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 The world power demand scenario
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 Worldwide Nuclear Energy Production
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 Country wise Nuclear Energy Production in 2009
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 Top 10 Nuclear Power Generating Countries
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 Nuclear power plants across the world
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 Nuclear Power Plants in India
 Operational:
 Tarapur, Maharashtra 4 units
 Rajasthan 4 units
 Kalpakkam, TN 2 units
 Kaiga, Karnataka 3 units
 Narora, UP 2 units
 Kakrapur, Gujarat 2 units
 These 17 units have a capacity to
  produce 4120 MW of power
 Under construction:
 Kudankulam, TN 2 units
 Rajasthan 2 units
 Kaiga, Karnataka 1 unit
 These 5 units, with a combined
 capacity of 2660 MW are expected to
 be operational during 2012-113
 Approximately 4% of power generation in India is throughnuclear reactors.
 7
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 Introduction to Nuclear Energy
 • A nuclear power plant operates basicallythe same way as a fossil fuel plant, with
 one difference: the source of heat .•  The process that produces the heat in a
 nuclear plant is the fissioning or splittingof uranium atoms. That heat boils water
 to make the steam that turns the turbine-
  generator, just as in a fossil fuel plant.•  The part of the plant where the heat is
 produced is called the reactor core.
 • As of February 2011, there were more than440 operating nuclear power plants in 30
 countries and, together, they provided
 about 14 percent of the world's electricity.Of these, some depend more on nuclear
 power than others. For instance, inFrance about 77 percent of the country's
 electricity comes from nuclear power. 
 •  56 countries operate a total of
 about 250 research reactorsand a further 180 nuclearreactors power some 140
 ships and submarines 
 8
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 Introduction to Nuclear Energy
 •  Energy release in a nuclear reaction is enormous. Uraniumundergoing complete fission yields millions of times more energythan an equivalent weight of coal undergoing completecombustion 
 •  Nuclear power utilization helps save considerable amount of fossilfuel. For e.g., a nuclear power plant only needs about 2 tonnes ofUranium every 12-18 months while a coal power plant requiresabout 100 tonnes of coal every day for producing the same poweroutput.
 •  Unit cost per kWh of power generated by a nuclear plant iscomparable or lower than unit cost of coal fired power plants in
 most parts of the world.•  Prime concerns for nuclear power plants are radiation safety ,
 radioactive waste disposal and nuclear weapons proliferation.
 9
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 Structure of the atom
 • All matter is composed of unit particles called atoms.
 • Atom consists of positively charged nucleus. Negatively charged electrons
 orbit around the nucleus.
 •  The nucleus consists of protons and neutrons which, together are calledNucleons.
 •  The electric charge on the proton is equal in magnitude but opposite in sign
 to that on an electron.
 •  The atom as a whole is neutral since the number of protons is equal to the
 number of electrons in orbit.
 •  Electrons which orbit the outermost shell of an atom are called valence
 electrons and they decide the chemical properties of an element.
 Atom
 Nucleus Electrons
 NeutronsProtons
 N
 N
 + -
 +
 10
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 Atomic number and Atomic mass
 •  The number of protons in the nucleus is called “atomic number ”, Z
 •  The total number of nucleons (Protons + Neutrons) is called “atomic
 mass” or “mass number ”, A
 •  Conventionally, nuclear numbers are written thus: 
 ZXA 
 Where,
 X is the usual chemical symbol of element
 Z is the atomic number (number of protons in nucleus)
 A is the atomic mass (number of nucleons)
 •  The masses of the three primary particles are:
 Neutron mass, mn  : 1.008665 amu
 Proton mass, mp   : 1.007277 amu
 Electron mass, me  : 0.0005486 amu
 (1 amu = Atomic Mass Unit = 1.66x10 -27 
  kg = 1.66x10 -24
 gm) 11
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 Atomic number and Atomic mass
 Hydrogen 1H1  Deuterium 1H
 2  Helium 2He4 
 •  Hydrogen has one proton, one electron in its structure. It is the only atom that has noneutron.
 •  Deuterium, also called heavy hydrogen, has one proton, one electron and one
 neutron in its structure.
 •  Hydrogen and Deuterium have the same atomic number but different atomic mass.Such materials are called Isotopes”. 
 •  Deuterium is an isotope of hydrogen. Hydrogen when combined with oxygenproduces water (H2O) while Deuterium when combined with oxygen produces heavywater (D2O)
 •  Helium has two protons (Z=2) and four nucleons (protons+neutrons), (A=4)
 12
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 Uranium, the nuclear fuel
 •  Uranium is a silvery-white metallic chemical element. It has thesymbol U’  and atomic number 92.
 •  Besides its 92 protons, a uranium nucleus can have between 141and 146 neutrons.
 •  Two useful isotopes of uranium are U-238 (with 146 neutrons) andU-235 (with 143 neutrons).
 •  The number of electrons in a uranium atom is 92, 6 of them being
 valence electrons.•  Uranium has the highest atomic weight of the naturally occurring
 elements. Uranium is approximately 70% denser than lead (19 g/cm3).
 13
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 Uranium, the nuclear fuel
 •  Uranium is weakly radioactive. It occurs naturally in lowconcentrations (a few parts per million) in soil, rock and water,
 and is commercially extracted from uranium-bearing mineralssuch as uraninite.
 •  Of the uranium available on earth, U-238 constitutes 99% and U- 235 constitutes 0.7%. There are traces of U-234.
 •  Both U-235 and U-238 are unstable and undergo slow natural
 decay by the release of alpha particles – an alpha particleconsists of two neutrons and two protons bound together.
 Natural decay of Uranium
 14
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 Typical natural decay process for U-238
 15
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 Nuclear reaction
 how is it different from chemical reaction ?
 Chemical reaction:
 •  In a chemical reaction, atoms are combined or separated. Fore.g.,
 C + O2 ! CO2 + 4eV of energy
 (1eV is the energy acquired by an electron when it is accelerated
 across a potential difference of 1 Volt ; or 1 eV = 1.6021 x 10 -19 J = 4.44
  x 10 -26  kWh)
 •  In a chemical reaction, although molecules may change, each
 atom participates as a whole and retains its identity.
 •  The valence electrons may be shared or exchanged.
 •  The nuclei of atoms do not change.
 •  The number of atoms of each element in the products is equal tothe number of atoms in the reactants. 
 16
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 Nuclear reaction
 how is it different from chemical reaction ?
 Nuclear reaction:
 •  The products of reaction will have some other nuclei than thereactants.
 •  Sub atomic particles participate in the reaction.
 •  The number of nucleons in the products will be equal to the
 number of nucleons in the reactants. E.g.,
 Z1AA1 + Z2B
 A2! Z3CA3 + Z4D
 A4 
 Where,
 Z1 + Z2 = Z3 + Z4, and
 A1 + A2 = A3 + A4
 •  Sometimes electromagnetic radiation (" rays) and nutrinos (#) areoften emitted but they do not affect the above balance, since theycarry only energy and Z=0 and A=0.
 17
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 In a nuclear reaction, where does the energycome from?
 •  From the previous slide, the mass seems to be the same on both
 sides of the equation and thus no mass is converted to energy.However, that is not entirely correct.
 •  The sum of the masses of the protons and neutrons that comprisethe nucleus exceeds the mass of the atomic nucleus.
 • The difference in mass is called as the mass defect 
 ”
 and writtenas $m.
 $m = nn mn + (mp + me)Z –zmA 
 where,
 nn is the number of neutrons
 mn is the mass of a neutron
 mp is the mass of a proton
 me is the mass of an electron
 Z is the number of nuclei
 zmA is the mass of atom  18
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 In a nuclear reaction, where does the energycome from?
 •  In a nuclear reaction, the mass defect $m is converted toenergy as given by Einstein’s law:
 $E = $m . c2 
 Where,
 E is the energy, JC is the velocity of light, 3 x 108 m/s
 $m is the mass defect, kg.
 •  The energy associated with the mass defect is known as the
 binding energy ” 
 of the nucleus.•  Binding energy can be considered as a glue’ that binds the
 protons and neutrons together in the nucleus.
 19
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 In a nuclear reaction, where does the energycome from?
 •  The energy equivalent of 1g of mass is,
 $E = 1 x 10-3 kg x (3 x 108 m/s)2 = 9 x 1013 J
 = 5.62 x 1032 eV
 = 5.62 x 1026 MeV
 Similarly, the energy equivalent of 1 amu of mass is,
 $E = 1.66 x 10-27 kg x (3 x 108 m/s)2 J 
 = 14.94 x 10-11 J = 9.31 x 108 eV
 = 931 MeV
 Therefore, 1g of mass / 1amu of mass, if completely converted
 would yield respectively 5.62 x 10 26  MeV / 931 MeV of energy. 
 20
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 Binding energy and nuclear stability
 The binding energy per nucleon (i.e., proton and neutron)determines the stability of the nucleus.
 Consider a 2He4 atom. It has 2 protons and 2 neutrons in itsnucleus. The mass of the Helium atom as measured using massspectrography is 4.002602 amu. If we deduct the mass of twoorbiting electrons, we obtain the mass of the He nucleus.
 Mass of He nucleus = 4.002602 – 2 x 0.00055 = 4.001502 amu
 Calculated mass of nucleus = 2 mp + 2 mn 
 = 2 x 1.00728 + 2 x 1.00867
 = 4.03190 amu
 Therefore the mass defect is,
 $m = 4.03190 – 4.00150 = 0.0304 amu
 The corresponding energy equivalent is,
 $E = 0.0304 x 931 = 28.3 MeV21
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 Binding energy and nuclear stability
 Therefore, 28.3 MeV of energy is released when two
 protons and two neutrons are bound together. If wewere to change the helium nucleus back to its
 constituents, we would have to give this amount of
 energy to the nucleus. The binding energy per Heliumnucleon is,
 28.3 / 4 = 7.075 MeV
 Similarly, for Deuterium it is 1.1123 MeV per nucleon. Inthis way the binding energy per nucleon for all the
 isotopes can be calculated. Higher the binding energyper nucleon, higher is the stability of the nucleus. Thebinding energy curve can then be plotted to study the
 variation with respect to atomic mass number.
 22
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 The binding energy curve
 23
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 Binding energy and nuclear stability
 •  For most medium and heavy nuclei, the bindingenergy per nucleon falls roughly between 7.5 and 8.7
 MeV.
 •  Thus if a nucleus is to expel one nucleon (say aneutron), it should attain an excitation energy
 between 7.5 and 8.7 MeV.
 •  It is observed that nuclei of even-even type, i.e.,having an even number of protons and even numberof neutrons are very  stable.
 •  Therefore a 92U238 is more stable when compared to92U
 235 because U-235 has odd number of nuclei.
 •  Consequently, U-238 requires very high energy to split
 (fission) while U-235 can be split at low energy levels.
 24
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 Radioactive decay
 •  Though most of the naturally occurring isotopes are stable, the
 heavy elements like Thallium (Z=81). Lead (Z=82), Bismuth (Z=83)and all isotopes of heavier elements starting with Polonium(Z=84) are not stable because the binding energy per nucleon issmall.
 •  Radioactive decay  is a spontaneous disintegration process by
 which an unstable isotope emits radiation till a stable nucleus isformed.
 •  The original nucleus is referred to as Parent  and the resultingnucleus is referred to as Daughter
 •  Radioactive isotopes (both natural and man made) are calledradioisotopes.
 •  Naturally occurring radioisotopes emit %-particles, &-particles, "- radiation; or undergo Positron decay, orbital electron absorption(called K  capture) and also emit neutrons and neutrinos. 
 25
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 Radioactive decay
 Alpha decay:
 • % particles are Helium nuclei 2He4 and are normally emitted byheavier radioactive nuclei and are accompanied by "-radiation.For example, Radium-224 becomes Radon-220 by emitting an %- particle.
 88Ra224 ! 
 86Rn220 +
 2He4
 •  Point to note is that the atomic mass has reduced by 4amu (2protons + 2 neutrons) that makes up the %-particle.
 •  Plutonium-239 to Uranium-235 and Americium-241 to Neptunium- 237 are other examples of %-decay.
 94Pu239 ! 92U235 + % 
 95Am241
  ! 93Np237
  + %  
 %-particle
 26
