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  POWER PLANT ENGINEERING (ME-6005) 

Unit IV: Hydro Power Station 

4.1 Hydrological Computations 

Hydrologic models are simplified, conceptual representations of a part of the hydrologic cycle. They are 

primarily used for hydrologic prediction and for understanding hydrologic processes. Two major types of 

hydrologic models can be distinguished: 

 Stochastic Models. These models are black box systems, based on data and using mathematical and 

statistical concepts to link a certain input (for instance rainfall) to the model output (for instance runoff). 

Commonly used techniques are regression, transfer functions, neural networks and system 

identification. These models are known as stochastic hydrology models. 

 Process-Based Models. These models try to represent the physical processes observed in the real world. 

Typically, such models contain representations of surface runoff, subsurface flow, evapotranspiration, 

and channel flow, but they can be far more complicated. These models are known as deterministic 

hydrology models. Deterministic hydrology models can be subdivided into single-event models and 

continuous simulation models. 

 

Hydrologic cycle 

Recent research in hydrologic modeling tries to have a more global approach to the understanding of 

the behavior of hydrologic systems to make better predictions and to face the major challenges in water 

resources management 

4.2 Rainfall Runoff 

A runoff model is a mathematical model describing the rainfall–runoff relations of a 

rainfall catchment area, drainage basin or watershed. More precisely, it produces the surface runoff 

hydrograph as a response to a rainfall hydrograph as input. In other words, the model calculates the 

conversion of rainfall into runoff. A well known runoff model is the linear reservoir, but in practice it has 

limited applicability. The runoff model with a non-linear reservoir is more universally applicable, but still it 

holds only for catchments whose surface area is limited by the condition that the rainfall can be considered 

more or less uniformly distributed over the area. The maximum size of the watershed then depends on the 

rainfall characteristics of the region. When the study area is too large, it can be divided into sub-catchments 

and the various runoff hydrographs may be combined using flood routing techniques. Rainfall-runoff models 

need to be calibrated before they can be used. 

Runoff equation 

A combination of the two previous equations results in a differential equation, whose solution is: 
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 Q2 = Q1 exp {−A T  − T  } + R [  − e p { −A T  − T  } ] 

This is the runoff equation or discharge equation, where Q1 and Q2 are the values of Q at time T1 and T2 

espe ti el  hile T −T  is a small-time step during which the recharge can be assumed constant. 

Computing the total hydrograph 

Provided the value of A is known, the total hydrograph can be obtained using a successive number of time 

steps and computing, with the runoff equation, the runoff at the end of each time step from the runoff at 

the end of the previous time step. 

Unit hydrograph 

The dis ha ge a  also e e p essed as: Q = − dS/dT. Su stituti g he ei  the e p essio  of Q i  e uatio   
gi es the diffe e tial e uatio  dS/dT = A.S, of hi h the solutio  is: S = e p − A.t  . Replacing herein S by Q/A 

a o di g to e uatio  , it is o tai ed that: Q = A e p − A.t  . This is alled the i sta ta eous u it 
hydrograph (IUH) because the Q herein equals Q2 of the foregoing runoff equation using R = 0, and taking S 

as unity which makes Q1 equal to A according to equation (1). 

The availability of the foregoing runoff equation eliminates the necessity of calculating the total hydrograph 

by the summation of partial hydrographs using the IUH as is done with the more complicated convolution 

method. 

Determining the response factor, A 

when the response factor A can be determined from the characteristics of the watershed (catchment area), 

the reservoir can be used as a deterministic model or analytical model, see hydrological modeling. 

Otherwise, the factor A can be determined from a data record of rainfall and runoff using the method 

explained below under non-linear reservoir. With this method the reservoir can be used as a black 

box model. 

 

4.3 Flow and Power Duration Curves 

The flow duration curve is a plot that shows the percentage of time that flow in a stream is likely to equal or 

exceed some specified value of interest. For example, it can be used to show the percentage of time river 

flow can be expected to exceed a design flow of some specified value (e.g., 20 cfs), or to show the discharge 

of the stream that occurs or is exceeded some percent of the time (e.g., 80% of the time). 

