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POWER PLANT ENGINEERING (REE-401) 

UNIT-III 
 

Unit-III: Nuclear power plants-selection of site, nuclear reaction-fission process and chain reaction, constituents of power plant 

and layout, nuclear reactor-working, classification, control, shielding and waste disposal. 

3.1.1 NUCLEAR ENERGY: According to Einstein mass and 

energy are interchangeable and the relation between them is 

given by:   e = Δmc2.  

Where: e = energy (J); Δm= mass defect and c= speed of light. 
This is the most fundamental equation of science of nuclear 

physics and the study of nuclear energy is based on this 

relation. 

 

3.1.2 NUCLEAR FUSION: It is the process of combining of 

two or more lighter nuclei into a heavier nucleus. In this 

process a huge amount of energy is released due to mass 

defect (Δm).  

Nuclear fusion is the main source of energy of Sun. This 

process takes place at a extreme high temperature this is the 

reason why it is called thermonuclear reaction.  
 

3.1.3 NUCLEAR FISSION: The process of the splitting of a 

heavy nucleus into two or more unequal light nucleus is called 

nuclear fission. It occurs when a neutron collides with a 

nucleus of a heavy atom, causing the splitting of it into few 

light nucleuses.    

  The figure given below is the representation of the fission 

of U235. The energy released as a result of fission is the basis 

of nuclear power generation.  The complete process is 

radioactive where emission of neutrons, beta and alpha 

particles and gamma rays takes place. These emitted neutrons 

are responsible for chain reaction.    
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FIG.3.1 NUCLEAR FISSION  
 

Fission 

1. Splitting of heavy nucleus 

into some light nucleuses is 

called fission. 

2. In fission, radioactive 

emission is high. 

3. Because of higher 

radioactive emission, health 

hazard is high. 

4. Reaction is occurred at 
normal temperature. 

Fusion 

1. Some light elements are 

fused to form a heavy 

nucleus. 

2. There is much less amount 

of radioactive elements. 

3. Less health hazard (due to 

low emission of radioactive 

elements). 

4. Very high temperature is 
required to start the reaction. 

 

3.1.4 CHAIN REACTION: In a nuclear fission reaction of 

U235, three neutrons are librated. These neutrons react with 

three new atoms of uranium and this process continues and a 

chain of reaction is start. In each fission process, large amount 

of energy is generated so this continuous process generates a 

huge energy (in case of atom bomb). This is called chain 
reaction.  
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FIG.3.2 CHAIN REACTION 

 
In nuclear reactors controlled nuclear fission reaction is 

used. In which, two of the three neutrons are stopped or 

absorbed and only one neutron is allowed to move further for 

fission.  

 

3.2 GENERAL LAYOUT OF NUCLEAR POWER 

PLANT: 

3.2.1 NUCLEAR REACTOR: Reactor is the part of nuclear 

power plant where nuclear reaction (controlled chain reaction) 

takes place and the energy is released which will further 

utilize to generate electrical power. The nuclear reactor mainly 

consists of fuel, core, moderator, control rods, reflectors and 
coolant.  

(1) FUEL:  

 Generally used fuels are: .,, 233
92

239
94

235
92

UPuU  

 U235
92 is naturally available up to 0.7% in the Uranium ore 

and the remaining is .238
92

U  

(2) REACTOR CORE: This contains a number of fuel rods 

made of fissile material. 

(3) MODERATOR:  

 Used to reduce the speed of high speed neutrons to control 

their operation. 

 Generally used moderators are: Heavy water/Graphite/ 

Beryllium (with natural uranium), Ordinary water (used 
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only with enriched uranium). 

(4) SHIELDING: Used to provide protection against deadly 
radioactive radiation. 

(5) CONTROL RODS: Used to control the operation of 

nuclear reaction and can stop the operation under critical 

conditions. For this purpose Cadmium, Boron or Hafnium 

are used because they are very good absorber of neutrons. 

(6) COOLANT: A coolant transfers heat produced inside the 

reactor to a heat exchanger for further utilization in power 

generation. Generally used coolants are: Gas (Carbon 

Dioxide/Air/Hydrogen/Helium), Water, Heavy water, 

liquid metals (Sodium or Sodium-potassium) etc. 

