
 
 

 

Boiling Water Reactor (BWR) 
 

A thermal nuclear power reactor in which ordinary (or light) water is the 

moderator and coolant, as well as the neutron reflector. The system pressure 

is high, but not as high as in a pressurized water reactor, so that the water 

boils and steam is generated within the reactor core, so that the water boils 

and steam is generated within the reactor core. 

In this plant cycle, also known as direct steam cycle, steam is produced in 

the reactor itself instead of in a heat exchanger. Since auxiliary power is 

reduced from 6% to 1% by elimination of the heat transfer circuit between 

reactor and steam generator, the overall plant efficiency increases with a 

BWR. 

Boiling water reactor use enriched uranium as a fuel (enriched uranium 

contains more fissionable isotope U235 than the naturally occurring percentage 

0.7%). The fuel rods contain small cylindrical pellets of uranium dioxide with 

an average initial enrichment of about 2.6% in uranium235. 
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Figure shows the arrangement of direct cycle boiling water reactor. 

The uranium elements are arranged in a particular lattice from inside a steel 

pressure vessel containing water. Fission heat is removed from the reactor 

by conversion of water to steam in the core. It is a direct cycle reactor. 

The steam is generated in the reactor itself and this steam after 

passing through turbine and condenser returns to reactor. Feed water enters 

the reactor tank below to pass through the fuel elements in the core as 

coolant and also as moderator. 

The control elements in a BWR have a cruciform cross section; each 

element had four blades containing stainless steel tubes filled with neutron 

poison (i.e., absorber) boron as boron carbide. The blades can move up and 

down in the spaces between the fuel assemblies with one control element 

between four assemblies in most cases. Some 180(or so) such elements are 

distributed evenly throughout the core. 

The controls of a BWR are inserted from the bottom of the core, 

rather than the top as in other reactors. This is convenient, because the space 

above the core us occupied by steam-water separators and desirable 

because the neutron absorber at the bottom of the core can compensate for 

the steam bubbles formed bubbles formed higher up in the core. 

As the coolant water flows upward through the core, it removes the 

fission heat from the fuel rods and boils. The wet steam enters a bank of 

water separators and then passes on to dryers in the upper part of the 

reactor vessel. The relatively dry steam then proceeds to turbine to generate 

electricity. The turbine condensate is returned to the reactor as feed water. 

The various cycles used in BWR are: 

 

(1) Natural circulation single cycle 

(2) Forced circulation single cycle 

(3) Forced circulation dual cycle 

 

In the natural circulation, single, cycle, no pump is used to circulate the water through 

the reactor core and such a plant is best suited for capacity of 50—100MW. In the forced 

circulation plant the coolant is pumped through the core. This design is preferred in 

100—1000MW size range. 
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In the dual cycle plant, part of the heat of circulation is used 

for generate additional low pressure steam for the turbine. A steam 

to steam heat exchanger is required which adds cost. 

India’s first nuclear power plant at Tarapur has two reactors 

(each 200MW capacity) of BWR type. 

Advantages 

 

1.  Heat exchangers pump and auxiliaries equipment requirements are 

reduced or eliminated, resulting gain in thermal efficiency with 

reduction in cost. 

2. The pressure inside the pressure vessel is not high so a thicker vessel 

is not required which further reduces cost, and simplifies 

containment problems, 

3. It is more efficient cycle than the PWR since for a given containment 

pressure the outlet temperature of the steam is appreciably higher. 

4. Thermal efficiency of BWR to about 30% as compared to 20-22% in PWR. 

5. The metal temperature remains low for given output conditions. 

6. The reactor is capable of promptly meeting the fluctuating load 

requirements. 

 

Disadvantages 

 

1.  Possible   carryover   of   radioactivity to steam e q ui p m e n t .

 There is possibility of radioactive contamination in the turbine 

mechanism. Turbines may require shielding. 

2. On part load operation, there is wastage of steam resulting in 

lowering of thermal efficiency. 

3. More elaborate safety precaution needed, which are costly. 

4. More biological protection is required. 

 

http://learnengineering.in/