The basic time unit used in preparing a flow-duration curve will greatly affect its appearance. For most 

studies, mean daily discharges are used.  These will give a steep curve. When the mean flow over a long 

period is used (such as mean monthly flow), the resulting curve will be flatter due to averaging of short-term 

peaks with intervening smaller flows during a month. Extreme values are averaged out more and more, as 

the time period gets larger (e.g., for a flow duration curve based on annual flows at a long-record station). 

Step 1: Sort (rank) average daily discharges for period of record from the largest value to the smallest value, 

involving a total of n values. 

Step 2: Assign each discharge value a rank (M), starting with 1 for the largest daily discharge value. 

Step 3: Calculate exceedence probability (P) as follows: 

P = 100 * [ M / (n + 1) ] 

P = the probability that a given flow will be equaled or exceeded (% of time) 
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M = the ranked position on the listing (dimensionless) 

n = the number of events for period of record (dimensionless) 

 

A flow duration curve is a plot of discharge vs. percent of time that a particular discharge was equaled or 

exceeded. The area under the flow duration curve (with arithmetic scales) gives the average daily flow, and 

the median daily flow is the 50% value.  It is useful to graph the data on probability paper. Graphing software 

programs, such as Sigma Plot, have the capability to plot on a log vs. probability scale. 

 

A flow duration curve characterizes the ability of the basin to provide flows of various magnitudes.  

Information concerning the relative amount of time that flows past a site are likely to equal or exceed a 

specified value of interest is extremely useful for the design of structures on a stream. For example, a 

structure can be designed to perform well within some range of flows, such as flows that occur between 20 

and 80% of the time (or some other selected interval). 

The shape of a flow-duration curve in its upper and lower regions is particularly significant in evaluating the 

stream and basin characteristics.  The shape of the curve in the high-flow region indicates the type of flood 

regime the basin is likely to have, whereas, the shape of the low-flow region characterizes the ability of the 

basin to sustain low flows during dry seasons. A very steep curve (high flows for short periods) would be 

expected for rain-caused floods on small watersheds. Snowmelt floods, which last for several days, or 

regulation of floods with reservoir storage, will generally result in a much flatter curve near the upper limit. 

In the low-flow region, an intermittent stream would exhibit periods of no flow, whereas, a very flat curve 

indicates that moderate flows are sustained throughout the year due to natural or artificial stream flow 

regulation, or due to a large groundwater capacity which sustains the base flow to the stream. 

4.4 Types of Hydro Power Station 

There are many types of hydroelectric power plants. Their selection depends upon the volume of water 

available and the flow of water. It also depends on the area which is available to us and the money we want 

to spend. There are very large power plants like micro hydro plants as well as small plants which can also be 

built near your home as they do not cause much damage. The types are: 

Pumped-storage Hydroelectricity 

This system actually works on the demand for electricity. It uses different elevations between two reservoirs 

for water pumping, depending on the requirement. When the requirement for electricity is less; then the 

excess of generation power pumps the water into a slightly higher basin. In case of higher demand, the 

turbines releases back water into a low reservoir through it. The pumped-storage is commercially the most 

important form of storage energy and it also enhances the daily capability factor of the system. 

 

Run of the River Hydroelectricity 

This type does ’t ha e the sto age o  ese i g apa it . The ate  flo s a d passes th ough the tu i es. 
It is continuously moving and should not remain static. So, the water coming from upstream should be used 

at the moment or it should go around the dam. 

 

Tide Power Hydroelectricity 

The tidal waves produced in the oceans which rise and fall due to the attraction of the moon to earth, can 

be used for the generation of electricity. These systems are predictable as we know when the moon raises 

tides, so the system can be built accordingly. And if such a system is built then it has advantages like dispatch 

able generation which means that the generation of electricity can be stopped based on requirement. 
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Waterwheels are used instead of a dam which convert kinetic energy rather than potential is less common 

systems. 