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 Radioactive decay
 Beta decay:
 •  It is equivalent  to emission of an electron and raises the atomic
 number by one. Since an electron can not come out of thenucleus, a neutron can be considered as combination of aproton and an electron. The electron is ejected as radiation andthe remaining proton increases the atomic number by one.
 + -
 Neutron Proton Electron
 &-decay• &-decay is usually accompanied by
 emission of nutrino (#) and "-radiation.(Neutrinos are elementary particles, that travel close to the
 speed of light, have no electric charge, are able to passthrough ordinary matter almost undisturbed and are thus
 extremely difficult to detect. They have negligible, but non- zero
 mass.) 
 •  Lead becomes Bismuth through &-decay
 82Pb214 ! 83Bi214 + -1e0
 •  Points to note : Atomic number  increases for daughter product while atomic massremains the same.
 &-particle
 Carbon and Cobaltare other examples
 of &-decay:
 6C14  ! 7N
 14 + & 
 27Co61 ! 28Ni61 +& 
 27
 R di i d
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 Radioactive decay
 Positron decay:
 •  When a radioactive nucleus contains an excess of protons,
 positron (positive beta) decay occurs, converting a proton into aneutron in the process.
 + +Proton Neutron Positron
 Positron decay
 •  Fluorine-18 emits a positron andbecomes an Oxygen-18 atom
 9F18
   !  8O18
  + +1e0
 • The daughter nucleus would have oneless proton than the parent nucleus.
 •  To maintain the electric chargeneutrality, one orbital electron has to bereleased. This orbital electron thencombines with the emitted positronproducing "-energy.
 -1e0  + +1e
 0  ! " energy 
 Positron
 Oxygen and Carbon areother examples of
 Positron decay:
 8O15  ! 7N
 15 + +1e0
 6C11 ! 5B
 11 + +1e0
 28
 R di ti h lf lif
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 Radioactive half life
 •  The radioactive half life is the amount oftime it takes for half of the atoms in a
 sample to decay.
 •  The half life for a given isotope is always
 constant. It does not depend on thequantity of material.
 •  For example, for Barium-139 the half life
 is 86 minutes. If we had 10g of Ba-139,then:
 • After the first 86 mins, half of the samplewould have decayed into another elementLanthalum-139 and only 5g of Barium-139
 will be left.• After another 86 minutes, half of the 5gof Barium-139 would have decayed into
 Lanthalum-139 and we will be left with2.5g of Barium-139 and 7.5g ofLanthalum-139, and so on.
 Decay curve of a radioactive element with a half-lifeequal to one time unit. Note that at time 0, the time of themineral's formation, the crystal contains only parentatoms. At time 1, 50% of the parent atoms remain; attime 2, only 25% remain, and so on.
 29
 N l ti
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 Nuclear reactions
 •  The mass of the visible universe is 73% Hydrogen and 25% Helium.The remaining 2% are “heavy” elements having atomic mass > 4.
 •  The heavy elements are formed at very high temperatures(T > 106 ºC) by Fusion i.e., nuclei combining to form new elements.
 •  There is an upper limit to the production of heavy nuclei at A=92which is Uranium.
 • Heavy nuclei split to lighter ones by Fission.
 30
 N l Fi i
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 Nuclear Fission•  Nuclear fission is a process in which an atom splits and releasesenergy, fission products, and neutrons. The neutrons released byfission can, in turn, cause the fission of other atoms. 
 •  Heavy, unstable elements that go through natural decay are easierto fission.
 •  From the foregoing binding energy theory, we know that U-235 iseasier to fission compared to U-238.
 •  Fission can be caused by bombarding with high energy protons,deuterons, %-particles, X-rays as well as neutrons.
 •  Neutrons are most suitable since they are electrically neutral andthus do not require high kinetic energy to overcome electricalrepulsion from positively charged nuclei.
 •  Fission occurs by two methods:
 •  Spontaneous fission by natural means
 (Nuclei which are highly unstable, decay spontaneously by splitting into 2 smaller nuclei)
 •  Induced fission
 (By bombarding nuclei with high energy particles like neutrons) 31
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 Nuclear Fission
 •  In the fission reaction the incident neutron enters the heavy targetnucleus, forming a compound nucleus that is excited to such a
 high energy level (Eexc > Ecrit ) that the nucleus splits’ (fissions)into two large fragments plus some neutrons.
 •  The process of capturing the neutron and splitting occurs veryquickly, within picoseconds (1 x 10-12second).
 •  Splitting of an atom produces an incredible amount of energy(~200 MeV per U-235 atom)
 32
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 Characteristics of nuclear force
 The nucleus is held together by the attractive forcebetween nucleons. Characteristics of the nuclear force
 are:
 •  Effective over a very short range, with essentially noeffect beyond nuclear dimensions (~ 10-13 cm).
 •  Stronger than the repulsive electrostatic forces withinthe nucleus.
 •  Independent of nucleon pairing, i.e., the attractive forceis the same between a pair of protons or between a
 proton and a neutron.
 •  Saturable, i.e., a nucleon can attract only a few ofnearest neighbours
 33
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 Nuclear Fission – The liquid drop model
 Split into twodroplets
 The fission process can be explained
 using the liquid drop model of a nucleus:•  In the ground state, the nucleus is near
 spherical in shape.
 • After the absorption of a neutron, the nucleuswill be in an excited state and start to
 oscillate and become distorted.•  If the oscillations cause the nucleus to take
 the shape of a dumbbell, the repulsiveelectrostatic forces will overcome the short-
  range attractive nuclear forces and thenucleus will spilt in two.
 34
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 Nuclear Fission
 •  During fission, the original heavy nucleus splits into two ormore lighter nuclei, releasing kinetic energy, gamma radiation
 and free neutrons; collectively known as fission products.
 • A portion of these neutrons may later be absorbed by otherfissile atoms and trigger further fission events, which releasemore neutrons, and so on.
 •  Following the fission, heat is generated in a number of ways-•  The kinetic energy of fission products is converted to thermal
 energy when these nuclei collide with nearby atoms. 
 •  Some of the gamma rays produced during fission are absorbed by
 the reactor in the form of heat.
 •  Heat produced by the radioactive decay of fission products and
 materials that have been activated by neutron absorption.
 •  The heat power generated by the nuclear reaction is 1,000,000times that of the equal mass of coal. 
 35
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 Nuclear Fission
 Fission is an exothermic reaction. One of the possible equations is:
 92U235
  + n ! 56Ba137
  + 36Kr 97
  + 2n + Q ----------  (1)
 2 Neutrons Approx. 200 MeV
 36
 Nuclear Fission
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 Nuclear Fission
 Eqn (1) is one of the examples of fission of U-235. There are manyother possibilities such as:
 92U235 + n ! 55Cs140 + 37Rb93 + 3n + Q’ ; or
 92U235 + n ! 56Ba141 + 36Kr 92 + 3n + Q” ; or
 92U235 + n ! 54Xe140 + 38Sr 94 + 2n + Q’’’   etc.
 •  When neutrons are bombarded against U-235, the uranium nucleusabsorbs a neutron to be a U-236 and, being unstable, it splits intofragments of almost equal masses with simultaneous emission of
 some neutrons and a huge amount of energy.•  The number of emitted neutrons is not always constant but can be
 one to several.
 •  Similarly, the emitted energy is also not always constant but isalmost 200 MeV.
 37
 Nuclear Fission
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 Nuclear Fission
 •  Isotopes like U-233, U-235, Pu-239 can be fissioned by neutrons of
 all energies, whereas U-238, Th-232 and Pu-240 are fissionableonly by high energy neutrons (typ 14 MeV)
 •  Taking for example, the equation
 92U235 + n ! 54Xe140 + 38Sr 94 + 2n + Q’’’  
 Xe and Sr are called fission fragments”. Fission fragmentstogether with other decay products are called fission products”.
 •  When a neutron collides a fissionable nucleus with low energyand the resulting excitation energy is not sufficiently large, thenucleus may not undergo fission and emit only gamma-radiationor eject a particle. Such absorption of a neutron in a non fission
 reaction occurs about 16% of the time in all neutron absorptions
 by U-235.
 38
 Nuclear Fission
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 Nuclear Fission
 •  The Neutron-Proton ratio (n-p ratio) for stable nuclei is between1.2 and 1.4. Beyond this, the nuclei tend to be unstable.
 •  Original nuclei of U-235 have n-p ratio of 1.55. The fissionfragments of reaction have also similar n-p ratios and aretherefore radioactive. They undergo several stages of &-decay(converting neutrons into protons) until a stable product isformed in each case.
 •  Example:
 54Xe140 !  55Cs140 !  56Ba140 !  57La140 !  58Ce140
 and
 38Sr 94  !  39 Y94  !  40Zr 94
 this series is called a fission chain”. Since &-decay is usuallyaccompanied by gamma-radiation, suitable shielding against
 gamma-rays as well as neutrons must be provided in a reactor.
 16 s
 &  &  &  & 
 66 s 12.8 days 40 hrs
 (Stable)
 2 min 17 min
 &  & 
 (Stable)
 39
 Product yield in nuclear Fission
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 Product yield in nuclear Fission
 Most probable fission products
 Fission product data for U-235
 •  Fission of U-235 can yield differentproducts depending on the
 excitation level produced by thecaptured neutron.
 •  It is however observed that mostprobable fission products havemass numbers in the ranges 85 to
 105 and 130 to 145.
 •  This is true for thermal (or slow)neutrons as well as fast (14 MeV)neutrons.
 •  This means that the fissionproducts are not equal in size.
 •  This situation is also true for otherfissionable nuclei like U-233 andPu-239.
 40
 Energy from nuclear fission
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 Energy from nuclear fission
 As an example, let us calculate the energy release by fissioning 1gof U-235.
 • Assume the fission reaction:
 92U235 + 0n
 1  !  56Ba137 + 36Kr 97 +20n1 
 •  The mass balance has
 235.0439 + 1.00867 ! 138.9061 + 96.9212 + 2(1.00867)
 or
 236.0526 ! 235.8446 amu
 There is thus a reduction in mass, which appears in the form ofexothermic energy. The mass defect is
 $m = 235.8446 - 236.0526 = - 0.2080 amu
 Therefore, noting that the binding energy is 931 MeV/amu:
 $E = 0.2080 x 931 = - 193.6 MeV
 This is called the prompt energy ” i.e., released during the fission process 
 41
 Energy from nuclear fission
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 Energy from nuclear fission
 •  On an average, the fission of a heavy nucleus (U, Pu, ' etc.)releases about 200 MeV:
 • About 193 MeV by prompt energy
 • About 7 MeV by slow decay of fission fragments and nonfission capture of excess neutrons.
 •  The complete fission of 1g of U-235 nuclei thus produces
 E = (No. of nuclei per gram of U-235) x 200 MeV
 = (Avogadro constant / Mass of U-235 isotope) x 200 MeV
 = (6.023 x 1023 / 235.0439) x 200 MeV = 5.126 x 1023 MeV
 = 8.19 x 1010
  J = 2.276 x 1024
 kWh= 0.984 MW-day
 Thus, a reactor burning 1g of U-235 generates nearly 1MW-day ofenergy. This is referred to by the term fuel burnup”, which is theamount of energy in MW-days produced of each metric ton of fuel.
 42
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 Nuclear fuel poisoning
 •  The complete fission of all the U-235 nuclei in a fuel
 mass is impossible because many of the fissionproducts capture neutrons in a non fission reaction.
 •  In course of time, the number of captured neutronsbecome very large because of the accumulation of
 fission products and fission chain can not besustained. This is called fuel poisoning ”.
 •  Fuel poisoning often occurs when a small percentage(~1%) of fissionable nuclei in the fuel has been
 consumed.
 •  Further use of the poisoned fuel can only be made byremoving the fission products and reprocessing.
 43
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 Chain reaction• A typical fission produces between 0 and 5 neutrons, average being about 2.5neutrons per U-235 fission.
 •  Under the right circumstances, these neutrons will produce further fissions. If oneneutron makes two, two give four, four give eight and so on with over one thousandfissions in ten generations. This process is called chain reaction.
 • An uncontrolled chain reaction results in nearly instantaneous release of enormous
 energy, which is the principle of atomic bomb.
 •  For generation of power in a nuclear reactor, the chain reaction has to be controlled.
 44
 Chain reaction

