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INFOSHEET

What is an atom? What is a nucleus?

We see many substances around us. What are these
made of really?

This question has been asked since ancient times. We
now know that every substance is simply a collection of a
large number of very minute particles known as atoms.
There are 92 different kinds of atoms presentin nature.

Some substances consist of only one kind of atoms.
These substances are known as elements, e.qg.

An atom is incredibly small. It is in fact so small that
billions and billions of atoms existin a teaspoon of matter.
Each element has its own characteristic atoms. Justas a
wallis built up of bricks or stones, atoms make up matter.

(*Although atom is generally referred to as the smallest and
indivisible particle. The atom 'can'be splitinto still-smaller subatomic
particles, which, however, do not have the characteristic properties
ofthe elements. Hence, to retain the identity of the element, the atom
may be regarded asindivisible.)

= [ | Y ATOM AND IONIZATION

hydrogen, carbon, oxygen and uranium. There are such
92 elements in nature. Different valid combinations of
these elements result into millions of types of O lonizing
substances. Such substances contain two or more kinds
of atoms joined together in groups, e.g. water, which Negative
contains atoms of hydrogen and oxygen joined together
chemically, i.e. through their electrons. Some atoms of
hydrogen are heavier than others. When these heavy
hydrogen atoms combine with oxygen atoms, we get
heavywater. S Positive
ion
Atom is the smallest* possible particle of an element, with
a diameter of the order of one in ten-billionth of a meter. ATOM IONIZATION
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INFOSHEET

The atom has an internal structure consisting of a
nucleus surrounded by electrons. The nucleus consists
of closely bound particles — protons and neutrons —
which are collectively called nucleons. The nucleons are
surrounded by a cloud of electrons. Protons are
positively charged, while the neutrons have no charge.
The electrons are negatively charged and the atom as
whole is electrically neutral. It should also be noted that,
for a given element, the number of electrons is always
equalto the number of protons.

Protons and neutrons are particles of about the same
mass (1 atomic mass unit, or 1 AMU) and form the total
mass of the atom. This is because electrons, which are
outside the nucleus, have little mass, and their weight is
considered to be negligible for all practical purposes. It
should also be noted that AMUs are rounded off to the
nearestintegers, for the purpose of calculating the 'mass
number' of an element. As stated earlier in this
paragraph, the weight of electrons being negligible, it is
omitted while calculating the mass number. Details of
these subatomic particles are in the following table:

|
"UC ==" A GLANCE AT THE SUBATOMIC PARTICLES

PARTICLE CHARGE MASS ATOMICWEIGHT
GM (AMU)+
Proton Positive 1.672x10™ 1.00732
?) (+o)
Neutron  Neutral 1.675x10™ 1.00871
m o
Electron  Negative  9.108x10™ 5.486x10"

(E) (-e)

Atomic weight of any element can be obtained by adding
the number of protons and neutrons present in the
nucleus. The accepted way of representing a

radionuclide X is “X,, where A is the atomic weight (or
mass number) and Z the atomic number. Thus, A=N+P,
and P=Z. For a given element, the atomic number is
always a fixed number, denoting the number of protonsin
the nucleus of any of its atoms. However, in nature, often
a same given element can exist in lighter or heavier
types, giving rise to the phenomenon of ‘isotopes'.
Isotopes of an atom have the same number of protons
but different number of neutrons in their nuclei, thus
making an isotope either lighter or heavier than another
isotope of that same element.

As given earlier, atomic number is the number of protons
in the nucleus in a given atom. Now, let us represent an
atom of gold (chemical symbol Au), which will be as
“"Au,,. This means the gold atom contains 79 protons
and 118 neutrons in its nucleus. The mass number (N+P)
is always given as a left-hand superscript to the element
symbol, while the right-hand subscript denotes the
atomic number. The isotopes can often be representedin
abbreviated form *‘U,,, or uranium-234. Atoms having
different mass numbers but belonging to the same
chemical element are called isotopes. Thus, there are
three different isotopes of hydrogen: 'H,, *H, and °H,
(hydrogen, deuterium and tritium). All uranium isotopes
contain 92 protons in the nuclei, and the isotopes of
uranium contain 142 neutrons (*‘U,,), 143 neutrons

(**U,,) and 146 neutrons (“*U,,) respectively.
What is radiation and radioactivity?

