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Module  6
Light Water Cooled , 
Graphite Moderated

Pressure Tube Reactors
(RBMK )



RBMK=

Reaktor Bolshoi Moshnosty

Kanalny =

High Power Channel Reactor



RBMK Reactors
}Totally: 18 units constructed, 11 still in operation

}Lithuania: Ignalina1 & 2 , 1  shut down 2004, 2-shut down 2009

}Russia: 

} Kursk   1 - 4 built between 1977 and 1986

} Leningrad 1 ð4 built between 1974 and 1981

} Smolensk 1 ð3 built between 1983 and 1990

}Ukraine:

} Chernobyl 1 - 4 (1 - 3 shut down, 4 destroyed) 



Basic Design of RBMK Reactors

}Origin in Soviet weapons program for Pu production

}Graphite moderated, light water cooled, pressure 

tube reactor (LWGR or RBMK)

}Slightly enriched uranium as fuel with on-load 

refuelling

}Standardized twin blocks of 1000 MWe each

}Presently 11 in operation in Russia 



Location of Chernobyl

Distance to

Kiew 100 km
Minsk 320 km
Moskwa 700 km
Vienna 1030 km



Layout of Units 1 and 2 
1. Auxiliary building

123/2. Reactor hall of unit 2

2. Common turbine hall                                

123/1. Reactor hall of unit 1       

3. Intermediate building

392/1. Control room of unit 1

4. Main circulation pump                                 

392/3. Control room of unit 2

5. Generator                                                   

392/2. Electrical equipment (SUZ  reactor

instrumentation

6. Main feed water pump                                 

390/1. Electrical equipment (SKALA computer )

7. Auxiliary feed water pump                          

390/2. Electrical equipment (SKALA computer )

8. Main transformer

397. Central control room (external grid , fire

detection ) 

9. Auxiliary transformer

10. Start -up transformer

11. NA -pump, service water system

12. Cables to diesel building , unit 2

13. Cables to diesel building , unit 1  

14. Sea water pumping station



Cutaway of the Nuclear Unit 

1. Core

2. Piping of water lines

3. Lower biological shielding

4. Distribution headers

5. Side biological shielding

6. Drum-separator

7. Piping of steam-water  lines

8. Upper biological shielding

9. Refuelling machine

10. Demountable plating

11. Fuel channel ducts

12. Downcorners

13. Pressure header

14. Suction header

15. Main circulation pump 



Internal Structures

1. Graphite stack

2. Pressuretubes

3. Reactorcavity

4. Concretevault

5. Feedwaterchannels

6. Lower biologicalshield

7. Upperbiologicalshield

8,9. Lateral shield

10. Reflectorcoolingchannels

11. Feedwaterpipes

12.Top cover

13. Top plate

14. Sand fill



RBMK Operation Principle

1 Fuel Element (U)

2 Pressure Tube

3 Graphite Moderator

4 Control Rods

5 Inert Gas

6 Steam/Water

7 Steam Seperator

8 Steam to Turbine

9 Steam Turbine (high Pressure/low 

pressure)

10 Generator

11 Condenser

12 Coolingwaterpump

13 Cooling Lake

14 Feed Water pump

15 Pre-heater

16 Condensate

17 Water recirculation

18 circulation pump

19 Water circulater

20 steel container

21 concrete shielding

22 reactor building



Simplified Operation Diagram



Top Plate with 1690 Channels  for Fuel 

Loading



Fuel Bundle 

1. Hanger

2. Guide tailpiece

3. Main support rod

4. Upper fuel bundle

5. Lower fuel bundle

6. End cap 



Fuel Rod 

1. Top plug
2. Cladding (Zircaloy)
3. Spring and fission gas expansion 

volume
4. Fuel pellet column
5. Lower end plug
6. Bottom plug



Fuel Channel 

1. Plug of the biologicalshielding

2. Upper biological shielding

3. Fuel hanger

4. Shielding plate

5. Lower biological shielding

6. Fuel channel

7. Fuel assembly

8. Bellows compensator

9. Coolant inlet pipeline

10. Coolant outlet pipeline 



Absorber Rod with Water Displacer

1. Strip

2. Inner cavityof the rod

3. Absorber

4. Aluminium cladding

5. Displacer withgraphite filling 



RBMK Control Rod Design
}Control rod design: totally 

211 CR

}Lower part of CR graphite 
to displace water when CR 
are fully out

}Therefore positive effect on 
reactivity in lower core 
volume before absorber part 
enters core centre

}Control rod speed:40 cm/s

}Minimum number of CR in 
core according to safety 
rules: 15

}Actual number of CR in 
core: 6



Xenon Poisoning
} Xenon poisoning : Xenon-135  is a fission product with a high fission yield 

and a very high neutron absorbtion cross section. In steady state reactor 

operation there is an equilibrium between Xe production and Xe removal

} Xenon production :Directly through uranium fission and by decay of 

Iodine-135 (6,2h)

} Xenon removal: By radioactive decay (9,2 h) or by neutron capture and 

transmutation into Xe-136

If this equilibrium is disturbed  (i.e.by power changes) the Xe-135 

concentration increases or decreases in the reactor and disturbes the 

neutron flux



Xenon Production and Removal

} Xe-135 is produced by decay of I -135

} Xe-135 removed by decay or by neutron absorption

} Half - life of I -135 is shorter than half life of Xe-135



Xenon Production and Removal

Reactor power up :
I -135 production up
Xe concentration first down 
then up

Reactor power down:
I -135 production down
Xe concentration first up then
down



Xenon Concentration after Reactor

Shut Down
When a reactor is shutdown I-135 

decaysaccordingto itôshalf-life to

Xe-135. As I-135 decaysfasterthan

Xe-135 the Xe-135 concentration

increasesasthere is no removal

by neutronabsorptionbecause

the reactor is shutdown!!!

The so calledXenon peakis approx. 

after 10 to 12 hoursof shutdown.

In power reactorsit couldbestrong 

enoughthat reactor start-up during

Xe-peak is impossible.


