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In the modern world, electricity
plays a vital role in the development
of the society. With modernization,
the need of electricity is increasing.
A nation’s development index is
reflected in the per capita consump-
tion of energy.  By the year 2010, per
capita consumption is projected to
increase by 145%. There is no deny-
ing the fact that demand for electric
power in our country is on the rise
and way ahead of its installed
capacity.

Though the quest is on for alter-
nate sources of energy, the trend of
developments in the area of science
and technology clearly predicts a
dominant role to be played by the
nuclear energy. Currently about 440
nuclear reactors are operating all over
the world and the nuclear power con-
tributes to over 18% of total electric-
ity produced in the world. In view of
the fast depleting fossil fuels (coal, oil
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etc.), nuclear power looks to be the
inevitable option.

The nuclear power technology has
developed and matured as a safe,
clean and efficient means of meeting
the globe’s expanding energy needs
which cannot be fulfilled by any other
non-carbon based technology, how-
ever the public understanding of
nuclear power remains shrouded in
myths and fears quite disproportion-
ate to the facts.

Public concern regarding the
safety of nuclear power revolves
mainly around three issues:

- the fear of postulated accidents
in nuclear power stations leading to
release of large amounts of radioac-
tivity,

- pollution of the environment from
routine discharge of radioactivity
from the station, and

- the question of long-term stor-
age and disposal of radioactive wastes

generated from operation of nuclear
reactor.

It is the lack of proper knowledge
and understanding of the concept and
functioning of the nuclear power
reactors and its inherent safety sys-
tems that are at the root of undue
panic in the minds of the people.

Safety in Design & Construction
Nuclear power industry has given

utmost attention to safety, right from
the time of the earliest reactors some
50 years ago. A number of safety
features have been incorporated in
the design and siting of the nuclear
power plants. During construction as
well as in operation of the nuclear
power stations, a major part of the
total effort is devoted to ensure safety
of operating personnel and the envi-
ronment. Even at the stage of plan-
ning for a nuclear power plant at any
given site, prior approvals of statutory
bodies such as Atomic Energy regu-
latory Board (AERB), Ministry of
Environment & Forests and State
Pollution Control Board are required
to be  obtained. These statutory bod-
ies specify various requirements in
respect of environmental protection,
pollution control, radiological safety,
industrial safety and emergency pre-
paredness.

Following are some of the impor-
tant Safety Design Principles applied
in nuclear reactor technology to
ensure that safety functions will be
performed with a very high degree of
reliability :
l The chief aim of reactor safety is
to ensure that the radioactive fission
products generated in the reactor are
contained under all circumstances.
An approach is therefore adopted,
where there are several barriers, one
backing another. Failure of one bar-
rier still leaves others to perform the
safety function.
There are four primary barriers to
contain the release of radioactive
fission products. Firstly the fission

Kakrapar Atomic Power Station



5

products are generated in the fuel
matrix. The fuel being a high density
material, retains most of the fission
products there itself. Secondly the fuel
is placed, sealed inside a clad. Third
the fuel along with clad is placed in-
side high pressure heat transport sys-
tem. Last but not the least the entire
reactor system is surrounded by a
massive double walled containment
building. Thus, the escape of radio-
activity from the fuel will occur only
if a breach in all the four barriers,
namely, fuel, fuel cladding, heat trans-
port system and containment building
takes place.
l The quality control measure taken
in the manufacture of the components,
buildings and structure and the qual-
ity requirements for design, fabrica-
tion, construction and inspection for
systems having a bearing on reactor
safety are of high order, commensu-
rate with their importance to safety.
l Physical and functional separa-
tion is ensured between process sys-
tems and safety systems.  As far as
practicable this separation is also pro-
vided between different safety sys-
tems, as well as between redundant
components within a safety system.
These features ensure that a single
local event (viz. fire, missile, pipe fail-
ure) will not result in multiple compo-

