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CHAPTER   1
                                                                

INTRODUCTION

The VVER is the Russian design of the Pressurized Water Reactor. The

Russian abbreviation VVER (Vodo-Vodyanoi Energetic Reaktor) stands

for 'water-water energy reactor' i.e. water-cooled water-moderated energy

reactor).VVER is a series of pressurised water reactor designs originally

developed  in  the Soviet  Union,  and  now Russia,  by OKB  Gidropress.

VVER  were  originally  developed  before  the  1970s,  and  have  been

continually updated. As a result,  the name VVER is associated with a

wide  variety  of  reactor  designs  spanning  from generation  I  reactors to

modern generation  III+ designs.  Power  output  ranges  from  70  to

1200 MWe, with designs of up to 1700 MWe in development.

VVER  power  stations  have  been  mostly  installed  in  Russia  and  the

former  Soviet Union, but also in China,  Finland, Germany, India,  and

Iran.  Countries  that  are  planning  to  introduce  VVER reactors  include

Bangladesh, Egypt, Jordan, and Turkey.
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CHAPTER   2

PRESSURISED WATER REACTOR(PWR)

PWR is the most common types of commercial reactor.In a PWR, water

at 150 times atmospheric pressure is used as a coolant.The high pressure

keeps the water from boiling and at a heat exchanging device known as a

steam generator,A  separate  stream  of  water  is  heated  in  a  secondary

closed  circuit  at  about  70  times  atmospheric  pressure  and  280°C  to

produce steam to drive a turbine-generator which produces electricity.

Pressurized water  reactors (PWRs) constitute  the large majority  of  the

world's nuclear  power  plants (notable  exceptions  being  Japan  and

Canada)  and  are  one  of  three  types  of light  water  reactor (LWR),  the

other types being boiling water reactors (BWRs) and supercritical water

reactors (SCWRs).  In  a  PWR,  the  primary coolant (water)  is  pumped

under high pressure to the reactor core where it is heated by the energy

released by the fission of atoms. The heated water then flows to a steam

generator where  it  transfers  its  thermal  energy  to  a  secondary  system

where steam is generated and flows to turbines which, in turn, spin an

electric generator. In contrast to a boiling water reactor, pressure in the

primary coolant loop prevents the water from boiling within the reactor.

All LWRs use ordinary water as both coolant and neutron moderator.

PWRs  were  originally  designed  to  serve  as nuclear  marine

propulsion for nuclear submarines and were used in the original design of
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the  second  commercial  power  plant  at Shippingport  Atomic  Power

Station.

PWRs currently operating in the United States are considered Generation

II  reactors.  Russia's VVER reactors  are  similar  to  U.S.  PWRs. France

operates many PWRs to generate the bulk of its electricity.

2.1  Historical Overview

Several hundred PWRs are used for marine propulsion in aircraft carriers,

nuclear  submarines  and ice  breakers.  In  the  US,  they  were  originally

designed  at  the Oak  Ridge  National  Laboratory for  use  as  a  nuclear

submarine power plant with a fully operational submarine power plant

located  at  the Idaho  National  Engineering  Lab.  Follow-on  work  was

conducted by Westinghouse Bettis  Atomic  Power Laboratory. The first

purely commercial  nuclear power plant at Shippingport Atomic Power

Station was originally designed as a pressurized water reactor (although

the first power plant connected to the grid was at Obninsk, USSR), on

insistence  from Admiral  Hyman  G.  Rickover that  a  viable  commercial

plant  would  include  none  of  the  "crazy  thermodynamic  cycles  that

everyone else wants to build." 

The  United  States Army  Nuclear  Power  Program operated  pressurized

water reactors from 1954 to 1974.

Three  Mile  Island  Nuclear  Generating  Station initially  operated  two

pressurized water reactor plants, TMI-1 and TMI-2. The partial meltdown

of TMI-2 in 1979 essentially ended the growth in new construction of

nuclear power plants in the United States for two decades. 
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2.2  Design

Nuclear fuel in the reactor pressure vessel is engaged in a fission chain

reaction, which produces heat, heating the water in the primary coolant

loop by thermal conduction through the fuel cladding. The hot primary

coolant  is  pumped  into  a heat  exchanger called  the steam  generator,

where it  flows through hundreds or  thousands of  small  tubes.  Heat  is

transferred  through  the  walls  of  these  tubes  to  the  lower  pressure

secondary coolant located on the sheet side of the exchanger where the

coolant  evaporates  to  pressurized  steam.  The  transfer  of  heat  is

accomplished  without  mixing  the  two fluids  to  prevent  the  secondary

coolant  from  becoming  radioactive.  Some  common  steam  generator

arrangements are u-tubes or single pass heat exchangers. 