Page 45
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 45/112
 Chain reaction
 •  Once started, the chain reaction will go on continuously, till all the U-235is consumed.
 •  The neutrons produced during fission travel extremely fast (energy = 1
 MeV or speed ~ 107 m/s). At such speeds, they are very unlikely to becaptured by another U-235 nucleus, and therefore need to be sloweddown to roughly thermal level (much less than 1 eV). At such levels, their
 probability of capture rises dramatically.
 • A material called the moderator  is used to slow down the neutrons. This
 material is made up of light nuclei such as hydrogen, deuterium orcarbon. Ordinary water (H2O), heavy water (D2O), or graphite is often usedin thermal reactors as the moderator. Neutrons strike the moderator
 nuclei many (perhaps 100) times without being absorbed before they arethermalised.
 • Some neutrons produced during fission may escape or may simply beabsorbed by fission products. Therefore, to sustain a chain reaction, a
 minimum quantity of fissionable material is required. 
 •  The smaller the surface-to-volume ratio of the fuel core, i.e., larger itssize, the lower is the percentage of leakage of neutrons. The core size is
 adjusted to the point where a chain reaction is possible.45
 Chain reaction - criticality

Page 46
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 46/112
 Chain reaction - criticality
 •  For a self-sustaining chain reaction, we need abalance between the rate at which neutrons are
 produced by fission and the rate at which they arelost, i.e. by causing further fission, by absorption by
 the surrounding materials, or by leaving the core. 
 •  When the rate of production of neutrons equals the
 rate of loss, the reaction is said to be critical. This isthe operating state of a reactor.
 •  If the losses are higher, the reaction dies away.
 •  If the rate of production is higher, an uncontrollablechain reaction could be established and the core maymelt, leading to what is popularly known asmeltdown (an extremely unlikely event in power
 reactors).46
 Effective neutron multiplication factor

