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NOTES ON RADIATION
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ATOM

All material things are built of pure substances known as elements. Hydrogen, carbon,

oxygen, gold etc. are some examples of elements.

Atom is the smallest possible particle of an element with a diameter of the order of ten
billionth part of a metre. Each element has its own characteristic atoms. Just as a wall is built of
bricks or stones, billions and billions of atoms together make matter. All living and non-living

things are made of matter.

An atom has an internal structure. It has a nucleus made of protons (P) and neutrons (N).
The nucleus is surrounded by electrons (E) which revolve in paths called orbits. Protons are
positively charged particles and electrons are negatively charged particles. Neutrons do not carry
any charge. The numbers of protons and electrons in an atom remain same. Hence, an atom as a

whole is electrically neutral.

There are about 108 known elements. These have been arranged in Periodic Table on the
basis of their Atomic Number. Atomic Number o f an element is the number of protons in its
nucleus. Hydrogen is the first element in the Periodic Table with an atomic number 1. It has one

proton and one neutron in its nucleus.

The Atomic Weight of an element is the number of protons (P) and neutrons (N) present in

the nucleus. Thus :

Atomic Mass / Weight (Z)= P+ N
Atomic Number (X) =P



Nucleus
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Orbit

Size of a nucleus = 10 '*m

Size ofatom = 10! m

Atomic mass is the quantity of matter of an atom. It is measured in atomic mass units

(symbol amu). One atomic mass unit is equal to 1.66 x 10 % kg.

Mass of Proton = 1.007277 atomic mass units

Mass of Neutron = 1.008665 atomic mass units
Mass of Electron = 0.000549 atomic mass units

The elements are represented as : 2 A x where Z is the Atomic Weight and X is Atomic Number

of the element.

The atomic number of the element Uranium-238 ( U 238) is 92 and its atomic weight is 238

which means that the number of neutrons in the element Uranium-238 is 146 (238 — 92).

Atoms having same atomic number but different atomic masses are called isotopes. Thus,
there are three different isotopes of Hydrogen : 'H;, *H;, and *H, (Hydrogen, deuterium and
trittum). All uranium isotopes contain 92 protons in the nuclei and the important isotopes of

uranium are 2> U 92, 3y 9 and 28y 9.
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RADIOACTIVITY

In 1896, French physicist Henry Becquerel discovered radioactivity of uranium salts by its
effect on a piece of unexposed photographic film. Later in 1897 Marie Curie and her husband
Pierre Curie succeeded in isolating two more radioactive elements Polonium and Radium. The

different emanations from these radioactive substances were identified and were named as alpha (o),

Beta (B), and g Amma (y ) rays.

In the nuclei of lighter elements the number of neutrons is generally equal to the number of
protons. The heaviest stable element is 209Bi¢; with Neutron - Proton ratio of 126/83. All the nuclei
heavier than this are radioactive. The radioactive decay process will be such as to bring the
unstable nucleus towards stability by emitting radiations. In stable nuclei the protons and neutrons
exist together permanently without any change. Some radioactive isotopes found in nature are
Tritium, Carbon-14, Uranium, Radium, Thorium etc.. In the process of decay there is a change in
the number of protons and hence, the original atom after emitting radiation becomes a different
atom. The rate at which a radioactive substance decays, is proportional to the amount of it
remaining. The Half-Life is the time taken for half of the atoms to decay i.e. the time for activity to
reduce by half. e.g. Half-Life of Radium-226 is 1600 years. If there were say a 100 atoms of
Radium-226, after 1600 years, there will be only 50 atoms and after 3200 years there will be only
25 atoms and so on. The atom with a long Half-Life has a low level of radioactivity and an atom
with a short half life has a high level of radioactivity. Hence, the half-life of a radioactive material
and its level of radioactivity are inversely proportional. The half life of Uranium 238 is 4.5 billion
years. Uranium, after decaying in 14 steps, becomes the stable isotope Pb (Lead). The process
takes billions of years. The unit for measurement of radioactivity is Becquerel. One Becquerel is

one disintegration per second.
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RADIATION

Energy coming out from a source is radiation. Radioactive atoms emanate radiation termed
as Nuclear Radiation. The three main types of radiations emitted by radioactive substances are
alpha (o) rays, beta () rays and gamma (y) rays. As a matter of fact o and [ rays are helium
nuclei and electron particles respectively. Some heavy atoms emit neutral particles i.e. neutrons.
The high energy radiation can strip off electrons from atoms or molecules through which they
travel, leaving them charged and eactive. This process is called ionisation and the radiation
producing this effect is termed as ionizing radiations. As radiation passes through the body, it
breaks some of the molecules in its path. If the radiation exposure is not large or if it is spread over
a long period of time, the broken pieces join together to restore the original shape of the molecule.
This is the body’s natural repair mechanism at work. Sometimes this repair action may result in the
broken molecules joining together in wrong order. If this happens there is a change that may in the
long run affect the functioning of the cells. If the exposure to radiation is very high and occurs in a
short time, then the body’s repair mechanism is not able to work effectively. In such a situation, an

immediate effect can be seen.

Alpha Particles Unstable elements have a nucleus that will decay spontaneously into another
element by emission of alpha (o) or beta (), particles. Energy released in this process is in the
form of heat. For instance >*® U ¢, decays into 234 Th 90 emitting an alpha particle which is a helium
nucleus.

238U92 - 5 234Thgo +4H62

Beta Particles In a beta decay, a neutron in the nucleus itself splits up to form a proton and an
electron. The atomic mass remains unchanged while the atomic number increases by 1. There is a

small loss in mass which is released as energy.

234 Thegg ——— » 234 Pag; + P particle

Gamma Particles Generally the excess energy of the nucleus after an emission of alpha or beta

particle is emitted as gamma rays
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The degree of penetration of these radioactive emissions are brought out in the table below :
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Type Description Penetration Shielding required Charge
Alpha rays Helium nuclei Low Skin, Paper Positive
Beta Rays Electrons Medium 1-5mm of metal Negative
X-ray, High energy High 10mm+ lead or Im+ | None
Gamma Ray | electro-magnetic concrete
radiation
Neutrons May be fast or High Several metres of None
slow concrete, Water
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Absorbed Dose: The concept of absorbed dose implies the absorption of incident radiation energy

by the matter. The absorbed dose is measured in Gray (Gy). 1 Gray means absorbing energy of 1
Joule per kg bodyweight of the exposed part. The dose may therefore be higher for a child because
of their lower body weight than for an adult exposed to the same level of radiation. In biological
terms, some types of radioactivity (alpha, beta, gamma etc.) are more harmful than others.
According to radioactivity safety standards, the dose equivalent is measured in terms of Sievert

(Sv). A Sievert is the dose received multiplied by the Quality Factor (QF) as follows :