The nuclei of atoms with too many or too few neutrons,
become unstable and eject sub-atomic particles,
generally electrons but occasionally alpha particles.
These nuclear rearangements are frequently
accompanied Dby electromagnetic radiation, called
gamma radiation. This phenomenon is called
radioactivity and such unstable atoms radioactive atoms.
As many as 42 radioactive species or radionuclides with
high atomic weight exists in nature. But there are a few
lighter elements like potassium, rubidium, samarium,
etc., which also exhibits feeble radioactive properties.
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INFOSHEET

As the wavelength decreases, energy of the radiation
increases. Radio-television waves are of very low energy
and human body is insensitive to them. The body can
sense infrared rays as radiant heat. As the energy of the
radiation increases further, it can produce biological
damage due to its effect on skin, retina and lens of eye.
Radioactive atoms also emanate rays, which are formed
as nuclear radiations. The main three types of radiations
emitted by radioactive atoms are: alpha rays, beta rays
and gamma rays. Some heavy atoms emit neutral
particle neutrons. The high-energy electro-magnetic
radiation (>10 kilo-electron Volts, keV), such as X-rays
and gamma rays and the radiations emitted by the
nucleus of a radioactive atom generate ions (charged
particles) in the matter through which they travel. This
process is called ionisation and the radiations producing
this effect are termed ionising radiations.

Radio and television signals, visible light, infrared and
ultraviolet rays from the sun are all radiations differing in
wavelength and energy. The energy of radiation is
expressed in terms of electron-Volts (eV).

Alpha rays:

They consist of particles carrying two unit positive
charges and having a mass of four units, which is

beta rays

_____

“*<.alpha
particles

|
N © TN AN EXAMPLE OF RADIOACTIVE DECAY

Radium-226 ALPHA DECAY

88 P
138 N

nad;u‘m;zzz + 2p

136 N
ALPHA PARTICLE

Carbon - 14 BETA DECAY

Nilro1gepn -14 + e

8N 7N

ELECTRON

essentially a helium atom. The initial kinetic energies of
alpha particles are in the range of 4 to 10 MeV (million
electron-Volts). However, they quickly lose their
energies while passing through matter. The product of
radioactive decay of radium-226 atom is radon-222
atom, because the radium-226 nucleus has lost 2
protons by emitting an alpha particle (helium atom).

o-decay

ZZGRaBS 222Rn86 + 4He2

Beta rays:

Beta rays are negatively charged particles with little
mass. In the beta-decay process, charged particles that
are identical with electrons are emitted from the nucleus.
The removal of a negative charge, in effect, increases
the atomic number of the parent atom by one unit. These
beta particles (unlike alpha particles) do not have well-
defined energies and their energy levels vary from quite
a small value to a maximum value (E,,), which is
characteristic of the emitting substance. Beta particles
also lose energy (although less slowly than alpha
particles) while passing through air or other substances.

[3-decay

C; ————>"N;+B(le)

14
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INFOSHEET

Gamma rays:

These electromagnetic rays are neutral rays with no
detectable mass. Hence they are not deflected in electric
or magnetic fields. The wavelength is very short, of the
order of 10°-10™ cm. or 0.01 to 10 MeV. There is no
difference between gamma rays and X-rays except
possibly in their energies and origin. X-rays arise from
energy changes involving electrons while gamma
rays are emitted from the nucleus. Frequently, gamma
rays accompany alpha- or beta decay of radioactive
atoms.

What is the penetrating ability of an
ionising radiation?

Radiation which creates ionisation in the matter in which
it travels is termed as ionising radiation. Examples are
alpha, beta, gammaand X-rays.

o-particle:

Because of its higher energy and mass, a-particles
produce greater number of ion-pairs per centimeter of
the distance they travels (i.e. specific ionisation), in a
medium as compared to beta particles. When the energy
of the particle falls to a low value, it takes up two electrons
and becomes a neutral helium atom. The distance from
its source to the point where it fails to cause ionisation, is
called the range of the a-particle. In air, the range varies
from 2.8 cm (for 4 MeV energy) to 10 cm (for 10 MeV
energy). In general, the range varies inversely with
the density of the medium through which it passes. Thus,
a-particles are unable to penetrate a moderately thick
sheet of paper.

B-particles:
Because of the lower specific ionisation, a 3-particle will

travel much farther than an a-particle of the same
energy. B-particles can travel a few meters in air.

However, they can be stopped in a thickness of about 0.2
cm of aluminum foil. As a rough generalisation, itappears
that the range is inversely proportional to the density of
the medium in which the B-particle is traveling.

Y-rays:

Generally, the excess energy of the nucleus after an
emission of an a or a B particle gets released as gamma
rays. Like X-rays, gamma rays are not charged and
hence can penetrate considerable distance even in fairly
dense medium. As they pass through a gas, gammarays
produce ionisation of the atoms or molecules, though not
directly, like a- or B-rays. Gamma rays do not have a
definite range and hence they cannot be stopped
completely in a given medium. However, the radiation
can be attenuated to such an extent that it cannot be
detected. In principle, they cannot be absorbed
|

| | Y~ PENETRATING POWERS OF THE
VARIOUS TYPES OF RADIATION

GAMMA, X-RAYS

NEUTRONS =+ eeee s

TYPES OF RADIATION

ALUMINIUM  LEAD  CONCRETE

completely. Some of the materials used to attenuate
y-rays are steel, lead or uranium. Like y-rays, neutrons
also do not have any charge and hence can penetrate
deeper into the given medium. In case of neutrons, the
loss of energy is by collision with atoms or molecules of
the medium. Materials such as concrete or low atomic
weight elements or compounds, such as water, reduce
energy of these neutrons to a great extent, and hence the
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What is half-life?