 

Underground Hydroelectricity 

This system works based on large natural height difference which can be generated by the use of two 

waterways which can be waterfall or a mountain lake. The underground tunnel is built for the flow of water 

from the higher sink to the generation site and a horizontal tailrace which takes the water to the lower sink. 

 

Micro Hydro System 

They come basically in two types depending on the head which is the height difference and accounts for the 

pressure. These types are low-head and high-head. A fast-moving stream is an example of a low – head 

system and a waterfall of high-head system. They are very large and powerful systems. 

 

4.5 Hydro Power Station Components 

 

Fig. Layout of HEPP 

Hydroelectric power plants convert the hydraulic potential energy from water into electrical energy. Such 

plants are suitable were water with suitable head are available. The layout covered in this article is just a 

simple one and only cover the important parts of hydroelectric plant. The different parts of a hydroelectric 

power plant are 

 

(1) Dam 

Dams are structures built over rivers to stop the water flow and form a reservoir. The reservoir stores the 

water flowing down the river. This water is diverted 

to turbines in power stations. The dams collect water 

during the rainy season and stores it, thus allowing 

for a steady flow through the turbines throughout 

the year. Dams are also used for controlling floods 

and irrigation. The dams should be water-tight and 

should be able to withstand the pressure exerted by 

the water on it. There are different types of dams 

such as arch dams, gravity dams and buttress dams. 

The height of water in the dam is called head race. 
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(2) Spillway 

A spillway as the name suggests could be called as a way for spilling of water from dams. It is used to provide 

for the release of flood water from a dam. It is used to prevent over toping of the dams which could result 

in damage or failure of dams. Spillways could be controlled type or uncontrolled type. The uncontrolled types 

start releasing water upon water rising above a particular level. But in case of the controlled type, regulation 

of flow is possible. 

(3) Penstock and Tunnel 

Penstocks are pipes which carry water from the reservoir to the turbines inside power station. They are 

usually made of steel and are equipped with gate systems. Water under high pressure flows through the 

penstock. A tunnel serves the same purpose as a penstock. It is used when an obstruction is present between 

the dam and power station such as a mountain.  

(4) Surge Tank 

Surge tanks are tanks connected to the water conductor system. It serves the purpose of reducing water 

hammering in pipes which can cause damage to pipes. The sudden surges of water in penstock are taken by 

the surge tank, and when the water requirements increase, it supplies the collected water thereby regulating 

water flow and pressure inside the penstock. 

(5) Power Station 

Power station contains a turbine coupled to a generator (see the cross section of a power house on the left). 

The water brought to the power station rotates the vanes of the turbine producing torque and rotation of 

turbine shaft. This rotational torque is transferred to the generator and is converted into electricity. The 

used water is released through the tail race. The difference between head race and tail race is called gross 

head and by subtracting the frictional losses we get the net head available to the turbine for generation of 

electricity. 

4.6 Micro Power Machines 

Micro hydro is a type of hydroelectric power that typically produces up to 100 kW of electricity using the 

natural flow of water. These installations can provide power to an isolated home or small community, or are 

sometimes connected to electric power networks. There are many of these installations around the world, 

particularly in developing nations as they can provide an economical source of energy without the purchase 

of fuel. Micro hydro systems complement photovoltaic solar energy systems because in many areas, water 

flow, and thus available hydro power, is highest in the winter when solar energy is at a minimum. Micro 

hydro is frequently accomplished with a Pelton wheel for high head, low flow water supply. The installation 

is often just a small dammed pool, at the top of a waterfall, with several hundred feet of pipe leading to 

small generator housing. 

Types of Turbines 

Several types of water turbines can be used in micro hydro installations, selection depending on the head of 

water, the volume of flow, and such factors as availability of local maintenance and transport of equipment 

to the site. For mountainous regions where a waterfall of 50 meters or more may be available, a Pelton 

wheel can be used. For low head installations, Francis or propeller-type turbines are used. Very low head 

installations of only a few meters may use propeller-type turbines in a pit. The very smallest micro hydro 

installations may successfully use industrial centrifugal pumps, run in reverse as prime movers; while the 
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efficiency may not be as high as a purpose-built runner, the relatively low cost makes the projects 

economically feasible. 

