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Abstract

Sedimentation in hydropower reservoir is one of the most important problems for
sustainable power generation. This paper has analyzed condition of sedimentation in
hydropower reservoir and sedimentation problems, and using the results of the analysis
prepared the effective and economical sedimentation managements for power plant and
environment of river basin.

In Japan, the energy problem has been a big issue. It is not only the recent situation
caused by the nuclear power plant accident in the 2011 Great East Japan Earthquake,
but also low self-sufficiency ratio for energy, limited fossil fuel and steep rise in energy
charge. Therefore they have been influencing on domestic industries, many companies
have started to prepare having their factories out of Japan seeking for low price energy,
and employment movement in Japan has been losing activeness. Hydropower is very
expecting as a domestic, clean and renewable energy source and has the future roles,
which are new development of plants, repowering plants, advancing operation and
sustainable power generation of existing plants.

For achievement of sustainable power generation of existing hydropower plants,
reservoir sedimentation is one of the most impotrant problems. Many hydropower
plants were installed in post war reconstruction period. For decades, reservoirs have
stored much sedimentation inside up to sedimentation ratio 10% because of high degree
of sediment production and river flow regime in dJapan. Therefore, many
disadvantageous things have occurred, which are loss of reservoir capacity, aggradation
of upstream riverbed and obstacle for intake and outlet functions. To avoid these things,
excavation or dredging have been usually conducted in many reservoirs.

Social situation concerned river and sediment has been changing drastically in this
fifteen years. In 1997 River Low in Japan was changed considerably, especially in the
part of sediment control. Before the change of River Low, sediment should be kept in
mountains for disaster prevention, after the change sediment should be flown down the
river for environment of river basin. It is called comprehensive sediment management.
And people concerned the river have started to expect sediment flowing in river channel
for eco-system service including landscape, leisure and habitats such as fishes.

It is time to change sedimentation management of hydropower reservoir, because of
the reasons bellow. They is too much sediment to remove, resulting too much cost for
excavation, and no disposal site near reservoir, on the other hand, sediment flow is
strongly requested in dam downstream river and coastal area. It is not effective to

excavate and dispose sediment just considering hydropower generation. Appropriate



sedimentation management is needed both for power generation and river basin
sustainability. Instead of excavation, sediment bypass operation, flushing gate
operation and sediment restoration are effective for river basin environment and
sustainable power generation.

In this background, this paper discusses the appropriate sediment management for
hydropower reservoir. This paper consists of seven chapters. Contents of the chapters

are written bellow.

1. INTRODUCTION

Background and purpose of this research are described in this chapter. Characters of
land and climate of Japan, history of hydropower installation, and problems concerned
with reservoir sedimentation are described. Because of active sediment production and
much rain fall, dams in Japan have incurred sedimentation problem in these days. As
countermeasure against reservoir sedimentation, installation of sedimentation capacity,
monitoring sedimentation and local excavation have been selected as ordinary ways for
many years. In 1997 River Low in Japan changed, sedimentation control had drastically
changed from keeping sediment in mountains for disaster prevention to flowing
sediment down the river for environment of river basin. For sustainable power
generation, sedimentation management is not only for keeping reservoir capacity and
riverbed control, but also for environment of river basin. Regarding these situation,

reservoir sedimentation management has been discussed.

2. CIRCUMSTANCES AROUND HYDROPOWER

In this chapter, importance of sustainable power generation of existing hydropower
plant is presented regarding energy situation and circumstances around hydropower in
Japan. Hydropower has been changing the role of energy supply, from base energy
source to peak energy source. In these days, it has been more important to sustain
power generation of existing hydropower plant as a role of regulating power supply
using its convenience of easy start and stop generation. Hydropower has more
advantageous points, such as producing no greenhouse gas in operation, renewable and
domestic. The climate change and extensive disaster make hydropower more important.
Therefore, existing hydropower plant has to be maintained for sustainable power

generation.



3. SEDIMENTATION PROBLEMS

Reservoir sedimentation mechanism, problems and their countermeasures are
discussed in this chapter. Installation of sediment capacity in reservoir is now
inefficient and it is needed to have new measures which do not depend on excavation
and dredging. There are two major types of hydropower reservoir, one is storage
reservoir, the other is regulating reservoir. They are different from each other not only
in reservoir capacity and operation but also shape of sedimentation and problems
concerned sedimentation. Analysis of reservoir sedimentation regarding storage
reservoir and regulating reservoir shows some useful properties for planning measures,
and it is prior to conduct sedimentation management in regulating reservoir because of
prevention from flood disaster at backwater area. On the other hand, a sedimentation
problem in storage reservoir is latent and the problem is loss of power generation
because of losing capacity. It is effective to treat sedimentation problems separately

regulating reservoir and storage reservoir.

4. SEDIMENTATION MANAGEMENT IN REGULATING RESERVOIR
Sedimentation problem in regulating reservoir is riverbed aggradation leading to
high flood risk around reservoir. Regarding the result of analysis in third chapter,
regulating reservoirs could be categorized to three types by sedimentation shapes and
reservoir water level conditions in flood time. Three types of reservoirs mean lake type,
river type and intermediate type. Effective and economical measures mainly conducted
by draw-down operation are proposed for each type of regulating reservoir, and verified
by calculation analysis and cost comparison. Draw-down operation is effective for
regulating reservoir sedimentation management because of large spillway gate in
contrast with dam height and regulating reservoir operation rule which is usually

keeping dam water level high.

5. SEDIMENTATION MANAGEMENT IN STORAGE RESERVOIR

Sedimentation problem in storage reservoir is loss power generation occurred by loss
of reservoir capacity with sedimentation progress. The problem is now latent and not
severe. Future energy loss and cost of sedimentation management are calculated and
the result is that it is economically feasible to install a sediment bypass, which is
appropriate to restore sediment to river for environment including the coastal area. The
result indicates the period of starting management. Regarding timing of sediment
bypass installation, it would be better to be done earlier for cost saving and

environment improvement point of view.



6. INTEGRATED SEDIMENT MANAGEMENT IN HYDROPOWER RESERVOIR
Necessity of overall sediment management in river basin including hydropower
reservoir is discussed and several case studies are conducted in this chapter. Sediment
management ideas are now varied depending on their own position such as dam owner,
river officer and people concerned the river, but in the future their ideas are going to be
closer because it is advantageous for dam owner to use water flow and restore sediment
to dam downstream river. For realization of this integrated sediment management,
there are two challenges, one is saving much cost and the other is building consensus of
all people concerned the river. Methodology of sediment management has been almost

matured, now it is time to focus on practical study.

7. CONCLUSION
Summary of outcomes is presented in this chapter. Some considerations are also

described.
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