After emission of radiation, an atom is no longer the
same. It becomes transformed into a different kind of
atom. Because of this radioactive transformation, the
original number of radioactive atoms in a substance
decreases with time. The time taken for this number to
fall to half the initial value is known as half-life. After a
time equal to ten half lives, the level of radioactivity falls
by a factor of 1,000. It has been determined that the rate
at which the radioactive nuclei decay is proportional to
the number of remaining undecayed nuclei.
Mathematically, this can be expressed as:

dN
dt = -An

Where dN/dtis the number of atoms decaying in unit time
and A is the decay constant. This equation can also be
written in another from:

N=N,e™

Where,

N, =number of unstable atoms attime, t=0
N =number of unstable atoms attime t.

e =2.718 (is the base of natural logarithm),
and

A =decay constant.

It can be shown by the above equation that the time
required to reduce the number of unstable atoms to half
of their initial value (half-life) can be obtained by dividing
0.693by A.

The half-life of isotopes may vary from a few
microseconds to years. Take the example of radium-226,
with a half-life of 1600 years. If one were to buy, say a 100
atoms of radium-226, after 1600 years, there will be only
50 atoms left (the rest having been converted into
daughter elements, i.e. fission products, as a result of the

-
I W | W” RADIOACTIVE DECAY TAKES PLACE
AT A FALLING EXPONENTIAL RATE

No. of atoms

2 1
0 1 2 3 4 5 (half-lives)

Time —>
The radioactive decay law

radioactive decay), after 3200 years there will be only 25
of the radium atoms left and so on. This radioactivity is
measured in Curies (Ci). The Curie is the unit in which
radioactive materials are measured or purchased
instead of kg or liter. A Curie is that quantity of radioactive
isotope in which 3.7 x 10" atoms are decaying per
second. The new unit to denote this decay or
disintegration rate is Becquerel (Bq). One Becquerel is
equal to one disintegration per second. In other words,
1Ci=3.7x10"Ba.

How is energy released from the atom?

Atoms of uranium are the largest and also the heaviest
known to occur on earth. Being heavy, they are also
unstable. The nucleus of a uranium atom can easily
break up into two smaller pieces with impinging of two to
three neutrons. This process is called fission. The two
fragments so produced fly apart with tremendous
speeds. As they collide with other atoms in a lump of
uranium, they come to a stop. In the process, they heat
up the uranium lump. This is how energy is released from
the atom and converted to heat. The energy produced in
fission is described as atomic energy by some and
nuclear energy by others — both the terms essentially
denoting one and the same thing. Besides uranium, the
atoms of plutonium are also fissionable. But plutonium
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It has been found that 2 or 3 free neutrons are also
released as a uranium atom breaks up during fission.
When one of these neutrons collides with another
uranium nucleus, that nucleus also breaks up. In this
manner, from one neutron of every individual fission,
another fission is caused, and so on. This is known as
chain reaction, and it produces heat at a steady rate. In
contrast to fission, when a lump of coal burns, the atoms
of carbon in coal combine with atoms of oxygen in the air
and form carbon dioxide, itis a chemical reaction (it is not
a nuclear reaction, since only the electrons of the
participating atoms are involved in the reaction and not
the nuclei). Heat is released in the process and we see it
as flame. Smoke is also generated. When fission
generates heat in uranium, there is no flame and no
smoke.

What are the fuel requirements for a
nuclear power station?

Compared to the burning of coal, the fission processiis far
more efficient. One gram of fissionable uranium can
produce a million times more heat than one gram of coal
burnt ‘chemically'. A nuclear power plant which produces
400 MW of electricity, only 200 kg of uranium fuel is

required per day, i.e. about one truckload of fuel per
month from Hyderabad, where the fuel is produced. In
comparison, a coal burning thermal power station of the
same capacity would require 6000 tonnes of coal daily,
i.e. 2 or 3 trainloads of coal to be transported everyday
from the coal mines. Also, the coal has to be continuously
fed to the furnace at the rate of 4 tonnes each minute. Ata
nuclear power plant (NPP), fresh fuel is charged into the
reactor about once daily.

How does a nuclear power station
produce electricity?

Basically, all power stations adopt the same method to
produce electricity. A turbine is rotated. A generator is
attached to the shaft of the turbine. As the turbine turns,
electricity is produced in the generator. This electricity is
sent out through transmission lines to a distribution
station.

In hydroelectric power stations, the turbine is turned by
flowing water. In thermal power stations, steam is
produced by heating water in a furnace, which burns
coal, gas or oil. In nuclear power stations, the steam is
produced by the heat generated in the fission process.

