
 

 

 

LAYOUT AND SUBSYSTEMS OF NUCLEAR POWER PLANTS 

 

A nuclear reactor is basically a furnace where the fashioning of atoms can 

be controlled and the heat put to useful work. In a nuclear fission reactor, the 

conditions are such that fission energy is released at a controlled rate. 

The fission energy is converted into heat in the reactor, and this heat is 

utilized to raise steam directly or indirectly. The steam then drives a turbine-

generator to produce electricity in the conventional manner. 

Figure shows the main components of a reactor. The location of fuel, 

moderator, control rods and coolant in a typical power reactor are shown. These 

components are enclosed in a pressure vessel. The coolant heated in passing by the 

fuel elements, flows through a heat exchanger where it turns water in a secondary 

circuit, into steam. The steam is then used to drive a turbine generator. 
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Basic components of a nuclear power reactor 

Nuclear reactors may be used in addition to power generation for several 

purposes such as to produce heat for the thermoelectric power, process work or 

space heating to produce fissionable materials, radio isotopes, neutron etc.; to 

proper ships, submarines, aircrafts etc.; and for research testing and irradiation 

work. 

 

A nuclear reactor consists of the following basic parts: 
 

1. The core which is the part containing the fuel elements. 

2. The neutron moderator which aids the fission process by slowing down the 

neutrons. 

3. The reflector which scatters back neutrons escaping from the core. 

4. Controller’s means for controlling the rate of fission and consequently the 

power level of the reactor. 

5. The coolant or the cooling system which removes the heat generated in the core. 

6. The radiation shield which protects the operating personnel from radiations 

emitted during fission. Description of each of these components is given in 

the following paragraphs. 

 
1.  Core: fuel all reactors have a central core in which fissions occur and most 

of the  fission energy appears as heat. The core contains the nuclear fuel 

consisting of a fissile species (i.e. uranium
233

, uranium
235

 or plutonium
239

) 

and usually a fertile material (i.e. thorium
232

 or uranium
238

). 

 
In some thermal reactors, the fuel is natural uranium with roughly 

0.7 weight percent of uranium 
235

 and 99.3 percent of uranium
238

. Most 

commercial power reactors a uranium fuel enriched to about 2.5 to 3 percent 
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in uranium
235

. 

 
For a fast reactor a more highly enriched fuel is required. A typical 

fast reactor fuel might contain 15 to 20 percent of uranium
235

 or 

plutonium
239

; the remainder is uranium
238

 to serve as fertile material. 

 
The fuel elements are made of plates or rods of uranium metal or 

ceramic. The plates or rods are usually clad in a thin sheath of stainless steel, 

zirconium, or aluminum to provide corrosion resistance, retention of 

radioactivity and, in some cases, structural support. Space is provided 

between the individual fuel plates to allow for passage of the coolant. 

2. Core-moderator 

The moderator, commonly water or graphite, is dispersed between 

the fuel assemblies. It serves to slow down or moderate, the fast neutrons 

produced in fission. These lower velocities provide a better opportunity for 

the neutrons to cause further fission. 

Fission neutrons escaping from the fuel rods at high velocity are 

slowed down as a result of collisions with moderator nuclei. The slow 

(approximately thermal) neutrons may then be absorbed generally in other 

fuel rods, and these cause fissions. 

In this way, slow neutrons can maintain the fission chain. The actual 

energy (or speed) distribution of the neutrons causing most of the fissions is 

determined by the nature and proportions of the fuel and moderator, as well 

as by the temperature. 

The best moderators are materials consisting of elements of low 

mass number, preferably with little or no tendency to capture neutrons. 

Ordinary water (H2O) for example, is a common moderator; two of its three 

atoms are hydrogen with a mass number of unity. 

 
The great majority of power reactors are of these types known as 

light-water reactors because these use ordinary (or light) water as the 

moderator. 

In some power reactors, the moderator is deuterium oxide (D2O), 

also heavy water; this is a form of water containing deuterium, the heavier, 

naturally occurring isotope of hydrogen with a mass number of two. 

 
Such reactors are heavy water reactors. The only other moderator 

material used  to any significant extent is graphite which is essentially pure 

carbon, with a mass number of 12. 

3. Control Rods 

The control rods are made of a neutron absorbing material and upon 

movement in or out of the core, vary the number of neutrons available to 

maintain the chain reaction. The rate of fashioning may thereby be 
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controlled. The materials employed are those with high absorption cross 

sections, such as boron, cadmium, hafnium, silver and indium. The materials 

are formed into solid rods which may be withdrawn or inserted in the reactor 

core at selected points to raise or lower the effective multiplication factor. 

 
For normal operation the multiplication constant must be maintained 

at unity. This will ensure the neutron flux is held at constant value. The 

control rods are moved in and out of channels in the core by control rod 

devices. 

