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UNIT-V 

Hydropower Plants: Introduction of Hydropower development, assessment of power potential, types of 

hydropower plants, general features of hydro-electric schemes, selection of turbines, draft tubes, surge 

tanks, penstocks, power house dimensions, development of micro hydel stations, tidal plants, pumped 

storage plants and their details. 

Introduction of Hydropower development 

The ater of the o ea s a d ater odies o  la d are e aporated y the e ergy of the su ’s heat 
and gets transported as clouds to different parts of the earth. The clouds travelling over land and 

falling as rain on earth produces flows in the rivers which returns back to the sea. The water of rivers 

and streams, while flowing down from places of higher elevations to those with lower elevations, 

loose their potential energy and gain kinetic energy. The energy is quite high in many rivers which 

ha e aused the  to et h their o  path o  the earth’s surfa e through illio s of years of 
continuous erosion. In almost every river, the energy still continues to deepen the channels and 

migrate by cutting the banks, though the extent of morphological changes vary from river to river. 

Mu h of the e ergy of a ri er’s flo i g ater gets dissipated due to fri tio  e ou tered ith its 
banks or through loss of energy through internal turbulence. Nevertheless, the energy of water 

always gets replenished by the solar energy which is responsible for the eternal circulation of the 

Hydrologic Cycle. 

Hydropower engineering tries to tap this vast amount of energy available in the flowing water on the 

earth’s surfa e a d o ert that to ele tri ity. There is a other for  of ater e ergy that is used for 
hydropo er de elop e t: the ariatio  of the o ea  ater ith ti e due to the oo ’s pull, hi h 
is termed as the tide. Hence, hydropower engineering deals with mostly two forms of energy and 

suggest methods for converting the energy of water into electric energy. In nature, a flowing stream 

of water dissipates throughout the length of the watercourse and is of little use for power 

generation. To make the flowing water do work usefully for some purpose like power generation (it 

has been used to drive water wheels to grind grains at many hilly regions for years), it is necessary to 

create a head at a point of the stream and to convey the water through the head to the turbines 

which will transform the energy of the water into mechanical energy to be further converted to 

electrical energy by generators. The necessary head can be created in different ways of which two 

have been practically accepted. 

These are: 

1. Building a dam across a stream to hold back water and release it through a channel, conduit or a 

tunnel (Figure 1) 
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Advantages of Hydropower. 

1. Water is a perpetual source of energy where as fuel is used for thermal plants are limited in 

supply. 

2. Water is neither consumed nor converted in to something else after generation of hydropower 

from it. It can be re used for various other proposes. 

3. The running cost of hydropower plant is very small as compared to that of a thermal power plant. 

4. A hydro power plant can be put on or shut off in a few minutes, where as a thermal requires a 

couple of hours or even days. 

5. The system reliability of a hydroelectric plant is much greater than that of a thermal plant. 

6. The life expectancy of a hydro power plant 50 years or more but for a thermal plant is usually less 

than 30 years. 

7. The hydro power generators give a very high efficiency over a considerable range of load. 

8. Hydro power plant does not cause air pollution. 

9.  Hydro power development schemes can be planned to provide ancillary benefits such as 

irrigation, flood control, water supply etc. 

10. The cost of power production in a hydro power plant per kWh is usually less than that in thermal 

plant. 

  

Disadvantages. 

1. A hydroelectric plant requires construction of dams which takes a lot of time. 

2. The initial cost is more. 

3. The development of hydropower depends on the supply of water. 

4. The reservoir on the upstream of the dam constructed for hydropower may submerge a large 

area and may disturb the ecological balance. 
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   Assessment of power potential 

The Water Power Program has released reports and maps that assess the total technically recoverable 

energy available in the nation's powered dams, non-powered dams, and untapped stream-reaches. 

These resource assessments are pivotal to understanding hydropower's potential for future electricity 

production. Hydropower already provides 6–8% of the nation's electricity, but more potential resides 

in our flowing waters to provide clean electricity to communities and cities across the United States. 