The reactor is the heart of the nuclear power station. The
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A SCHEMATIC DIAGRAM OF
] A THERMAL POWER PLANT

River or Reservoir
ooling Water

Indian pressurised heavywater reactor (PHWR) consists
of a large cylindrical vessel placed horizontally. The
vessel is closed at both ends. About 300 tubes penetrate
the lid of the vessel at either end. These tubes are known
as fuel channels. Uranium fuel, as used in this reactor, is
in the form of short rods. 19 of these are tied together into
a bundle. The bundles are placed in the fuel channels.
When the space between the fuel channels in the reactor

| | ____ 4 A SCHEMATIC DIAGRAM OF A NUCLEAR POWER PLANT (NPP)

W

is filled with heavy water (D,O - D denotes deuterium — (*H.)a
heavier isotope of hydrogen), the fission chain reaction
begins and the fuel heats up. In turn, this heats up the
heavy water, which is also flowing around the fuel
bundles in the fuel channels. The hot heavy water is
taken to the boiler, where it turns ordinary water into
steam. The steam drives the turbine to produce
electricity.

How is power generation controlled in a
nuclear power station?

The control of the operation of a nuclear power station
involves two things, i.e. regulation of power generation to
maintain it at a safe and steady level and secondly, total
shutdown of the reactor very quickly if needed. Due to the
use of natural uranium fuel and online refueling, PHWRs
do not need a large excess reactivity. For control of
reactivity in core, reactor designs are provided with the
following systems of reactivity control.

Regulating rods: Four stainless steel reactor
regulating rods are provided for reactor power
regulation, flux tilt control and reactor setback. The
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reactor has been provided with two diverse, fast-acting
and independent shutdown systems. This feature
provides a high degree of assurance that plant transients
requiring prompt shutdown of the reactor, will be
terminated safely.

Primary shutdown system: It consists of 14
mechanical shutoff rods of cadmium sandwiched in
stainless steel, which make the reactor sub-critical in
less than two seconds. Fail-safe features like gravity fall
and spring assistance have been incorporated in the
design of mechanical shutoff rods.

Shim rods: Two shim rods are provided for controlled
power reduction by addition of negative reactivity and
reactor setback.

Absorber rods: Eight absorber rods provide limited
xenon over-ride capability. The reactivity control devices
are installed in low-pressure moderator region and are
fully independent with their own power supplies,
instrumentation and control channels. Cobalt and
stainless steel absorber elements have been utilised in
reactivity control mechanism.
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Secondary shutdown system: It is based on the
hydrodynamic principle This system can quickly
terminate the chain reaction by injecting concentrated
gadolinium nitrate solution into the bulk moderator
through twelve horizontally located injection tubes in
calandria. This liquid poison injection system is a fast-
acting standby to primary shutdown system. Both the
fast-acting shutdown systems are backed by liquid
poison injection system (LPIS) for bulk-mode addition of
boron solution in moderator and automatic liquid poison
addition system (ALPAS) for addition of controlled
quantities of boron into moderator after receiving the
appropriate signal to ensure guaranteed sub-criticality of
the reactor for prolonged periods.

What are the types of nuclear power
reactors?

Anuclear power reactor is a device devised to sustain a
nuclear fission chain reaction in a controlled fashion.
There are many types of nuclear power reactors but what
is common to them all is that they produce thermal
energy which can be converted into mechanical energy
and then into electrical energy.

1. Pressurised Water Reactors (PWR)

PWRs belong to light water reactor family. In a PWR, the
moderator and coolant are both light water (H,0). The
primary circuit that removes fission heat is maintained at
a high pressure and hence the name ‘Pressurised Water
Reactor’. The high pressure in the primary circuit inhibit
the light water from boiling. A pressuriser is used to
maintain the pressure in the primary circuit. The water in
primary circuit or coolant transfers its heat to light water in
the secondary circuit through a steam generator (heat
exchanger), where steam is raised to rotate turbo-
generator.

PWR use low-enriched uranium (3-4%) sometimes,
however, a mix of uranium and plutonium oxide (MOX) is
also used. PWR is a dominant type of reactor in the world
of the 442 operational reactors, 269 (about 60%) belong

toPWR (ason March 31,2011)

2. Boiling Water Reactors (BWR)

BWRs also belong to light water reactor family, where
light water (H,0) acts both as moderator and coolant. A
part of water is allowed to boil in the reactor pressure
vessel. Steam and moisture are separated in the upper
part of the reactor vessel, and then routed directly to
turbine. Steam leaving the turbine is condensed and fed
back to the reactor.

The pressure of water is lower in BWRs than in the
PWRs, since water is allowed to boil in the reactor. The
fuelis usually low-enriched uranium oxide (LEV). About
21% of reactors in the world (92 of 442) belongs to
BWR type.

India’s Tarapur Atomic Power Station (units-1&2) are of
BWR type.