nent/system failures, and functions
required for safety of the reactor will
not be impaired.
l Reactor Core (Fuel) cooling is
given the utmost importance and
design features ensures that coolant
flow is maintained under all conditions,
such as, provision of Shut Down Cool-
ing system for removal of decay heat
during shut down state of the reactor
or an Emergency Core Cooling Sys-
tem (ECCS) which provides adequate
coolant flow to prevent overheating
of the fuel in the unlikely event of Loss
of Coolant Accident (LOCA).
Apart from this the entire core and
the high enthalpy coolant which is
confined to the pressure tubes, are
surrounded by a large mass of rela-
tively cold moderator heavy water in
Calandria which is further surrounded
by shield water system in the
calandria. Thus in case of certain
highly unlikely combined failures, such
as LOCA and the failure of ECCS,
the cold mass of moderator serves as
an important heat sink and will miti-
gate the consequences of the acci-
dent. Locating Steam Generators at
higher elevation than reactor also
ensures removal of decay heat  by
thermosyphoning in case of loss of
forced cooling.
l A large pool of light water at the

basement of the reactor called Sup-
pression Pool System ensures  sup-
pression of pressure in case high en-
thalpy water or steam happen to
release inside reactor building.
l Two fast acting, diverse and inde-
pendent Shut down Systems have
been provided which can trip the
reactor within two seconds.
l To minimize the probability of un-
safe failures, the logics and instrumen-
tation circuits are designed to fail in
the safe direction, if at all they fail.
l Nuclear Power Plants are   de-
signed and qualified to withstand
earthquakes of defined magnitudes
without posing a radiological hazard.
l Provisions are incorporated to en-
sure that active components in safety
systems are testable periodically.
Most of these tests can be done with
reactor on power. Any deficiency
noticed during testing is corrected
immediately; on line or off-line as the
case may be.

Safety during Operation
It is the combination of sound

design and conservative operating
practices that go to make a safe re-
actor. The policies and practices for
operation of nuclear power stations
in India take due cognizance of these
requirements.

It is mandatory to strictly adhere
to a document called the ‘Technical
Specifications for Plant Operation’.
This document, approved by the regu-
latory authorities defines the safety
limits for various systems parameters
that must not be exceeded.  It also
sets down the requirements for mini-
mum operable equipment of various
systems, prescribed actions to be
taken by operating personnel, periodic
surveillance, testing requirements and
administrative controls. Plant systems
are categorized and the systems hav-
ing direct bearing on the plant safety
are given utmost attention. There
exist procedures for all the works and
Emergency Operating Procedures
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have also been in force. License for
Operation of the plant is given for five
years period and renewal of the
license is done after thorough review
of the operating performance.

A unique feature of operations in
the nuclear plants is the in-service
inspection programme, in which
health of various components is
assessed during the service life of the
plant to ensure that no incipient
problem results in an actual failure of
the component. For this purposes
various techniques such as ultrasonic,
acoustic emission, eddy current prob-
ing etc. are used to determine the
condition of the equipment.

Trained and qualified manpower
is the essential requirement for
ensuring the safety of operating
nuclear power plants. The fresh re-
cruits are given intensive classroom
and workshop training before they are
put for ‘on-job’ training. Simulator
training, structured checklists of the
tasks, written examination, walk
through tests and final interviews fol-
lows for licensing and qualification
processes of the plant personnel.
These licenses are valid for a period
of three years and relicensing is done
after refresher courses which includes
thorough medical examination.

Radiological Safety Aspects
Radiation protection is concerned

with the protection of individuals, their
progeny and mankind as a whole,
while allowing necessary activities
from which radiation exposures might
result.

One of the guiding principles
adopted in the nuclear power
programme in India is to ensure that
radiation doses to plant personnel and
to members of the public remain as
low as reasonably achievable ,
(ALARA) and in any case not in
excess of the prescribed limits.

These limits, specified by the regula-
tory authorities (Atomic Energy
Regulatory Board), are more conser-
vative than international standards.

Several measure are adopted in
design and operations to ensure that
exposures of plant personnel are very
low.  These measures are:
l Provision of adequate radia-

tion shielding. Control of access of
personnel to high radiation areas.
l A zoning system with contami-

nation checks of personnel and equip-
ment  exits from radioactive/poten-
tially radioactive areas.
l A ventilation system designed

to minimize airborne radioactivity in
plant areas.
l Use of protective clothing and

respirators by plant personnel while
entering hazardous areas.
l Continuous monitoring of

radiation levels in various plant areas.