    There are three levels of resource assessments performed by the hydropower industry. Theoretical 

potential is the annual average amount of physical energy that is hypothetically available. Technical 

resource potential is the portion of a theoretical resource that can be captured and converted into 

electricity using a specific technology. Practical resource potential is the portion of the technical 

resource that is available when other siting considerations and constraints—including economic, 

environmental, and regulatory—are factored in. While there are many different ways that we can 

sustainably develop hydropower resources for energy, other water uses and interests must also be 

considered. The Water Power Program is committed to helping identify new opportunities for 

developing renewable energy resources at a theoretical and technical level, while also providing many 

different types of useful data and information that can be used by developers, regulators and other 

stakeholders to determine practical potential and make informed siting decisions. 

Types of Water power development. 

The hydalplants can be classified according to their function as follows. 

1. Run off river plants 

2. Storage plants. 

3. Pumped storage plants. 

 

1. Run off river plants 

 

These plants are those which utilize the river flow having no pond age at its upstream. A weir or a 

barrage is constructed across the river, simply to raise the water level slightly. Such a scheme is 

essentially a low head scheme and is adopted in case of a perennial river which has minimum dry 

weather flow of such magnitude which makes the development worthwhile. 
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2. Storage plants. 

                      Such a plant has a storage reservoir at its upstream. A dam is constructed   Across the river 

and water is stored during the periods of excess supply. IN India most of the major plants are 

of this category.  

3. Pumped storage plants. 

 

             These plants stores power in the form of potential energy of water. The scheme consists of a 

storage reservoir at a higher level and a turbine cum pump installation. The scheme is used to 

generate power only during the peak hours of demand. During the peak demand water flows 

from the reservoir to the turbine and power is generated.  
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  Classification of hydroelectric schemes. 

Depending up on the available head the hydel schemes may be classified as follows. 

1. Low head scheme. 

 

 A low head scheme is one which uses head of less than about 15 meters. It is essentially a run off 

river scheme. A weir or barrage is constructed to raise the water level in the river. The power house 

is constructed in continuation with the barrage. Sometimes the barrage is constructed some 

distance upstream of the power house and water is conveyed to the power house through an intake 

canal. 

 

2. Medium head scheme. 

   

It uses head between 15 to 60 metres. Such a scheme is essentially a storage scheme. A dam is 

constructed to store some quantity of water and also to obtain the required head. A medium head 

scheme has the features mid-way between the low head scheme and the high head scheme. 
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3. High head scheme. 

 

It uses a head of more than 60 meters. A dam of sufficient height is constructed to store the water to 

ensure the supplies throughout the year and to attain sufficient head.  

         

Principal Components of Hydroelectric Scheme. 

 

A hydro electric work comprises the following components. 
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1. Forebay. 

2. Intake structure 

3. Surge tank. 

4. Penstocks. 

5. Power-house. 

6. Turbines and governors. 

7. Generators. 

8. Transformers. 

9. Transmission lines. 

 

1. Forebay. 

 

A forebay is an enlarged body of water just in front of the intake. The main function of the 

forebay is to store, temporary, the water rejected by the plant when the load is required and to 

meet the instantaneous increased demand when the load is instantaneously increased. Thus the 

forebay absorbs the short interval variations of intake of water in to turbine in accordance with 

the fluctuating loads. When a canal leads water to the turbine the canal itself serves as a forebay. 

When the penstocks directly take water from the reservoir the reservoir acts as the forebay. 

Often the canal near the power house is enlarged to provide an effective forebay. 

 

 

Sometimes a bypass is provided to convey water from the forebay to tailrace when the load is 

reduced. For maximum efficiency the water level in the forebay is automatically controlled within 

narrow limits by providing automatic gates at the head of the bypass. When the load is reduced, 

the governor of the turbine reduces the entry of water. Thus in turn has the tendency to increase 

the water level in the forebay. However in order to keep the constant water level in the forebay 

the gates at the head of the bypass are automatically operated so that the spillage in to the 

bypass is increased. 

