
Chapter 3 

Basics of Nuclear Power Technologies 

3.1. Basics of Nuclear Power 

Nuclear thermal power is generated from two types of nuclear reactions called 

Nuclear Fission and Nuclear Fusion. 

3.1.1. Nuclear Fission 
~ 

Nuclear fission is a nuclear reaction in which the nucleus of an atom splits into 

smaller parts, often producing free neutrons and lighter nuclei, which may eventually 

produce photons (in the form of gamma rays). Fission of heavy elements is an 

exothermic reaction which can release large amounts of energy both as 

electromagnetic radiation and as kinetic energy of the fragments (heating the bulk 

material where fission takes place). At present nuclear fission is the reaction used to 

generate electricity in all the nuclear power plants. Examples of nuclear fission are as 

follows. 

2giU+~n ~ 2fission fragments+ 2.4neutons + 192.9MeV 

235U 1 144B s9K 3 1 E 92 +on~s6 a+36 r+ on+ nergy 

IMeV =1.6x10-13 J 

3.1.2. Nuclear Fusion 

Nuclear fusion is the process by which multiple like-charged atomic nuclei join 

together to form a heavier nucleus. It is accompanied by the release or absorption of 

energy. The fusion of two nuclei with lower mass than iron generally releases energy 

while the fusion of nuclei heavier than iron absorbs energy. At present this technology 

is not used for electricity generation but the eperiments are continuing to harness the 

nuclear fusion. An examples of nuclear fusion reaction is s follows. 

~D+~T~;He+~n+ 17.6MeV 

Where D and T stand for deuterium and tritium. (I.e. isotopes of H) 

I 
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3.1.3. Chain Reaction 

Elemental isotopes which undergo induced fission when struck by a free neutron are 

called fissionable; isotopes that undergo fission when struck by a thermal, slow 

moving neutron are also called fissile. (Ex. U-238 is fissionable but not fissile. In U-

238, fission can take place only nutrons having energy greater than lMeV. But U-235 

is a fissile material.) 

The nutrons produced by the fission reaction can combine with other fissile fuel and 

can produce nore nutrons. If enough fissil fuel is present ir( the medium continuation 

of this process take place, occuring a sustanable chain reaction. 

3.2. Basic Components of a Conventional Nuclear Power Plant 

Figure 3.1 shows some of the basic components of a conventional nuclear power plant 

(NPP). 

Figure 3.1- Components of a NPP 

3.2.1. Nuclear Reactor 

The nuclear reactor is a device in which nuclear chain reactions are initiated, 

controlled, and sustained at a steady rate. Generated energy within the reactor is taken 

off by a circulating coolant. 
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Nuclear fuel and the moderator are contained inside the reactor. Moderator is a 

substance which slows down the fast neutrons produced in the fuel to thermal slow 

moving neutrons. The moderator material may be light water, heavy water, graphite 

or liquid metal. 

Effective neutron multiplication factor of the reactor core is defined as below. 

K = Nutron production from fission in one generation 

(
Nutron absorption in the l (Nutron leakage in the J ~ 
preceeding generation + preceeding generation 

When the chain reaction is self sustaining and the neutron population is neither 

increasing nor decreasing is referred to as the critical condition and can be expressed 

by the simple equation K = 1. 

If the neutron production is greater than the absorption and leakage, the reactor 

is called supercritical and is represented by K> 1. 

If the neutron production is less than the absorption and leakage, the reactor is called 

subcritical and is represented by K <1. 

3.2.2. Reactor Coolant System 

The heat generated by the reactor core is removed by circulating coolant. The coolant 

may be the light water, heavy water, gas, liquid metal or the liquid salts. 

3.2.3. Steam Generator 

The coolant flowing through the steam generator, transfer thermal energy producing 

water steam inside the steam generator. 

3.2.4. Steam Turbine and Electric Generator 

Steam produced in the steam generator drives the steam turbine and electric generator 

coupled with turbine to produce electricity. 
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3.2.5. Reactor Control System and Safety Shutdown System 

Nuclear reaction inside the reactor core should be controlled so as to achieve 

sustainable controlled chain reaction. This is done by inserting control rods in to the 

reactor core. These control rods consist of neutron absorbing material which controls 

the neutron density inside the core. 

Safety shutdown system may be control rods which absorb neutrons or a liquid 

injected to the reactor core which again absorb the neutron. 
~ 

3.2.6. Containment Building 

The containment building, in its most common usage, is a steel or reinforced concrete 

structure enclosing a nuclear reactor. It is designed, in any emergency, to contain the 

escape of radiation to a maximum pressure. The containment is the fmal barrier to 

radioactive release, the first being the fuel ceramic itself, the second being the metal 

fuel cladding tubes, the third being the reactor vessel and coolant system. 

3.2.7. Spent Fuel Storage 

The storage which situated in the premises of nuclear power plant (NPP), temporarily 

store the spent fuels. Usually the volume of the spent fuel is smaller and this storage is 

sufficient for a long period of time. Disposal of spent fuel will be discussed in more 

details in relevant chapters. 
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