Waste Management & Environ-
mental Safety Aspects in
Nuclear Power Plants

A unique feature of nuclear power
plants is the extremely low quantity
of radioactive wastes (solid, liquid and
gas) generated. The solid spent fuel
containing most of the high level
radioactivity due to fission products
is stored under-water in on-site stor-
age bays, sized to the lifetime dis-
charge.

Gaseous wastes are filtered by
passing through High Efficiency Par-
ticulate Air (HEPA) filters for
removal of the particulate radioactiv-
ity before being dispersed off through
a 100 m stack with a large quantity
of ventilation exhaust air. There exist
provisions for continuous monitoring
of gross activity on the ventilation
exhaust duct for the reactor buildings.
This triplicated system isolates the
reactor building (containment) if high
activity is sensed by these monitors.

The liquid wastes, after chemical
treatments as required, are diluted
with fresh clean water and dis-
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charged into the appropriate water
body. The liquid effluent activity
release measurement is carried out
by batch sampling of liquid waste
management tanks before discharge.
Continuous sampling of the plant out-
fall is performed for detection of even
very low levels of activities and to
further confirm that no unmonitored
discharges are taking place.

The regulatory authorities in India
have prescribed dose limits for mem-
bers of the public based on the rec-
ommendations of the International
Commission on Radiological Protec-
tion (ICRP).  Based on these limits,
the radioactivity discharge limits have
been worked out for individual nuclear
power plants. Continuous monitoring
of the radioactive liquid and gas dis-
charges from the plant is done to
ensure that the limits are met. The
levels of gaseous and liquid wastes
disperse 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 for the general
public.

Aspects of Review and Analysis
There is a well organized safety

review process for nuclear power
projects right from the site selection
stage through design, construction,
commissioning & operation.

When work is initiated on the
design of a reactor project, almost
simultaneously, a Design Safety
Committee for the project is set up
comprising  experts in safety evalua-
tion. This committee conducts the first
level of review and audit of the
design, and finding of this committee
are put up to Advisory Committee for
Project Safety Review (ACPSR).
The ACPSR consisting of experts in
different disciplines and not involved
in the actual designing or building or
running of the plant carries out a sec-
ond level review and audit.  The final
review and consenting is done by the

to radiation protection rests with Plant
Management it is closely monitored
by the Health Physics Unit. HPU
keeps a close watch on the radiation
exposure of the occupational work-
ers, release of radioactive effluents/
waste to the environment and trend
the radiological conditions in and
around plant.

Environmental Survey Labora-
tory (ESL) is an independent moni-
toring agency set up by BARC near
each Nuclear Power Plant (NPP) site
before commissioning of the plant to
enable conduct pre-operational  sur-
vey and to estimate the radiation
exposure to general public. ESL car-
ries out detailed sampling and analy-
sis of a number of environmental
matrices like air, water, milk, veg-
etables, fish, goat thyroids and soil for
radioactivity and reports results to the
AERB. The Environmental Surveil-
lance Programme carried out by ESL
since the preoccupational phase of
various NPP in India shows that the,
annual mean doses over the years, to
the members of public is negligible
and a tiny fraction of the natural back-
ground only. At KAPS it is less than
0.3% of the prescribed limits by regu-
latory authority.

State Pollution Control Boards
(SPCB) the Statutory Bodies respon-
sible for ensuring the compliance of
pollution prevention measures. NPPs
have to obtain consents from these
Boards for discharge of their Water
and Air effluents under Water (Pre-
vention & Control of Pollution) Act-
1974 and Air (Prevention & Control
of Pollution) Act-1981 respectively.

World Association of Nuclear
Operators (WANO) is an Organiza-
tion of Nuclear Operators of World
which enables Nuclear Operators to
exchange information with each other
and enhance safety and reliability of
the Nuclear Power Plants. Voluntary
Peer reviews are being conducted
among the member countries and a
team of specialists from different

Atomic Energy Regulatory Board
(AERB).

In the construction and operational
phases, reviews are carried out at
three levels, viz., Plant Management
level, Corporate level and the Regu-
latory level. This process of reviews
results in a foolproof system of evalu-
ation of designs and operating prac-
tices.  Based on the reviews by the
different safety committees, the sta-
tion management is obliged to carry
out either modifications in design or
changes in operating practices. The
safety committees are also empow-
ered to call for either a reduction of
power level or even closure to the
unit.