Nature of radiation Quality factor Damaging capacity
X Rays, Gamma Rays, Beta Rays 1 Low

Fast Neutrons, Protons 10 Low

Heavy ions, Alpha 20 Most damaging

So, for a given energy emitted, heavy ions /alpha would be 20 times more damaging than Xrays
and hence, the dose equivalent in Sievert would be 20 times higher than the same dose of X-rays in
Grays. While the alpha rays can be shielded by skin / paper, these radiations are extremely

damaging if materials emitting these are ingested by swallowing or breathing in as dust allowing

access to the inner organs.
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We are exposed to radiation from a number of sources of which artificial sources are a small

fraction. The table below shows the average level of exposure per year of individuals :

3 IR ST T °
LTIT[%I?F d SIsl, mSv Natural Sources Dose, mSv
PID 0.25 Cosmic 0.25
Q’E‘ﬂi&[ TTHT 0.35 Terrestrial gamma 0.35
JaR® YSagfaeies 0.3 Internal radionuclides 0.3
ReH-222 1.30 Radon-222 1.30
IR (Xer-220) 0.1 Thoron (Radon-220) 0.1
Do 2.30 Total 2.30
FHM B S5l mSv Artificial sources Dose mSv
fafeear 0.30 Medical 0.30
TR 0.005 Occupational 0.005
AR TN 0.01 Weapons fallout 0.01
IS <0.001 Discharges <0.001
SLRIESI] CESIY <0.001 Consumer products <0.001

We are subject to naturally occurring gamma radiation from earth and a small amount of
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radioactive material is present in our bodies in the form of natural isotopes of potassium and carbon.

The sources of background radiation are normally higher than exposure to artificially produced

radiation.
faf=s '?'I?ﬁ bl W"I&f fafpzor R Natural Background radiation in various cities
et o/ a4 Micro Gy / year
AN HIFD Hif® Pl City Cosmic Terrestrial Total
Hqas 280 204 484 Mumbai 280 204 484
EAREAG] 280 530 810 Kolkata 280 530 810
el 10 390 e Delhi 310 390 700
EEH 280 510 790 Chennai 280 510 790
CREIN 440 385 825 Bangalore 440 385 825
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With the help of instruments developed to detect and measure radiation levels, the levels of
radiation in nature have been mapped in India as elsewhere. 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. 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, far

lower.

Of the artificial sources, exposure from medical and dental X-rays delivers a large dose to
e affected patient. Exposure of those working in the nuclear industry, coal miners  -ray
technicians etc. will be higher than that of the public, but is strictly regulated by government

exposure limits and monitoring.

Recommended dose limit

SIoT AT
SUIRT [ERIRED SIENERI
J9TdT 1o 20mSv yfeqy  ** 19y % 1 mSv

Dose limit
Application Occupational Public
Effective dose 20mSv per year ** 1 mSv in a year

* f4fpRuT | g9 & U SIARTSE AN (MSHIUISR) gRT MeiRd AM®l & AR
fodl U ad H e arefl SISt & sfferebad A1 50 mSv & Sfef URHATY] Sofl e
IS (TarRdl) =1 7 i\ 30 mSv IF &t ¥ |

** The maximum dose limit in any one year prescribed by International Commission for
Radiation Protection (ICRP) is 50 mSv and by Atomic Energy Regulatory Board (AERB) is 30

mSv.
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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.

Each one of us is exposed to natural radiation which 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 levek.

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 the various toxic chemicals always present in the air we breathe, the water
we drink and the food we eat. There is no clear evidence that cancer is caused by lower doses. The
statistical data available provide no definite evidence and the interpretations vary. The absence of
clear indications arises because there are many different causes of cancer. Yet to be on the safe
side, it is always assumed that cancer can appear due to low level of exposures and necessary
radiation protection measures are taken. Exposures 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
dose levels increase, the chances of recovery diminish. The levels that can lead to loss of life are

about 1000 times greater than the low levels of exposure as found in nature.
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VARIOUS APPLICATIONS OF ATOMIC ENERGY
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799 fawra Ruie 1998

CO, Emissions per capita in tonnes per year

Party Emission Population (%)
Industrial Countries 114 21.9
China 2.7 21.7
India 1.0 16.75
All developing countries 2.0 78.1
Least developing countries 0.2 9.6
World 4.1

Human Development Report 1998
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Major Public Perceptions about Atomic Energy
answering public concerns about nuclear energy means
challenging four wide spread myths -
1. Nuclear energy fosters nuclear weapons
proliferation.
2. Nuclear reactors are not safe.
Nuclear waste disposal is an insoluble problem.
4. Radiation is deadly. So any technology involving
radiation is inherently dangerous and the

products of such technology are essentially

10
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HifH
* URATY] g9 I dlel U8l Uid <2 AMHDIE SHofl | fdgd Icrad Yo R |
gd RATY] 9 BT AT R gk A | I dF D! WU W AT HET O Fhal 2

& URHATY] 99 g9 &b U ugel URATY] Rudex b1 0 BRAT Aaegd el
=

o I favg &I Irfdd AT ORN BT godl d9HE g1 39 R foar-fawet
P B oI ANHDIT AR DBl b g d¥g bl gifear S & 2| Sdfeh

EPIhd H Bl (PII], USid MfS)HI a9 ST WUd S+=ef <9 § & R dh
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HE@qUl ®U A 9K 8 | TR I8l DIg Jel 8l 721 2 |

The first myth- ‘Nuclear reactors are likely to breed weapons’ has
little foundation in experience.

. The first five countries to build Atomic bombs did so before
moving to electricity generation through nuclear power. Thus,
technically speaking, power reactors were and are not necessary
intermediate steps for making nuclear bomb.

0 The fear of nuclear proliferation is simply misplaced in the global
warming debate. Most of the current carbon consumption is in
countries which already have nuclear weapons. One of the
largest growth markets in energy consumption are China and
India, both of which already have weapon capabilities.

0 Thus, almost every where the reduction in carbon emission
could yield important benefits for climatic protection. Proliferation
is not even an issue.

T yiftr I & 5 uxeY] faepa WA U 99 @t v © a1 fohit gee ot [Rufa
# 399 fafehvor o} aras a1 I Bl 2 1 A S% A A1ed Jnsers iR TEifed d
TS gcRll & Wafda wfrat ur snenRa €1

ol ATSeT MMSeis & IR § H=as I8 ¢ P S99 3 SFa1 & @R WR Bl
faudia gva €1 ust a1l FHfe TRl & Trace e Ruaes &1 ik afa
ugdl, Uy 399 gY fafdwor &1 gwma s o o f 9 R U fae agHsd
gfaa el gar |

YIS goeHT Tah Fraal ot RT3 Sa1 9 gaiaRer W iR guE gsT |
Rugex # <ven Ueifie), o1 ugfa don WRereie saRiel St Fave AHT el
ot | uiq & I8 A8 @1 TR & 59 geen / i uvHv] fAvtie 3 go-n | aga
%4 fafewor &1 Rama gam|
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The second myth is that a nuclear power plant itself is like a bomb-
likely, in case of an accident, to explode or to release massively
fatal doses of radiation. These fears are based on the collective
memories of accidents at Three Miles Island and Chernobyl.