Page 47
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 47/112
 Effective neutron multiplication factor
 Time behaviour of the number of neutrons in a reactor
 Where,
 K = Effective neutron multiplication factor
 P = Rate of production of neutrons
 A = Combined rate of absorption of neutrons
 E = Rate of leakage of neutrons
 K > 1 supercritical(power increases)
 K = 1 critical(power constant)
 K < 1 subcritical(power decreases)
 Effective neutron multiplication factor (K) is used to determine whether thechain reaction will continue at a steady rate, increase or decrease. It is
 given by:
 )(   E  A
  P  K 
 +
 =
 k  = 1
 47
 Chain reaction – definition of critical mass
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 Chain reaction definition of critical mass
 •  The minimum mass of fissionable material needed to sustain achain reaction is called the critical mass” . The size of the core
 that contains critical mass is called critical size”.
 •  If, on average, exactly one of the free neutrons from each fission hits another
 U-235 nucleus and causes it to split, then the mass of uranium is said to be
 critical. The mass will exist at a stable temperature. 
 • If the chain reaction is not sustained, then the mass of thefissionable material is called sub-critical mass”.
 •  If, on average, less than one of the free neutrons hits another U-235 atom, then
 the mass is sub-critical. Eventually, induced fission (and hence the power
 source) will end under these conditions. 
 • If more mass of fissionable material than what is needed to sustaina chain reaction is available, then such mass is called super
 critical mass”.
 •  If, on average, more than one of the free neutrons hits another U-235 atom,then the mass is supercritical. This will cause the reactor to heat up. 
 48
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 •  The kinetic energy of a neutron is given by
 En = 0.5 mnV2
 Where, mn = mass of neutron = 1.008665 amu, andV = speed of neutron.
 En = 5.227 x 10-19 V2 MeV if V is in cm/s.
 •  The newly born fission neutrons have high energies, varying between0.075 and 17 MeV. As they travel through matter, they collide with
 other nuclei and slow down. This process is called scattering ”.
 •  In general, neutrons are classified in to three groups:
 •  Fast : Neutron energy > 105 eV
 •  Intermediate : Neutron energy 1 - 105 eV
 •  Slow (thermal) : Neutron energy < 1 eV
 •  Neutrons that are in thermal equilibrium with their surroundings are
 called thermal neutrons”. They are also called slow neutrons.
 Neutron energies
 49
 Neutron energies
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 Neutron energies
 •  On an average, newly born fission neutrons carry
 about 2% of a reactor fission energy in the form ofkinetic energy.
 •  Two types of fission neutrons can be distinguished:
 •  Prompt neutrons”, emitted within 10-14 s after
 fission occurs, from fission fragments.
 •  Delayed neutrons”, produced by radioactivedecay reactions of the fission fragments andtheir products.
 •  Though the energies of delayed neutrons arerelatively small, they play an important role in
 nuclear reactor control.
 50
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 Nuclear reactor
 •  Nuclear reactor is basically a machine that contains and controlsnuclear chain reactions while releasing thermal energy at acontrolled rate.
 •  The reactor of a nuclear power station performs the same functionas a boiler in a conventional coal, gas or oil fired station.
 •  The heat from the reactor is used to turn water into steam. The
 steam so generated drive large turbines which, in turn, arecoupled to generators to produce electricity.
 •  A major difference between nuclear power station andconventional fossil fueled station is that there is no release ofcombustion products to the environment from a nuclear station.
 •  All nuclear reactors operate on the same basic principle of nuclearfission, although there are differences in the in the way thereactors are built around the world.
 51
 Parts of a basic nuclear reactor

