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Nuclear Powerplant Safety:
Design and Planning

Safety is of utmost importance in the
design, construction, and operation of
nuclear powerplants. The public has
expressed legitimate concern about the
adequacy of safety systems and plan-
ning at nuclear-powered electrical
generating plants. Because nuclear
power is now one of the major con-
tributors to the Nation's supply of elec-
tricity, it is important that provisions are
made to assure its safe use.

Each method of producing electricity
has its own set of safety concerns. For
this reason, each different type of
powerplantcoal, oil, gas, nuclear,
hydrohas special design features and
systems to protect health and safety.
The one safety concern that is unique to
pi oducing electricity at nuclear
powerplants is the
potential for an
accident involv-
ing radioactivity.
This is because ra-
dioactive materials
are produced in
the reactor fuel
during the fission
process, which is
the method of pro-
ducing heat in a
nuclear power-
plant.

Nuclear power has
become a significant

source of electrical
energy.
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The safety features of a nuclear
powerplant are designed to provide
maximum safety and reliability and to
minimize the chance of an accidental
release of radioactivity.

SAFETY BY DESIGN

Nuclear powerplants contain natural
safeguards, physical containment barriers,
and engineered safety systems that
monitor and control reactor operation.
These three approaches to design
overlap to meet the high standards of
safety and to protect the public, the
environment, and the facility.

Natural Safeguards
Certain characteristics of nuclear

power production act as natural
safeguards against accidents. Such
"inherent" safety features arc actually
characteristics of the fuel, the coolant,
and the chain reaction process. Nuclear
powerplants have been especially
designed to take advantage of these
natural properties.

These three ap-

proaches to nuclear
powerplant design
help to provide max-
imum safety and
reliability.

'1 4
2

Engineered
Safety

Systems



In a nuclear reactor, heat is produced
as atoms of fuel are split in a chain
reaction. Although the basic process of
nuclear reactors and nuclear weapons is
the same, the conditions are very different.
A reactor, using fuel that is much less
concentrated than that in nuclear
weapons, produces heat at a steady,
controlled rate. It is impossible for a
nuclear powerplant to explode like an
atomic bomb.

Another property of the fuel is that as
its temperature rises, the chain reaction
slows down. This limits heat production
through what is known as the Doppler
effect.

Water is used as a coolant in most of
today's nuclear reactors and is essential
for the chain reaction to occur. Water

serves two important safety
functions. First, it is used to
cool the fuel to prevent over-

heating. Sec-
ond, it helps

to limit the rate
of the heat pro-
duction. This
happens because,
as the tempera-
ture of water
increases, its
ability to sup-
port a chain
reaction
decreases. This

inherent prop-
erty of the water coolant
adds to the ability to con-
trol the reactor.

Physical
Containment

Natural
Safeguards
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Physical Containment

Radioactive materials are kept, or
contained, inside nuclear powerplants
by numerous protective barriers. These
containment systems are designed to
prevent leakage of a harmful amount of
radioactivity into the environment
should an accident occur.

The first barrier is the nuclear fuel
itself. Enriched uranium is formed into
cylindrical, ceramic oxide pellets. These
pellets will not dissolve or melt, even at
temperatures up to 3,000 °F. This is far
hotter than the operating temperature
of the reactor core.

Fuel pellets are stacked in tubes of a
strong metal alloy of zirconium that was
developed especially for use in nuclear
reactors. This metal "cladding" is highly

6
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resistant to damage by radiation. The
ends of these tubes are sealed to form
airtight fuel pins, which provide the
second barrier. The metal gives added
protection to the fuel pellets and keeps
radioactive gases from being released
into the rest of the reactor system. The
small amount of radioactive material
that might leak through the cladding is
collected by filters and absorbers in the
coolant system.

Depending upon the reactor design,
from 64 to 256 fuel pins are arranged
together to form a fuel assembly.
Several hundred fuel assemblies are
joined together to form the reactor core.
The steel pressure vessel surrounding
the reactor core is the third protective
barrier. A typical vessel weighs more
than 500 tons and has a 9-inch-thick
wall of carbon steel lined with stainless
steel.

containment
building

pressure vessel

fuel pins

fuel pellets

5

Whole physical barriers
1111111111iZe the chances of an
accidental release of
radioactivity into the
commitment.
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From 69 to 256 fuel pins are arranged together to form a fuel
assembly.