In a nuclear power station, the pressurized steam is fed through a steam

turbine which drives an electrical generator connected to the electric grid

for transmission. After passing through the turbine the secondary coolant

(water-steam mixture) is cooled down and condensed in a condenser. The

condenser converts the steam to a liquid so that it can be pumped back

into the steam generator, and maintains a vacuum at the turbine outlet so

that the pressure drop across the turbine, and hence the energy extracted

from the steam, is maximized. Before being fed into the steam generator,

the condensed steam (referred to as feedwater) is sometimes preheated in

order to minimize thermal shock. 

The steam generated has other uses besides power generation. In nuclear

ships and submarines, the steam is fed through a steam turbine connected
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to a set of speed reduction gears to a shaft used for propulsion. Direct

mechanical action by expansion of the steam can be used for a steam-

powered aircraft  catapult or  similar  applications. District  heating by the

steam is used in some countries and direct heating is applied to internal

plant applications. 

Two things are  characteristic  for  the pressurized water  reactor  (PWR)

when compared with other reactor types: coolant loop separation from the

steam system and pressure inside the primary coolant loop. In a PWR,

there are two separate coolant loops (primary and secondary), which are

both filled with demineralized/deionized water. A boiling water reactor,

by contrast, has only one coolant loop, while more exotic designs such

as breeder  reactors use  substances  other  than  water  for  coolant  and

moderator  (e.g.  sodium in  its  liquid  state  as  coolant  or  graphite  as  a

moderator).  The pressure  in  the primary  coolant  loop is  typically  15–

16 megapascals (150–160 bar),  which  is  notably  higher  than  in

other nuclear reactors, and nearly twice that  of a boiling water  reactor

(BWR). As an effect of this, only localized boiling occurs and steam will

recondense promptly in the bulk fluid.  By contrast,  in a boiling water

reactor the primary coolant is designed to boil.

Fig 2.1 :- Schematic view of power transfer in a pressurized water reacto
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CHAPTER   3

NUCLEAR REACTOR SYSTEMS

 Nuclear steam supply systems (NSSS)

 Primary coolant system

 Reactor pressure vessel

 Pressurizer

 Steam generator

 Main circulating pump

 Hot leg and cold leg piping system

 Secondary coolant system

 Steam lines

 Turbine set

 Condenser

 Preheater

 Feed water pump and piping

 Auxiliary systems

 Chemical and volume control system

 Safety injection system

 Residual heat removal system

 Containment spray system

 Ventilation and air-conditioning system
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 Compressed air system

 Fire protection system

 Safety systems

 Emergency core cooling system in PWR

o High pressure injection system

o Low pressure injection system

o Accumulator

CHAPTER   4

VVER  INSTALLATION

The VVER-1200 reactor  installation  comprises  the VVER type  power

reactor, the main circulation circuit (MCC), the pressurization system and

a number of auxiliary systems. The main circulation circuit is intended to

remove the heat released in the reactor core and transfer it the secondary

circuit  water  in  the  steam  generators.  The  main  circulation  circuit
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comprises four identical circulation loops. Each circulation loop consists

of  a  steam generator,  the main  circulation pump,  the main  circulation

Dn850 pipelines.  The schematic  representation of  the main  circulation

circuit  and layout  of  the  main  technological  equipment  of  the  reactor

installation  are  presented  in  Fig.2 and 3.  Heat  insulation  of  the MCC

pipelines  consists  of  two  layers  of  basalt  fibre  (δ  =  60  mm)  and

removable units. Temperature expansions of the MCC are compensated

by  transferring  the  steam  generators  on  the  rollers  and  the  main

circulation  pumps  on the  ball  bearings.  Displacement  of  the  pipelines

when breached by reaction jet is limited by emergency bearings. 

