Unit-II
Hydro-Electric Plants
Introduction
Installed Capacity as on 30-11-2014
	Source
	Subtype
	Capacity (MW)

	Thermal
	Coal
	153571

	
	Gas
	22971

	
	Diesel
	1199

	
	Total
	177742

	Nuclear
	
	4780

	Hydro
	
	40798

	Renewable Energy Sources
	Wind
	21136

	
	Solar
	2632

	
	Biopower
	4119


List of Hydroelectric power stations

[image: image1.jpg]Bansagar dam

Sardar Sarovar Dam on

&
Nagarjuna Sagar Dam across Idukii arch dam on Periyar ot

Krishna River. River.

Mettur Dam Stanley Reservoir & Spiltway of Tehri Dam
on Kaveri River. Upper Indiravati power house &3

Spillway of Salal HE Station




[image: image2.jpg]



Panoramic View of Hirakud Dam at Sambalpur

India is the 7th largest producer of hydroelectric power in the world, and ranked 3rd in the total number of dams. The Tehri Dam, a 260.5 meters (855 ft) high rock and earth-fill embankment dam and is currently the highest dam out of India's approximately 4710 finished dams.

On March 31, 2016, the installed utility-scale capacity was 42,783 MW, which was 14.35% of India's total utility electricity generation capacity. In addition, small hydroelectric power units with a cumulative capacity of 4,274 MW have been installed. Between 2014 and 2015, the total amount of hydroelectric energy India generated was 129 TWh. The hydroelectric power potential of India is estimated at 84,000 MW at 60% load factor, one of the largest in the world.

India also imports surplus hydroelectric power from Bhutan. The hydro-electric power plants at Darjeeling and Shivanasamudra were established in 1898 and 1902 respectively, and were among the first in Asia. India has been a dominant player in global hydroelectric power development.
India has gone from an electricity deficit to an electricity surplus, and pumped storage schemes to store the surplus electricity have the potential to meet peak load demand. They also produce secondary/seasonal power at no additional cost when rivers are flooding with excess water. India has already established nearly 6,800 MW pumped storage capacities due to the installation of hydro power plants.
Pumped storage units can also be used as pumping stations to supply river water for upland irrigation, industrial needs, and drinking water. In a tropical country like India, abundant water is needed for agriculture due to a very high annual evaporation rate. The necessary amount of water to meet this demand can be harnessed from India's rivers via pumped storage units. Food security in India is possible with water security, which in turn is possible with energy security to supply the needed electricity for the water pumping.
More and more solar power generation is made available due to its advantage in terms of cost and environmental impact. Solar power has the capacity to meet daytime energy demands, while pumped storage units could meet night-time demands.[14] Many of the existing hydropower stations on west-flowing rivers located in Western Ghats of Kerala and Karnataka are already expanding to include pumped storage units in an effort to solve the water deficit of east-flowing rivers like Kaveri, Krishna, etc.
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SLNo. i Project Name [ River [ Basini]  District i1

1 Donkarayi Hydroclectric Project Sileru Godavari

2 Lower Sileru Hydroclectric Project  Sileru river Godavari Khammam

3 Machkund Hydroelectric Project  Machkund Godavari Koraput

4 Nagarjunasagar Hydroelectric Project Krishna Krishna  Nalgonda

s Penna Ahobilam Hydroclectric Project Penna river/Kakatiya Pennar  Anantapur

6 Pulichintala Hydroclectric Project  Krishna Krishna  Prakasam/Guntur
7 Stisailam Hydroclectric Project Kaishna Krishna  Mahabubnagar
H Tungabhadra Hydroclectric Project Krishna  Bellury

0 Upper Sileru Hydroelectric Project  Sileru river Godavari Visakhapatnam
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Power station name ¢ Operator ¢ Location + sector ¢ =
capacity (mMw)
Chettipeta Mini Hydel!?) APGENCO | West Godavari district State 205 1.00
Donkarayl PH APGENCO | E. Godavari State %25 25.00
Joint project of AP & Kamataka 4x9
Hampi canal PH APGENCO State 28.80
Located in Kamataka (AP Share-28.8)
Lower Sileru PH APGENCO | E. Godavari State | 4x115 460,00
Joint project of AP & Odisha 3%17+3x23
Machkund PH APGENCO State 84.00
Located in Odlisha (AP Share-84)
Nagarjuna Sagar Right Canal Nagarjuna Sagar Dam, Gntur
APGENCO State | 3x30 90.00
PH district
Nagarjuna Sagar Dam, Guntur
Nagarjuna Sagar tail pond PH | APGENCO | - State | 2x25 5000
Penna Anobilam PH APGENCO]] | Korrakodu, Anantapur district State | 2x10 2000
1280

Palavaram Hydro-Electric project | APGENCO | Polavaram, West Gadavari district | State
Under Construction

Srisallam Right Bank PH APGENCO | Srisailam, Kurnool State 7x 110 770,00
Jaint project of AP-Karnataka 4x9

TB Dam PH APGENCO State 28.80
Located in Karnataka (AP Share-28.8)

Upper Sileru PH APGENCO | Visakhapatnam State | 4x60 240,00

Overall capacity in (MW) 1797.60




Hydro Power Potential

P = g*ρ*Q*H Where;
P = Power available in water 

g = 9.81 m/s2
Q = flow or discharge (m3/s)

H = Height of fall of water or head (m)

P = 9.81*1000*Q*H*10-3 kW = 9.81 QH kW

P= 9.81 QHη kW where η = efficiency of the turbine-generator assembly

Rain falling on earth’s surface has potential energy relative to oceans. This energy is converted to shaft work when the water falls through a vertical distance. This shaft work is used to drive water turbines to generate electricity.

Hydrology

· First requirement – Q (discharge)
· Hydrology deals with occurrence and distribution of water over and under earth’s surface.
–  Surface Water Hydrology

–  Ground Water Hydrology

· Watershed, catchment area or drainage area: length of the river, size and shape of the area it affects, tributaries, lakes, reservoirs etc.
· Investigation of run-off for past few years is required for power potential studies of a HPP.
Objectives of Hydrology

· To obtain data regarding the stream flow of water that would be available,
· To predict the yearly possible flow
· To calculate the mean annual rainfall in the area under consideration from a record of the annual rainfall for a number of years, say 25 to 30
· To note the frequency of dry years
· To find maximum rainfall and flood frequency
Various terms related to Hydrology

· Rainfall is also known as precipitation and can be measured by rain gauges.
· Some part of precipitation is lost due to evaporation, interception and transpiration.
· Transpiration: Plants absorbing moisture and giving it off to the atmosphere
· Stream flow = precipitation – losses
· Stream flow = surface flow + percolation to ground
· Surface flow is also known as run-off.
Hydrograph

– shows the variation of stream flow in m3/s with time for a particular river site. The time may be hour, week, month or a year.

            –  The area under hydrograph gives the total volume of flow.