The simple truth about Three Miles Island is that public health was not
at all endangered. Despite a series of mistakes which seriously
damaged the reactor, the only outside effect was an inconsequential
release of radiation which was negligible when compared to natural
radiation in the atmosphere.

The Chernobyl accident was a tragedy with serious human and
environmental consequences. The reactor lacked the safety
technology, the procedures and the protective barriers considered
normal elsewhere. But we must remember that even this accident
involving massive release of radiation did not result anywhere

comparable to an atomic explosion.
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The global nuclear industry with more than 430 operating reactors,
having more than 8000 reactor years of operational time, has produced
just one serious accident with not a very large number of casualties

immediately or even many years after the accident.

Meanwhile, production and consumption of fossil fuels yields a constant

flow of accidents and disease, in addition to the green house gases.

As per a WHO report, about three million people die each year due to air

pollution from the global energy system dominated by fossil fuels.
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ENVIRONMENTAL IMPACT OF AN INDUSTRY

Requirement P
Solid
i Wastes
Constru.ctlon .
Materials
Liquid
Waste
Raw
Materials Gaseous
Wastes
PRODUCT
12




g CO2 gaaea / kWh

1400

12007

1000

800 1

600

400

2007

faga STe= @ 0N T N SoHe

289

[] 3rucaet, siia< -gsh |

2 H Saa= 9 1 aTel UoIel S
§ >
, o

1017

BT

Greenhouse Gas Emissions from Electricity Production

1400
[<2] ° °
< 1200 & [1 Indirect, from life cycle
-l
= 1000-
5 2 Hl Direct Emissions from Burning
S 800 <
g‘ ~ 0
2 6007 S =
o 3 ~ °
O 400 N B © 3
g o &
S 200+ SH H S
=1)] -~ & °
| l — | .:. .2.
0
Coal Gas Hydro Solar PV Wind Nuclear

(Not to scale)

Defence-in-Depth-Concept

" PRIMARY SECONDARY
CONTAINMENT _ GONTAINMEN

FUEL
FUEL
+ CLADDING
e =
N——
e _"__...--"-r HEA-I |
TRANSPORT

(Not to scale)

13




300 "OB™ij ii 3 3

200 "OB™ii i

G STEET WET — 3000 mSvY

G Y07 ST — TIRET et

PIS &0 8], e Reer @il wRada

PIS HYAD Y9G TEI

FRIRAT/ ST
SIot W1 (T =afR)

(T $)

ST & forw S i

300 meters

200 meters

100 meters

more than 3000 mSv

<4 Life threatening dose —

¢ Radiation illness — Passing Symptoms

No Symptoms, temporary change in blood picture

No detectable effects

Occupational /Industry
dose limit (A Man)

Dose limit for public
A Brick)

et oft ISt A QRaen St U1 & ugd gATERT W& YIRTRITETY
U &Y 7T § TAT A YIARTRIA] 9 Giden &) femran s@fd & SRM

AR 3RAUTH & GATGROT Bl HifeRaT Heal vEdt & 1

B

IiTd yataxeia fafkwor s
frepRRia &1 | (1995-2000)

1000-
900
5 800
5 700 UIpiad 96 ATSS Sit 2000
.§ 600 Argeh! e ufcrad (3ivE) &1
? 500
&)
g 400y
o 300
S 001
A 225 55 25.7 2.13 3.77 2.42

1001
0"'- T - T = T T
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Composition of the
total radiation exposure of the population

67.6% Natural background

/ 30.7% Medical irradiation

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

Tt smuf¥re ydeq

ded i el smfte ok 9 wEeM & WEg § § | 39d MUK
TP Iufdte e Wi gaR § RTad W 81 8 9hdl iR 39d BRI
TITRYT & fo1u it g fARaR qed1 e A WaRT @ |

Siafd arRdfamal I8 & & fava o gedt Sl Jmavadhdisii B qR1 B H HeH
il & At BRI H I Soll U U1 ey & Sl a9 &9 uine Swford
Bl & TIdT I | Uded foham o Jeban 2 |

TP fAuia Siiared seMl | Swafora ufdre g Ot 99wy g et qwen
TE1 B Fehal | 3 €1 el ¥

1. Ugan JURTE & 9t A o Jea: i 3iR 3= uared ot e € |
2. 3% fuem &1 alte o 5% argvsa 4t | 4 € B few orar & |
SWRIF aHi TR Ut § e qui ame™ & forg denfie Suae =2t & |

15

Nuclear Waste Management

The third myth is about the question of Nuclear Waste and its Management. As per
the myth, nuclear waste is an insoluble problem a permanent and accumulating
environmental hazard.

The reality is that of all the energy forms capable of meeting the world’s expanding
energy needs, nuclear power yields the least and most easily managed waste.

On the contrary, it is the fossil fuel and not nuclear power that presents an insoluble
waste problem. This has two aspects -

1. The huge volume of waste products, primarily gases and particulate matter.

2. Method of disposal which is dispersion into atmosphere.

Neither of the above two problems seems subject to amelioration through technology.
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% TRAY] Ruaex 3R B sneniRa a1 fasreer
(y@% 1000 MW(e)) ¥ Scutfed STalRrel &t o

[®] a9 fasTeiter :
g ; 320,000 <9
HTaT SISIATRISS : 6.5 fafer <=
PN STSITHATSS : 44,000 e
SIEEINE SICSIERE ; 22,000 eq
[@] oA faSTeiter
I WY : 27 T oIy 39 (spent fuel)
g1 GG 3R didiRui(vitrification)
P 9 3 TIHICY
HIEY AN : 310 ©9
7 W) ; 460 <

Comparison Between wastes from a Nuclear Reactor and
Coal based Thermal Power Plant (1000 MW(e) each)

[A] Thermal Power Plant
Ash
CO,
SO,
NO,

[B] Nuclear Power Plant
High Level

Intermediate Level
Low Level

320,000 tonnes
6.5 million tonnes
44,000 tonnes
22,000tonnes

27 tonnes spent fuel or

3 Cu.m after reprocessing
and vitrification

310 tonnes

460 tonnes

* T4, AITYY iV FTuasd H g a7
o arIYv SV gid # sufere fRriE T Ga7
*  3IW YSRUT §vdole Glae, arerge

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

e 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

Nuclear Fuel Cycle: Back End

Reprocessing Plants at Trombay, Tarapur
and Kalpakkam

Waste Immobilisation Plants at Tarapur and Trombay
Solid Storage Surveillance Facility, Tarapur

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

India is the fourth country to have such a facility.
Thorium based fuels can go to high burn-ups and
so waste generated is much lower
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The fourth myth is about radiation and any thing associated with it. No doubt, exposure
to large doses of radiation can be dangerous as they may cause two types of biological
effects-

1. Somatic effect - where person exposed is affected, and

2. Genetic effect - which occurs in the descendants of the exposed persons.
Toxic chemicals released from chemical and petrochemical industries, coal fuelled power
stations and burning of fire wood and cow dung ca n also cause similar biological
effects.
We must remember that -

0 Radiation has always been a part of the natural environment.

s The effects of radiation are better understood and the regulations and safety
measures are more complete and advanced compared to all other potentially
harmful agents.