(7) COOLING SYSTEM: 
Direct: The liquid fuel circulated from the reactor to heat 

exchanger where steam is generated. 

Indirect: Coolant passed through the reactor and then through 

the heat exchanger for steam generation. 

 

3.2.2 CLASSIFICATION OF REACTORS: 

(1) BOILING WATER REACTOR: 

 In this reactor fuel used is enriched uranium and has a steel 

pressure vessel surrounded by concrete shield. 

 Water is used as both moderator and coolant and steam is 

generated in the reactor itself. 
 Feed water enters in the reactor tank at the bottom and gets 

converted into steam which after passing through the turbine 

and condenser, returns to the reactor. 

 Fuel elements are arranged in a particular lattice from inside 

the pressure vessel containing water. 

 The reactors at Tarapur Atomic Power Station are of this 

type. 

Advantages: 

 These reactors having high thermal efficiency and low cost 

due to the absence of heat exchanger circuit. 

 More efficient. 

 These reactors are more stable. Commonly known as a self-
controlled reactor. 

 The metal surface temperature is lower. 
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FIG.3.3 BOILING WATER REACTOR 
 

Disadvantages: 

 If any failure occurs, there is a possibility of passing of 

radioactive material through turbine mechanism. 

 No one should go within 3 meters of the turbine when it is 

operating. 

 They cannot meet a sudden increase in load. 

 

 (2) PRESSURIZED WATER REACTOR: 

 The fuel used is enriched uranium clad with stainless steel 

or zirconium alloy. 

 Pressurized water is used as both moderator and coolant. 

 Water at high pressure (140kg/cm2 and 1900C) passed into 

reactor through a pump. This water rounds the core and 

absorbs heat from uranium and transfers it to the secondary 

loop-the boiler and discharged from reactor at 2700C. 

 The boiler has a heat exchanger and a steam drum. 

 To maintain the pressure in the water system throughout the 
load range, a pressurizer and surge tank are used. 

 To condense the steam when pressure is desired to be 

reduced, water spray is used. 

 The pressure vessel is of steel and both pressure vessel and 

heat exchanger are surrounded by a concrete shield. 

 The reactors at Rajasthan Atomic Power Station, Madras 

Atomic Power Station and Narora Atomic Power Project 

are of pressurized heavy water reactors. 

Advantages: 
 Compact in size as compare to others. 

 Has high power density. 
 Cheap substance (light water) can be used as moderator or 

coolant or reflector. 

 The reactor responds to supply more power when the load 

increases. 

Disadvantages: 

 A strong vessel is required to withstand its high pressure. 

 Expensive cladding material is required to prevent 

corrosion. 

 High heat loss due to heat exchanger. 

 More safety devices required. 

 Low thermal efficiency as 20%. 

 

(3) GAS COOLED REACTOR: 

 A gas cooled reactor employs a gas (usually CO2) as coolant 

instead of water. 

 Uranium dioxide is used as fuel. 

  The pressure vessel is made of pre-stressed concrete and it 

contains both the reactor core and heat exchanger. 

 Graphite is used as moderator. 

 The steam pressure is around 150 atmospheres and 

temperature around 5500C. 

 The rate of flow of CO2 can be controlled to maintain the 

gas, fuel elements and core temperature constant as load 
varies. 

 Its overall efficiency is about 40%. 

 There are two basic classifications of gas cooled reactors: 

(1) Gas cooled graphite moderated (GCGM) reactor; 

(2) High temperature gas cooled (HTGC) reactor. 

 The coolant pressure and temperature in GCGM is about 

7bars & 3360C respectively and in HTGC these are about 

15-20 bars and 700-8000C. 

Advantages:  
 Simple fuel processing. 

 No corrosion problem. 

 Less chances of radiation. 

Disadvantages: 

 More power required for circulation of coolant. 

 Large vessel is required due to low power density. 
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 Costly fuel loading.  
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FIG.3.4 PRESSURIZED WATER REACTOR 
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FIG.3.5 GAS COOLED REACTOR
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(4) LIQUID METAL COOLED REACTOR: 

 In this reactor, liquid metal is used as coolant which 

provides an excellent heat transfer properties permit high 

operating temperatures and ratings. 