· Flow duration curve:
– shows the percentage of time during the period when the flow was equal to greater than the given flow.

–  The area under FDC gives the total quantity of run-off during a period

· Mass curve
–  indicates the total volume of run-off in cubic meters up to a certain time.

–  the slope of the curve at any point shows the rate of flow at that time

–  Used for estimating the capacity of storage reservoir

· Storage:
– to ensure water availability during deficient flow and thus increasing the firm capacity

–  Storage also results in more energy production

· Pondage:
– Storing water in small ponds near the power plant as the storage reservoir is away from plant

–  To meet the power demand fluctuations over a short period of time e.g. 24 hours

· Primary Power: power that will be available 90 % of the time
· Secondary Power: power that will be available 75 % of the time
· Dump Power: power that will be available 50 % of the time.
· Maximum flow estimation: gives estimation of floods and helps in design of dam and spillway.
Site Selection for Hydropower Plants

· Availability of Water: Run-off data for many years available
· Water Storage: for water availability throughout the year
· Head of Water: most economic head, possibility of constructing a dam to get required head
· Geological Investigations: strong foundation, earthquake frequency is less
· Water Pollution: excessive corrosion and damage to metallic structures
· Sedimentation: capacity reduces due to gradual deposition of silt
· Social and Environmental Effects: submergence of areas, effect on biodiversity (e.g. western ghat), cultural and historic aspects
· Access to Site: for transportation of construction material and heavy machinery new railway lines or roads may be needed
· Multipurpose: power generation, irrigation, flood control, navigation, recreation; because initial cost of power plant is high because of civil engineering construction work
Types of Dams
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Earth and Rock fill Dam
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Arc Dam
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Arc Gravity Dam

Classification of Hydropower Plants

According to water flow regulation:

1. Runoff river plants without pondage

2. Runoff river plants with pondage

3. Hydroelectric plants with storage reservoir

According to Load:

1. Base load plants

2. Peak load plants

3. Pumped storage plants

According to head:

1. High head plants (>100m)

2. Medium head plants (30-100 m)

Low head plants (<30 m)
Generation of electricity by hydropower (potential energy in stored water) is one of the cleanest methods of producing electric power. In 2012, hydroelectric power plants contributed about 16% of total electricity generation of the world. Hydroelectricity is the most widely used form of renewable energy. It is a flexible source of electricity and also the cost of electricity generation is relatively low. This article talks about the layout, basic components and working of a hydroelectric power station.

Layout and Working of Hydroelectric Power Plant
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The above image shows the typical layout of a hydroelectric power plant and its basic components.

Dam and Reservoir: The dam is constructed on a large river in hilly areas to ensure sufficient water storage at height. The dam forms a large reservoir behind it. The height of water level (called as water head) in the reservoir determines how much of potential energy is stored in it.

Control Gate: Water from the reservoir is allowed to flow through the penstock to the turbine. The amount of water which is to be released in the penstock can be controlled by a control gate. When the control gate is fully opened, maximum amount of water is released through the penstock.

Penstock: A penstock is a huge steel pipe which carries water from the reservoir to the turbine. Potential energy of the water is converted into kinetic energy as it flows down through the penstock due to gravity.

Water Turbine: Water from the penstock is taken into the water turbine. The turbine is mechanically coupled to an electric generator. Kinetic energy of the water drives the turbine and consequently the generator gets driven. There are two main types of water turbine; (i) Impulse turbine and (ii) Reaction turbine. Impulse turbines are used for large heads and reaction turbines are used for low and medium heads.

Generator: A generator is mounted in the power house and it is mechanically coupled to the turbine shaft. When the turbine blades are rotated, it drives the generator and electricity is generated which is then stepped up with the help of a transformer for the transmission purpose.

Surge Tank:

Surge tanks are usually provided in high or medium head power plants when considerably long penstock is required. A surge tank is a small reservoir or tank which is open at the top. It is fitted between the reservoir and the power house. The water level in the surge tank rises or falls to reduce the pressure swings in the penstock. When there is sudden reduction in load on the turbine, the governor closes the gates of the turbine to reduce the water flow. This causes pressure to increase abnormally in the penstock. This is prevented by using a surge tank, in which the water level rises to reduce the pressure. On the other hand, the surge tank provides excess water needed when the gates are suddenly opened to meet the increased load demand.



Types of Hydro-Power Plants

Conventional Plants:

Conventional plants use potential energy from dammed water. The energy extracted depends on the volume and head of the water. The difference between height of water level in the reservoir and the water outflow level is called as water head.

Pumped Storage Plant:

In pumped storage plant, a second reservoir is constructed near the water outflow from the turbine. When the demand of electricity is low, the water from lower reservoir is pumped into the upper (main) reservoir. This is to ensure sufficient amount of water available in the main reservoir to fulfil the peak loads.

Run-Of-River Plant:

In this type of facility, no dam is constructed and, hence, reservoir is absent. A portion of river is diverted through a penstock or canal to the turbine. Thus, only the water flowing from the river is available for the generation. And due to absence of reservoir, any oversupply of water is passed unused.

Advantages of Hydroelectric Power Plant

· No fuel is required as potential energy is stored water is used for electricity generation

· Neat and clean source of energy

· Very small running charges - as water is available free of cost

· Comparatively less maintenance is required and has longer life

· Serves other purposes too, such as irrigation

Disadvantages

· Very high capital cost due to construction of dam

· High cost of transmission – as hydro plants are located in hilly areas which are quite away from the consumers
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8.22. TYPES OF TURBINES
Hydraulic turbines convert the energy of water into mechanical energy which drives the alternators.
They are highly efficient (efficicncy cxceeding 90% at full load), simple in construction, can be
controlled easily and pick up load in a very short time. They are built in all sizes upto about
1,000,000 h.p. with speeds varying from 100 rpm in large turbine to 1000 rpm in small turbincs

Hydraulic turbines can be classified into impulse and reaction turbines. Pelton wheel is an
impulse turbine and suits high heads and low flows. The reaction turbine can be cither Francis or
Propeller. Francis turbine suits medium heads and medium flows whereas Propeller turbines are
meant for low heads and high volume of water. Kaplan turbine is a special type of Propeller turbine
having adjustable blades.

Hydraulic turbines may be vertical or horizontal. A horizontal configuration is more accessible
and there may be two turbines driving one alternator (i.e., one turbine on each side of alternator).
Moreover the horizontal turbines operate at higher speeds thus requiring a smaller and lighter
alternator. A vertical machine requires a thrust bearing capable of carrying a heavy load and of
working at runaway speed. However, if there arc great variations in tailrace level, a vertical
configuration is preferable because a horizontal configuration necessitates keeping the turbine house
floor above the highest tail race level or alternatively making the lower part of turbine house water
tight. Because of this consideration. most hydro machines have vertical configuration.