Operating experiences are shared
within the country and abroad. There
is a system of keeping track of all sig-
nificant events in operating plants of
India and other countries. All signifi-
cant events are systematically docu-
mented, reviewed and analyzed to
find the cause of the incident and for
taking corrective actions by way of
design modification, revision of oper-
ating procedure or replacement of a
component. This approach of analyz-
ing all unusual occurrences has con-
tributed to a great extent in making
nuclear power production a safe
activity.

Radiological and Environmental
Safety Aspects are closely monitored
and reviewed by regulatory and
independent bodies:

Atomic Energy Regulatory
Board (AERB)  authorizes Indian
Nuclear Power Plants for discharge
of their radioactive gaseous and liq-
uid waste in prescribed limits and for
safe storage and disposal of its solid
radioactive waste. The authorization
is time bound and is under constant
review by AERB.

Health Physics Units (HPU) is
an independent body working under
Health Physics Division of  BARC.
Though the responsibility of imple-
menting the recommendations related
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countries participate in review
programme of a Nuclear Power
Plant.  NPCIL is a member WANO,
Tokyo Centre. KAPS has undergone
WANO Peer review and the strength
in the field of safety and public
awareness around the plants has been
acknowledged in these reviews.

Tata Memorial Centre, Mumbai
was entrusted in 1992 by NPCIL to
carry out epidemiological studies in the
employees of nuclear power plants
situated at various sites and their fam-
ily members. The aim of the study
was to investigate whether any health
hazards were associated with expo-
sure, if any, to low-dose ionizing
radiation. The important result yielded
by these surveys carried out at vari-
ous power stations, is that there is no
increase in the prevalence of malig-
nancies in the employees and their
spouses and offspring as compared
to relevant general population.

 South Gujarat University, Surat
conducted a survey in 24 villages
around Kakarapr Atomic Power Sta-
tion before the start of  Operation to
collect the baseline data  on dietary,
health and biotic characteristics of the
surrounding population. A Second

survey of nearby Mandvi Town was
carried out from 1998 to 2001 during
Operation period of KAPS. It is con-
cluded in this survey that though
Mandvi Town survey was carried out
during operation period of KAPS, and
any adverse effect due to Nuclear
Power Plant operation is not observed

ISO-14001 certificate for Envi-
ronmental Management System
(EMS) have been acquired by NPCIL
for its operating stations. ISO-14000
is a series of several International
Standards on EMS in line with Sus-
tainable Development evolved by the
International Standard Organization
(ISO) based in Geneva, Switzerland.

Emergency Planning and
Preparedness

Accident analysis and preparation
of adequate emergency preparedness
plan is one of the important prerequi-
sites required by the AERB to autho-
rize plant operations. Though, in the
design, construction and operation of
a Nuclear Power Station, “Defence
in Depth” approach is adopted to rule
out any possibility of accident result-
ing in release of radioactivity in the
public domain, Yet as a matter of abun-

dant caution, even some “beyond
design basis” accidents are postulated.

There are three categories of
emergencies classified according to
the nature and severity of the acci-
dent, viz., Plant Emergency, Site
Emergency and Offsite Emergency.
To strengthen the emergency pre-
paredness and to fulfill the Regula-
tory requirement, regular emergency
exercises are conducted to find out
its own weakness in implementation
of the counter measures to reduce the
consequences of emergency. Emer-
gency exercises are conducted with
following frequencies:
l Plant Emergency Exercises are

conducted every quarterly.
l  Site Emergency Exercises are

conducted once in every year
l Off-site Emergency exercises

are conducted once in every two
years.

As a prudent measure an Off Site
Emergency Plan which involves par-
ticipation of both the station authori-
ties as well as the local District
Administration has been drawn for the
area covering 16 km radius around the
Station. The plan is approved by
AERB and authenticated by the State
Geovernment. This 16 km radial area
for which Emergency Plan is drawn
is called “Emergency Planning Zone”
(EPZ) and is under the jurisdiction of
local District Administration.

Elaborate arrangements for ready
resources and facilities in case of
emergency such as, Personnel
De-Contamination Centre, First Aid
Centre, Ambulances, Environmental
Monitoring Network, Emergency Sur-
vey Vehicle, Emergency Control Cen-
tre, Multiple Communication System,
Emergency Preparedness Manual are
available.