. The benefits of the use of radiation and radioactive materials under controlled
conditions greatly outweigh the risks.
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The confribubion o the annual dose egquirealbent Toma number of amiural
soumes of ionzing radaton.

Cosmogenic- RadiDnuc-ldes
0.01 mSv

Bl 1nhakd Radionuckdes
' 1.2 mSv

Inklemal Radionuclides "‘“'h.:
0.3 mSv

2
Temestial 295, | 5,5, |
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COSMIC RAYS 45 mrem/year j

WATER, FOOD, AIR 25
mrem/year

AR TRAVEL, ROUND TRIP:
LONDON - NEWYORK 4 mrem

70-100
mreml/year

Radiation
our
Constant
Companion

IAGNOSTIC X-RAYS

R

D

VICINITY 1 mrem/year

NUCLEAR PLANT

g ferer,TraATe
(0.60-1.01)

(0.56-1.12)

(0.45-0.70)

S A
(0.46-1.15)

(0.56-1.12)

TH & FT FRITTATA A Wpfas gouf fafen

aferE, TRT
(1.04-2.28)

|
A

(0.99-2.22)

S, TS
(1.63-4.66)

e el ol el Dl
thosthhos s in

uferer, FHeTTRa
(1.11-2.79)

30-50
mrem/year

Terrestrial Radiation
Map of India

RAPS, Rawatbhata
(0.60-1.01)

KAPS, Kakrapara
(0.63-0.91)

TAPS, Tarapur
(0.56-1.12)

BARC, Mumbai

KGS, Kaiga
(0.46-1.15)

IRE, Alwaye
(0.56-1.12)

Natural Background Radiation at Some of
the DAE Installations (mSv/yr)

NAPS, Narora
(1.04-2.28)

NFC, Hyderabad
(1.63-4.66)

MAPS, Kalpakkam
(1.11-2.79)

Kudankulam
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YR & IaRI-gdi Iredl | ifda fafeon Terrestrial Radiation in the NE States of India

399 : 0.85 mSv/Yr
Jgrers : 0.7 mSv/Yr

Assam : 0.85 mSv/Yr
g1 0.7 mSv/Yr

\ Meghalay : 0.7 mSv/Yr
'\ Tripura : 0.7 mSv/Yr

HEX EH Dl I TAUT HHUINYeel (Hel) H O | aEx

Cancer Incidence Rate Vs Outside House
fafp~or wx (BRer) &1 Ade

Radiation Levels in Karunagappally (Kerala)

3

&

=

&

PR g B =% (per 100 000)

1.0 — 35 mSv/yr.

Cancer Incidence Rate (per 100 000)

1.0 — 35 mSv/yr.

3 4 6

IARE HIHSRT fRkerar R ¥ ATeR fafeRor R (MSV/ yr)

0 1 2 3 4 5 6

Somatic chromosomal aberrations Outside House Radiation Level (mSv/ yr)

3Tg=it / 10000 cells
. O NLNRA
°

1rm [

o
Dicentrics Translocation+ Dicentrics, stable

forspy s 4 Frequency /10000 cells
HOUNTTeel 8 (Up to 6 mSv/yr) # fafesxor Seufya o
H HLNRA

Conclusion
There is no increased risk of developing cancer

afdRrl 3 $ex €9 S 98 §Y SR & B b T

e rm W

among those exposed to the radiation levels as
obtained in Karunagappally (Up to 6 mSv/yr)

Dicentrics Translocation+ Dicentrics, stable
Inversion fragments and

Inversion fragments and
minutes

minutes
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freeh 9t & orgaifte wrR
(Genetic Load)

Y feetaa (Stillbirth)

8 ST 9NN 31U
Y STIfRIh HUiERT

o 3TSTH AT
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Genetic Load
from previous
generation

Life style

Diseases in the generation

Environmental
Pollution

Hereditary alterations

Stillbirth l

Congenital malformation

Man -Made

Radiation

Cosmic Radiation

Terrestrial radiation
Genetic alteration

/'“/M .
UL -

Inborn errors/disorders

Each of the above factors have an individual/interactive effect

fafp~or - Shia= &t v arafdsmar
T Uh Yeaufaeg fagga A vea € |

T 9 IR 4 AfeRor 4 RR &, @ oIk e siaRer & fafesor 4, gedt & SufRm
eAfaea uereif @ Swfsla gF ara urafore fafdzor 9, e = 4 &9 = &,
fafesT # g5 & &7 &, S B g9 @a-dia 2 9 | fRAfdzor 2 |

9 ag 4 =9 Wi o @ Se At RafRa e &Rk T ¥ 3wl 9% R TR
IR H ft saufeea a@ urpfos wu 9 Hisig & |

SN 991 8l Sf AT |
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RADIATION - A FACT OF LIFE

We live in a naturally radioactive world.

We are exposed to radiation from the sun and outer space, also from the
naturally occurring radioactive materials present in the earth, the house
we live in, the buildings where we work, the food and drink we consume.

There are radioactive aerosols and gases in the air we breathe; and even
our own bodies contain naturally occurring radioactive elements.

This is inescapable.
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Penetration of lonizing Radiation

Alpha qg

Beta

Gamma, X-ray

Neutron
[ k
paper, aluminum, lead, water,
skin tin, heavy concrete,
light metals paraffin

T s a3y fafeszor

® SifeEH-d Td aret siaRe | - 0.4 mSv.yr’
o Mf%- gt F yu | - 0.5 mSv.yr’"
o vSiF - RfrrwRfsTd & faaea 4 -1.2mSv.yr’
o 3R - IR & 3iex R 4l 4 (e.g. “°K) - 0.3 mSv.yr’"
® UIHfud Bkl A ST A Siof - 2.4 mSv.y"
*UNSCEAR 2000

Natural Background Radiation*

e Cosmic - from the sun and outer space — 0.4 mSv.yr"
e Terrestrial - from the earth’s crust — 0.5 mSv.yr"
e Radon - from decay of U/Ra - 1.2 mSv.yr’"
e Internal - sources in the body (e.g. “K) — 0.3 mSv.yr”
e Total dose from natural sources - 24 mSv.y'l
*UNSCEAR 2000
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TURT 99T

HepTH1 bl fmior 51 Jrell | gar & 99
Jeaofaefad: gt & |

SlIR, B3 9 Bd YSH Td AR 9 ST
arel 7T fafHor & g A €

de BRI H YS[ $I IufRAfT A fafswor o
g A el 8

Where we live

The houses are made up of
materials which contain radioactivity.