8.23. SPECIFIC SPEED
Specific speed of a turbine is the speed of a scale model of turbine which develops 1 metric h.p.

under a head of 1 metre.
NJR
e . (82)

H
where N, is specific speed in metric units

N is speed of turbine in pm

P, is output in metric h.p.

H is Effective head in metres

A classification of turbines according to range of head and specific speed is as under :

N,
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Peiton Above 200 m 10— 50
Francis 30 m — 200 m 60 - 300
Propeller Less than 30 m 300 — 1000

& 4. PELTON TURBINE

A Pelton turbine works under large head and low quantity of water. The potential energy of
water in the penstock is converted into Kinetic energy in a jet of water issuing from a nozzle. The
pressure inside is atmospheric pressure. The water jet impinges on buckets fixed on the periphery
of rotor and causes the motion of the rotor. After performing work, water discharges into the tail
race.

Each bucket is divided into twe
cal cups with A ridge i the
= ridze divides the jot into
two Symmetrical parts. The axial
thrusts produced in the two parts of
the buckess camcel out sach other The
sate of water fow can be controlled
£y the movement of spear.
Mot of the Pelion turbines have
Sne jei thoush machines with fwo or
Tour jets are also used. The rotor o
Sunner is made of cuse steel. Buckets
are mnde of cast iron. Gronse o
sssinicss secl. The buckets s boltcd
©a 10 ihe runne: but intesral casting
S buckets with the runner is also
Sossible, Pelton wrbines have usunlly  WATER FROM HENSTOOR
Secizontal alignmen. Fis. 5.14. Pelton mabine
I the head of water i low. the diamerer of 3 Pelton whesl runmer. for the same ouiput,
Secomes lange And unwicldy. Ax mech, this Curbine i not s usAPLS for heads below 200 rm. e spocific
=cd 5 I the Fanes of 10 - S0. i 514 shows & Paltan whetl. Some important Felton imaatitions
are included in Table A2 of the appendix
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Indin are included In Table A3 of the appendix.
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8.34. GENERAL DESCRIPTION

A umped storage plant is & spegial type of plant meant to supply peak loads. During peak load
PeE P ater ia drawn from the nead water pond through the pensiock and generates power for
DTy ine the peak load. During the off_peak period. the same water is pumped back from the tail
B o the head. water pond so that this watcr may be used to generate encriy during the
e o Tond period: Thus. the same water i used again and again and extra water is needed only
e e ot Bviporation and sccpage. Generally the pumping of water from the tail water pond
o i hnd water pond i done at night when loads are low. The plant generates cnergy for supplying
O ks uring day time. The off peak pumping maintains the firm capacity of the pumped
Corage plant. The reservoir capacity should

B Tich that the plant can supply peak load for 4 to 11
et X general arrangement of pumped storage plant is shown in Fig. 8.20.

HEAD WATER POND WITH

PoWER HOUSE wiTH
ARVEnsiETETURGINES

TAIL WATER POND

Fig. 8.20. Pumped storage hydro electric plant
The carlier pumped storage installations used a separate pum

p for pumping the water back
into the head water bond. A recent development is a reversible turbine pump. During peak loads.

he tarbime drives the alternator and the plant generates clectrical energy. During low loads. the
alternator runs as a motor and drives the

& tarbine which now works as a pump for pumping the
B o the head water pond. This arrangement reduces the capital cost of the plant. The power
Tor driving the mator is taken from the system.

8.35. PUMPED STORAGE PLANTS FOR SUPPLYING PEAK LOADS
By Dot storage scheme requires dual conversion of energy. the efficiency being around 60
1550 reant. The fact that the energy gained from a pumped storage plant is always less than the
ey aput, should not obscure the fact that this apparent loss to the system is negligible when
rnEdred with the substantial savings in fuel which arc made when these plants arc used in a
T system. The most obvious economies are in the replaccment of standby thermal plants and
Tm the fact that the existing thermal plants can be run with fewer and less rapid load changes.
Modern gencration systems are 4 mixture of hydro, steam and nuclear power stations so that
cnergy can be Bencrated most cconomicaily. If hydro contribution is small. the sieam and nuclear

Sy ave 1 be of mutficiently large capacity. The steam and nuclear plants operate more
Sconomically when run continuously at o

¥ mear full load. At the time of low loads the excess energy
S ™y Seam and muclear plants can be used for driving the motor of the pumped storage
 rerme. The purmped storage plant would in turn supply peak loads. Thus the capacity of the steam
R T eod b only for supplying the basc loads and hence much less than what it
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Worked at almost unity load factor which ensures their most cconomic operation.
£.36. ADVANTAGES.
Pumped storage plants have very important advantages. Some of these are
(5 peak loads can be supplicd at & losser cost than that incurred when these loads are supplied
by steam and nuclear plants.

Gy standby capacity is available on short notice. Power engincers in utilitics having pumped
Storane installations have long realized the benefit of quick switehing on and off capability
of these installations. Pumped storage plants necd a Starting time of only 2 to 3 Seconds
and can be loaded fuily in about 15 scconds. Tn the event of an Cutase on & unit, & pumped
Storase plant can be called upon 1o meet the generation deficiency (occurring due (o the
Outage thus ensuring reliable supply and avoiding the necessity of load shedding.

(4D the load factor of steam and nuclear plants i increased thus ensuring their efficient and

@) since the base loads plants need not be used to supply peak loads. the forced and maintenance
outages of these plants are likely (o be reduced

() in the event of an extra demand coming up sudden
immediately switched on 1o meet this extra demand,

() because of their ability to take up londs in a very small time, the use of pumped storage
Pplants reduces the spinning reserve requirement of the system.

(i) they can be used for laad frequency control
8.37. TYPES OF PUMPED STORAGE INSTALLATIONS
Plmped storage plants offer many benefits. However their feasibility and cconomics should be
critically evaluated at the planming stage, DUring the power system Planning studics. thrce types of
Pumpea storage installation can be considercd
@ high head. daily/weekly cycle. peaking plants close o the load centres.

@D low/medium head. scasonal cycle plants, far-away from load centres (peaking or non-peaking
ype).

D medium head, daily/weekly cycle peaking plants at an existing cascade of reservoirs.

The expected benefits from these three schemes are different. The daily/weekly cycle plants
provide an cfficient and economical way to provide the peak power to the system. On the other
hand the low/medium head scasonal plants are intended (o increase the regulated flow to down
stream plants, convering the sccondary energy available during food periads mto weeful firm encry
enerated in critical or drought periods. Mot of the countrics in the world have suthcient potent
o e S e AD i s O Pt ot age SOHOrmoS.

iy on the system, these plants can be





Nuclear Power Station
Nuclear Fission
When an atom splits into two parts, either through natural decay or when instigated within a lab, it releases energy. This process is known as fission. It has great potential as a source of power, but is also has a number of safety, environmental, and political concerns attached to it that can hinder its use.