 

2. Intake structure. 

     The water is conveyed from the forebay to the penstocks through the intake structure. 

 Following are the accessories of an intake structure. 

 

1. Trash rack. 

These racks prevent the debris getting in to the penstock. 
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     2. Racks to clear the trash rack. 

3. Ice removal equipment. 

4. Penstock closing gates with hoist. 

 

Penstocks. 

Water from the storage reservoir is carried through penstocks or canal to the power house. 

Penstocks are the pipes of large diameter usually made of steel in various forms, reinforced concrete 

or wood stave, which carry water under pressure from the storage reservoir to the turbine. 

Penstocks may be subjected to water hammer pressure due to fluctuations in the load. Short length 

penstocks are designed to take this extra pressure. However in case of long penstocks, surge tank is 

provided to reduce the water hammer. 

       The intake of the penstock at the forebay must be at a level low enough to provide an adequate 

water seal under all conditions, particularly at low water so that the entry of air is prevented. If there 

is too little depth of cover whirlpools will tend to form and carry in to the penstock and to the wheels 

tending to lesser the power output. 

An air vents or stand pipe connecting the top of the penstock with the open air should be provided 

below the gates. The air vent permits the air to enter the penstock when the head gates are closed 

and water drawn off through the wheel. In the absence of this dangerous collapse pressure may be 

exerted on the penstocks. The water in the vent pipe should not get frozen otherwise it will prevent 

entrance of air. 

 

Surge Tank 

When the load on the turbine is reduced the governor automatically closes the inlet gates partially to 

reduce the inflow to the turbines. This retards the water flowing in the penstocks leading to water 

hammer in the penstocks. The excessive inertia pressure so caused may burst the penstock. A surge 

tank may be provided to reduce the water hammer pressure. 

 

The function of surge tanks is as follows. 

1. The surge tank furnishes a reservoir surface very near to the discharge end of    

     the penstock to dampen the water hammer pressure. 

2. It temporarily stores water when the load is reduced until such time that the 

     velocity has fallen to the steady valve. 

3. It temporarily supplies more water when the load is increased to a fresh steady valve. 

4. It calms down effectively and rapidly the surging in the water level. 

 

An elementary surge tank consists of cylindrical open top storage reservoir connected by a 

vertical branch pipe to the penstock at a point as close to the turbine as possible. Surge tanks are 

almost always built high enough so that the water cannot overflow even with a full load change. 

Where topography permits the surge tank may be placed on the surface of the ground above the 

penstock lines. The minimum height of the surge tank is determined by the restriction that in no 

case the water level in it should not drops to such a point that air is drawn in to the penstock.    

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 9 of 16 

 

 

Turbines. 

Hydraulic turbines are the machines which convert hydraulic energy in to mechanical energy. The 

mechanical energy developed by a turbine is used in running an electric generator which is 

directly coupled to the shaft of the turbine. The generator thus develops electric power which is 

also known as hydroelectric power. 

 A water turbine consists of a wheel called runner which is provided with specially designed 

blades or buckets. The water possessing large hydraulic energy when strikes the runner and 

causes it to rotate. 

 

 Hydraulic turbines may be classified under two heads. 

1. Impulse or Velocity turbines 

2. Reaction or pressure turbines. 

 

1. Impulse Turbines. 

 

             In these turbines all the available potential energy or head is converted in to kinetic energy or 

velocity head by passing it through a contracting nozzle or by guide vanes before it strikes the buckets of 

the turbines. The wheel revolves free in air and water is in contact with only a part of the wheel at a 

time. The pressure of water all along is atmospheric. In order to prevent splashing and to guide the 

water discharged from the buckets of the tail race, a casing is provided.   

 

An impulse turbine has the following characteristic features: 

1. The wheel passages are not completely filled. 

2. The water acting on the wheel vanes is under atmospheric pressure. 

3. The water is supplied at a few points at the periphery of the wheel. 

4. Energy applied to the wheel is wholly kinetic. 

 

    An impulse turbine is essentially a low speed wheel and is used for relative high heads.Examples for       

Impulse turbine are Pelton wheel, Turgo impulse wheel, Girarg turbine, Banki turbine etc. 