 Designing of pressure vessel is simple due to low vapour 

pressure of liquid metals. 
 The reactor core with graphite moderator has the liquid 

metal fuel passing through it and through a heat exchanger. 

 The core is surrounded by a blanket of fertile material 

through which a separator coolant passes to a separate heat 

exchanger. 

  It is necessary to have two heat exchanger circuits because 

of handling of activated sodium in reactor core. 

 The primary heat exchanger is sodium-sodium heat 

exchanger while the secondary is a sodium-water heat 

exchanger in which, sodium gives up heat to water which 

gets converted into steam and is fed to the steam turbine. 

 

 
 

(5) HEAVY WATER COOLED AND MODRATED 

(CANDU Type) REACTOR: 

 The word CANDU stands for CANadian Deuterium 

Uranium. As the name suggested this type of reactor was 

first developed and designed in Canada. 

 These types of reactors are used in countries which don’t 

produces enriched uranium. 

 These reactor uses natural uranium (0.7% U235) as fuel and 

heavy water as moderator. 

 The coolant heavy water is passed through the pressurized 

fuel tubes and heat exchanger. 

 Heavy water is circulated in primary circuit in the same way 

as with a pressurized water reactor and the steam is raised in 

the secondary circuit transferring the heat in the heat 

exchanger. 
 The control of the reactor is achieved by varying moderator 

levels and therefore control rods are not required. 

 For sudden purposes the moderator can be dumped through 

a very large area into a tank provided below the reactor. 

Advantages: 

 The fuel need not be enriched. 

 No control rods are required, therefore much easier control 

than others. 

 The moderator can be kept at low temperature which 

increases its effectiveness in slowing down neutrons.    
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Disadvantages: 
 Extremely high cost of heavy water. 

 Very high standard of design, manufacture inception and 
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maintenance are required. 

 Low power density as compare to PWR and BWR, therefore 
reactor size is extremely large. 

 

(6) FAST BREEDER REACTOR: 

 A fast breeder reactor is a small vessel in which the 

necessary quantity of enriched uranium or plutonium is kept 

without moderator. 
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FIG.3.8 FAST FEEDER REACTOR
 

 This vessel surrounded by a fairly thick blanket of depleted 

fertile uranium. 

 A fast breeder reactor produces heat and at the same time 

converts fertile material into fissile material. 

 The reactor is cooled by liquid metal. 

 In fast breeder reactors neutron shielding is provided by the 

use of boron, light water, oil or graphite. 

 Additional shielding is provided for gamma-rays, by lead, 

concrete with added magnetite or boron. 

Advantages: 

 The moderator is not required. 

 High breeding is possible. 

 Small core is sufficient. 

 Absorption of neutron is low. 

Disadvantages: 

 Requires highly enriched fuel. 

 It is necessary to provide sufficient protection against 

meltdown. 

 Neutron flux is high at the centre of the core. 

 The specific power of the neutron is low. 

 

3.3 NUCLEAR POWER PLANT:  

 The main components of nuclear power plant are: 

i. Nuclear Reactor; 

ii. Heat Exchanger; 

iii. Steam Turbine; 

iv. Condenser; 

v. Electric Generator. 

 In a nuclear power plant, the reactor produces heat by 

nuclear fission reaction. The heat is liberated in the reactor as 

a result of nuclear fission of the fuel is taken up by the coolant 

circulating through the reactor core. Hot coolant leaves the 
reactor at the top and then flows through the tubes of the 

steam generator and pass on it next to the feed water. The 

steam so produced expands in the steam turbine producing 

work and therefore is condensed in the condenser. Then steam 

turbine runs an electrical generator which generates electrical 

energy. 
 