Definition: An atom contains protons and neutrons in its central nucleus. In fission, the nucleus splits, either through radioactive decay or because it has been bombarded by other subatomic particles known as neutrinos. The resulting pieces have less combined mass than the original nucleus, with the missing mass converted into nuclear energy. Controlled fission occurs when a very light neutrino bombards the nucleus of an atom, breaking it into two smaller, similarly-sized nuclei. The destruction releases a significant amount of energy — as much as 200 times that of the neutron that started the procedure — as well as releasing at least two more neutrinos. Controlled reactions of this sort are used to release energy within nuclear power plants. Uncontrolled reactions can fuel nuclear weapons. Radioactive fission, where the center of a heavy element spontaneously emits a charged particle as it breaks down into a smaller nucleus, does not occur often, and happens only with the heavier elements. Fission is different from the process of fusion, when two nuclei join together rather than split apart.

The nuclear fission equations below are a gross simplification of the process. Lots of fission products are possible e.g. uranium ==> lanthanum + bromine

[image: image14.png]PU+ih—>'"La+ %Br+3in




Uranium splits into lanthanum and bromine nuclei releasing three more neutrons
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Uranium split into molybdenum and lanthanum plus two neutrons to continue the chain reaction, and a good balancing challenge too.

Note the production of more neutrons that you started with (2-3 per uranium atom fission). After the uranium nucleus absorbs the neutron its split into two smaller nuclei (often radioactive themselves), sometimes called 'daughter nuclei'. The overall process is called nuclear fission and because it is accompanied by an enormous release of energy, it forms the basis of nuclear power stations. [image: image36.jpg]


The radioisotope uranium-235 is particularly useful for energy generation by nuclear fission.
Fission chain reaction

Fission chain reactions occur because of interactions between neutrons and fissile isotopes (such as 235U). The chain reaction requires both the release of neutrons from fissile isotopes undergoing nuclear fission and the subsequent absorption of some of these neutrons in fissile isotopes. When an atom undergoes nuclear fission, a few neutrons (the exact number depends on several factors) are ejected from the reaction. These free neutrons will then interact with the surrounding medium, and if more fissile fuel is present, some may be absorbed and cause more fissions. Thus, the cycle repeats to give a reaction that is self-sustaining.

Nuclear power plants operate by precisely controlling the rate at which nuclear reactions occur, and that control is maintained through the use of several redundant layers of safety measures. Moreover, the materials in a nuclear reactor core and the uranium enrichment level make a nuclear explosion impossible, even if all safety measures failed. On the other hand, nuclear weapons are specifically engineered to produce a reaction that is so fast and intense it cannot be controlled after it has started. When properly designed, this uncontrolled reaction can lead to an explosive energy release.

Nuclear fission fuel
Nuclear weapons employ high quality, highly enriched fuel exceeding the critical size and geometry (critical mass) necessary in order to obtain an explosive chain reaction. The fuel for energy purposes, such as in a nuclear fission reactor, is very different, usually consisting of a low-enriched oxide material (e.g. UO2).

Fission reaction products
When a heavy atom undergoes nuclear fission it breaks into two or more fission fragments. Also, several free neutrons, gamma rays, and neutrinos are emitted, and a large amount of energy is released. The sum of the rest masses of the fission fragments and ejected neutrons is less than the sum of the rest masses of the original atom and incident neutron (of course the fission fragments are not at rest). The mass difference is accounted for in the release of energy according to the equation E=Δmc²:

Mass of released energy = E/C2=m original - m finalE c 2 = m original − m final {\displaystyle {\frac {E}{c^{2}}}=m_{\text{original}}-m_{\text{final}}} 
Due to the extremely large value of the speed of light, c, a small decrease in mass is associated with a tremendous release of active energy (for example, the kinetic energy of the fission fragments). This energy (in the form of radiation and heat) carries the missing mass, when it leaves the reaction system (total mass, like total energy, is always conserved). While typical chemical reactions release energies on the order of a few eVs (e.g. the binding energy of the electron to hydrogen is 13.6 eV), nuclear fission reactions typically release energies on the order of hundreds of millions of eVs.

Two typical fission reactions are shown below with average values of energy released and number of neutrons ejected:

[image: image16.png]235U + neutron — fission fragments + 2.4 neutrons + 192.9 MeV
239Py 4 neutron — fission fragments + 2.9 neutrons + 198.5 MeV



235 U + neutron → fission fragments + 2.4  neutrons + 192.9  MeV {\displaystyle {}^{235}{\text{U}}+{\text{neutron}}\rightarrow {\text{fission fragments}}+2.4{\text{ neutrons}}+192.9{\text{ MeV}}} 239 Pu + neutron → fission fragments + 2.9  neutrons + 198.5  MeV {\displaystyle {}^{239}{\text{Pu}}+{\text{neutron}}\rightarrow {\text{fission fragments}}+2.9{\text{ neutrons}}+198.5{\text{ MeV}}} 
Note that these equations are for fissions caused by slow-moving (thermal) neutrons. The average energy released and number of neutrons ejected is a function of the incident neutron speed. Also, note that these equations exclude energy from neutrinos since these subatomic particles are extremely non-reactive and, therefore, rarely deposit their energy in the system.

Nuclear fuels

The main nuclear fuels are uranium and plutonium. These are radioactive metals. Nuclear fuels are not burnt to release energy. Instead, nuclear fission reactions (where the nuclei in atoms are split) in the fuels release heat energy. The rest of the process of generating electricity is then identical to the process using fossil fuels. The heat energy is used to boil water. The kinetic energy in the expanding steam spins turbines, which then drive generators to produce electricity.
Examples
· Oxide fuels: Uranium dioxide (UOX) i.e uranium, Mixed oxide (MOX)- i.e plutonium
·  Metal fuel: Metal fuels have the advantage of much higher heat conductivity than                           oxide fuels but cannot survive equally high temperatures.
· TRIGA fuel: TRIGA fuel is used in TRIGA (Training, Research, Isotopes, General Atomics)                       reactors.
· Molten plutonium: Molten plutonium, alloyed with other metals to lower its melting                                                         point and encapsulated in tantalum, was tested in two experimental                                      reactors, LAMPRE I and LAMPRE II, at LANL in the 1960s. "LAMPRE                                    experienced three separate fuel failures during operation.
· Ceramic fuels: Uranium nitride, uranium carbide
Advantages

Unlike fossil fuels, nuclear fuels do not produce carbon dioxide or sulfur dioxide.