The primary circuit coolant after the steam generators is sucked into

the main circulation pumps and is transferred by them into the reactor

through the coolant inlet nozzles, goes down the annular space between

the  reactor  vessel  and  the  core  barrel.  Then  having  risen  through  the

reactor core up, it goes out through the upper removing nozzles.

№1         RP           №4

№2          SP           №3

Fig. Schematic representation of the MCC loops of the VVER-1200

installation. (№1, №2, №3, №4 are the numbers of the loops, SP and RP

are the storage pool and refueling pool.)

The  regulation  of  reactivity  and  thereby  of  heat  release  is

implemented by control rods as well as by changing the concentration of
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boric  acid  in  the  coolant.   The  reactor  is  housed  in  a  concrete  vault

ensuring reliable fastening of the reactor and biological protection. The

reactor design as well as control and safety system and emergency core

cooling system ensure a safe reactor trip and cooling down even at the

maximum design-basis earthquake magnitude of 9 and also ensure the

structure integrity when exposed to simultaneous effects of strains caused

by the design-basis earthquake and by the rupture of Dn850 pipeline.

                     Fig 4.1:- Reactor Installation of VVER-1200

The reactor  vessel  comprises  reactor  core  and invessel  equipment.

The reactor vessel consists of several forged shells welded to each other,

elliptic bottom and flange, sealed with solid ring sealing gaskets.  Two

nozzle  shells  of  the  vessel  have  four  nozzles  Dn  850  each  that  are

connected to the main coolant pipeline of reactor coolant system. These

nozzles are moulded from the same metal as the shell and formed as one

unit. At the level of the axes of the upper and lower sets of the Dn850

nozzles  there  are  two  (four  in  all)  nozzles  of  Dn300   to  provide

emergency cooling of the reactor core. At the level of the axes of the

upper set of Dn850 nozzles there is also Dn250 outlet opening for tubes
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of the control  instrumentation with switching off  devices.  The interior

surface  of  the vessel  is  covered by anticorrosion cladding,  7  – 9 mm

thick. In the area of the contact with the cover, the core barrel, the shim as

well  as  in  the  region of  welding of  the  corbel,  parts  of  the  fastening

control  instrumentation  tubes,  on  the  internal  surface  of  all  nozzles,

anticorrosion cladding is 15 mm thick.

CHAPTER 5
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REACTOR COMPONENTS

A Nuclear Reactor mainly consists of

a) Fuel

b) Reactor Vessel

c) Fuel Assembly

d) Moderators

e) Control rods

f) Shielding

g) Coolant

h) Steam generator

i) Turbines

j) Generator

k) Cooling Systems

l) Water Supply systems, etc.

5.1  Fuel

Nuclear fuel is a material that can be 'burned' by nuclear fission or fusion

to  derive  nuclear  energy.  Heat  is  created  when  nuclear  fuel

undergoes nuclear  fission.Most  nuclear  fuels  contain

heavy fissile actinide elements  that  are  capable  of undergoing  and

sustaining  nuclear  fission.  The  three  most  relevant  fissile  isotopes

are Uranium-233, Uranium-235 and Plutonium-239.  When  the  unstable

nuclei  of  these  atoms  are  hit  by  a  slow-moving  neutron,  they  split,
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creating  two  daughter  nuclei  and  two  or  three  more neutrons.  These

neutrons then go on to split more nuclei.

The  processes  involved  in  mining,  refining,  purifying,  using,  and

disposing  of  nuclear  fuel  are  collectively  known  as  the nuclear  fuel

cycle.Not  all  types  of  nuclear  fuels  create  power  from  nuclear

fission; plutonium-238 and  some  other  elements  are  used  to  produce

small  amounts  of  nuclear  power  by radioactive  decay in radioisotope

thermoelectric generators and other types of atomic batteries.

Nuclear  fuel  has  the  highest energy  density of  all  practical  fuel

sources.Most nuclear fuels contain heavy fissile elements that are capable

of nuclear fission. The most common fissile nuclear fuels are 235U and

239Pu.