3.4 SITE SELECTION: 

a) AVAILABILITY OF COOLING WATER: The plant 

required huge quantity of water; therefore it must be located 

near a river, lake or sea so the ample quantity of water will 

be available. 

b) TRANSPORT FACILITY: There should be good 

transport facilities as heavy equipments are to be transported 

to the site. 

c) DISTANCE FROM THE LOAD CENTRE: It should be 

located near the load centre. This will reduce the power loss 
as well as cost of long transmission line. 

d)  SAFETY: The power plant should be located at a 

reasonable distance from the populated area to avoid the 

radiation hazards. 

e) RADIATION WASTE DISPOSAL FACILITY: It is a 

well known fact that waste of nuclear power plant is highly 

radioactive and therefore sufficient should be available near 

the plant for short time storage as well as for long time 

burial of the radioactive waste. 

 

3.5 REACTOR CONTROL: The heat output of reactor must 
be in-control for proper operation of power plant because if it I 

not done properly, the controlled reaction will become a 

divergent chain reaction resulting into atomic bomb. This is 

achieved by: 

(a) Control Rods:  Control rods are generally made of boron, 

hafnium and cadmium, which having tendency to absorb 

neutrons. These elements are generally alloyed with steel and 

moved in and out of channels in the core. In any 

abnormal/unsafe condition, these are inserted in the reactor to 

stop the nuclear reaction. When rods are fully inserted, the 

neutrons absorption will be maximum. Generally the control 

rods are divided into three categories- shut off rods, coarse and 
fine regulation rods. 

 The shut off rods are normally kept out and are used for 

reducing the reactivity in the case of emergency. 

 The regulation rods are for starting and continuous control. 

The coarse control rods are for taking the reactor to the 

required power level after it has been started and for effecting 

large changes. The fine rods are for maintaining the reactor 

critical when running under normal conditions. They can 

adjust reactivity to a fine degree of accuracy. 

(b) Control Through Flow Of Coolant: Reactor coolant is 

used for continuously removing heat developed in the reactor 
core for generating steam in the heat exchanger. At constant 

temperature the power output is proportional to the rate of 

flow of coolant. Coolant temperature recorders and coolant 

flow indicators and operation switches are necessary for this 

purpose. 

 

3.6 SHIELDING: Shielding is a very important part of a 

nuclear power plant to protect personnel and also the delicate 

instruments. The various materials used for shielding are: 

(a) Lead: It is generally used material. It provides good 

shielding at a low cost. Its density is about 11.3 gram/cm3. 

(b) Concrete: It is less efficient than lead. 
(c) Steel: Its structural properties are good but it is not an 

efficient material for shielding, sometimes used as attenuating 

shield. 
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(d) Cadmium: Cadmium has a property to absorb slow 

neutrons by nuclear reaction.  Its density is 8.65 gram/cm2.   
 For shielding, use of only one material is not sufficient. To 

slow down the fast neutrons, heavy water is used while boron 

or steel is used to absorb thermal neutrons. Lead is used to act 

as a thermal shield and to absorb gamma radiation. 

  

3.7 WASTE DISPOSAL: The waste from nuclear power 

plant contains radioactive radiation, so its disposal needs 

special attention. The gaseous and liquid effluents are filtered 

before discharging into atmosphere. In gaseous waste, 

radioactive iodine is the major hazard. So it is necessary to 

have a cleanup plant through which these products can be 
passed to remove it. In most of the plants the liquid waste are 

discharged after filtration. Sometimes ion-exchange process is 

used to remove radioactivity from the liquid effluents.  

 The solid wastes have to store in shielded concrete vaults. 

The highly radioactive elements are stored under water or air 

cooled shield area about 100 days so that radioactivity may 

decay to a sufficient low level. After that, these materials are 
disposed to underground places (generally in vacated coal 

mines).  

 

3.8 NUCLEAR POWER PLANTS IN INDIA: As per 

NPCIL, the list of Nuclear power plants in India is as given 

below: 

1. Tarapur Atomic Power Station (TAPS), Maharashtra; 

2. Rajasthan Atomic Power Station (RAPS), Rajasthan; 

3. Madras Atomic Power Station (MAPS), Tamilnadu; 

4. Narora Atomic Power Station (NAPS), Uttarpradesh; 

5. Kakrapar Atomic Power Station (KAPS), Gujrat; 
6. Kaiga Generating Station (KGS), Karnataka; 

7. Kundankulam Nuclear Power Station (KKNPS), Tamilnadu. 

 

 