Disadvantages

Fossil fuels, nuclear fuels are non-renewable energy resources. If there is an accident, large amounts of radioactive material could be released into the environment. In addition, nuclear waste remains radioactive and is hazardous to health for thousands of years. It must be stored safely.
Basic Layout and Working of a Nuclear Power Plant

                                 In a nuclear power plant, heat energy is generated by a nuclear reaction called as nuclear fission. Nuclear fission of heavy elements such as Uranium or Thorium is carried out in a special apparatus called as a nuclear reactor. A large amount of heat energy is generated due to nuclear fission. Rest parts of a nuclear power plant are very similar to conventional thermal power plants. It is found that fission of only 1 Kg of Uranium produces as much heat energy as that can be produced by 4,500 tons of high grade coal. This considerably reduces the transportation cost of fuel, which is a major advantage of nuclear power plants. Also, there are large deposits of nuclear fuels available all over the world and, hence, nuclear power plants can ensure continued supply of electrical energy for thousands of years. About 10% of the total electricity of the world is generated in nuclear power plants.

How does a nuclear power plant work?

                                   Heavy elements such as Uranium (U235) or Thorium (Th232) are subjected to nuclear fission reaction in a nuclear reactor. Due to fission, a large amount of heat energy is produced which is transferred to the reactor coolant. The coolant may be water, gas or a liquid metal. The heated coolant is made to flow through a heat exchanger where water is converted into high-temperature steam. The generated steam is then allowed to drive a steam turbine. The steam, after doing its work, is converted back into the water and recycled to the heat exchanger. The steam turbine is coupled to an alternator which generates electricity. The generated electrical voltage is then stepped up using a transformer for the purpose of long distance transmission.
The image below shows basic components and layout of a nuclear power station.
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Basic components of a nuclear power plant

Nuclear Reactor

A nuclear reactor is a special apparatus used to perform nuclear fission. Since the nuclear fission is radioactive, the reactor is covered by a protective shield. Splitting up of nuclei of heavy atoms is called as nuclear fission, during which huge amount of energy is released. Nuclear fission is done by bombarding slow moving neutrons on the nuclei of heavy element. As the nuclei break up, it releases energy as well as more neutrons which further cause fission of neighboring atoms. Hence, it is a chain reaction and it must be controlled, otherwise it may result in explosion. A nuclear reactor consists of fuel rods, control rods and moderator. A fuel rod contains small round fuel pallets (uranium pallets). Control rods are of cadmium which absorb neutrons. They are inserted into reactor and can be moved in or out to control the reaction. The moderator can be graphite rods or the coolant itself. Moderator slows down the neutrons before they bombard on the fuel rods.
Two types of nuclear reactors that are widely used –

Pressurized Water Reactor (PWR) - This type of reactor uses regular water as coolant. The coolant (water) is kept at very high pressure so that it does not boil. The heated water is transferred through heat exchanger where water from secondary coolant loop is converted into steam. Thus the secondary loop is completely free from radioactive stuff. In a PWR, the coolant water itself acts as a moderator. Due to these advantages, pressurized water reactors are most commonly used.
Boiling Water Reactor (BWR)- In this type of reactor only one coolant loop is present. The water is allowed to boil in the reactor. The steam is generated as it heads out of the reactor and then flows through the steam turbine. One major disadvantage of a BWR is that, the coolant water comes in direct contact with fuel rods as well as the turbine. So, there is a possibility that radioactive material could be placed on the turbine.

Heat exchanger

In the heat exchanger, the primary coolant transfers heat to the secondary coolant (water). Thus water from the secondary loop is converted into steam. The primary system and secondary system are closed loop, and they are never allowed to mix up with each other. Thus, heat exchanger helps in keeping secondary system free from radioactive stuff. Heat exchanger is absent in boiling water reactors.

Steam Turbine

Generated steam is passed through a steam turbine, which runs due to pressure of the steam. As the steam is passed through the turbine blades, the pressure of steam gradually decreases and it expands in volume. The steam turbine is coupled to an alternator through a rotating shaft.

Alternator
The steam turbine rotates the shaft of an alternator thus generating electrical energy. Electrical output of the alternator is the delivered to a step up transformer to transfer it over distances.

Condenser

The steam coming out of the turbine, after it has done its work, is then converted back into water in a condenser. The steam is cooled by passing it through a third cold water loop.
Advantages of Nuclear Power Station

1. As we said, the fuel consumption in this power station is quite low and hence, cost for generating single unit of energy is quite less than other conventional power generation method. Amount of nuclear fuel required is also less. 

2. A nuclear power station occupies much smaller space compared to other conventional power station of same capacity.

3. This station does not require plenty of water; hence it is not essential to construct plant near natural source of water. This also does not required huge quantity of fuel; hence it is also not essential to construct the plant near coal mine, or the place where good transport facilities are available. Because of this, the nuclear power station can be established very near to the load centre.

4. There are large deposits of nuclear fuel globally therefore such plants can ensure continued supply of electrical energy for coming thousands years. 

Disadvantages of Nuclear Power Plant

1. The fuel is not easily available and it is very costly.

2. Initial cost for constructing nuclear power station is quite high.

3. Erection and commissioning of this plant is much complicated and sophisticated than other conventional power station.

4. The fission by products is radioactive in nature, and it may cause high radioactive pollution.

5. The maintenance cost is higher and the man power required to run a nuclear power plant is quite higher since specialist trained people are required.

6. Sudden fluctuation of load cannot be met up efficiently by nuclear plant.

7. As the byproducts of nuclear reaction is high radioactive, it is very big problem for disposal of this by products. It can only be disposed deep inside ground or in a sea away from sea shore.

Site Selection of Nuclear Power Station

1. Availability of Water: Although very large quantity of water is not regulated as hydro-electric power plant, but still sufficient supply of neutral water is obvious for cooling purposes in nuclear power station. That is why it is always preferable to locate this plant near a river or sea side.

2. Disposal of Water: The byproducts or wastes of nuclear power station are radioactive and may cause severe health hazards. Because of this, special care to be taken during disposal of wastes of nuclear power plant. The wastes must be buried in sufficient deep from earth level or these must be disposed off in sea quite away from the sea share. Hence, during selecting the location of nuclear plant, these factors must be taken into consideration.

3. Distance from Populated Area: As there is always a probability of radioactivity, it is always preferable to locate a nuclear station sufficiently away from populated area.

4. Transportation Facilities: During commissioning period, heavy equipments to be erected, which to be transported from manufacturer site. So good railways and road ways availabilities are required. For availability of skilled manpower good public transport should also be present at the site.
Principle of operation of nuclear reactor
Nuclear reactors operate on the principle of nuclear fission, the process in which a heavy atomic nucleus splits into two smaller fragments. The nuclear fragments are in very excited states and emit neutrons, other subatomic particles, and photons. The emitted neutrons may then cause new fissions, which in turn yield more neutrons, and so forth. Such a continuous self-sustaining series of fissions constitutes a fission chain reaction. A large amount of energy is released in this process, and this energy is the basis of nuclear power systems.
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Sequence of events in the fission of a uranium nucleus by a neutron.

In an atomic bomb the chain reaction is designed to increase in intensity until much of the material has fissioned. This increase is very rapid and produces the extremely prompt, tremendously energetic explosions characteristic of such bombs. In a nuclear reactor the chain reaction is maintained at a controlled, nearly constant level. Nuclear reactors are so designed that they cannot explode like atomic bombs.