Page 52
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 52/112
 Control rods
 Reactor pressure vessel
 Fuel rod assemblies
 Water (Coolant & Moderator)
 Steam
 Reflector
 Concrete shielding
 Parts of a basic nuclear reactor
 52
 Fuel rod assembly
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 Fuel rod assembly
 •  Fuel rod assembly – 
 •  The fuel is the heart of the reactor core. It consists of
 pellets containing low enrichment (~3% U235
 )uranium dioxide (UO2) encased in long (~3.5m)metal tubes, called fuel rods.
 •  The fuel should be fissionable material, i.e., whosenuclei can be caused to undergo fission by nuclear
 bombardment and to produce a fission chain
 reaction. It can be any one of U233
 , U235
 and Pu239
 • U235 is the most unstable and capable of sustaining
 chain reaction with low energy neutrons. It has been
 termed  primary fuel ”. U233 and Pu239 are artificiallyproduced from Th232 and U238 and they are calledsecondary fuel ”.
 •  Fuel rods should be able to operate at hightemperatures and should be resistant to radiationdamage.
 •  Fuel should be protected from corrosion and erosionfrom coolant. For this purpose, it is encased instainless steel or aluminium metal cladding. 
 53
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 Loading fuel into reactor
 54
 Moderator
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 Moderator
 •  Moderator –
 •  In a chain reaction, the neutrons produced are fast’ and they are
 not very effective in causing the fission of U235 . The moderatorreduces the energy of fission neutrons to acceptable levels
 through multiple scattering collisions.
 •  Graphite, heavy water and beryllium are generally used asmoderator.
 •  The moderator should only help reduce the energy of neutrons andnot absorb them excessively.
 •  The slow neutrons (also called thermal neutrons) so produced areeasily captured by the nuclear fuel and a chain reaction can be
 sustained.• A fast reactor does not need a moderator because the great majority
 of nuclear fissions in its core occur at high (fast) energies.
 55
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 Moderator• A moderator is characterized by its “moderating ratio”, which is the ratioof moderating power to the macroscopic neutron capture coefficient. A
 high moderating ratio indicates that the given substance is more suitable
 for slowing down neutrons in a reactor. Typical moderators are listedbelow:
 • A moderator should possess following properties:
 •  Ability to slow down neutrons without much absorption•  High thermal conductivity
 •  High melting point for solid moderator / low melting point for liquid moderator.
 •  Good strength and machinability for solid moderator.
 •  Resistance to corrosion and erosion
 • Stability under heat and radiation
 Material Moderating RatioDensity (g/
 cm3)
 Beryllium 160 1.85
 Carbon 170 1.65
 Heavy Water 12,000 11
 Ordinary Water 72 1
 56
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 Coolant
 •  Coolant –
 •  It carries away the large amount of heat released bynuclear fission reactions.
 • A typical nuclear power plant releases 3,000 megawattsof thermal energy in a relatively small volume. Therefore,an enormous amount of coolant (say ~1.25 million lit/min
 of water) must flow through the core.
 •  Coolant either transfers its heat to another medium or ifordinary water is used as coolant, it gets converted tosteam and drives the turbine (prime mover).
 •  Various fluids used as coolant are: Water (light orheavy), gas (Air, CO2, Hydrogen, Helium) and liquidmetals such as Sodium or mixture of Sodium andPotassium .
 57
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 Coolant
 •  Coolant should have following properties:
 •  Stability under extreme thermal conditions and high heat
 transfer coefficient•  Low melting point and high boiling point
 •  Should not corrode the material with which it comes intocontact
 •  Radioactivity induced should be zero
 •  Coolant cyclesDirect cycle  – Water is the coolant and leaves the reactor as steam.
 Boiling water reactor uses this system.
 Single circuit system  – A primary coolant transfers heat to the feedwater in the steam generator. Pressurized reactor uses this system.
 Double circuit system  – Two coolants are used. Primary coolantpasses through the reactor and transfers heat through the
 intermediate heat exchanger to a secondary coolant which then
 transfers heat to feed water in the steam generator. This system isused in sodium graphite reactor and fast breeder reactor.
 58
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 Coolant circuits
 Feed Water
 Steam
 Reactor ReactorSteam
 Generator
 Feed Water
 Steam
 Pump
 PrimaryCoolantCircuit
 Cold
 Hot
 ReactorHeat
 Exchanger
 Pump
 PrimaryCoolantCircuit
 Cold
 Hot
 SteamGenerator
 Feed Water
 Steam
 Pump
 Cold
 SecondaryCoolantCircuit
 Hot
 Direct Cycle Single Circuit System
 Double Circuit System
 !  ! 
 ! 
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 Control rods
 •  Control Rods-
 • A typical U
 235
  fission, on an average,produces 2.5 neutrons. If leftuncontrolled, there will be onethousand fissions in ten generations,which is undesirable.
 •  For a steady chain reaction, eachfission should cause one more fission.
 So the excess 1.5 neutrons must beprevented from causing further fission.
 •  Control rods are materials that readilyabsorb neutrons. They remove excessneutrons through absorption.
 •  Cadmium or Boron rods and sheetsare used as neutron absorbers in areactor. These rods can be moved in or
 out of the holes in the reactor coreassembly.
 60
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 Control rods
 •  When control rods are moved into the core, they absorbneutrons and slow down the reaction.
 •  On withdrawing the control rods from the core, there are moreneutrons available for reaction and hence more heatgeneration.
 •  Thus the power of reaction is controlled by shifting control rodseither manually or automatically.
 •  Control rods should possess following properties:
 • Adequate heat transfer characteristics
 •  Stability under high heat and radiation
 • Resistant to corrosion and erosion
 •  Should have sufficient mechanical strength
 •  Sufficient cross sectional area for neutron absorption
 •  Should be capable of shutting down the reactor almost instantly
 under emergency condition. 61
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 Reflector
 •  Reflector-
 •  The neutrons produced during the
 fission process will be partlyabsorbed by the fuel rods, moderatoror structural material etc. and a fewthat are unabsorbed will try to leak outof the reactor, which is a loss.
 •  Neutron loss can be minimized by
 surrounding the reactor core by areflector which will send the neutronsback into the core.
 •  Generally, the reflector is made up ofgraphite, beryllium, H2O or D2O.
 •  Besides decreasing the critical size, a
 reflector improves the neutron fluxdistribution of a reactor core.
 • As heat generation depends on
 neutron flux, a reflector avoids largetemperature variations within thecore by flattening the neutron flux.
 Fast
 Thermal
 Reflector ReflectorCore
 Ø
 Radial flux distribution in a reflected core
 Ø
 CoreReflector Reflector
 Radial flux distribution in a flux flattened core62
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 •  Reactor vessel- 
 •  The reactor vessel is a container housing for the core of the power
 reactor.•  Fuel rod assemblies, moderator, coolant and control rods are
 accommodated within the reactor vessel.
 •  Biological shielding-
 • During fission of a nuclear fuel, %-particles, &-particles and deadlygamma radiations are produced.
 •  Operating personnel and other equipments need to be protectedfrom hazards of nuclear radiation. This is done through biological
 shielding.
 • Biological shielding consists of -
 •  Thick layers of lead or concrete around the reactor to stop gamma rays
 •  Thick layers of metals / plastics to stop % and & particles.
 •  Iron and Water to shield neutrons.
 63
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 •  Reactors can be heterogeneous or homogeneous
 •  Heterogeneous reactor has a number of fuel rods with coolant
 circulating around them to carry away heat generated by fission.•  In a homogeneous reactor, the fuel and moderator are mixed, e.g.
 fuel uranium sulphate mixed in the moderator H2O or D2O. The
 solution is critical in the core.
 •  Due to difficulties in component maintenance, induced
 radioactivity, erosion and corrosion, homogeneous reactors arenot common.
 •  Present day nuclear reactors are of heterogeneous class andthey are classified according to the type of fuel used, neutronflux spectrum, coolant and the moderator, if used as follows-
 Neutron fluxspectrum
 Moderator Coolant Fuel material
 ThermalLight water, Heavywater, Graphite
 Light water, Heavywater, Gas (CO2)
 Natural or enricheduranium
 Fast NilLiquid metal (Na,K)
 Plutonium, Thorium64
 Types of reactors
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 •  Light water cooled and moderated reactors (LWR) using slightlyenriched uranium fuel are most commonly used for powerproduction. These reactors are further divided into:
 •  Boiling water reactor (BWR)
 •  Pressurised water reactor (PWR)
 •  High Temperature Gas-Cooled Reactor (HTGCR) have been used in
 the UK, France and Germany for power production.
 •  Fast reactors use high energy neutrons for fission and thereforedo not require moderator. They use liquid metal as coolant witheither plutonium or plutonium-uranium mixture for fuel.
 •  Liquid Metal Fast Breeder Reactor (LMFBR) are likely to be thesource of electrical power for the future. A breeder reactorproduces more fissionable isotope than what it consumes.
 65
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 g
 Working arrangement of a nuclear power plant with Boiling Water Reactor (BWR)
 66
 Boiling water reactor
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 g
 Simplified schematic of a Boiling Water Reactor (BWR)
 67
 Boiling water reactor
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 •  The Boiling Water Reactor (BWR), uses demineralised waterwhich serves as moderator, coolant and steam source for theturbine.
 •  Heat is produced by nuclear fission in the reactor core and thiscauses the water to boil, producing steam.
 •  The cooling water is maintained at ~75 Bar pressure so that itboils in the core at ~285 C. This operating temperature gives
 BWR a Carnot efficiency of only 42% with a practicaloperating efficiency of ~32%.
 •  The steam, after driving a turbine, is cooled in a condenser andconverted back to liquid water. This water is then returned to
 the reactor core, completing the loop.
 68
 Boiling water reactor