In low-head installations, maintenance and mechanism costs often become important. A low-head system 

moves larger amounts of water, and is more likely to encounter surface debris. For this reason a Banki 

turbine also called Ossberger turbine, a pressurized self-cleaning crossflow waterwheel, is often preferred 

for low-head micro hydropower systems. Though less efficient, its simpler structure is less expensive than 

other low-head turbines of the same capacity. Since the water flows in, then out of it, it cleans itself and is 

less prone to jam with debris. 

 Screw turbine (Reverse Archimedes' screw): two low-head schemes in England, Settle Hydro and Torrs 

Hydro use an Archimedes' screw which is another debris-tolerant design. Efficiency 85%. 

 Gorlov: the Gorlov helical turbine free stream or constrained flow with or without a dam,  

 Francis and propeller turbines.  

 Kaplan turbine : an alternative to the traditional kaplan turbine is a large diameter, slow turning, 

permanent magnet, sloped open flow VLH turbine with efficiencies of 90%. 

 Water wheel : advanced hydraulic water wheels and hydraulic wheel-part reaction turbine can have 

hydraulic efficiencies of 67% and 85% respectively. 

 Gravitation water vortex power plant : part of the river flow at a weir or natural water fall is diverted 

into a round basin with a central bottom exit that creates a vortex. A simple rotor (and connected 

generator) is moved by the kinetic energy. Efficiencies of 83% down to 64% at 1/3 part flow. 

 

4.7 Pico Hydro Machines 

Pico hydro is a term used for hydroelectric power generation of under 5 kW. It is useful in small, remote 

communities that require only a small amount of electricity - for example, to power one or two fluorescent 

light bulbs and a TV or radio in 50 or so homes. Even smaller turbines of 200-300W may power a single home 

in a developing country with a drop of only 1 meter. Pico-hydro setups typically are run-of-stream, meaning 

that dams are not used, but rather pipes divert some of the flow, drop this down a gradient, and through 

the turbine before being exhausted back to the stream. 

Like other hydroelectric and renewable source power generation, pollution and consumption of fossil fuels 

is reduced, though there is still typically an environmental cost to the manufacture of the generator and 

distribution methods. 

 

4.8 Selection of Turbines 

Selection of turbine type and determination of plant capacity, turbines require the detailed information on 

head and possible plant discharge be collected accurately of different conditions. 

In theoretical sense, the turbine output, E, can be expressed mathematically as, 

E= F (h, q, TW, d, n, Hs, Pmax) 

There are numerous parameters that can be varied to achieve the best selection. The usual practice is to 

base selection on the annual energy output of the plant and the cost of the corresponding installation. 

The following points should be considered while selecting right type of hydraulic turbines for hydroelectric 

power plant. 
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1) Specific speed: 

High specific aped is essential where the head is low and output is large, because otherwise the rotational 

speed will be low which means cost of turbo-generator and powerhouse will be high. On the other hand 

there is practically no need of choosing a high value of specific speed for high installations, because even 

with lo specific speed high rotational speed can be attained with medium capacity plants. 

2) Rotational speed: 

Rotational speed depends upon specific speed. Also the rotational speed of an electrical generator with 

which the turbine is to be directly coupled depends on the frequency and number of pair of poles. The value 

of specific speed adopted should be such that it will give the synchronous speed of the generator. 

3) Efficiency: 

The efficiency selected should be such that it gives the highest overall efficiency of various conditions. 

4) Part load operation: 

In general, the efficiency at part loads and overloads is less than that with rated (design) parameters. For the 

sake of economy, the turbine should always run with maximum possible efficiency to get more revenue. 

When the turbine has to run at part or overload conditions Deriaz turbine is employed. Similarly, for low 

heads, Kaplan turbine will be useful for such purposes in place of propeller turbine. 

