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1  Explain sodium - graphite nuclear reactor, with a neat sketch. 
 

[10] 
 

CO3 

 

L2 

2 Differentiate between Boiling water reactor and pressurized water reactor.    [10] CO3 L2 

3 Discuss about nuclear fuel used in reactors. What are all the main sources of 
nuclear waste in nuclear power plant? 

   [10] CO3 
L2 

4 Draw a near diagram of breeder reactor and list out its advantages and 
disadvantages. 

   [10] CO3 
L2 

5 Explain the principle of release of nuclear energy by fusion and fission reactions.    [10] CO3 L2 
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Differences between PWR and BWR 

Pressurized Water Reactor (PWR) Boiling Water Reactor (BWR) 

Pressurized Water Reactor (PWR) power plants consist of two loops—(i) primary 

loop or coolant loop that takes away heat from reactor, and (ii) secondary loop or 

working fluid loop that drives the turbine. A heat exchanger (HE) is employed to 

transfer heat from primary loop to the secondary loop. 

Boiling Water Reactor (BWR) power plants consist of a 

single loop where the coolant that takes away heat from the 

reactor is directly fed to the turbine. Thus no heat exchanger 

is desired. 

In the primary loop, normal water (H2O) acts as coolant-cum-moderator. In the 

secondary loop, the normal water acts as working fluid. However, water from one 

loop is not allowed to mix with the water of other loop. 

Since it has only one loop, so normal water (H2O) serves all 

three purposes – cooling, moderation, and working fluid. 

Normal water in the primary loop, that acts as moderator-cum-coolant, is not allowed 

to boil. That means the water remains in liquid phase throughout the cycle of primary 

loop. However, the water in the secondary loop is allowed to boil. 

Here the normal water (H2O) is allowed to change its phase. 

Thus the water (liquid phase) is first converted into steam 

(gaseous phase) within the reactor, and then the steam is again 

condensed to water before pumping back to reactor. 

Here steam is generated in a heat exchanger outside the nuclear reactor. Here steam is generated within the reactor itself. 

Here the water in the primary loop is maintained at high pressure (15 – 17 MPa) to 

avoid boiling at reactor exit. 

Here water pressure remains comparatively low (7 – 8 MPa) 

as it is allowed to boil. 

A pressurizer is required to use mandatorily to maintain water pressure in such a way 

that it does not evaporate even at very high temperature. 

No such pressurizer is employed as evaporation of the water 

is desired. 

The temperature of the water at the reactor exit is kept around 310°C (corresponding 

to the working pressure to avoid boiling). 

Steam temperature at reactor exit remains comparatively low 

(around 285°C). 

PWR has comparatively low thermal efficiency owing to two different loops. BWR offers higher thermal efficiency. 

In PWR, the control rods are inserted from the top of the nuclear reactor. In BWR, the control rods are inserted from the bottom of the 

nuclear reactor. 

Since the fluid is maintained at high pressure, so the PWR core volume is less. For the same power generation, core volume of the BWR is 

comparatively larger. 

Since the working fluid loop is separated from the primary loop, so PWR is less risky 

in spreading of radioactive materials owing to leakage. 

Since same fluid passes through the reactor and turbine in 

BWR plants, so any leakage in the turbine can spread 

radioactive elements into the atmosphere. 
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4. Breeder Reactors 

 
The breeder-reactor design concept is predicated on maximizing new fuel production in breeding 

more fuel than used to sustain the neutron chain reaction. For this purpose, fissile plutonium and 

fertile 
238

U fuel with fast neutrons have been found to be the most efficient. 

The liquid-metal fast-breeder reactor (LMFBR) keeps neutron energy high by using 

liquid sodium as a coolant, and thereby specifically avoiding the presence of moderating 

material. The liquid sodium, although not the heaviest coolant available, is not too light, has 

favorable heat-transfer properties, and is not an excessively strong absorber of neutrons 

compared to other choices. 

Although experimental fast-breeder reactors have been operated in the United States since the 

late 1950s, the most recent intense focus on LMFBR systems had been in Western Europe, the 

Russia, Japan, and India. With shutdown of the major western European systems located in 

France and Germany, (which were funded by consortia that also include Italy, Belgium, 

Netherlands, and the United Kingdom), the future of this reactor type is in doubt. 

https://www.sciencedirect.com/topics/engineering/plutonium
https://www.sciencedirect.com/topics/engineering/fast-neutron
https://www.sciencedirect.com/topics/engineering/neutron-energy
https://www.sciencedirect.com/topics/materials-science/sodium
https://www.sciencedirect.com/topics/physics-and-astronomy/breeder-reactor
https://www.sciencedirect.com/topics/engineering/japan
https://www.sciencedirect.com/topics/engineering/germany


The steam cycle is a three-loop system (Fig. 17) with the first two of sodium and the third of 

water. The intermediate loop is present to isolate the primary from possible contact with water in 

the steam generator. The primary sodium becomes radioactive from neutron absorption and also 

can pick up fission-product radionuclides from the fuel. If this sodium were to come in contact 

with water, it would lead to an exothermic reaction that also would spread contamination. 
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https://www.sciencedirect.com/topics/engineering/neutron-absorption
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/radioactive-isotope
https://www.sciencedirect.com/topics/engineering/exothermic-reaction