Gamma radiation from walls, floor & ceiling,
and radon and thoron progeny are major
sources of radiation exposure.

Especially in closed rooms, radon is
the significant dose contributing
factor.

YRA ¥ SWATA 29 arel 9T Ao Areht § (Bg.kg') s _ e wefird

Natural Radioactivity (Bq.kg") in Building Materials Used in India

i K-40 Ra-226 Th-232
e 5-385 16 - 377 878
ES 130 — 1390 21-48 26 — 126
TR 48 — 1479 6—155 5412
G| 5-1074 1-5047 4-2971
DEIRT 76 — 1380 4-98 103 — 240
&l 6-—477 7-1621 4-311
T 6—522 7-670 30 — 159
AT TR 6-518 1-26 1-33
s 70 - 807 7-807 1-152

* RPD, 59 (2), 127 — 133 (1995), V.K.Shukla et al.

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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What we drink

* Radioactivity in milk is over 200 times more
than in drinking water and 3 times that in beer.
* From a cup of milk ~ 180 beta particles of
potassium-40 are emitted per minute.

IR Ug

e U H 9T T | 200 7o 3iferep SR A= A 1 o
3iferp YfSATfeefadt gt & |

* TH $HU g¥ | Ul FAfIe tieiRias-40 & &1 180 dter
T SefT B § | * From a cup of tea ~ 91 beta particles of

* TH U TR H TG A (38 3R U Breay) uf fafe A - potassium — 40 are emitted per minute from tea
UIeIRRA-40 & T4 91 diel HUl SfoTd i & | leaves (excluding milk and water).

Radiation: Perception and Reality, BARC News latter,

Radiation: Perception and Reality, BARC News latter, 2002

2002

AR 9re What we eat

@rE K-40 (Bq.kg™) Food Stuffs K-40 (Bq.kg™)
EICG 40 — 90 Rice 40 — 90

U dTell Heoll 80 — 220 Leafy Vegetables 80 — 220
ERE| 90 — 140 Brinjal 90 — 140
S 85-120 Tapioca 85-120
TSR 60 - 120 Carrot 60 - 120
diewne 90 - 120 Beetroot 90 - 120

Radiation: Perception and Reality, BARC News latter,

Radiation: Perception and Reality, BARC News latter, P

2002
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BifeTs fheo 4 fafezor sia

RADIATION DOSES FROM COSMIC RAYS

g8 s
pSv.h!
I F IR ~ 15 km 10
IR |4 $u ~ 10 km 5
IR | FuR ~ 8 km 2
4 A SR ~ 2 km 0.1
s 0.03

Distance above ground Dose rate
pSv.h!
~15 km above ground 10
~10 km above ground 5
~ 8 km above ground 2
~ 2 km above ground 0.1
Sea Level 0.03

Radiation Safety, IAEA, (1996), NRPB, UK

Radiation Safety, IAEA, (1996), NRPB, UK

fafrer ereRl # Ui gsvfHe fafhvon

X HGyy"
HID Hifres o
qaz 280 204 484
CAREAGI 280 530 810
faoett 310 390 700
G 280 510 790
IR 440 385 825

Sig BI3 Al Ga3 ¥ facelt wAidaia giar & at a8 216p Gy sfaRe fafdwor sis
Ui & S % v uRw] fega W @ fiem arelt fafdRor <t 10 T o1fdres & |

* For Gamma radiation, p Gy is equivalent to nS v

NATURAL BACKGROUND RADIATION IN VARIOUS CITIES

CITY ].le.y'l*
COSMIC TERRESTIAL TOTAL
MUMBAI 280 204 484
KOLKATA 280 530 810
DELHI 310 390 700
CHENNAI 280 510 790
BANGALORE 440 385 825

As one shifts from Mumbai to Delhi, he is going to get 216 n Gy additional
natural radiation dose which is 10 times more than that from a nuclear
power plant.

* For Gamma radiation, p Gy is equivalent to nS v
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gt 9 urepfae fafdon (Bg.kg™)

Natural Radioactivity in Soil (Bq.kg'l)

Country K-40 U-238 Ra - 226 Th-232
India 400 29 29 64
China 440 33 32 41
Japan 310 29 33 28
USA 370 35 40 35
Russia 520 19 27 30
Spain 470 NA 32 33

Sl K-40 U-238 Ra - 226 Th-232

YR 400 29 29 64

Sl 440 33 32 41
ST 310 29 33 28
3rfkapt 370 35 40 35

wd 520 19 27 30

A 470 ST 32 33

S AT g AN @ o T ¥

* UNSCEAR, 2000.

Mean values are given from wide range of values

* UNSCEAR, 2000.

fIea & =g uphie gyffa fafezor are a3

Natural High Background Areas Around World

T & ST Rard
mSv.y”
sTfoTe TIRTATRY 24.5 AFTSITSE ¥
EIG| TR 3.2 HHFTSIISE BT
IR oG] 15.7 HIHTSITSE X
NH AR 7-35 A BT ST
gealt R INECIRTL| 4.9 STt & gt

Country Area Dose * Remarks
mSv.y'1
Brazil Guarapari 24.5 Monazite sands
China Yangjiang 3.2 Monazite
particles
India Kerala 15.7 Monazite sand
Iran Ramsar 7-35 Spring water
Italy Orvieto town 4.9 Volcanic soil

* I DI BISHY Y W B ST T30 S TS §

* UNSCEAR, 2000

* Average values are given, except for Iran

* UNSCEAR,
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fafrzor gurg

UHHT UHTd (Stoichastic effect)

YT UHTd d g9d €, S YS9 IR W 8 8 3R 3761 SIS &t A1 9 Bl Adel T8l
BT | 39 UG &t Bl SRgd d FaiRa 78 & iR I Surerar ux iR tgar @ aen
SIS & de7 W 3 JUE A gfg IW o1 Fhehl & | FAX THABT T ISR | |

fHerivomeHs usa (Deterministic effect)

e~ uvg 98 uvE ?, e Wer G99y Ut 19 Q@ g g | e 1 @1
NP TIad gHTE Bl & | S9! SiRkgd Wi gl & forids 8ier I8 g ISy =t

gedl | =T &1 STofdT Ueh feriRomeds 99mE ¢ |

RADIATION EFFECT

Stochastic Effect

Stochastic effects are those which occur on a random basis with its effect
being independent of the quantity of the dose. The effect has no threshold
and is based on probabilities, appearance of the effect increases with dose.
e.g. Cancer is a stoichastic effect.