3. Pressurised Heavy Water Reactor (PHWR)

In PHWRs, both moderator and coolant are heavy water
(D,0). Since heavy water is a very efficient moderator,
PHWRs use natural or slightly enriched uranium. Heavy
water is not allowed to boil, and threfore, the primary
circuit is maintained at a high pressure. In PHWRs, the
moderator and coolant remain separate — the
moderator in a large tank called calandria where as
coolant in pressure tubes running from one end to the
other of calandria. Fuel bundles are kept in the pressure
tubes, through which coolant (D,0) flows. It means that
entire system used not be maintained at high pressure
except the pressure tubes. The moderator in the
calandria also remain at such lower temperature. The
fission heat removed by heavy water coolant is
transferred to light water in a steam generator to
raise steam.

Since the primary (coolant) and secondary circuits are
separated, there is no possibility of radioactivity reaching
the secondary circuit. Another advantage of this type is
the on-power refuelling, i.e.,the reactor can be refulled
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without an outage. Fifteen operating nuclear power
reactorsin India belong to the PHWR family.

Other Reactor Types:

There are a few other types of reactors like gas graphite
reactors which are ghraphite as moderator and some
gas, like carbon dioxide, as coolant. The other type
(RBMK) uses graphite as moderator and the coolant is
boiling water. World's first nuclear power plant (Obninsk
in the erstwhile USSR) was an RBMK and so was the
Chernobyl.

Afast breeder reactor uses a mixture of uranium dioxide
and plutonium dioxide in the inner core, whereas the
outer part of the core or the blanket uses depleted
uranium, i.e.,the uranium in which the U-235 content is
lower than the natural 0.7%. The blanket uranium
containing mostly U-238 converts into Pu-239 on
capturing a neutron, thus producing more plutonium,
hence the name ‘breeder’. No moderator is used in fast
breeders since fast neutrons are needed for the above
process. Thorium can also be used to produce fissile
U-233. Fast breeder reactors use liquid sodium as
coolant to transfer fission heat from the reactor core to
the steam generator. A fast breeder test reactor (FBIR) is
in operation at IGCAR, Kalpakkam and one 500-MWe
prototype fast breeder reactor (PFBR) is under
construction at Kalpakkam, Tamil Nadu.

What about safety of a nuclear power
plant?

Preliminary Safety Analysis Report (PSAR), which is a
very detailed document on plant safety, is first prepared,
before a plant is conceived. It assumes all normal,
accidental and hypothetical conditions, which can take
place. These are taken care in design as well as
administrative actions, so that the dose released to
environment is limited to as low as possible as per AERB
guidelines. Further, stringent safety norms are set for the
operation of plants, which are designed on fail-safe
principles. Very high order of redundancy is provided in
the safety systems. Chances of human errors are totally

eliminated, as all protective actions are taken
automatically by machines without human intervention.
The extent of damage is also analysed as part of Project
Safety Analysis Report (PSAR) and taken in to accountin
the design, forincorporating safety features of the plant.
Probabilistic Safety Assessment (PSA) is an advanced
technique in safety evaluation of the nuclear power
plants and it provides a useful, consistent and structured
framework for the quantified assessment of nuclear
safety. This in-depth rigorous analysis is to look at the
impact of design and operating practices of the plant on
the overall safety of the plant, in an integrated manner.
Risk-informed decision-making based on Probabilistic
Safety Analysis is now becoming the order of the day for
the nuclear industry globally. With the completion of
these studies, Nuclear Power Corporation of India
Limited (NPCIL) has enhanced the capability towards
risk-informed decision-making.

What about emergency situation in a
nuclear power plant?

Radiation emergency in a nuclear power plant is a
situation having the potential of unplanned radiation
exposure to workers and public due to an incident which
results into uncontrolled release of radioactivity either
within the plant and/or to the surrounding environment.
To take care of accidental situations, emergency plans
are drawnup in advance by the nuclear installation for
following three objectives.

e To restrict the exposure as low as reasonably
achievable and avoid exposures above the limit.

e To obtain information about the causes of the
incident and assess the consequences of the
incident.

e To bring the situation back under control as early as
possible.
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What is International Nuclear Event
Scale (INES) ?

To simplify the seriousness of any incidents occurring in
nuclear installations, International Atomic Energy
Authority (IAEA) has developed International Nuclear
Event Scale (INES). The events are rated from Zero to

Seven. Events at Level 0 are ‘deviations’ and have no
safety significance. Events of Level 1 to 3 are ‘incidents’.
Events of Level 4 to 7 are ‘accidents’. No nuclear
accident as defined by INES of IAEA has occurred in
Indian nuclear power stations.

What is radiological safety?

Control of exposure to occupational worker and
members of public is an integral part of Indian nuclear
power programme. Exposure personnel working at a
nuclear power plant and to the environment is kept well
within the stipulated limits and is kept as low as
reasonably achievable (ALARA) where unavoidable.
Criteria and standards for radiation exposure to plant
personnel and public are set up by International
Commission on Radiation Protection (ICRP) and the
conformity with the limits and guidelines are established
by Atomic Energy Regulatory Board (AERB). Based on

[ | Y s AFETY BARRIERS

Sterilised
Zone (5 km)

Uranium _ Exclusion

DDDDDD

the ICRP recommendation, AERB has prescribed a dose
limit of 100 mSv or 10 rem for occupational workers in
five years subject to maximum 3 rem in any single year.
For the general public beyond 1.6-km radius from the
plant, the dose limit has been prescribed as 100 mremin
ayear, i.e. ImSv in a year. A health physics centre exists
at each station to monitor and control the radiation limits
of individuals. This unit is independent by working under
the control of Bhabha Atomic Research Centre (BARC).