2. Reaction Turbine. 

In case of reaction turbine only a part of the available potential energy is converted in to velocity head at 

the entrance to the runner and the balance that forms a substantial portion remains as a pressure head. 

The pressure at the inlet to the turbine is much higher than the pressure at the outlet and it varies 

throughout the passage of water through the turbine. Major part of the power is derived from the 

difference in pressure acting on front and back of runner blades and only a minor part from the dynamic 

action of velocity. 
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A reaction turbine has the following characteristic features. 

 

1. The wheel passages are completely filled with water. 

2. The water action on the wheel vanes is under pressure greater than atmospheric 

3. The water enters all-round the periphery of the wheel. 

4. Energy in the form of both pressure and kinetic is utilized by the wheel. 

Examples of Reaction Turbines are : Fourneyron turbine,Tompson turbine, Propeller turbine,Francies 

turbine,Keplan turbine etc. 

The turbines may also be classified according to the direction of flow of water in the runner as follows. 

 

1. Tangential flow turbine. 

2. Radial flow turbine 

3. Axial flow turbine 

4. Mixed flow turbine. 

 

Selection of suitable type of turbines 

The selection of the suitable type of turbine depends primarily upon the available head and the quantity 

of water required.  

On this basis turbines may be classified as follows. 

1. Low head turbine 

2. Medium head turbine. 

3. High head turbine. 

 

Low head turbine 

Low head turbines are those which are capable of working under heads less than 30 m. Examples are 

Propeller turbine and Keplan Turbine.These turbines use large quantity of water. 

Medium head turbines 

These are capable of working under the heads ranging from about 30m to 150 m. 

Examples are modern francis turbine 

High head turbine. 

These are capable of working under very high head ranging from 150m to 1000m. 

Impulse turbines are high head turbines. These turbines require relatively less quantity of water. 

The power house. 

A power house of a hydal scheme serves as a protective covering for the hydraulic and electrical 

equipment. The power is the conspicuous and vital part of a hydroelectric development. The following 

items of equipment should be provided for the lay out of the power house. 
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1. Hydraulic Equipment 

 

a. Turbines 

b. Gates or gate valves. 

c. Relief valves for penstock setting 

d. Governors 

e. Flow measurement equipment 

 

2. Electric Equipment. 

  

a. Generator. 

 b.   Air ducts. 

b. Exciters 

c. Transformers.------- Pumps and cooling system 

1. Connections 

2. Runs and platforms. 

 

d. Switching equipment-----------Low tension buses 

                                                   Switch board panels 

                                                Switch board equipment and instrument 

                                                Oil switches. 

 

           e. High tension system. 

                                               Buses 

                                                Oil circuit breakers 

                                           Lightening arresters 

                                           outgoing connections 

      f. Auxiliaries 

                         Storage batteries 

                           Station lighting 
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3. Miscellaneous Equipment 

 

1. Crane 

2. Shop 

3. Office rooms 

4. lavatory etc. 

 

A power house has two main parts. 

 

1.Super structure 

2.Sub structure 

 

A super structure is that part of power house which is above the ground level. A big size power 

station may be a multi storied building having the main machine hall at the ground floor. Sometimes 

in a mountainous country underground power house may be constructed. The sub structure of the 

power house mainly consists of a foundation block of concrete immediately below the machine hall. 

The concrete block has a number of spaces and passages for fixing the turbine,scrolls, their draft 

tubes and power cables. 

 

Scroll Casing. 

 

Scroll Casing surrounds the turbine runner and the guide machanism. The water from the penstock  

is delivered to the scroll casing. The spiral casing is spiral shaped to avoid the guide vanes. The casing 

is made of cast steel, plate steel, or concrete, depending up on the head. The main purpose of the 

scroll casing is to maintain nearly uniform velocity at the entry to the guide vanes. The use of the 

concrete scroll casing is necessarily confined to low heads usually not over 20m. Plate steel scroll 

casing is used for head up to 110 m.  