 
The diagram of a heterogeneous reactor in which reactivity is 

controlled by the movement of neutron absorbed rod is shown in Fig 3.3. To 

ensure even distribution of neutron flux it is necessary to employ large 

number of rods—the number generally exceeding hundred. 

When rods are fully inserted, the neutron absorption will be 

maximum, K will be much less than 1 and reactor shut down. Generally the 

control rods 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 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. 

 
However the reactivity should not be changed at a dangerous rate. 

The fine control rods are for maintaining the reactor critical when running 

under normal conditions. They can adjust reactivity to a fine degree of 

accuracy.Control rods drives are hydraulic or electric motor driven; rack and 

pinion and screw drives are common. 

4. Reflector 

The main purpose of the reflector which surrounds the core is to 

decrease the loss of neutrons. It is another method of lowering the neutron 

leakage and improving the neutron economy by providing a reflector around 

the reactor core. Neutrons escaping from the core enter the reflector where 

many collide with reflector nuclei and are turned back into the core. The 

critical mass of fuel is then less, than it would be without a reflector; 

consequently the size and cost of the reflector are reduced. 

A reflector material is one with a high neutron scattering cross 

section, a low absorption cross section, and a good slowing down ration, for 

the speed of escaping neutrons is likely to be slightly higher than thermal 

speed. In fact most of the materials that make good moderators such as 

graphite, light water and beryllium, also make good reflector materials. 

In a fast reactor the reflector must be a material of high mass number 

to avoid slowing down the neutrons. The core is then surrounded by a layer 
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(or blanket)  consisting of uranium2
38

, either as natural uranium or uranium 

that has been depleted in Uranium
235

 (Depleted Uranium is the residual 

material from the Uranium
235

 enrichment operation). 

The uranium blanket acts as a reflector in returning some of the 

neutrons escaping from the core. However, an important purpose of the 

blanket is to serve as a fertile material; capture of neutrons by Uranium
238

 

followed by two stages of beta particle emission, results in the formation of 

fissile Pu
239

. In some fast reactors designs a stainless neutron reflector 

surrounds the fertile blanket. 

5. Coolant 

The heat generated in the fuel by fissions is removed by circulation 

of a coolant through the reactor core. The coolant transfers heat out of the 

reactor core is circulated either directly or indirectly as the thermodynamic 

medium for conversion of the heat energy to electrical energy.  

As a direct cycle, the coolant, either steam or hot gas, drives a steam 

turbine or a gas turbine, respectively. This is a single cycle system, used in 

boiling water reactors (BWRs). A dual cycle can be installed in most of the 

gaseous or pressurized water reactors (PWRs). 

 
In PWR, the pressure in the reactor vessel, which contains the core 

and coolant, is so high that the water does not boil. After passing through the 

core to remove fission heat, the high pressures water is pumped through the 

tubes in a heat exchanger and returned to the reactor vessels. 

 
Heat is transferred from the reactor water to feed water at a lower 

pressure surrounding the steam generator tubes; because of lower pressure, 

the feed water boils and produces steam to drive the turbines. The exhaust 

steam from the turbines is condensed and returned as feed water to the steam 

generator. 

 
A triple cycle has been postulated for liquid-metal coolant reactors in 

which an intermediate coolant is used between the primary (sodium) coolant 

and the final steam to prevent possible contact of the hot sodium and water. 

The primary coolant is circulated through annular spaces in the fuel 

elements themselves or in channels formed by adjacent fuel elements in the 

core. 

 
Water cannot be used as coolant in fast reactors because of its 

moderating effect on neutron energy. Consequently, most current fast 

reactor designs are based on molten sodium as the coolant. 

6. Radiation shielding or biological shielding 

Shielding is necessary in order to protect the walls of the reactor 

vessel from radiation damage, and also to protect operating personnel from 
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exposure to radiation.  The first known as the internal or thermal shield is 

provided through steel lining, while the other called external or biological 

shield; is generally made of thick concrete (about1.8 to 2.4m) surrounding 

the reactor installation. 

The components of a nuclear emission alpha and beta particles, 

neutrons and gamma rays vary in their energy and/or intensity and their 

ability to travel and penetrate material of these—only the fast neutrons and 

gamma rays present some serious difficulty in designing the reactor 

shielding, since alpha and beta particles can be stopped by a fraction of an 

cm. of solid substance, while thermal neutrons can be automatically guarded 

against with a shield thick enough to provide protection against fast neutrons 

and gamma rays, alpha particles cannot penetrate the skin. 

However it is necessary to prevent spreading of alpha particles to 

environment to eliminate contamination. A sheet of paper is a sufficient 

shield against alpha particles. A beta particle is an electron emitted from a 

radioactive nucleus. 

This particle can travel several meters in air but is unable to 

penetrate thick materials being easily stopped by a thin sheet of 

aluminum/lead/brick. Over exposure to beta particle can cause skin burns 

and repeated over exposure may result in malignant growths. 

 