5) Cavitation: 

The installation of water turbines of reaction type over the tailrace is affected by cavitation. The critical 

values of cavitation indices must be obtained to see that the turbine works in safe zone. Such values of 

cavitation indices also affect the design of turbine, especially of Kaplan, propeller and bulb types. 

6) Deposition of turbine shaft: 

Experience has shown that the vertical shaft arrangement is better for large-sized reaction turbines, 

therefore, it is almost universally adopted, whereas, in case of large size impulse turbines, horizontal shaft 

arrangement is preferable. 

7) Available head and its fluctuation: 

a) Very high (350m and above): for heads greater than 350m, Pelton Turbine is generally employed and 

practically there is no any choice except in very special cases. 

b) High heads (150 m to 350 m): in this range either Pelton or Francis turbine may employ. For higher specific 

needs Francis turbine is more compact and economical than the Pelton turbine that for the same working 

conditions would have to be much bigger and rather cumbersome. 

 

c) Medium heads (60 m to 150 m): a Francis turbine is usually employed in this range. Whether a high or low 

specific speed would be used depends on the selection of the speed. 

d) Low heads (below 60m): between 30m to 60m both Kaplan and Francis turbines may be used. Francis is 

more expensive but yields higher efficiency at part loads and over loads. It is therefore preferable for variable 

loads. Kaplan turbine is generally employed less than 30m. Propeller turbines are however, commonly used 

for heads up to 15m. They are adopted only when there is practically no load variation. 

8) Water quality: (i.e. sand content chemical or other impurities) 

Quality of water is more crucial for the reactive turbine the in reaction turbines. Reactive turbine may 

undergo for rapid wear in high head reactive turbines. 

 

4.9 Site Selection 

Issues with Dams 

The dam also called as water reservoir is the most important part of the hydroelectric power plants. All the 

water that is used for generation of electricity in the hydroelectric power plants is stored in the dam. Since 

huge quantities of water are stored in the dam, it is very important that the bed and walls of the dam should 

be able to sustain all the hydraulic pressures of water. Water has mass and large quantities of water have 

huge weight which is exerted on the bed and the walls of the dam. If the walls of the dam are not strong 

enough to sustain the forces of water, the walls will break and water will spread to the surrounding areas 

Downloaded from  be.rgpvnotes.in

Page no: 7 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


Chameli Devi Group of Institutions 

Department of Mechanical Engineering 

 

8 

 

producing devastating floods that have potential to cause large scale destruction of human, animal and plant 

life. 

 

Factors Affecting the Selection of Site for Dams 

Apart from the construction of the dam, selecting proper site for the dam is very crucial. Selecting the proper 

site will help carrying out construction of the strong dam and it will also help reduce risks due to natural 

disasters like earth quake. Here are some of the important factors to be considered while selecting the site 

for the dam for hydroelectric power plants: 

Good topographical location along the path of river: The best location along the path of the river is river 

canyon or at the location where there is narrowing of the river. If the aim is to store maximum amount of 

water, then the volume of basin above dam should be calculated so that sufficient quantity of water can be 

stored in it. The perfect site is one where there is wide and flat valley. 

 

Right geological structure: The rock structure on which the dam will be constructed should be strong enough 

to sustain the weight of dam and water stored in the dam. The rock structure should be able to sustain all 

the visible and invisible forces. The rock structure should be stable and there should be least occurrence of 

the earthquakes in the region. The rock structure should not allow the seepage of water and it should be 

waterproof. 

 

Sufficient water is available: The flow of water where dam is constructed should be sufficient enough to fill 

the dam. There is lots of loss of water from dam due to evaporation, the flow of river water should be able 

accommodate this loss of water without affecting the production of electricity from the hydroelectric power 

plant. 

People living around the areas where storage basin is going to be constructed and the areas that will be 

submerged should be convinced to move from there and they should be given proper compensation and 

suitable resettlement areas. If this factor is ignored the chances of the success of the hydroelectric power 

plant will reduced. 

 

 

 

***** 
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