Surrounding the reactor vessel is the
fourth protective barriera steel-

reinforced concrete building with walls
3 or more feet thick. Government
regulations require that this containment
building be strong enough to withstand
the most severe outside event, such as
an earthquake, a violent storm, a flood,
or the crash of a large aircraft. From
the inside, the reactor containment
building is designed to keep radioactivity
in, even if human errors and mechanical
failures cause a serious accident. All
components that could possibly release
radioactivity are housed in this
structure.

-8 6



'Engineered Safety Systems
Nuclear reactors are designed, built,

and operated with multiple safety
systems as a backup for equipment
failure, human error, and natural
disasters. These systems are used to
prevent reactor accidents and to
minimize the effects if such accidents
occur.

The worst accident that could accur in
the operation of a nuclear powerplant
would be a core meltdown accident. For
this to occur, all the cooling water
would have to be lost from around the
fuel for an extended period, causing
temperatures to rise to the point that
the fuel pellets and cladding would melt.
This might result in a large release of
radioactivity into the environment. The
chances of such an accident occurring
are extremely low because of the nu-
merous safety systems that are activated
as soon as the temperature rises above
normal levels.

Nuclear powerplants have systems
that immediately shut down the reactor
when monitoring instruments indicate
any problem. Sensitive leak detection
equipment provides early warning of
any failure in the cooling system. All
crucial safety systems have backups that
duplicate their jobs. In addition to the
primary cooling system, reactors have
separate and independent emergency
cooling systems that are activated auto-
matically when seety sensors detect a
loss of coolant. On-site electrical
generators are available to provide
emergency power to operate cooling
,pumps and emergency equipment in the
event of an off-site pow9
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SAFETY THROUGH PLANNING

Extensive planning for safety begins
even before a powerpiant site is
selected. Federal regulations that govern
the design, construction, and operation
of nuclear powerplants require that,
above all, proper attention be given to
safety.

Yet no system, however carefully
engineered and regulated, can
absolutely guarantee that an accident
will never occur. The possibility of an
emergency always exists and must not
be overlooked. Therefore, regulations
also exist to protect the public from
both harm and financial loss should an
accident occur.

The nuclear industry's rigid safety
standards are set and strictly regulated
by an independent Government agency
called the Nuclear Regulatory Commis-
sion (NRC). The NRC bears the primary
responsibility for regulating the con-
struction and operation of nuclear
powerplants.

Siting

Federal regulations require that a
number of factors be considered before
a powerplant site is selected. These
factors include:

the size of the site
the stability of the land
prevailing weather patterns in the area
the characteristics of water flow in the
area
the characteristics of the earth and
rock on the site
population density around the proposed
plant

1.0 8



Following a thorough evaluation of
the environmental studies, and after
reviewing all factors, NRC experts deter-
mine whether or not the proposed site
is in accordance with the regulations.

In deciding whether a plant site is
suitable, the NRC considers two bound-
aries that are required around the plant
to provide an additional measure of safe-
ty. The "exclusion area" is the im-
mediate area around the powerplant
over which the utility has complete
authority. The "low population zone"
surrounds the exclusion area. It is usual-
ly a circle extending 2 to 3 miles from
the plant. The outer edge of this zone
must be a mile or more from the
nearest population center.

Licensing

A utility must follow a series of com-
plex licensing procedures before it can
build a nuclear powerplant. Two permits
must be obtained by the utilityone to
build the plant and another to operate
it.

To obtain a construction permit, a
utility must submit a formal application
to the NRC. The application must
describe the design and location of the
proposed plant and the safety systems
to be provided. A review is made of the
environmental impact of constructing
and operating the plant.

The utility must also prepare safety
analysis reports that contain information
on the selection of site, choice of
materials, design of the equipment,
quality assurance, and accident analysis.t.
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Potential accidents, from minor distur-
bances to major breakdowns, are
studied. The detailed analyses must
show that all of the potential accidents
can be handled by the emergency
systems without jeopardizing public
health and safety.

A series of public hearings is required
as part of the entire licensing process.
These hearings give private citizens,
community and special interest groups,
and State and local officials an oppor-
tunity to express their views about the
plant. interested citizens may appear
simply to make statements, or they may
formally petition to intervene as full
participants in the hearings.

