
    NUCLEAR POWER PLANT  
NUCLEAR MATERIAL :- 

 

FISSILE MATERIAL 

In nuclear engineering, fissile material is material capable of sustaining a nuclear 

fission chain reaction. By definition, fissile material can sustain a chain reaction 

with neutrons of thermal energy. The predominant neutron energy may be typified by 

either slow neutrons (i.e., a thermal system) or fast neutrons. Fissile material can be 

used to fuel thermal-neutron reactors, fast-neutron reactors and nuclear explosives. 

 

 

FERTILE MATERIAL 

In nuclear engineering, fertile material (nuclide) is material that can be converted to 

fissile material by neutron transmutation and subsequent nuclear decay. The process of the 

transmutation of fertile materials to fissile materials is referred to as fuel breeding. 

 

NUCLEAR FISSION 

Nuclear fission is the process in which a large nucleus splits into two smaller nuclei with the 

release of energy. In other words, fission the process in which a nucleus is divided into two 

or more fragments, and neutrons and energy are released. 

 

NUCLEAR FUSION 

Nuclear fusion is when two small, light nuclei join together to make one heavy 

nucleus. Fusion reactions occur in stars where two hydrogen nuclei fuse together under 

high temperatures and pressure to form a nucleus of a helium isotope . 

 

                        

https://en.wikipedia.org/wiki/Nuclear_engineering
https://en.wikipedia.org/wiki/Nuclear_fission
https://en.wikipedia.org/wiki/Nuclear_fission
https://en.wikipedia.org/wiki/Nuclear_chain_reaction#Fission_chain_reaction
https://en.wikipedia.org/wiki/Neutron
https://en.wikipedia.org/wiki/Slow_neutron
https://en.wikipedia.org/wiki/Fast_neutron
https://en.wikipedia.org/wiki/Thermal-neutron_reactor
https://en.wikipedia.org/wiki/Fast-neutron_reactor
https://en.wikipedia.org/wiki/Nuclear_explosive


 

NUCLEAR REACTOR 

 

 

 

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. 

 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hafnium or boron, and are inserted or withdrawn from the core to control the rate of 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 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.) PWR control rods are inserted from the 
top, BWR cruciform blades from the bottom of the core. 

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. (See also 
later section on primary coolant characteristics.)  

 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 pressurised 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. 

https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/supply-of-uranium.aspx


 

Pressurized water reactors 

 

 

More than 65% of the commercial reactors in the United States 

are pressurized-water reactors or PWRs. These reactors pump 

water into the reactor core under high pressure to prevent the 

water from boiling. 

 

The water in the core is heated by nuclear fission and then 

pumped into tubes inside a heat exchanger. Those tubes heat a 

separate water source to create steam. The steam then turns an 

electric generator to produce electricity. 

 

The core water cycles back to the reactor to be reheated and the 

process is repeated. 

 

 

 

https://www.eia.gov/energyexplained/index.cfm?page=nuclear_power_plants#tab2


Boiling water reactors 

 

 

 

 

Roughly a third of the reactors operating in the United States are 

boiling water reactors (BWRs). 

BWRs heat water and produce steam directly inside the reactor 

vessel. Water is pumped up through the reactor core and heated 

by fission. Pipes then feed the steam directly to a turbine to 

produce electricity. 

The unused steam is then condensed back to water and reused in 

the heating process.  

 

 

 

 

 



 

Differentiate between Thermal and Nuclear power plant 

 

Nuclear power plant Thermal power station 

It is built Where there is enough 
supply of water, away from thickly 
populated areas to avoid 
radioactive pollution. 

Power plant located at a place where ample 
supply of water and coal is available, 
transportations facilities are adequate. 

Space requirement is less 
Needs sufficient space for all equipment storage 
of fuel & storage of ash. 

Less used due to unavailability of 
nuclear fuel. More used due to the availability of coal. 

More hazardous to human health. Less hazardous to human health 

 
  

DISPOSAL OF NUCLEAR WASTE 

Near-surface disposal 

The term near-surface disposal replaces the terms 'shallow land' and 'ground 
disposal', but these older terms are still sometimes used when referring to this 
option. 

These facilities will be affected by long-term climate changes (such as glaciation) 
and this effect must be taken into account when considering safety, as such changes 
could disrupt these facilities. This type of facility is therefore typically used for LLW 
and short-lived ILW with half-lives of up to 30 years. 

Deep geological disposal 

The long timescales over which some waste remains radioactive has led to the idea 
of deep disposal in underground repositories in stable geological formations. 
Isolation is provided by a combination of engineered and natural barriers (rock, salt, 
clay) and no obligation to actively maintain the facility is passed on to future 
generations. This is often termed a 'multi-barrier' concept, with the waste packaging, 
the engineered repository, and the geology all providing barriers to prevent the 
radionuclides from reaching humans and the environment. In addition, deep 
groundwater is generally devoid of oxygen, minimising the possibility of chemical 
mobilisation of waste. 

http://www.polytechnichub.com/advantages-disadvantages-nuclear-power-station/


 

Mined repositories 

The most widely proposed deep geological disposal concept is for a mined 
repository comprising tunnels or caverns into which packaged waste would be 
placed. In some cases (e.g. wet rock) the waste containers are then surrounded by a 
material such as cement or clay to provide another barrier (called buffer and/or 
backfill). The choice of waste container materials and design, as well as the 
buffer/backfill material varies depending on the type of waste to be contained and the 
nature of the host rock-type available. 

The deposits of native (pure) copper in the world have proven that the copper used 
in the final disposal container can remain unchanged inside the bedrock for 
extremely long periods, if the geochemical conditions are appropriate (low levels of 
groundwater flow). The findings of ancient copper tools, many thousands of years 
old, also demonstrate the long-term corrosion resistance of copper, making it a 
credible container material for long-term radioactive waste storage. 

Deep boreholes 

The concept consists of drilling a borehole into basement rock to a depth of up to 
about 5000 metres, emplacing waste canisters containing used nuclear fuel or 
vitrified radioactive waste from reprocessing in the lower 2000 metres of the 
borehole, and sealing the upper 3000 metres of the borehole with materials such as 
bentonite, asphalt or concrete. The disposal zone of a single borehole could thus 
contain 400 steel canisters each 5 metres long and one-third to half a metre in 
diameter. The waste containers would be separated from each other by a layer of 
bentonite or cement. 

. 

Storage ponds 

Storage ponds at reactors, and those at centralised facilities such as CLAB in 
Sweden, are 7-12 metres deep to allow the racked fuel assemblies to be covered by 
several metres of water. The fuel assemblies are typically about 4 m long and 
standing on end. The multiple racks are made of metal with neutron absorbers 
incorporated in it. The circulating water both shields and cools the fuel. These pools 
are robust constructions made of thick reinforced concrete with steel liners. Ponds at 
reactors may be designed to hold all the used fuel for the life of the reactor, but 
usually the design assumes some removal of cooled fuel for reprocessing or to dry 
storage. 
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