 

Draft Tube 

 

A draft tube is a pipe or passage of gradually increasing cross sectional area which connects the 

runner exit to the tail race.  

 

Terms associated with hydropower engineering 

         Electrical power generated or consumed by any source is usually measured in units of Kilowatt-hour 

(kWh). The power generated by hydropower plants are normally connected to the national power 

grid from which the various withdrawals are made at different places, for different purposes. The 

national power grid also obtains power generated by the non-hydropower generating units like 
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thermal, nuclear, etc. The power consumed at various points from the grid is usually termed as 

electrical load expressed in Kilo-Watt (KW) or Mega-Watt (MW). The load of a city varies 

throughout the day and at certain time reaches the highest value (usually in the evening for most 

Indian cities), called the Peak load or Peak demand. The load for a day at a point of the national 

power grid may be plotted with time to represent what is known as Daily Load Curve. Some other 

terms associated with hydropower engineering are as follows: 

Load factor 

This is the ratio of average load over a certain time period and the maximum load during that 

time. The period of time could be a day, a week, a month or a year. For example, the daily load 

factor is the ratio of the average load may be obtained by calculating the total energy consumed 

during 24 hours (finding the area below the load vs. time graph) and then divided by 24. Load 

factor is usually expressed as a percentage 

Installed capacity  

For a hydro electric plant, this is the total capacity of all the generating units installed in the 

power station. However all the units may not run together for all the time. 

Capacity factor 

This is the ratio of the average output of the hydroelectric plant for a given period of time to the 

plant installed capacity. The average output of a plant may be obtained for any time period, like 

a day, a week, a month or a year. The daily average output may be obtained by calculating the 

total energy produced during 24hours divided by 24. For a hydroelectric plant, the capacity factor 

normally varies between 0.25 and 0.75. 

Utilization factor 

Throughout the day or any given time period, a hydroelectric plant power production goes on 

varying, depending upon the demand in the power grid and the power necessary to be produced 

to balance it. The maximum production during the time divided by the installed capacity gives 

the utilization factor for the plant during that time. The value of utilization factor usually varies 

from 0.4 to 0.9 for a hydroelectric plant depending upon the plant installed capacity, load factor 

and storage. 

Firm (primary) power 

This is the amount of power that is the minimum produced by a hydro-power plant during a 

certain period of time. It depends upon whether storage is available or not for the plant since a 

plant without storage like run-of-river plants would produce power as per the minimum stream 

flow. For a plant with storage, the minimum power produced is likely to be more since some of 

the stored water would also be used for power generation when there is low flow in the river.  

 Secondary Power  

          This is the power produced by a hydropower plant over and above the firm power 

Development of micro hydel station 

A micro hydro power (MHP)'plant' is a type of hydroelectric power scheme that produces up to 100 

KW of electricity using a flowing steam or a water flow. The electricity from such systems is used to 

power up isolated homes or communities and is sometimes connected to the public grid.  
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Micro hydro systems are generally used in developing countries to provide electricity to isolated 

communities or rural villages where electricity grid is not available. Feeding back into the national 

grid when electricity production is in surplus is also evident in some cases. The micro hydro scheme 

design can be approached as per household basis or at the village level often involving local 

materials and labor 

 

Some of the advantages can be identified as:  

 Efficient energy source: It takes only a small amount of flow to make it work (as small as two gallons 

of water or a drop of as low as two feet) to generate electricity with the micro hydro, the produced 

electricity can be used as far as a mile away from the production site. 

 Reliable electricity source: There is a constant and continuous electrical energy supply from a hydro 

power plant compared to other small scale renewable energy technologies. There are however peak 

energy seasons (mainly during winter) when large quantities of electricity is required. 