Page 69
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 69/112
 g
 •  Reactor power is controlled either using control rods or byvarying coolant flow rate through the core.
 •  Inserting control rods into the core results in absorption ofneutrons, hence less number of neutrons for fission, hencedecrease in reactor power.
 •  Withdrawal of control rods from the core leaves more
 neutrons in the core for fission, hence increase in reactorpower.
 •  Increasing the flow of water through the core causes less
 steam voids in the core or more water to moderate neutrons,
 hence increase in reactor power.
 •  Decreasing the flow of water through the core causes more
 steam voids in the core or less water to moderate neutrons,
 hence decrease in reactor power. 
 69
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 •  The ratio of recirculated coolant to the saturated vapour
 produced is called the circulation (or recirculation) ratio. Itis about 6 to 10 for BWR. 
 •  The turbine of the BWR is a part of the reactor circuitbecause the steam directly enters the turbine from thereactor core. Therefore, the steam can be radioactive andhence the turbine must be shielded for radiation.
 • Advantage of a BWR is that it is simple and has fewcomponents in its circuit.
 •  Disadvantage of a BWR is that any sudden increase in
 steam pressure (e.g., blockage of steam in the circuit) willcause more water in the core, resulting in more neutron
 moderation and hence increase in reactor power. This can
 result in thermal runaway conditions and core meltdown.
 70
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 Pressurised water reactor
 Working arrangement of a nuclear power plant with Pressurised Water Reactor (PWR)
 71
 Pressurised water reactor
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 Simplified schematic of a Pressurised Water Reactor (PWR)
 72
 Pressurised water reactor
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 •  In the Pressurised Water Reactor (PWR), water is contained in apressurised primary loop.
 •  The primary loop water which flows through the reactor core isisolated from the turbine and therefore, the water functions as
 moderator and coolant only.
 •  The primary loop water produces steam in the secondary loop which
 drives the turbine in a Rankine type cycle.
 •  The advantage here is that a fuel leak in the core would not pass anyradioactive contaminants to the turbine and condenser.
 •  Limitation on a PWR is the critical temperature of water, 374 C which is
 the maximum possible temperature of the coolant in the reactor.
 •  In practice, PWR is operated at about 300 C to provide a margin of
 safety over the critical temperature.
 •  The coolant pressure must be greater than the saturation pressure at
 say 300 C (which is 85.93 bar) to suppress boiling. The pressure isnormally maintained at about 155 bar to prevent bulk boiling by an
 external pressuriser that is electrically heated.73
 Pressurised water reactor
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 •  PWR provides a better Carnot efficiency compared to BWR. 
 • The fuel in PWRs is slightly enriched uranium in the form ofthin rods or plates with a cladding of stainless steel or zircaloy.
 •  Because of the very high coolant pressure, the steel pressurevessel containing the core must be 200 to 250mm thick.
 •  The first land-based PWR for power generation was built atShippingport, USA in 1957. It has a thermal output of 231 MW,the pressure in the primary circuit is 141 bar, and watertemperature at the reactor outlet is 282 C. Dry saturated steamis generated in the heat exchangers at 41 bar, 252 C. For agross electrical output of 68 MW, the thermal efficiency is
 29.4%.
 •  The Shippingport cycle has been modified in the Indian Point(USA) PWR by the inclusion of an oil-fired superheater betweenthe main heat exchangers, an economiser and feed waterheaters to improve the cycle efficiency. 74
 Pressurised water reactor
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 •  PWRs are also used in marine propulsion, e.g., aircraftcarriers, submarines and ice breakers.
 •  The use of water as a moderator is an important safety feature
 of PWRs.
 •  Neutron moderation depends on the density of the moderator;denser the moderator, higher is the moderation.
 • Any increase in temperature in the core of PWR causes the waterto expand and become less dense; thereby reducing moderation
 of neutrons.
 •  Reduced moderation decreases the number of thermal neutrons
 available for chain reaction thus reducing reactor power.
 •  Therefore, if reactivity increases beyond normal, the reducedmoderation of neutrons will cause chain reaction to slow down,producing less heat.
 •  This property is called as the negative temperature coefficient of
 reactivity ” and makes PWR reactors very stable.75
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 CANDU Reactor
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 (CANada Deuterium Uranium Reactor)
 1. NUCLEAR FUEL ROD
 2. CALANDRIA
 3. CONTROL RODS
 4. PRESSURIZER
 5. STEAM GENERATOR
 6. WATER CONDENSATE PUMP
 (SECONDARY COOLING LOOP)
 7. HEAVY WATER PUMP (PRIMARYCOOLING LOOP)
 8. NUCLEAR FUEL LOADER
 9. HEAVY WATER (MODERATOR)
 10. PRESSURE TUBES
 11.  STEAM
 12. WATER CONDENSATE
 13. REACTOR CONTAINMENTBUILDING
 Schematic of CANDU reactor77
 CANDU Reactor – Operating Principles
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 •  CANDU reactor uses natural uranium as fuel and heavy water as
 coolant as well as moderator. It is a pressurused heavy waterreactor. 
 •  The core of the reactor is contained in a large, horizontal,cylindrical tank called Calandria” that also contains the heavywater moderator.
 •  Several hundred fuel channels run from one end of the calandria tothe other. Each channel has two concentric tubes – the outer tubeis called the calandria tube and the inner tube is called thepressure tube.
 • The pressure tubes hold the fuel and the pressurised heavy watercoolant.
 •  The fuel, in the form of bundles of rods containing uranium pellets,is inserted into the pressure tubes by remotely operated fuelingmachines even while the reactor is in operation. 
 78
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 The Calandria and fuel bundle in a CANDU reactor 79
 CANDU Reactor
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 Practical layout of a CANDU reactor80
 CANDU Reactor – Operating Principles

Page 81
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 81/112
 •  In a closed circuit, the heavy water is pumped throughthe tubes containing the fuel bundles to pick up heat
 generated by the nuclear reaction.
 •  The reaction is controlled by automatic inward/outwardmovement of control rods that absorb excess neutrons
 thus maintaining a steady reaction rate.
 •  The heavy water transfers heat to ordinary water togenerate steam in a separate heat exchanger.
 •  The steam is piped outside the reactor containment
 building to conventional turbines and generators thatproduce electricity. In this way, the nuclear reactor isseparate from the equipment used to produceelectricity. 
 81
 CANDU Reactor – Operating Principles
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 Simplified schematic and location of major systems of a typical CANDU unit
 82
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 How is Pu239 produced'?
 The bombardment of non-fissionable U238 withneutrons triggers two successive beta decays
 resulting in the production of fissionable Pu239.The amount of Pu239 produced depends upon the
 breeding ratio (BR), which is:
 it  producetoused U of   Amount 
  produced  Puof   Amount  BR
 235
 239=
 92U238
 92U239
 93Np239
 94Pu239
 n
 T0.5 = 23.5 min& 
 e-1 
 T0.5 = 2.35 days & e-1 
 T0.5 = 2.44 x 104 years
 (From fission
 of U235)
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 Simplified schematic of a Liquid Metal fast Breeder Reactor (LMFBR)
 84
 Liquid metal fast breeder reactor (LMFBR)
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 • A characteristic feature of a breeder reactor is the fact that whileproducing energy, it also produces more fissile material than it
 consumes.
 • A liquid metal fast breeder reactor (LMFBR) is so named because it
 uses high energy (fast) neutrons for conversion of fertile material intofissile material and it uses Sodium as coolant that remains in the
 liquid state (liquid metal) at the prevailing high temperatures.
 •  There are only four heavy isotopes that effectively undergo fission,U233, U235, Pu239 and Pu241. Of these, only small quantity (~0.7%of
 natural uranium) of U235 exists in its natural state.
 •  Considerable quantities of U233, Pu239 and Pu241are produced when
 neutrons are absorbed by certain isotopes of thorium and uranium.
 •  Materials which become fissile upon absorbing neutrons are known
 as  primary fuels” or fertile materials”.
 •  In a fast breeder reactor, U238 is the fertile material which is converted
 to fissile isotope Pu239 through neutron absorption. 
 85
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 Comparison of reactors
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 Parameter PWR BWR LMFBR HTGR
 Electric power (MWe) 1300 1050 1000 330
 Thermal power (MWth) 3800 3000 2750 842
 Specific power (kMWth /kg) 33 26 575 50
 Power density (kMWth /m3) 100 60 300 10
 Core height (m) 4.25 3.75 1.50 5.00
 Core diameter (m) 3.50 4.90 3.25 5.90
 Coolant H2O H2O Liq.Na He
 Pressure (MPa) 15.50 7.20 0.80 4.80
 Inlet temperature ( C) 280 275 330 400
 Outlet temperature ( C) 310 285 500 770
 Coolant flow rate (Mg/s) 20 12 11 0.45
 Average linear heat rate (kW/m) 22.5 20 30 -
 87
 Fusion energy
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 •  Fusion is the process by which two light nuclei are combined (orfused) to form a heavy nucleus, thereby releasing enormous energy
 •  Fusion is the process that powers the sun and the stars. In one type of this reaction, two atoms of hydrogen combine together, to form an
 atom of helium. In the process some of the mass of the hydrogen isconverted into energy. 
 •  The easiest fusion reaction to happen combines deuterium (or“
 heavy hydrogen”
 ) with tritium (or“
 heavy-heavy hydrogen”
 ) to makehelium and a neutron.
 Diagram of deuterium-tritium reactionIsotopes of hydrogen
 Electron
 Proton
 Hydrogen Deuterium Tritium
 Neutron
 Electron
 Proton
 Hydrogen Deuterium Tritium
 Neutron
 Electron
 Proton Neutron
 Hydrogen Deuterium Tritium
 88
 Energy from nuclear fusion
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 As an example, let us calculate the energy release by fusion ofdeuterium and tritium.
 • Assume the fusion reaction:
 1H2 + 1H
 3  !  2He4 + 0n1
 • The mass balance gives:
 2.0141 + 3.0160 !  4.0026 + 1.00867
 Or
 5.03015 amu !  5.01127 amu
 There is thus a reduction in mass, which appears in the form of
 exothermic energy. The mass defect is$m = 5.03015 - 5.01127
 $m = 0.01888 amu or
 $E = 17.6 MeV (1 amu = 931 MeV) 89
 Fusion vs Fission
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 Fusion
 1H2 1875.1271 MeV
 1H3  2807.896 MeV
 2He4 3726.4206 MeV
 0n1 939.0717 MeV
 D-T Fusion yield = 17.6 MeV
 Fractional yield = 17.6 / 4683.0231
 = 0.003758
 Fission
 92U235 218825.87 MeV
 0n1 939.0717 MeV
 56Ba137 129321.5791 MeV
 36Kr 97 90233.6372 MeV
 2x0n1 1878.14354 MeV
 Average fission yield = 200 MeV
 Fractional yield = 200 / 219764.9426
 = 0.00091
 Fractional yield of Fusion / Fractional yield of Fission = 0.003758/0.00091 = 4.12
 That means the unit power yield by fusion is approximately 4 times that by fission.
 Fuel Fuel
 Products
 Products
 90
 Fusion energy
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 •  Since nuclei carry positive charges, theynormally repel one another. By
 increasing the temperature, the atomsor nuclei can be moved faster. When
 they collide at these high speeds, theyovercome the force of repulsion of the
 positive charges, and the nuclei fuse.
 •  Hydrogen gas is typically heated to very
 high temperatures (100 million degreesor more) to give the atoms sufficientenergy to fuse. In the process the gas
 becomes ionized, forming a plasma.
 •  If this plasma is held together (i.e.
 confined) long enough, then the sheernumber of fusion reactions mayproduce more energy than what's
 required to heat the gas, generatingexcess energy that can be used for
 other applications.
 High temperatures needed to cross the energy hill
 91
 The fusion process
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 •  Deuterium is plentifully available in ordinary water. Tritium can beproduced by combining the fusion neutron with the abundant light
 metal lithium. Thus fusion has the potential to be an inexhaustiblesource of energy. 
 Deuterium + Tritium = Helium + Neutron + 17.6 MeV  Energy
 92
 The fusion process
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 •  Different fusion reactions require different
 temperatures and have different energy yields.
 93
 Fusion energy