Deterministic Effect

Deterministic effects are those that can be related directly to the dose
received. The effect is more severe with higher dose. It has a threshold,
below which the effect will not occur. A skin burn is a deterministic effect.

fafrvor & gymE

EFFECTS OF RADIATION

SIS gHTa/feuof

2.5 mSv d& T 99 H UTpfare fafepror

1 mSv 319 ST & fofg arfies SISt Bl A

20 mSv faferzor wiffet & fon aiffe <re @t A

500 mSv T ffhRo1 & yWTa A [ Ugel WA dTel UgAH % © -

(e ISHRIA)

et =T, S 3T

DOSE EFFECTS/REMARKS

Upto 2.5 mSv Natural radiation in one year

1 mSv Annual dose limit for general public

20 mSv Annual dose limit for radiation workers

Upto 500 mSv
(acute exposure)

First identifiable signs of radiation effects appear-
Nausea, Vomiting

1000 mSv fafexor YT &y e o g |
(CRNBEEASELIRE)
2000 mSv G Tl & fory SIIRgH &1 AT - fafesvor SRt &y

(BraTte Ieyra)

q 7Y B 9l § |

3500 - 5000 mSv
(CRNBEEASELIRE)

50% vaaUres Afdaal @ fafeor SRR & 60 faA 1 & sfe”
g B SIRAT |

1000 mSv Radiation sickness appears
(acute exposure)
2000 mSv Threshold dose for mortality — death may occur from

(acute exposure)

radiation sickness

IARP Brochure, Public Awareness Programme

3500 — 5000 mSv
(acute exposure)

50% of exposed persons will die of radiation
sickness, in 60 days

27

IARP Brochure, Public Awareness Programme
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3= Tifcfaferdt & Yeptaet fafdhor &1 Sy

R gfay g @ EHTer
20 Ryre i & b 200 # 1

TeY s H Aol Ubel-gueH] 400 ¥ 1

THiIE g (40 a9 1Y) 500 # 1

WS gHe 5000 3 1

W H gHeT 10, 000 # 1

F TR g 20, 000 ¥ 1

fafepRor w1 (2 mSv/a) 20, 000 ¥ 1

IARP Brochure, Public Awareness

RADIATION RISK COMPARED TO OTHER ACTIVITIES

Activity Chance of death per year
Smoking 20 cigarettes/day 1 in 200

Deep sea fishing — Accident 1 in 400

Natural death (40 year old) 1 in 500

Accidents on roads 1 in 5000

Accident in home 1 m 10, 000

Accident at work 1 in 20, 000

Radiation work (2 mSv/year) 1 in 20, 000

ARP Brochure, Public Awareness
1

fafe~or dweqor
fafepvor wiveqor @1 S92

*  UHAYTH YU Pl AU DT HH BT
o feiRoTS gvTa | gui goma SR

fafe=or wReror & Rigia
» greqHimRu/Optimisation

 3Nfra(sremRT)/Justification (ALARA)*
e SIo1 dM/Dose limit

* 3TCTRT : BH W HH U 81 bl drell WX

28

e .
RADIATION PROTECTION ‘ .
<
OBJECTIVE OF RADIATION PROTECTION ‘
To reduce the probability of Stoichastic effect N =

To avoid the deterministic effect

PRINCIPLES OF RADIATION PROTECTION

. Optimisation
. Justification (ALARA)*
- Dose limit

* ALARA : As low as reasonably achievable

28




AR S I8 gHfeaa o317 fb 39 wraf 9 dere it
Ht @fed &1 We™ 960 | e S 9 i |

fafervor & |t wa fAE=or & ufd Sdeashar 8 219 | 31
ol D A1 [eiRa sva w93 ddfea wa W garn s

qIfeu |

THE AIM IS TO ENSURE THAT NO INDIVIDUAL IS
EXPOSED TO RADIATION RISKS JUDGED TO BE
UNACCEPTABLE FROM THESE PRACTICES.

NOT ALL SOURCES ARE SUSCEPTIBLE TO CONTROL,
HENCE SOURCE TO BE INCLUDED MUST BE
SPECIFIED AS RELEVANT BEFORE SELECTING A
DOSE LIMIT.

fafep~or dveror & A iR &3 arelt ST
UNSCEAR : 9% gRT TRAUIGR & fAfs |dl 3R 39 gyre 9 SGefda

(1956) et 3ifps R fava A vafra fFa o € |

ICRP : I i &30 & fa9iast ISl ot Th R-ARBRI 6% ©
(1928) STt SRaH @t A1l &Y RIeTRer Bl § |

IAEA : J=fee Tateit b ueard ICRP gRT Awd Wil 31 wer
(1957) Bl 8 |

AERB : Ig ICRP 31k |IAEA &) fIBIReN & MR uX AH131 31

feriRor w2, o ures YRa § fhar S g |

29

AGENCIES SETTING RADIATION PROTECTION

STANDARDS
UNSCEAR: COLLECTS SCIENTIFIC DATA FROM ALL
(1956) OVER THE WORLD ON DIFFERENT SOURCES OF
EXPOSURE AND EFFECTS.
ICRP: A NON-GOVERNMENTAL BODY OF SCIENTIFIC
(1928) EXPERTS FROM RELATED FIELDS RECOMMENDS
LIMITS.
IAEA : AFTER SCIENTIFIC DISCUSSIONS ADOPTS LIMITS
(1957) RECOMMENDED BY ICRP.
AERB: BASED ON ICRP & IAEA RECOMMENDATIONS

AERB SETS THE LIMITS TO BE FOLLOWED IN
INDIA.

29




A Siol i

SR SIol HHA*
Tt T fafexor Ser | 3T STt
BRI T

g9 S5 5 guf & T &b MR WR, Tha¥d 1 mSv
ufad 9§ 20 mSv

¥ T SIS

3T &b o9 150 mSv 15 mSv

el 500 mSv 50 mSv

g1 3R IR 500 mSv

*ueh a9 § 31fdhaw 50 mSv (ICRP 60)
*ueh 9§ ¥ fdpad 30 mSv (AERB)

N N —— ICRP, 60, 1990

RECOMMENDED DOSE LIMITS

APPLICATION DOSE LIMIT**
OCCUPATIONAL PUBLIC

EFFECTIVE DOSE 20 mSv per year, averaged | 1 mSv in a year
over a period of 5 years*

Annual equivalent dose for

Lens of eye 150 mSv 15 mSv
Skin 500 mSv 50 mSyv
Hands & feet 500 mSv -

*Maximum in any one year 50 mSv (ICRP 60)
«Maximum in any one year 30 mSv (AERB)

ICRP, 60, 1990
** ABOVE THE NATURAL BACKGROUND

IR @@=+ $iR ffert (Mining and Miling) R &R frmmaet
URHT] FHoft Siferfrr, 1962.