What is radiation exposure?

When a beam of radiation passes through a medium ion
pairs are created. Exposure is measured by collecting
these ion pairs. Thus exposure concept is based on the
ability of radiation to produce ionisation. The exposure is
defined in terms of ionisation produced in a given small
volume of air. The ions produced have charge and hence
the exposure may be expressed in the units of Coulombs
per kg. (One Coulomb represents the collection of 6.25 x
10" electrons). The classical unit of exposure —
Roentgen is equivalent to 2.58 x 10“C/kg. Exposure rate
is given by Roentgen per hour (R/hr).

Absorbed dose
The concept of absorbed dose implies the absorption of
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incident radiation energy by the matter. Itis more closely
associated with the absorbed energy rather than the
exposure. It is also understood that biological effects
result only from the energy imparted to the matter.
Absorbed dose is more relevant in the case of any
ionising radiation, i.e. o, B,y and neutrons. The absorbed
dose was earlier expressed in the units ‘Rad’ and the
absorbed dose rate as ‘Rad/hour’. Rad is equivalent to

absorption of 100 ergs/gm of the energy. The new unit to
express the absorbed energy is Gray.

1 Gray =100 rads

The biological effects due to different types of radiation
may be different. For example alpha particles, once
internally deposited, do greater harm, due to their higher
specific ionisation as compared to B-particle. The
absorbed dose is multiplied by the term Quality Fact, to
get Equivalent Dose, which expresses irradiation in
terms of a common scale for all ionising radiations, the
new unit of dose equivalent is Sievert (Sv) which can be
related to the old unitrem by 1 Sv=100rem.

Is radiation unique to nuclear power
stations?

We tend to associate radiation and radioactive materials
with nuclear reactors alone. Not many may be aware that
radiation has always been present in the environment.
We must remember that radiation is also used in
medicine to a very great extent. The exposure we receive

Natural Radioactivity (Bq.kg") in Building Materials Used in India
Material K-40 Ra-226 Th-232
Cement 5-385 16 - 377 8-78

Brick 130 — 1390 21— 48 26 — 126
Stone 48 — 1479 6 — 155 5-412
Sand 5-1074 1 - 5047 4 —2971
Granite 76 — 1380 4-98 103 — 240
Clay 6 —477 7 — 1621 4 -311
Fly ash 6 — 522 7 — 670 30 — 159
Lime stone 6 — 518 1-26 1-33
Gypsum 70 - 807 7 - 807 1-152
*RPD, 59 (2), 127 — 133 (1995), V.K.Shukla et al.
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Composition of the
total radiation exposure of the population

67.6% Natural background

/ / 30.7% Medical irradiation

0.8% Fallout
0.5% Miscellaneous sources
0.45% Occupational exposure
0.15% Releases from the nuclear industry

from radiation sources in nature and from applications of
radiation in medicine can serve as a reference level for
comparison with exposures due to nuclear reactors.

Radioactive materials like uranium, thorium, radium and
potassium are present in nature everywhere on land, in
the sea, in the air around us and even in our own bodies.
And not just that, radiation is also constantly streaming
towards the earth from deep outer space. This is known
as cosmic radiation.

Consider the total amount of radioactive materials in the
heart of the Indian PHWR nuclear power. In comparison,
the total extent of radioactivity associated with potassium
in the oceans of the world alone is 500 times greater. This
radioactive potassium is also present in the human body
and results in continuous exposure to the tissues. With
the help of instruments developed to detect and measure
radiation levels around reactors, the levels of radiation in

nature have been mapped in India, as elsewhere. They
are not found to be the same everywhere. In some
locations they are much higher and the population living
there receives proportionately higher exposures. The
regions with the highest radiation levels on the earth are
found in Brazil, China, France and India. On the beaches
of southern Kerala and in adjacent Tamil Nadu, the
radiation levels are about six times higher than the
national average. People have always lived in these
areas. There is a population of nearly 100,000 living in
the high radiation areas of Kerala and Tamil Nadu. Some
of these people receive exposures 10 times more than
the national average. There are no indications of harmful
effects of radiation among this large population.
Radiation exposures to the population from nuclear
power stations are, in contrast, lower — about 30 times
lower than the average levels and 300 times lower when
compared to the high levels observed in nature.
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There is perhaps no one among us who has not had an
X-ray picture taken of his chest. X-rays are only one of
the many kinds of radiation known which come under the
atomic radiation. No hospital is without an X-ray
machine. When switched on, it produces a very intense
beam of X-rays. The machine is kept on only for a very
short time. Still during that brief period, it causes a
radiation exposure. How significant is this? Consider
again the population living close to a nuclear power
station. The radiation exposure received by this
population from a nuclear power plant in 10 years is
comparably less to that received in a single chest X-ray.