 

 Fig  5.1:-

Nuclear

Fuel
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                                               Fig 5.2:- Nuclear Fuel Process

5.2  Reactor Vessel

The reactor vessel is cylindrical with a hemispherical bottom head and a

flanged and gasketed removable upper head. The vessel contains the core,

core support structures, rod control clusters, neutron shield panels, and

other parts directly associated with the core. Inlet and outlet nozzles are

located at an elevation between the head flange and the core. The vessel

is designed and manufactured to the requirements of Section III of the

ASME Boiler and Pressure Vessel Code.

The body of the vessel is low alloy carbon steel. Inside surfaces in contact

with  coolant  are  clad  with  a  minimum of  1/8-inch  (3  mm)  austenitic

stainless steel to minimize corrosion.The vessel is supported by steel pads

integral with the coolant nozzles.
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                              Fig 5.3:- Reactor pressure vessel

5.3 Fuel Assembly 

The  reactor  core  assemblies  comprises  163  fuel  assemblies.Reactor

output  is  controlled  using  the  121  control  rods  of  the  control  and

protection system,by burnable neutron absorber in the fuel rods and by

change of  boric  acid  concentration  in  the  primary  circuit  water.In the

VVER-1200  design  hexagonal  fuel  assemblies  are  used  with  these

charateristics:

-13 spacer girds(including the anti-vibration one)

-located with a gap of 340mm

-weight of the fuel UO2-up to 534kg

-enriched up to 4.95%
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-quickly removable fastening of the top nozzle with the use of collets

enabling quick disassembly and assembly for the repleacement of leaky

fuel rods

-collet fastening of fuel rods

-anti debris filter.

 

                                  Fig 5.4:- Fuel Assembly of VVER-1200

5.4  Moderator and Reflector

Slow neutrons have a higher probability of producing fission in 235U than

do fast neutrons. Neutrons emitted from the fission of  235U have a wide

spectrum of energies from 0.025 eV to approximately 7 MeV. Because

Page | 17 



the  reactor  needs  slow  neutrons,  a  moderator  is  used  to  slow  (or

moderate) the neutrons down and enhance the fission process. 

On  the  average,  neutrons  lose  more  energy  per  elastic  collision  with

particles of equal mass (i.e. hydrogen nuclei) than they do in colliding

with heavier  particles.  For example,  it  takes less  than 20 collisions to

thermalize a neutron using ordinary water as a moderator, but more than

100 collisions with graphite. For this reason, materials with low atomic

weight  (generally  hydrogen  or  hydrogenous  compounds)  are  used  for

moderators. 

In  the  moderation  process,  some  of  the  neutrons  may  be  scattered  at

angles which project or reflect them back toward where they came from

(i.e.,  toward the  core).  Thus,  some moderating  materials  may  also  be

suitable  reflectors which serve to reduce neutron leakage. Usually such

reflector materials are of low mass number may be interspersed among

the  fuel  elements  where  they  serve  as  a  moderator  and,  when placed

outside the reactor core area they can serve as a neutron reflector. An

important  criterion  is  that  the  material  used  for  the  reflector  and

moderator have a low probability for neutron capture. Most commonly

used reflector and moderator materials are:
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The ideal moderator is of low mass, high scattering cross section, and low

absorption cross section. It should be inexpensive and chemically inert

and should not corrode or erode.

5.5  Control Rod

Control  rod is a rod made of  chemical  elements capable of absorbing

many  neutrons without  fissioning  themselves.  These  are  made  with

neutron-absorbing material  such as  silver,  indium and  cadmium. Other

elements that can be used include  boron,  cobalt,  hafnium,  dysprosium,

gadolinium,  samarium,  erbium,  and  europium,  or  their  alloys  and

compounds,  e.g.  high-boron  steel,  silver-indium-cadmium alloy,  boron

carbide,  zirconium  diboride,  titanium  diboride,  hafnium  diboride,

gadolinium titanate, and dysprosium titanate. 
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Control  rods  are  usually  combined  into  control  rod  assemblies  —

typically 20 rods for a commercial  Pressurized Water Reactor  (PWR)

assembly — and inserted into guide tubes within a fuel element.

The operation of a reactor can be described in terms of the multiplication

factor, keff. Control rods maintain the proper keff factor for various stages

of reactor operation. Control rods are made of materials which have a

high  capture  cross  section,  removing  them from the  core  region  and

making them unavailable for further fissioning. The neutron population is

controlled by moving the rods in or out of the core region. With precise

positioning of these rods, it is easy to maintain the point where keff = 1 is

reached and produce a stable, critical state in the reactor. 