1. fafe=or w=eror fmmaet, 1971.

2. fafvfese uerelt & 9y 9 faqie 15.03.1995 &1 SR}

3. =AY SHelt (T Ud @fel B iR fafAfde uerei &1 &%)
rawmaett, 1984.

4. qH1] SHell (fsnfaea sul¥ne) &1 grfdra fuem) fFawmae, 1987.

g fAgarEe, @7+ ik gIiqvor gguvr fAg=er sfefagar & siaita
JIIe frE/RfaaEr & sifaftad & |

30

RULES APPLICABLE TO URANIUM MINING AND MILLING

ATOMIC ENERGY ACT, 1962.

k.
.

RADIATION PROTECTION RULES, 1971.

2. NOTIFICATION DATED 15.03.1995 RELATING TO
PRESCRIBED SUBSTANCES

3. ATOMIC ENERGY (WORKING OF THE MINES, MINERALS
AND HANDLING OF THE PRESCRIBED SUBSTANCES),
RULES 1984.

4. ATOMIC ENERGY (SAFE DISPOSAL OF RADIOACTIVE

WASTES) RULES, 1987.

THESE ARE IN ADDITION TO RELEVANT RULES AND REGULATIONS
FRAMED UNDER MINES AS WELL AS ENVIRONMENTAL POLLUTION
CONTROL ACTS

30




TRIUIoR & Al

AN
1. 9181 TeRUIeiR (External exposure)
* DI A Fper areft T fhvoi

T g AIRIH IR g9 IU IS
(daughter products)

2. 3afRa® wid (Internal exposure)

* YSM T IRM 3R g9 IU I (daughter products)

o VY ATY ATell Al QeI 3D gl

Ry Hifcre! e

Sources of Exposure

1. External exposure
e Gamma rays from ores
(From U & Th and its daughter products)

2. Internal exposure
 Radon & Thoron and its daughter products
e Ore dust containing long lived alpha activity

TGO HAETOT GANTRITAT Bl TATIAT STIGST | 1965 H &l 78 3R
frr=faaa e & foru s 99a-99a R g fhar S v=r 2 |

o UF P ARG fafevvr, sAefeefad siv sienfie qren &
Hilex

e Uyl HiAtewH foraw frr=folRaa afvafera 2

o Hiffrs fafdzor

o aig H Afhaan

o fr=feRaa # @ afdbaan
S\ ERT T YA STel

~ ) U9 aeve
U Uie vd @rer ueret anfe

HEALTH PHYSICS UNIT

31

ENVIRONMENTAL SURVEY LABORATORY
WAS SET UP AT JADUGUDA IN 1965 AND UPGRADED
SUBSEQUENTLY TO CARRY OUT

 IN-PLANT RADIATION, RADIOACTIVITY AND
INDUSTRIAL SAFETY ASPECTS MONITORINGS

* ENVIRONMENTAL MONITORING INCLUDING

e TERESTRIAL RADIATION
e AIRACTIVITY
e RADIOACIVITY IN

“ SURFACE & GROUND WATER
“ SOIL AND SEDIMENT
“ VEGETATION & FOOD STUFF etc.

31




A Monitoring

gt fafesror Aiftex= “ External Radiation Monitoring
* Hd Hiex * Survey meter
o Auers « TLD
* eRIAd Ud JAfeRTh GO e Surface & Personal Contamination

N IFiaRe ﬁfﬁlﬂm HifrexA _ “ Internal Radiation Monitoring
* ST AT 3R I SRR THADBRI G AGeAD BT ST  Radon Monitoring and Dosimetry

using Solid State Nuclear Track Detector

: :E?fr e N Gﬁ:q:" e Air Activity Measurement

S N * Lung Burden

e TN  Radon/Thoron in Breath
* Bioassay

3rad T gurd} |11 (MmSv) Average annual effec

12

B 1996 B 1997 011998 M 1999 H 2000 H2001 2002

10 +—

NARWA PAHAR MINE JADUGUDA MILL

32 32




PRI geE & HHARAl 4 fafka sis @t 9

W 1996 11997 B 1998 E 1999 O 2000 02001 ™ 2002

510 1015 15-20 >20 0-5 5-10 10-15 >20 0-5 5-10 10-15 >20
gt It TEATIRTS
SIS (mSv/y)

900

800

700

ns
o
=]
(=]

erso
pc.n

S

=)

400

No. of

300

200

100

LI I LT

Distribution of Dose to Uranium Mine Workers

T

H 1996 [0 1997 @ 1998 @ 1999 02000 © 2001 @ 2002

&e0 (mSv/y)

20Y0 3200UAO TG >iilO

+0i

RTH @M & HHARAT # faRd siRra aiiie S @t 7 (S7idRe + aE)

N
o

15

10

1965

1970 1975 1980 1985 T:Tﬁf 1990 1995 2000 2005
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Average Annual Dose(mSvly)

0-5 5-10 10-15 15-20 >20 0-5 5-10 10-15 >20 0-5 5-10 10-15 >20
Jaduguda Bhatin Narwapahar
Dose ranges (mSvly)
AVERAGE ANNUAL DOSE TO JADUGUDA URANIUM MINEWORKERS
(INTERNAL + EXTERNAL)
20
15

10

< ‘."’
9 \A/ \0"\ I \ ‘0"/\

A

A\ l ~7 V4 ‘\ =4 -
Y=o, ¥ ~g W \ /
\"' \’/ \0"/ 0/\’0~.¢',”‘ \

v *

5
0 T T T T T T T
1965 1970 1975 1980 1985 1990 1995 2000 2005
Year
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O WIS Bt HIAAT WETHT H [AFHIUT STHTHA HT IATEXT
- 5000 & 100,000 HTfirehi T fafhTuT STHTE Eiel 2.
o gy T : iy Hiae / ad.
° I IGUTHA T it UEATT BT TS
N F-%: 5-20 fiy e / a.
N g > 20 fy e / av.
N T w1 2 T |iae / 9.
N Y w1 T e / aw
o  HTHETT o TITA &
- 47 6 BT TWeE: > 2 W HEe /a9
-3 92 Higer @eE: 2-5 e / a9
- HIIET WETH HIHBT (ATHTIT IFHATEA (2001):
N 97% :<2THEiEe/as
N 2% :2-5f e/
N 1% :5-20 i HEe /a9

o AN EXAMPLE OF RADIATION EXPOSURE IN
Polish Coal mines
@ 5000 of 100,000 workers get radiation exposure.