There are other common medical procedures, which
expose the patient to radiation about a thousand times as
much as a chest X-ray. To diagnose certain intestinal
ailments, the patient is first asked to swallow a barium

follow its path through the stomach and the intestine.
This helps identify the affected parts. In some heart
disorders, a tube is inserted into the body reaching right
up to the heart for diagnosing the heart condition and
sometimes even for treatment purposes. As the tube
progresses into the body, its position is identified at each
stage through X-ray pictures. In each of these
procedures, the patient receives a significant exposure
to radiation. It must also be mentioned that these
exposure levels are comparable to the cumulative
exposures received over a lifetime by people living in a
high-background regions, for example, the beaches of
south Kerala and south Tamil Nadu. Radiation exposures
to the general public from nuclear power stations are
therefore not unique, neither significant, nor are they
higher than other sources of exposure, as explained

salt mixture. Then a number of X-ray pictures are taken to earlier NGl
300 meters == Life threatening dose — —
more than 3000 mSv Radiation Dose — A
Perspective
G Radiation illness — Passing Symptoms
No Symptoms, temporary change in blood picture
200 meters

100 meters

No detectable effects

Occupational /Industry
dose limit (A Man)

Dose limit for public
A Brick)
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What are the effects of radiation?

The effects depend on the levels of exposure and the
period of time over which the exposure is received. We
can broadly classify exposure levels as low, moderate
and high.

We know that radiation is present in nature. Each of us is
constantly exposed to this radiation. The dose received
by a person varies from place to place. The range of
values representing these doses accumulated over a
whole year can be classified as low level of exposure.

The medium level of exposure is up to about 100
times as much as the natural exposure levels and the
levels of exposure beyond these can be classified as
high levels. Exposures at moderate and high levels
over long periods of time cause only delayed effects.
Appearance of cancer is the most important among
these. We now know that cancer can be caused by
many things, including various toxic chemicals
present in the air we breathe, the water we drink and
the food we eat. There is evidence that among people
exposed to radiation, some develop cancer many
years, i.e. 10, 20 or even 40 years later, but most do
not.

The widely expressed concern is about the
percentage of exposed individuals who may develop
cancer. But then, in terms of quantity this appears to
range from 1 in 1000 to 1 in 100. We may compare
this with natural incidence of cancer in most
developed countries, which is about 1 in 5. There is
no clear evidence that cancer is caused by low doses
of radiation. The statistical data available provides no
definite evidence and the interpretations vary. The
absence of clear indications arises because there are
many different causes for cancer. Yet, to be on the
safe side, it is always assumed that cancer can
appear due to low-level exposures and necessary
radiation protection measures are taken. Exposure at
high levels received over a short period of time

produces immediate symptoms like nausea and
vomiting, but there is no threat to life. But as the dose
levels increase, the chances of recovery diminish. It
must be mentioned here that the levels that can lead
to loss of life are about 1000 times greater than the
low levels of exposure as found in nature.

Probability of fatal accident at work during
working lifetime:

Textiles 1in 1000
Chemicals 2in 1000
Allindustries (average) 2.7in1000
Ship building 4in 1000
Coal mining 10in 1000
Construction erectors 30in 1000
Deep seafishing 100in 1000

Probability of a fatal cancer from radiation received
during working lifetime of a radiation worker in nuclear
industry (average): 2in 1000

What is waste management?

In conventional thermal power station, fossil fuel such as
coal or oil is burnt and chemical energy contained in
these fuels is released in the form of heat by an oxidation
reaction. In a nuclear power station, heat is produced by

B S NUCLEAR WASTE MANAGEMENT

REPROCSSING

LOW LEVEL WASTE (LLW) FILTERATION,
CHEMICAL TREATMENT ION EXCHANGE, HIGH LEVEL WASTE IFICATION
TOh{is INTERIM STORAGE FINAL STORAGE &
AND DISCHARGE 'MEDIUM LEVEL WASTE (MLW) CEMENTATION, MONITORING (QTY.: 1000 MWe/YR=3M’)
BITUMINISATION, POLYMERISATION AND
STORAGE & MONITORING

LLW - CONTAINS RELATIVELY SMALL RADIOACTIVITY
REQUIRES NO SHIELDING

MLW - REQUIRES SHIELDING BUT NO COOLING
HLW - REQUIRES SHIELDING & COOLING FOR SOMETIME
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Reprocessing plants at Trombay, Tarapur and
Kalpakkam

o Waste Immobilisation Plants at Tarapur and
Trombay

e Solid Storage Surveillance Facility, Tarapur

e SSSF can store solid waste generated during the
operation of two nuclear reactors, 220 MWe each,
for 40 years.

o India is the fourth country to have such a facility.

e Thorium based fuels can go to high burn-ups and
so waste generated is much lower

the splitting, or fission of the nucleus. Approximately 200 plant for extraction of plutonium. High-level waste
million electron-Volt of energy is released in a nuclear generated at the reprocessing plant is immobilised by
event compared with a few electron-Volt, about 4 €V, in
the above chemical reaction. It can, therefore, be a
concentrated source of energy, in contrast with fuels u I SPENT FUEL
such as coal or oil. Thus, this single factor is often a
major advantage for nuclear power over fossil fuels,
since the quantities of waste generated are much smaller
for generating an equivalent amount of electricity.