Most of the energy of fission—approximately 85 percent of it—is released within a very short time after the process has occurred. The remainder of the energy produced as a result of a fission event comes from the radioactive decay of fission products, which are fission fragments after they have emitted neutrons. Radioactive decay is the process by which an atom reaches a more stable state; the decay process continues even after fissioning has ceased, and its energy must be dealt with in any proper reactor design.

Chain reaction and criticality

The course of a chain reaction is determined by the probability that a neutron released in fission will cause a subsequent fission. If the neutron population in a reactor decreases over a given period of time, the rate of fission will decrease and ultimately drop to zero. In this case the reactor will be in what is known as a subcritical state. If over the course of time the neutron population is sustained at a constant rate, the fission rate will remain steady, and the reactor will be in what is called a critical state. Finally, if the neutron population increases over time, the fission rate and power will increase, and the reactor will be in a supercritical state.
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Before a reactor is started up, the neutron population is near zero. During reactor start-up, operators remove control rods from the core in order to promote fissioning in the reactor core, effectively putting the reactor temporarily into a supercritical state. When the reactor approaches its nominal power level, the operators partially reinsert the control rods, balancing out the neutron population over time. At this point the reactor is maintained in a critical state, or what is known as steady-state operation. When a reactor is to be shut down, operators fully insert the control rods, inhibiting fission from occurring and forcing the reactor to go into a subcritical state.

Reactor control

A commonly used parameter in the nuclear industry is reactivity, which is a measure of the state of a reactor in relation to where it would be if it were in a critical state. Reactivity is positive when a reactor is supercritical, zero at criticality, and negative when the reactor is subcritical. Reactivity may be controlled in various ways: by adding or removing fuel, by altering the ratio of neutrons that leak out of the system to those that are kept in the system, or by changing the amount of absorber that competes with the fuel for neutrons. In the latter method the neutron population in the reactor is controlled by varying the absorbers, which are commonly in the form of movable control rods (though in a less commonly used design, operators can change the concentration of absorber in the reactor coolant). Changes of neutron leakage, on the other hand, are often automatic. For example, an increase of power will cause a reactor’s coolant to reduce in density and possibly boil. This decrease in coolant density will increase neutron leakage out of the system and thus reduce reactivity—a process known as negative-reactivity feedback. Neutron leakage and other mechanisms of negative-reactivity feedback are vital aspects of safe reactor design.

A typical fission interaction takes place on the order of one picosecond (10−12 second). This extremely fast rate does not allow enough time for a reactor operator to observe the system’s state and respond appropriately. Fortunately, reactor control is aided by the presence of so-called delayed neutrons, which are neutrons emitted by fission products some time after fission has occurred. The concentration of delayed neutrons at any one time (more commonly referred to as the effective delayed neutron fraction) is less than 1 percent of all neutrons in the reactor. However, even this small percentage is sufficient to facilitate the monitoring and control of changes in the system and to regulate an operating reactor safely.
Components of a nuclear reactor

There are several components common to most types of reactors:

Fuel: Uranium is the basic fuel. Usually pellets of uranium oxide (UO2) are arranged in tubes to form fuel rods. The rods are arranged into fuel assemblies in the reactor core.*
* In a new reactor with new fuel a neutron source is needed to get the reaction going. Usually this is beryllium mixed with polonium, radium or other alpha-emitter. Alpha particles from the decay cause a release of neutrons from the beryllium as it turns to carbon-12. Restarting a reactor with some used fuel may not require this, as there may be enough neutrons to achieve criticality when control rods are removed.
Moderator: Material in the core which slows down the neutrons released from fission so that they cause more fission. It is usually water, but may be heavy water or graphite.
Control rods: These are made with neutron-absorbing material such as cadmium, hafnium or boron, and are inserted or withdrawn from the core to control the rate of reaction, or to halt it.*  In some PWR (Pressurized water reactors) reactors, special control rods are used to enable the core to sustain a low level of power efficiently. (Secondary control systems involve other neutron absorbers, usually boron in the coolant – its concentration can be adjusted over time as the fuel burns up.)
* In fission, most of the neutrons are released promptly, but some are delayed. These are crucial in enabling a chain reacting system (or reactor) to be controllable and to be able to be held precisely critical.
Coolant: A fluid circulating through the core so as to transfer the heat from it.  In light water reactors the water moderator functions also as primary coolant. Except in BWRs, there is secondary coolant circuit where the water becomes steam. 
Pressure vessel or pressure tubes: Usually a robust steel vessel containing the reactor core and moderator/coolant, but it may be a series of tubes holding the fuel and conveying the coolant through the surrounding moderator.
Steam generator: Part of the cooling system of pressurized water reactors (PWR & PHWR) where the high-pressure primary coolant bringing heat from the reactor is used to make steam for the turbine, in a secondary circuit. Essentially a heat exchanger like a motor car radiator*. Reactors have up to six 'loops', each with a steam generator. Since 1980 over 110 PWR reactors have had their steam generators replaced after 20-30 years service, 57 of these in USA.
* These are large heat exchangers for transferring heat from one fluid to another – here from high-pressure primary circuit in PWR to secondary circuit where water turns to steam. Each structure weighs up to 800 tonnes and contains from 300 to 16,000 tubes about 2 cm diameter for the primary coolant, which is radioactive due to nitrogen-16 (N-16, formed by neutron bombardment of oxygen, with half-life of 7 seconds). The secondary water must flow through the support structures for the tubes. The whole thing needs to be designed so that the tubes don't vibrate and fret, operated so that deposits do not build up to impede the flow, and maintained chemically to avoid corrosion. Tubes which fail and leak are plugged, and surplus capacity is designed to allow for this. Leaks can be detected by monitoring N-16 levels in the steam as it leaves the steam generator.

Containment: The structure around the reactor and associated steam generators which is designed to protect it from outside intrusion and to protect those outside from the effects of radiation in case of any serious malfunction inside. It is typically a metre-thick concrete and steel structure.

Newer Russian and some other reactors install core melt localization devices or 'core catchers' under the pressure vessel to catch any melted core material in the event of a major accident.
Reflectors: A reflector is a region of unfueled material surrounding the core. Its function is to scatter neutrons that leak from the core, thereby returning some of them back into the core. This design feature allows for a smaller core size. In addition, reflectors “smooth out” the power density by utilizing neutrons that would otherwise leak out through fissioning within fuel material located near the core’s outer region.

The reflector is particularly important in research reactors, since it is the region in which much of the experimental apparatus is located. In some research reactor designs, reflectors are located inside the core as central islands in which high neutron intensities can be achieved for experimental purposes.