Dose limits are : 50 mSv.y "

* Two exposure categories are identified
“ Category-A: 5-20 mSv.y .
“ Category-B: > 20 mSv.y™.
“ Inspection level: 2 mSv.y™.
“ Intervention level: 5 mSv.y"

* Monitoring results show:
-4& 6 coal mines: > 2 mSv.y-1
-3 & 2 coal mines: 2-5 mSv.y-1
-Radiation exposure of coal mine workers (2001):
S 97% : <2 mSvy’
S 2% :2-5mSvy'
S 1% : 520 mSv.y”

ufeed & dfa <fer
e 9 g8/ feem
S TS &

LN

fafer=or Seur=

SIGTST & SRIUTH 3rad fafdhvor gauier

34
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40

30

20

e N (Bg.m?)

10

TP3 - 2fer dis Il
CHT - wr&er=n/feics
TP2 - <fer die i
TP1 - 2ferr drs |
TDD - ga1 3SR
DDN - g7RIElE ST

ESL - ugiaRor HdeTor TTee

TP3 CHT TP2 TP1

TPB TDD DDN ESL >2 Km>5 Km

- ¥

<forT die¥ & AU TaTaRoT § NSH & W

Radon (Bg.m®)

40
TP3 - Tailings Pond Ill
CHT - Chatikocha/Tilaitand

30 4 TP2 - Tailings Pond I
TP1 - Tailings Pond |
TDD - Tuwa Dungridi
DDN - Dungridi North
ESL - Env. Survey Lab.

20 |

10 H

0

TP3 CHT TP2 TP1

TPB TDD DDN ESL >2 Km>5 Km

<«— Location —

Fig 2. Atmospheric radon levels around tailings pond

et uisd & AU arg | T fAfdhRor 3R IS &1 W

GAMMA RADIATION & RADON IN AIR AROUND TAILINGS POND

HHID ESIE T IA | tem 7urdt € mSv.Y”
mSv.h'1 Bg.m h
EXT INT TOTAL
FRIEE ST WSyl a1 &
1 frpe 0.14 43+19 0.24 0.48 0.72
2 FRIE SR SU-are & fide 0.15 47 +19 0.26 0.52 0.78
3 wifest s Shdt-1 0.30 68 + 38 0.53 0.76 1.29
4 -1 3 2 &% S gicaren gig 0.17 27 +13 0.30 0.30 0.60
5 gfeerht e Sft & e 0.12 36 + 19 0.20 0.40 0.60
6 SfRoTafERRT TRt Bt v b 0.13 31+13 | 023 | 034 0.57
-3 F fpe
7 =g & fwe Shm ags 0.11 18 + 0.08 0.19 0.20 0.39
8 FRIEE gférr & e 0.28 19+8 0.50 0.21 0.71
9 Aft-1 9 3 F fia TR F 0.16 20+9 0.28 0.22 0.50

|GG

35

S.NO. LOCATIONS GAMMA RADON EFFECTIVE DOSE mSv.Y’!
DOSE Bqm
nSv.h!
EXT INT TOTAL
1 NEAR PWD ROAD 0.14 43+19 0.24 0.48 0.72
DUNGRIDIH N
2 NEAR WATER TAP 0.15 47 +19 0.26 0.52 0.78
DUNGRIDIH N
3 BHATIN CROSSING TP 1 0.30 68 + 38 0.53 0.76 1.29
4 SEPARATION BUND 0.17 27 + 13 0.30 0.30 0.60
BETWEEN TP 1 & 2
5 NEAR WESTERN MOST 0.12 36+19 0.20 0.40 0.60
FENCE TP 2
6 NEAR SW HILL SIDE FENCE 0.13 31+13 0.23 0.34 0.57
TP 3 -
7 SOUTH SIDE NEAR 0.11 18+ 0.08 0.19 0.20 0.39
CHATIKUCHA TP 3
8 NEAR DUNGRIDIH S 0.28 19+8 0.50 0.21 0.71
9 NEAR JAKHIRA BETWEEN 0.16 20+9 0.28 0.22 0.50
TP 1&3
35




M srgrrer B anfer [ sRamere O qeadte B s

DWC: 100 ng/1 for U(nat)

r Ra-

226

Jaduguda ® Bhatin O Narwapahar O Turamdih B Bagjata

Rt § urpfere WeafeRfd o1 wr

120
1007
801
601
407
207
0

U (nat) Ra-226 Th (total) Po-210
mg.kg-1 Bq.kg-1 Bq.kg-1 Bq.kg-1

Natural Radioactivity Levels in Soil

B srgrirer @ e B TRawers B RAsE

120-
1001

80-
601
404

20

U (nat) Ra-226 Th (total) Po-210
mg.kg-1 Bq.kg-1 Bq.kg-1 Bq.kg-1

36

Jaduguda @ Bhatin @ Narwapahar B Turamdih

36




SIFTRIEATT & STRIUT Urdhfords gy fafewor

Natural Background Radiation around Domiasiat

Al ¥ (mR L") 3t
R 25 - 40 32
R N

Hifehrare Axfdhe god a5 25 -35 30
HIERATEHT g ¥ a8 Ref T (7T @l 3AR) 22 -3 26
SHEIEGT g 20 - 40 32
STEhTST TUHET ZiSTE T 10 - 12 9
TARTSEATEH 1 AT 25 - 30 27
FARTSATST INC B34 15 - 18 16
SifRTaTe T 15 - 20 18
FRT]T 3TR Tk o ahe 40 - 45 42
< ur (Beic) < 60 - 100 80

qIEDIS i 20 - 25 22
gar e fugs go 10 - 15 12
ABPITRIS BT (TRTYSN) 10 - 20 15
3R e Hud 8- 12 10
A=A 8- 18 14
BINCIE 10 - 14 12
TATETE, SATSATSE hud 18 - 30 24
DIcRIdl, BN ASH 16 - 20 18

Location

Range (mR.h™)

Average

NEHU Campus

25-40

32

Mawkyrwat circuit house area 25-35 30
Wah Rilang in Mawranglang village 22 -32 26
(river side)

Umdohlun village 20 - 40 32
Wahkaji AMD Transist camp 10-12 9
Way to Phlongdeloin 25-30 27
Phlongdeloin Guest house 15-18 16
Domiasiat Village 15 -20 18
Near Killung ore block 40 - 45 42
TP containment (concrete) top 60 - 100 80

Wahkaji village 20-25 22
Duwan Singh Syiem bridge 10- 15 12
Nohkalikai falls (Cherrapunji) 10 - 20 15
RK mission campus 8-12 10
Mawsmai 8-18 14
Nongpoh 10— 14 12
Guwahati, I[IT campus 18 - 30 24
Kolkata, Hazra road 16 - 20 18

Surveyed on 7.05.03

37

37




URHTY] ol IR fafdvor & dder # Semomny :
Hifodl g9 aR<fdbar
Public Perceptions About Atomic Energy :
Myths vs. Realities

URHATY] FHoil 3R fAfHIor & e d STemong :
Hifordl 991 arR<fddber
Public Perceptions About Atomic Energy :
Myths vs. Realities

Department of Atomic Energy