Spent fuel

The spent fuel containing most of the high-level
radioactivity is not considered as waste, as it produces
valuable fuel for future reactors. After interim storage in
the spent fuel bay, the spent fuel is sent to a reprocessing
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vitrification in glass matrix, encapsulated in stainless
steel double-walled canisters and kept for interim
storage under surveillance in concrete vault lined with
stainless steel for decay of radioactivity for about 30
years. Ultimately the waste is deposited in deep
underground geological repository with protective
barriers.

Solid waste
Nuclear power plants generate low- and intermediate-

[ | Y soLID WASTE

. i -
level radioactive wastes of small quantity, which is
disposed of within the plant premises in earthen
trenches, reinforced cement concrete trenches or tile
holes depending upon the radiation level. Bore holes are
made around the disposal site for sample collection and
analysis to ensure that no leaking of radioactivity occurs
tothe outside.

Gaseous and liquid waste

Nuclear power plants generate very low levels of
gaseous and liquid radioactive wastes. Gaseous wastes
are filtered, monitored and disposed of through 100-m-
tall stack. Liquid wastes are treated chemically, diluted
and generally sent to water body after monitoring. The
levels of gaseous and liquid wastes released are very low
compared to regulatory stipulations. The impact of these
wastes on the environment is estimated to be less than
1% of the stipulated dose limit.

W Y cHEMICAL TREATMENT FACILITY FOR LOW &

- INTERMEDIATE LEVEL WASTE AT TROMBAY
- - T -

How long can a nuclear power station
operate?

Every equipment built by man, whetheritis a car, a plane,
a ship or afactory has a limited life. Hydel power stations,
thermal power stations and nuclear power stations are
no exceptions. For costing purposes, the life of a nuclear
power station is assumed to be 25 years, butthey canrun
longer, up to 60 years.

How much of the nuclear power station
is radioactive?

The major part of the station (over 80%) is free from any
traces of radioactivity. Included in this are the turbine
generator, long lengths of pipe work, many pumps and
valves, emergency diesel generator sets, cranes,
instrumentation panels and the like. These can be
dismantled and reused or disposed of as scrap without
any restriction.

What about those parts which are
radioactive?

Most of these have only surface deposits of radioactive
materials. Examples are steam generators, pipe work,

tanks, vessels, pumps and valves. Many tried-and-
tested methods, such as chemical and electrochemical

treatment, brushing, high-pressure water jets, etc., are
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available for removing those deposits. Some of these
methods are routinely in use in chemical industries.
Through application of these methods, the radiation
levels can be brought down significantly, and in some
cases, even completely. The reactor vessel proper,
including the parts within and the steel/concrete
structure enclosing it, is the most radioactive component
in the reactor building. Specialised techniques such as
underwater plasma-cutting techniques, laser-cutting
techniques, and diamond-tipped circular saws for cutting
through concrete are available for dismantling the
reactor vessel and the steel/concrete enclosure. These
operations can be carried out, if necessary, remotely and
underwater.

What about the radioactive wastes
generated during cleanup?

The generation of dry dust can be avoided through the
use of special underwater operations. Liquid wastes,
sludge-type material and solid wastes can be handled in
the same manner as the wastes during the normal
operation of the station. It is estimated that the total
volume of such wastes is no more than what is dealt with
during routine operation of the reactor.

How long are the dismantling operations
expected to last?

Within about 5 years after the final shutdown of the
reactor, it should be possible to remove all easily
accessible radioactive materials outside the reactor
building such as used fuel and other solid wastes. A
skeletal staff would be adequate for maintaining
surveillance over the other parts inside the reactor
building. These operations constitute stage-1 of the
decommissioning programme. Seven reactors around
the world have passed through this stage.

The decontamination and dismantling of equipment/
machinery outside the reactor vessel and in the reactor
building (e.g. steam generator, pipe work, tanks and
vessels) can be removed over a further period of about 5
years. Five reactors around the world are presently at
this stage, which is known as stage-2.

If the removal of reactor vessel and the concrete block
around it is deferred for 50 years, it would be possible to
take advantage of the decline in radioactivity levels by
about a factor of 10. The demolition of the reactor
building and leveling of the site could then follow.
Therefore, restoration of the site to the virgin state can
be expected to be completed in about 60 years after the
stationis shutdown.

— TARAPUR ATOMIC POWER STATION , MAHARASHTRA
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