In most types of power reactors, a reflector is less important; this is due to the reactor’s large size, which reduces the proportion of neutrons that may leak from the core region. The liquid-metal reactor represents a special case. Most sodium-cooled reactors are deliberately built to allow a large fraction of their neutrons—those not needed to maintain the chain reaction—to leak from the core. These neutrons are valuable because they can produce new fissile material if they are absorbed by fertile material. Thus, fertile material—generally depleted uranium or its dioxide—is placed around the core to catch the leaking neutrons. Such an absorbing reflector is referred to as a blanket or a breeding blanket.
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Adequate shielding has to be provided to guard personnel and delicate instruments. The various
materials used for shielding are :

(a) Lead. It is a common shielding material, has high density (11.3 gram/cm’) and is invariably
used due to its low cost.

(b) Concrete. Its density is 2.4 grz:\m/cm3 and is less efficient than lead.

(c) Steel. Its density is 7.8 gram/cm’. It is not an efficient shielding material but has good
structural properties. It is sometimes used as attenuating shield.

(d) Cadmium. Its density is 8.65 gram/cm’. It can absorb slow neutrons by a nuclear reaction.

The effectiveness of a shielding material depends mostly on the density of the material.

No single fnaterial is effective in shielding against all types of radiations. A material containing
hydrogen e.g. water or polythene is used to slow down fast neutrons, boron or steel is used to
absorb thermal neutrons. A heavy material like lead is needed to act as a thermal shield and to
absorb gamma rays.

In nuclear power reactors a thermal shield of several cms. thick steel surrounded by about 3m
thick concrete is used. Water, in concrete, slows down fast neutrons. Iron, barium or steel turnings
are mixed in concrete to attenuate gamma rays and absorb thermal neutrons.




Health Hazards and Safety Precautions: Radioactive substances emit continuously powerful radiations such as β particles and α particles ray. These are high energy radiation and hence, harm to living tissues. Energy absorbed by the passage of radiation through human body gives rise to the structural change called radiation damage. This damage may lead to death of a person. M. curie and E. Fermi lost their lives because of the damage caused by these radiations. When radiations enter a living system, the cell and tissues gets damaged due to the interaction with radiations. The harmful effects on an organism caused by these radiations is called radiation hazard. The damaged cell and tissue hamper normal functioning of the living system living ultimately to the death of the organism.
Following types of the damages can be caused by the radiation hazards:

1. The exposure to radiation induces deleterious genetic effects. When the radiation passes through       genetic cells, there occur mutations of the chromosome of the cellular nuclei. The mutations are       transmitted from one generation to the next and so on. The genetic effects are irreversible.

2. The strong α-ray exposure can cause lung cancer.

3. The exposure to fast and slow neutron can cause blindness.

4. The exposure to neutrons, protons, and α particle can cause damage to red blood cells.

5. The strong exposures to protons and neutrons can cause serious damage to reproductive organs.

Following are the safety precautions for radiation hazards.

1. The radio isotopes should be transferred in thick wall lead containers and kept it rooms with               thick walls of lead.

2. The radio isotopes are handled with the help of remote control device.

3. The workers are asked to wear lead aprons.

4. The radioactive contamination of the working area is avoided at all casts.

5. Nuclear explosions should be carried out far away from the public area. 
Types of Nuclear reactors

Pressurized Water Reactor (PWR)
The most widely used reactor type in the world is the Pressurized Water Reactor (PWR) which uses enriched (about 3.2% U235) uranium dioxide as a fuel in zirconium alloy cans. The fuel, which is arranged in arrays of fuel "pins" and interspersed with the movable  control rods, is held in a steel vessel through which water at high pressure (to suppress boiling) is pumped to act as both a coolant and a moderator. Water is passed into reactor at 190oC and 140kg/sq-cm pressure and is discharged from reactor at 270oC. This water is passed through heat exchanger where steam is raised. The steam is of rather poor quality, temperature around 250oC and pressure 42kg/cm2. The steam is condensate in the condenser and condensate returns to heat exchanger forming a closed circuit.
Drawback: Design of high strength pressure vessel

Advantage: Steam supplied to the turbine is completely free from contamination. The overall efficiency                        is about 33%.
Used in: Rajasthan Atomic Power Station, Madras Atomic Power Station & Narora Atomic Power Station
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Boiling Water Reactors (BWR)

BWR is also enriched uranium oxide as fuel and has a steel pressure vessel surrounded by concrete shield. It is a direct cycle reactor. The steam is generated in the reactor itself and this steam, after passing through the turbine and condenser, returns to the reactor. In view of the direct cycle, there is danger of radioactive contamination of steam. This, however, leads to some radioactive contamination of the steam circuit and turbine, which then requires shielding of these components in addition to that surrounding the reactor. Ordinary water is used as coolant and moderator.
Drawback: Because of the danger of small amounts of fissile material passing through along with the coolant, more biological protection is necessary. No one should go within 3 meters of the turbine when it is operating.
Advantage: Small size pressure vessel, high steam pressure and simple construction. The overall                         efficiency is about 33%.
Used in: Tarapur Atomic Power Station
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Fast Breeder Reactors
· All of today's commercially successful reactor systems are "thermal" reactors, using slow or thermal neutrons to maintain the fission chain reaction in the U235 fuel. Even with the enrichment levels used in the fuel for such reactors, however, by far the largest numbers of atoms present are U238, which are not fissile.

· Consequently, when these atoms absorb an extra neutron, their nuclei do not split but are converted into another element, Plutonium.

· Plutonium is fissile and some of it is consumed in situ, while some remains in the spent fuel together with unused U235. These fissile components can be separated from the fission product wastes and recycled to reduce the consumption of uranium in thermal reactors by up to 40%, although clearly thermal reactors still require a substantial net feed of natural uranium.

· It is possible, however, to design a reactor which overall produces more fissile material in the form of Plutonium than it consumes. This is the fast reactor in which the neutrons are unmoderated, hence the term "fast".
· The physics of this type of reactor dictates a core with a high fissile concentration, typically around 20%, and made of Plutonium. In order to make it breed, the active core is surrounded by material (largely U238) left over from the thermal reactor enrichment process. This material is referred to as fertile, because it converts to fissile material when irradiated during operation of the reactor.