Page 94
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 94/112
 •  In the Sun and Stars, the plasma is contained in thevacuum of space by the gravitational force of their
 huge mass, known as gravitational confinement ”.
 •  On earth, however, two methods are being pursued tocontain such high temperature plasma:
 •  Inertial confinement   – uses intense energy beams such as ionor laser to compress and heat tiny pellets of frozen hydrogenso quickly that fusion occurs before atoms can fly apart.Temperatures >50 million K and densities >20 times that oflead are needed to achieve fusion using this concept.
 •  Magnetic confinement   – uses strong magnetic fields that actlike a magnetic bottle to hold the ionized (charged) nucleitogether and away from the vessel wall as they are heated tofusion temperatures. A Russian design called “Tokamak” hasproved particularly attractive for such a confinement.
 94
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 Inertial confinement of plasma using high intensity laser beams, the NOVA experiment – creation of a micro sun
 Fusion targetimplosion onNOVA
 95
 Fusion energy
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 Magnetic confinement of plasma, the “Tokamak” method
 Central Magnets Control
 Magnets
 HeatingPorts
 Energy RecoveryModules
 Hot Gas orPlasma
 ConfiningMagnets
 VacuumVessel
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 Concept of a power plant using fusion reactor Progress on Tokamaks
 TFTR : Research facility at Princeton Plasma Physics Laboratory
 JET : Joint European Torus
 Construction of the world’s first fusion power plant ITER (InternationalThermonuclear Experimental Reactor) was started in France during mid
 September 2010. It is expected to be completed by 2020 and produce 450
 MW of power.
 97
 The nuclear fuel cycle
 The nuclear fuel cycle for a typical light water reactor is shown here It
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 The nuclear fuel cycle for a typical light water reactor is shown here. Itconsists of “front-end” steps that prepares uranium for use as fuel and “back-
 end” steps to safely manage, prepare and dispose off the highly radioactivespent fuel.
 U r ani um 
 Nuclear Reactor
 Fuel fabrication
 Enrichment
 Conversion
 Milling
 Mining
 Interim storage
 Spent fuelreprocessing
 Final disposal
 F r  on t  - en d 
  c  y  c l   e
 B  a c k - en d 
  c  y  c l   e
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 • All of us are exposed to some radiation always. This naturallyoccurring or "background" radiation comes from the radioactive
 decay of naturally occurring radioactive elements in the earth'scrust. In addition to this, other sources of radiation are part ofthe course of everyday life: dental or medical X rays, microwaveradiation, luminous watch dials, colour televisions, cosmicradiation, smoke alarms, exit signs; a variety of sources of
 exposure to extremely small doses which add up slowly overtime since dosage of radiation is cumulative over a lifetime.
 • Among the variety of radiations, the ultraviolet, X-Ray andGamma rays cause ionization of atoms and molecules insidecells, leaving behind a variety of radicals – a type of moleculesthat quickly react with other nearby molecules.
 •  If the free radicals react with the DNA molecules in which all theinstructions to cells are contained, some of these instructionscan get scrambled. 99
 Radiation hazards
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 •  When a DNA molecule sustains irreparable damage, following
 problems can arise:•  Cell reproductive death: The cell containing the defectiveDNA may not be able to reproduce itself. The impact ofthis damage depends on the life of the affected cell type,e.g., short lived cells like hair follicles and skin cells (few
 days life) to brain cells (permanent). This is the mostcommon hazard.
 •  Genetic mutation: Cells in question cause abnormal birthand growth defects in off springs for several generations.This is a long lasting, subtle hazard.
 •  Cancer: Sometimes a damaged DNA molecule instructs acell to reproduce as many copies of itself as possiblethereby creating a chain of abnormal cells which is calledcancer. This is the worst hazard of radiation exposure.
 100
 Radiation hazards
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 Effects of a single dose radiationDose (Sv) Effect
 0 – 0.25 No observable effect
 0.25 – 0.50 Small decrease in white blood cell count
 0.50 – 1.00 Lesions, large decrease in white blood cell count
 1.00 – 2.00 Loss of hair, nausea
 2.00 – 5.00 Haemmorhage, ulcers, death in 50% of population
 > 5.00 Death
 Sv, short form for Sievert is used for measuring radiation dose. 1Sv = 1J/kg and indicates theamount of ionizing radiation required to produce the same biological effect as 1 gray (or 1J ofenergy in the form of ionizing radiation per kg of matter) of high penetration x-rays. The unit is
 named after the Swedish physicist Rolf Siebert (1896-1966). 101
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 Radiation shielding• Different types of ionizing radiation behave in different ways, so different
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   Different types of ionizing radiation behave in different ways, so differentshielding techniques are used.
 • %-radiation is the easiest to shield. Even very energetic %-particles can be
 stopped with a leaf of paper. • &-radiation is more difficult, but still a relatively thin layer of aluminium is
 adequate. However, in cases where high energy beta particles are emittedshielding must be accomplished with low density materials, e.g. plastic, wood,water or acrylic glass.
 • "-radiation is best absorbed by atoms with heavy nuclei; the heavier the
 nucleus, the better the absorption. In some special applications, depleteduranium is used, but lead is much more common.
 •  Neutrons are best absorbed by nuclei ofatoms in a reactor, but fast neutronshave first to be moderated to slowerspeeds. Subsequently a large mass of
 hydrogen-rich material, eg. water (orconcrete, which contains a lot ofchemically-bound water), polyethylene,or paraffin wax is commonly used. Itcan be further combined with boron formore efficient absorption of the thermal
 neutron
 103
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 •  Why is nuclear waste an issue?
 •  Nuclear waste is a cause for concern because it is not bio- degradable, meaning it does not decompose naturally under theaffect of the atmosphere.
 •  It causes a number of health hazards for anyone who comes into
 contact with the radiation from this waste.
 • Harmful radioactive emissions can cause skin cancer andgenetically alter the DNA of people coming into contact with them,the effects of which will be passed on to the descendants of these
 victims for many generations to come.
 •  Sources of nuclear waste :
 •  Spent fuel from nuclear reactors
 •  Waste left after reprocessing of spent fuel 
 •  Waste obtained from dismantling of nuclear weapons
 •  Waste from industrial, medical and other sectors 104
 Radioactive waste disposal
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 •  Methods used for disposal of nuclear waste
 •  Deep ocean disposal: In this method, containers made of borosilicate glass are
 filled up with nuclear waste. This glass has the capacity to prevent any nuclearradiation from leaking out. The container is enclosed in yet another water-tightmetal container and dumped into the ocean. Though these containers are said tobe leak-proof, there is a speculation that a minor quantity of radiation does
 manage to escape from these containers.
 •  Deep geological burial: The containers used in this method are similar to the ones
 used in the deep sea disposal system. But in this case, the containers are burieddeep underground, in less populated areas. This method depends on the naturaldecaying ability of the radioactive material for its success. The materials areburied deep under the earth for thousands of years and allowed to settle into asafe level of radioactivity.
 •  Nuclear waste recycling: This is a new waste disposal method under development
 in which the uranium, plutonium and other fission products are separated intodifferent streams using chemical processes. The advantage of doing this is thatthese products can be re-used or disposed off more easily. However, therecycling process is not feasible at present because many countries do not haveproper facilities to implement this method, and it is also an expensive process.
 105
 Different steps in radioactive waste disposal