 No reservoir required: Micro hydro are considered to run as a 'run-of-river' system , this means that 

when the water passes through the turbines it is diverted back to the river/ stream with relatively 

low impact on the surrounding ecology. 

 Cost effective energy solution: A small hydro- power system can cost in the range of $1,000-$20,000 

depending on the site electricity requirements and location. The operation and maintenance costs 

are relatively low as well compared to other technologies. 

 Power for developing countries: Having low-cost versatility and long life span, micro hydro can be 

used by developing countries in supplying electricity to small villages and communities. 

 Integrate with the local power grid: If there is a surplus production of electricity, some companies 

can buy the electricity from you and integrate it to the grid. There could also be a possibility of 

supplementing your level of micro power with intake from the grid. 

 Environmental impact: The impact on the environment is minimized as compared to the traditional 

power stations that use fossil fuels. 

 

Disadvantages / Shortcomings:  

 Suitable site characteristics required: 

 Energy expansion not possible: 

 Low-power in the summer months: Since streams will reduce their flow rates depending on the 

season, summer months are likely to have less flow leading to less power output. However 

advanced planning and research can ensure adequate energy requirements are met. 

 Environmental impact: There is a low ecological impact from small-scale hydro systems, however 

the low-level environmental effects must be taken into consideration before construction begins. 

Stream water will be diverted away from a portion of the stream, and proper caution must be 

exercised to ensure there will be no damaging impact on the local ecology or civil infrastructure. 

Power produced from a small hydro station can be used for various purposes, some of the uses have 

been classified as follows: 

1. Productive Use: This is where the electricity generated is used to perform activities where money is 

exchanged for a service. Most of these scenarios take place in small businesses. 

2. Consumptive Use: All the other used that the electricity can be used for are called consumptive use. 

they include using the electricity at the household or close to the household. 
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TIDAL PLANTS 

Tidal power or tidal energy is a form of hydropower that converts the energy obtained 

from tides into useful forms of power, mainly electricity. 

Although not yet widely used, tidal energy has potential for future electricity generation. Tides are 

more predictable than the wind and the sun. Among sources of renewable energy, tidal energy has 

traditionally suffered from relatively high cost and limited availability of sites with sufficiently high 

tidal ranges or flow velocities, thus constricting its total availability. However, many recent 

technological developments and improvements, both in design (e.g. dynamic tidal power, tidal 

lagoons) and turbine technology (e.g. newaxial turbines, cross flow turbines), indicate that the total 

availability of tidal power may be much higher than previously assumed, and that economic and 

environmental costs may be brought down to competitive levels. 

Historically, tide mills have been used both in Europe and on the Atlantic coast of North America. 

The incoming water was contained in large storage ponds, and as the tide went out, it turned 

waterwheels that used the mechanical power it produced to mill grain The earliest occurrences date 

from the Middle Ages, or even from Roman times. The process of using falling water and 

spinning turbines to create electricity was introduced in the U.S. and Europe in the 19th century.  

The world's first large-scale tidal power plant was the Rance Tidal Power Station in France, which 

became operational in 1966. It was the largest tidal power station in terms of output until Sihwa 

Lake Tidal Power Station opened in South Korea in August 2011. The Sihwa station uses sea wall 

defense barriers complete with 10 turbines generating 254 MW.  

pumped storage plants and their details. 

There's another type of hydropower plant, called the pumped-storage plant. In a conventional 

hydropower plant, the water from the reservoir flows through the plant, exits and is carried down 

stream. A pumped-storage plant has two reservoirs: 

 Upper reservoir - Like a conventional hydropower plant, a dam creates a reservoir. The water in 

this reservoir flows through the hydropower plant to create electricity. 

 Lower reservoir - Water exiting the hydropower plant flows into a lower reservoir rather than 

re-entering the river and flowing downstream. 

Using a reversible turbine, the plant can pump water back to the upper reservoir. This is done in off-

peak hours. Essentially, the second reservoir refills the upper reservoir. By pumping water back to 

the upper reservoir, the plant has more water to generate electricity during periods of peak 

consumption. 
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