· The successful development of fast reactors has considerable appeal in principle. This is because they have the potential to increase the energy available from a given quantity of uranium by a factor of fifty or more, and can utilize the existing stocks of depleted uranium, which would otherwise have no value. 
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Factors for Site Selection of NPPs

1. Availability of Water: working fluid
2. Distance from Populated Area: danger of radioactivity
3. Nearness to the load centre: reduction in transmission cost
4. Disposal of Waste: radioactive waste
5. Accessibility by Rail and Road: transport of heavy equipment
Advantages of NPPs

1. Reduces demand for fossil fuels
2. Quantity of nuclear fuel is much less: thus reducing transport and resulting costs
3. Area of land required is less: compared to a conventional plant of similar capacity
4. Production of fissile material
5. Location independent of geographical factors: except water requirement
Disadvantages of NPPs

1. Not available for variable loads (load factor-0.8): as the reactors cannot be controlled to respond quickly
2. Economical reason should be substantial
3. Risk of leakage of radioactive material
4. Further investigation on life cycle assessment and reliability needs to be done
5. Perception problems
Site Selection for Hydropower Plants
[image: image26.png]The hydro-electric power plant is only a small part of the whole project. The power station should
be near the dam and storage reservoir. Such a location reduces the length of the penstock and the
loss of head in the penstock. In view of this, several structures such as dam, intake, surge tank,
power house are involved in the site selection. Several alternative layouts are considered and the
site is selected after a thorough investigation. The essential requirements for hydro-schemes are:
large catchment areas, high rainfall, steep gradients, favourable site for reservoir, solid sub-soil etc.
Many factors have to be considered in the selection but the following are the most important:

1. Availability of water. The river run-off data pertaining to many years should be available
so that an estimate of the power potential of the project can be made. The data should include the
average flows, minimum and maximum flows and their periods. The estimate of water availability
should also take into account the evaporation loss and seepage loss.

2. Water storage. Because of wide fluctuations in stream flows, storage is needed in most
hydro-projects to store water during high flow periods and use it during lean flow periods. The
storage capacity can be calculated from the hydrograph or from mass curve or by using analytical
methods. Storage arrangements require topographical and geological investigations so that natural
foundations can be used to the best advantage. The storage reservoir may be located near the
power plant or some distance away from it.

3. Head of water. An increase in effective head reduces the quantity of water.to be stored and
handled by penstocks, screens and turbines and therefore the capital cost of the plant i$ reduced.




[image: image27.png]The head of water depends on topography of the area. Detailed studies are needed to select the
most effective and economic head. =

4. Geological investigations. Geological investi gations are needed to see that the foundation
rock for the dam and other structures is firm, stable, impervious and strong enough to withstand
water thrust and other stresses. The area should also be free from earthquakes.

5. Water pollution. Polluted water may cause excessive corrosion and damage to metallic
structures. This may render the operation of the plant unreliable and uneconomic. As such it is
necessary to see that the water is of good quality and will not cause such troubles.

6. Sedimentation. The capacity of storage reservoir is reduced due to the gradual deposition
of silt. Silt may also cause damage to turbine blades. Silting from forest covered areas is negligible.
On the other hand the regions subject to violent storms and not protected by vegetaljfon contribute
lot of silt to the run off. In some cases, this factor alone may render an otherwise ‘suitable site
unsuitable.

7. Environmnental effects. Hydro projects submerge huge areas and many villages. As such,
the environmental effects are also important. The site should ensure safe and pleasing surroundings,
avoid health hazards and preserve important cultural and historic aspects of the area.

8. Access to site. Construction of a hydro project involves transport of huge amount of cement,
steel, other building material and heavy machinery. As such, it is generally necessary to set up a
new railway line and rail head for this purpose. The site selected should be such that the railway
line and roads can be constructed and material and machinery transported.
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CLASSIFICATION ACCORDING TO WATER FLOW REGULATION

Hydro plants can be classified, according to the extent of water flow regulation available, into

following types :
(2) Run off river plants with pondage

(1) Run off river plants without pondage

3) Reservoir plants
1) Run off river plants without pondage. These plants are located such that they use water as
it comes, without any pondage or storage. There is no control on flow of water. During periods of
high flows or low loads, water is wasted. During lean flow periods, the plant capacity is very low.
As such these plants have very little firm capacity. In such sites, the water is mainly used for
irrigation or navigation and power plant is only incidental. Such plants can be built at a considerably
low cost but the head available and the amount of power generated are generally low. Their principal
aim is to use whatever flow is available for energy generation and thus save coal that would otherwise
be necessary for the steam plants/During the periods of high flows, these plants can supply a
substantial portion of base load. Tle generation capacity to be installed for such plants requires a
careful consideration. The 72 MW plant of Louisiville Gas and Elect. Company on Ohio river in

U.S.A. is an example of this type of plant.




[image: image29.png](2) Rin off river plant with pondage. Pondage refers to storage at the plant to take care of hour
to hour fluctuations in load on the station. Pondage increases the firm capacity of the station.
provided the floods do not raise the tail race water level thus reducing the effective water head and
plant output. Such plants can serve as base load or peak load plants depending on the stream flow.
When plenty of water is available, these plants can be used as base load plants. When stream flow
decreases, these plants can be made to work as peak load plants. Fig. 8.9 shows these two types of
operation of such plants. Thus these plants offer maximum conservation of coal when operated in
conjunction with steam plants. The 252 MW Cerowing Hydro Plant and Safe Harbour Plant in

U.S.A. are examples of this type of plant.
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Fig. 8.9. Hydro plant as base load and peak load plant
(3) Reservoir plants. Most of the hydro-electric plants, everywhere in the world, belong to
this category. When water is stored in a big reservoir behind a dam, it is possible to control the
flow of water and use it most effectively. Storage increases the firm capacity of the plant. The plant
can be used as a base load plant or as a peak load plant depending on the water stored in the.
reservoir, the rate of inflow and the system load. Grand Coulee plant in USA, Krasnoyarks Plant in
USSR and Bhakra Plant in India are notable examples of reservoir plants.
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According to load, hydro plants can be classified as base load plants, peak load plants and pumped
storage plant.

(1) Base load plants. They feed the base load of the system. Thus they supply almost constant
load throughout and operate on a high load factor. Base load plants are usually of large capacity.
Run off river plants without pondage and reservoir plants are used as base load plants. For a plant
to be used as base load plant, the unit cost of energy generated by the plant should be low.

(2) Peak load plants. They are meant to supply the peak load of the system. Run off river
plants with pondage can be used as peak load plants during lean flow periods. Reservoir plants can,
of coursé, be used as peak load plants also. Peak load plants have large seasonal storage. They
store water during off - peak periods and are run during peak load periods. They operate at a low
load factor. A special type of peak load plant is pumped storage plant.

(3) Pumped storage plant. It is a special type of plant meant to supply peak loads.
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(1) Low head plants. When water head is less than 30 m, the plant is called a low head plant. A
dam or barrage across the river creates the necessary head. The power plant is located near the dam
and, therefore, no surge tank is needed. Either one half of the barrage has repulating gates for
discharge of surplus water while the plant is in front of the second half or the plant is constructed
by the side of the river. Francis or Kaplan turbines are used. -

(2) Medium head plants. Medium head plants operate at heads between 30 and 100 metres.
An open channel brings water from main reservoir to the fore-bay from where penstocks carry
water to the turbines. Francis or Kaplan turbines are used.

(3) High head plants. The plants operating at heads above 100 m are generally classified as
high head plams.@'he civil works for these plants include dam, reservoir, tunnel, surge tank and
penstock) Generally Francis turbines are used for heads below 200 m and Pelton turbines for still
higher heads.




