmental Parameters.

Il -= Discussion and Conclusion

The need of hydraulic structures for energy, flood control, and irrigation purposes will always take
place as long as civilization continues. The design and construction of hydraulic structures control
not only the rivers, but also the solid particles naturally carried by streams. Especially, large
dams are the subject of many studies in this area. This is because their large bodies cause huge
problems. When sediment particles are trapped by the construction of a body on the river bed,
the transport process stays incomplete which is observed as the decrease or stop in formation
of deltas. Also the trapped particles reduce the active volume of the reservoirs. Most of the time,
the nature may not be calculated sensitively with math and science. Therefore, all design and
optimization procedures of hydraulic structures may not serve in the most efficient way in the
economic life of them. In order to provide a sustainable future for both nature and man-made
structures, many researchers study today both the determination of the problems and their
solutions. For determination of problem, different GIS and manual observation techniques on the
river morphology and evaluation methods for these observation data are being studied. For the
solution of the problem, the trapping effect of the large hydraulic structure and solutions for the
removal of trapped particles to continue the transport process are being studied.

The perverse effect of trapping sediment in reservoirs is observed both on the downstream
ecology of the river, and on the active volume of the reservoir. The consequences of sediment
problems can not be observed in short time interval such as hours or days. The large dams are
designed to be filled up in nearly 50 years. Consequently, it takes months and years for a coastline
to backset because of the loss of material to be supplied by the river. In order to cope with this
problem, careful observation and determination of effective parameters is very important. There
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are studies based on GIS and other manual observation methods to determine the changes in
the river morphology. Likewise, many solution methods are also studied as discussed above.
Dams are large bodies affecting the nature seriously; therefore in designing such a structure,
many aspects should be considered because they cannot be treated easily when a problem takes
place when it is in operation. When the first dam is built on a river, the problem of accumulation
of sediment particles has begun. There are several ways to avoid the problem but the procedure
starts with the well understanding of the complete process. Many computer programs together
with model experiments have been and are still being studied for this purpose. But in addition
to the massive laboratory works done, the experiences in the world should also be taken into
account while developing and comparing methods. Also whatever the protection and the solution
method is, the economic optimization is the most important criterion in engineering applications.
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