To make plant personnel and the
district officials aware of their role and
responsibilities regular training pro-
grams for plant personnel and district
officials are conducted. Plant person-
nel are required to undergo training

Continued on page 12
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once in a year, while district officials
are given training once in every two
years.

Conclusion
In view of the fast depleting fossil

fuels, nuclear route looks to be inevi-
table option despite the prevailing
apprehensions about safe operation,
exaggerated environmental issues,
waste management and the other
aspects. In the years to come, nuclear
energy will have an increasingly
important role to play in the genera-
tion of electricity and in the overall
development of the country.  Need-
less to say, when pursuing such a
programme, it is of paramount impor-
tance that health and safety of plant
personnel and members of the public
are fully ensured.

The current generation of nuclear
power stations in India have several
inherent safety features.  The designs
provide redundancy in protective and
safety systems and adopt the concept
of defence in depth.  The double con-
tainment feature provides an added
level of safety.

Operation of nuclear power plants
is characterized by strict adherence
to a set of prescribed limits and guide-
lines. The operations’ personnel are
carefully selected, trained and quali-
fied.  Environmental releases and
exposure of personnel are routinely
monitored so as to ensure that they
are within stipulated limits.  The regu-
latory authorities critically review the
design and procedures for manufac-
ture, construction and operations,
prior to issue of appropriate licences.
Experience with the operating plants
in the country has demonstrated that
these reactors are capable of opera-
tion with high reliability while ensur-
ing safety of plant personnel and the
surrounding population, and with mini-
mal impact on the environment.

Reliability of the Safety Systems
& Components in a Nuclear Power

Fuzzy Processor Based Ambient
Temperature Controller

Biswajit Sarkar, C. D. Datta and Debranjan Sarkar
Variable Energy Cyclotron Centre,Kolkata

Viswajog is the room that houses the VSAT and network equipments
to connect VECC to ANUNET, an intra-DAE network. For round-the-
clock operation of the various components of ANUNET, it is imperative
that the temperature inside this room be kept within normal limits. A fuzzy
logic based temperature controller around the FL1000 fuzzy processor
has been developed to serve the above purpose.

Fuzzy logic based controllers essentially consist of three functional
units – a fuzzifier, an inference engine working atop a fuzzy rule base
and a defuzzifier. The membership functions and the rule base for deter-
mining the control action are defined through an interactive application
program that runs on a personal computer.

The rule base of the fuzzy inference engine is so designed that if the
temperature of the room is high, both the cooling devices are put on to
bring the temperature to normal quickly. If however the temperature is
low, both the devices are put off so that the temperature rises and attains
normalcy. The ambient setup is such that when the temperature is normal,
one cooling unit is generally sufficient to keep the temperature normal. In
this situation, to prevent an inordinately long run of one particular cooling
unit, the operation of the cooling devices are swapped after every four
hours. If however the high or low temperature condition persists longer
than a preset time interval, in addition to putting on/off the cooling
devices, an audio alarm is raised to draw attention to the fact that the
temperature has not remained normal for quite some time.

When the processor runs, it uses these definitions in conjunction with
the instantaneous input signal (temperature of the room) to decide the
control action. The temperature of the room is sensed through a wall
mountable type temperature transducer that provides a 4-20 mA current
output. The developed system has been working for the last couple of
years satisfactorily.

Plant in India is of the order of 10-6

year/Year. Sound design having Inher-
ent safety features, fool proof mecha-
nisms of operating and review of
every activity and basic design dif-
ference of Indian Nuclear Power
Plants as compared to Chernobyl
Reactor is the basis which guarantees
that No disaster of Chernobyl type
could ever happen on Indian Soil.

Though, the regulatory and safety
systems ensure that equipments are
designed to operate safely yet in the
unlikely event of any failure or acci-
dent, mechanisms like plant and site

emergency response plans, Crisis
management group are in place to
ensure that the public is not affected
in any manner.

Scientific Studies have revealed
that nuclear power is the most envi-
ronment friendly source of energy
compared to other conventional
sources. A vast experience world
over in matters of safety in design and
in operation has contributed
immensely towards its safe and reli-
able operation.

Continued from page 9
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