Control rods are classified as either coarse or shim rods. The names refer

to their degree of adjustment.  Coarse control rods are used for making

gross  adjustments,  while  the  shim  rods  are  used  for  making  finer

adjustments in the number of fission events. Other rods called  safety  or

scram  rods,  are  strategically  positioned in  the  core.  In  the  event  of  a

drastic increase in keff (i.e., super-criticality), these rods are inserted in the

core immediately to shut down the reactor. Control rods may also be used

as safety rods. A unique concept of reactor control is the adding of boron

directly to the coolant. The concentration of boron in the coolant is varied

for routine control with major reactivity changes controlled by the rods.
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                                  Fig 5.5:- Control Rod of VVER-1200

5.6 Coolant

The great quantities of heat produced in the reactor core must be removed

to prevent the fuel elements from melting. In a power reactor, the core

heat is used to make steam which may turn a turbine-generator to produce

electricity or, in ships to turn propellers. The cooling system removes the

core heat by circulating a heat absorbing material through the core. The

heat  generated  in  the  fuel  elements  is  transferred  to  this  coolant  and
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circulated out of the core. Desirable coolant materials should have a low

probability for neutron capture, have good heat transfer capabilities, and

be easy  to  move  through the  core.  The most  commonly  used coolant

materials are:

(a) Water/Heavy Water

(b) Helium and carbon dioxide Gas

(c) Sodium and sodium-potassium Liquid Metal

5.7  Steam generator

The reactor coolant flows from the reactor to the steam generator. Inside

of the steam generator, the hot reactor coolant flows inside of the many

tubes. The secondary coolant, or feed water, flows around the outside of

the tubes, where it picks up heat from the primary coolant. When the feed

water absorbs sufficient heat, it starts to boil and form steam.

                   
                         Fig 5.6:- Steam Generator of VVER-1200
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5.8 Pressurizer  

The pressurizer is the component in the reactor coolant system which 

provides a means of controlling the system pressure.Pressure is controlled

by the use of electrical heaters, pressurizer spray, power operated relief 

valves, and safety valves.

                            Fig 5.7:- Pressurizer of VVER-1200
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5.9 Reactor Coolant Pump

The purpose of the reactor coolant pump is to provide forced primary

coolant flow to remove the amount of heat being generated by the fission

process.Even without a pump,  there would be natural  circulation flow

through the reactor. However, this flow is not sufficient to remove the

heat  being  generated  when  the  reactor  is  at  power.Natural  circulation

flow  is  sufficient  for  heat  removal  when  the  plant  is  shutdown  (not

critical).

                                      

                                       Fig 5.8:- Reactor Coolant Pump
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5.10 Radiation Shielding

Reactor  shields  may  be  designed  for  several  functions.  Shielding  to

reduce the radiation exposure to persons in the reactor building is called

biological  shielding.  Neutrons  and gamma rays emitted  by the fission

fragments  produced  in  the  fuel  elements  present  the  most  serious

shielding problems. Alpha / beta particles and the recoil fission fragments

are generally absorbed by the fuel cladding and other materials used in

reactor construction. Because the probability of neutron capture/removal

increases as the neutron kinetic energy decreases (i.e., becomes thermal),

a shield for neutrons must necessarily first moderate (i.e., slow down) the

neutrons and then remove them through capture reactions. Good neutron

moderators are low density materials with a high hydrogen content. 

Good absorbers for gamma rays are high density materials such as lead or

iron. Concrete is a good compromise for shielding against both gamma

rays  and neutrons  from reactors.  It  contains  both  low and fairly  high

atomic weight materials (hydrogen and silicon). Besides good shielding

properties,  concrete  has  good  structural  qualities  and  is  relatively

inexpensive. Iron punching and boron can be added to enhance gamma

shielding  and  neutron  capture,  respectively.  Because  of  these  assets,

concrete is the most often used shielding material in reactors. Water has

been used as a shielding material in special applications. Although the

shielding  properties  of  water  are  good,  its  use  presents  considerable

construction difficulties  (e.g.,  no form).  Thus,  in a reactor  the coolant

provides shielding as an added benefit of its cooling role.
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