Page 106
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 106/112
 Step 1 : Retrieve spent fuel from reactor106
 Cooling of spent fuel before disposal

Page 107
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 107/112
 107
 Radioactive waste disposal
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 Step 2 : Allow spent fuel to cool in storage racks Step 3 : Place in storage cask108
 Radioactive waste disposal
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 A repository in Sweden is designed to isolate the wastes for the 100,000years it will take until their levels of radiation return to the original low
 levels of natural uranium. Used nuclear fuel assemblies are to be packedin cast iron baskets within thick copper canisters and packed in clay
 almost 500 metres below ground in a contiguous section of igneous rock.At that level, groundwater movement is so slow that the wastes could
 never affect life at the surface.
 109
 Radioactive waste disposal
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 Construction details of storage cask Step 4 : Transportation
 110

Page 111
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 111/112
 Water table
 Step 5 : Deep geological burial
 Mountain
 111

Page 112
                        

8/13/2019 Nuclear power plants.pdf
 http://slidepdf.com/reader/full/nuclear-power-plantspdf 112/112



						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                Nuclear and Thermal Power Plants - Oliveboarddownload.oliveboard.in/pdf/Nuclear and Thermal Power Plants.pdf · Power Plants of India List of Nuclear and Thermal Power Plants of India

                            

                                                    
                                Marine Power Plants.pdf

                            

                                                    
                                Quality  control Med. Plants.pdf

                            

                                                    
                                Nuclear Power Plant News, Jobs, and Careers - #1 Power #1 Nuclear …nuclearstreet.com/new-nuclear-power-plant-construction/... · 2009-11-13 · Nuclear Power Expansion Worldwide

                            

                                                    
                                test science max plants.pdf

                            

                                                    
                                Advances in Nuclear Power Technologyctcase.org/reports/nuclear/ADVANCES IN NUCLEAR... · Advances in Nuclear Power Technology ... Nuclear Energy, ... Office of Nuclear Material Safety

                            

                                                    
                                Nuclear and Thermal Power Plants and Thermal Power Plants.pdf · Nuclear and Thermal Power Plants Volume 1(2017) 2 The following eBook contains names and locations of all the Nuclear

                            

                                                    
                                P062_scr.pdfTREATMENT OF INTERNAL FIRES IN PROBABILISTIC SAFETY ASSESSMENT FOR NUCLEAR POWER PLANTS.pdf

                            

                                                    
                                Guidelines for performance based contracts for fossil fueled power plants.pdf

                            

                                                    
                                Mineral Nutrition of Plants.pdf

                            

                                                    
                                Combined-cycle Gas and Steam Turbine Power Plants.pdf eBook 0878147365

                            

                                                    
                                agreculture of plants.pdf

                            

                                                    
                                Emergency Preparedness at Nuclear Power Plants · PDF fileEmergency Preparedness at Nuclear Power Plants ... Nuclear power plant owners, ... The nuclear power reactor’s emergency

                            

                                                    
                                Decommissioning Nuclear Power Plants€¦ · Decommissioning Nuclear Power Plants Nuclear Development NUCLEAR•ENERGY•AGENCY Policies, Strategies and Costs Decommissioning Nuclear

                            

                                                    
                                Wärtsilä Flexicycle power plants brochurecdn.wartsila.com/.../brochures/flexicycle-power-plants.pdf · 2020-01-24 · of flexibility and efficiency makes Flexicycle power plants

                            

                                                    
                                Bellona report 2011bellona.org/assets/sites/3/Floating-nuclear-power-plants.pdf · Published by the Bellona Foundation Bellona Oslo Post: Boks 2141 Grünerløkka N-0505 Oslo Norway

                            

                                                    
                                Emergency Power Systems at Nuclear Power Plants€¦ · Emergency Power Systems at Nuclear Power ... International Symposium Emergency Power Systems at Nuclear Power Plants will be

                            

                                                    
                                Energy, Nuclear & Sustainable Power: Rhodri Owen, Horizon Nuclear Power

                            

                                                    
                                Cryogenic separation plants.pdf

                            

                                                    
                                Short Circuit Contribution from PV Power Plants.pdf

                            

                                                    
                                CLEANER PRODUCTION OPPURTUNITIES - gcpc-envisgcpcenvis.nic.in/Experts/Thermal Power Plants.pdf · CLEANER PRODUCTION OPPURTUNITIES THERMAL POWER PLANTS - ENVIS Centre INIINNIN 1 |

                            

                                                    
                                ENERGYPHYX 1020USU 1360 CHAPTER 6 NUCLEAR POWER 2002 1 NUCLEAR POWER Nuclear Power Station, Diablo Canyon, CA

                            

                                                    
                                7 Steam Power Plants - Dalhousie ... - Dalhousie Universitypoisson.me.dal.ca/site2/courses/mech3805/7 Steam Power Plants.pdf · This brief overview on steam power plants focuses on

                            

                                                    
                                C37.106 GUIDE FOR ABNORMAL FREQUENCY PROTECTION FOR POWER GENERATING PLANTS.pdf

                            

                                                    
                                Reviws antidiabetic plants.pdf

                            

                                                    
                                World Nuclear Power Reactors | Uranium Requirements | Future Nuclear Power

                            

                                                    
                                Nuclear Development : Decommissioning Nuclear … Nuclear Power Plants 2003 D ecommissioning Nuclear Power Plants The decommissioning of nuclear power plants is a topic of increasing

                            

                                                    
                                Nuclear Energy Page1electrocity.co.nz/images/factsheets/Nuclear Energy.pdf · nuclear energy? Nuclear power reactors or nuclear power ... Accidents at nuclear power stations are very

                            

                                                    
                                Journal-1 Online Optimal Control of Reactive Sources in Wind Power Plants.pdf

                            

                                                    
                                small hydroelectric plants.pdf

                            

                                                    
                                FitzPatrick Nuclear Power Plant · FitzPatrick Nuclear Power Plant Indian Point Nuclear Generating Pilgrim Nuclear Power Station Vermont Yankee Nuclear Power Station cc: Chief, Safety

                            

                                                    
                                The Economics of Nuclear Power: Is New Nuclear Competitive?energyeconomyonline.com/uploads/Is_New_Nuclear... · The Economics of Nuclear Power: Is New Nuclear Competitive? ... Power

                            

                                                    
                                Safety Requirements Behavior Based Safety for Power Plants.pdf

                            

                                                    
                                Nuclear power

                            

                                                    
                                Dominican Medicinal Plants.pdf

                            

                        
                    

                                    

            

        

    

















    
        
            
                	About us
	Contact us
	Term
	DMCA
	Privacy Policy



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENTS

            

                    

    








    