,111r...-_

d's

A series of hearings glues the puhhc an opportunity to express
their views on proposed nuclear powerplants.

Before a construction permit is issued,
the project is evaluated by the Advisory
Committee on Reactor Safeguards
(ACRS), a panel of experts who work
independently of the NRC. The record is
reviewed for conformity with the regula-
tions. Bued on the results of the public
hearings and the ACRS evaluativn, the
NRC issues or denies a construction
pel mit.
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Under current regulations, the entire
procedure is essentially repeated to
obtain an operating license. If granted a
license, a utility must operate the plant
in strict accordance with the details of
the license. The utility faces severe
penalties, including loss of license, if
NRC inspections show that the plant is
not operated in compliance with Federal
regulations.

Emergency Response Planning

Every nuclear powerplant is required
by the NRC to plan for potential
emergencies that might occur. Utilities
are required to develop extensive
evactlation plans for the 10 miles
surrounding their plants before they
may receive an operating license.
Together with corresponding State and
local governments, utilities must ensure
that all residents within this radius are
aware of these specific emergency
plans.

The NRC requires each utility to develop emergency plans (or a
.10mile radius around a nuclear powerplant.
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Adequate emergenc:. facilities and
equipment must be available for use in
the event of an accident. Each utility
must provide and maintain equipment
to monitor data on radiation levels,
weather conditions, and reactor
processes.

Provisions are made in advance for
direct communication among response
organizations, powerplant staff, and the
public. Twenty-four-hour direct tele-
phone lines must be installed at each
operating plant. These provide im-
mediate notification and continuous
communication with appropriate
emergency response organizations.

;44
Radiological equipment is used to monitor and assess data

in the event of a nuclear powerplant emergency.

-
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Periodic emergency exercises and
drills are conducted by utilities and
State and local agencies to ensure tint
all organizations and all personnel know
what to do if an actual emergency
occurs.

Insurance
All utilities operating nuclear power-

plants are required to carry liability
insurance to protect the public finan-
cially in case of an accident. The
Price-Anderson Act, passed by Congress
in 1957, requires each nuclear reactor
owner to contribute to a liability
insurance pool worth more than $500
million.

In the event that an individual's prop-
erty were ever damaged due to an acci-
dent, he could file a claim against the
utility Cope rating the nuclear facility, just
as he could against a driver who
damaged his parked car. The utility
operating the nuclear facility is covered
for such damage, both by liability insur-
ance from private insurance companies
and by Government-backed insurance
provided through the Price-Anderson
Act.

15
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THREE MILE ISLAND

The Three Mile Island Nuclear Power-
plant near Harrisburg, Pennsylvania,
experienced a partial loss-of-coolant
accident in March 1979, due to human
error and mechanical malfunction.
Although the reactor's core was damaged
during the accident, only a small
amount of radioactivity was released
into the environment. Government
studies following the accident indicate
that automatic safety controls would
have prevented core damage if
emergency systems had not been turned
off by plant operators. Though the acci-
dent at Three Mile Island is considered
the worst in commercial reactor history,
the safety systems and barriers worked
as they Were designed. Neither plant
personnel nor members of the public
were injured.

Three Mile Island Nuclear Powerplant, Harrisburg, Pennsylvania

16
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The Three Mile Island accident
prompted a thorough re-examination of
nuclear powerplant design, safety, and
emergency planning. The accident has
been studied by numerous groups
including the Presidentially appointed
Kemeny Commission, the NRC, and
Congressional groups.

Based on information gained from the
studies of the accident, modifications to
plant design have been made to
improve powerplant safety. These
modifications include:

laying of direct communication lines
between the control room, the NRC, and
reactor designers
placement of more instruments in the
control room to give operators informa-
tion on important conditions at a glance
changes in control room layout to
enable reactor operators to work more
efficiently_._
establishment of three separate support
centers at each facility to report plant
status, to coordinate personnel, and to
support reactor operators

Three Mile Island also illustrated the
need for more clearly defined emergency
response plans. Many of the stringent
emergency preparedness requirements
now in effect were developed after
investigations pointed out areas in
which improvements were needed.
Lessons learned from the Three Mile
Island accident are being used to further
increase the safety of nuclear energy
production.
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COMMERCIAL NUCLEAR POWER REACTORS IN THE UNITED STATES
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SAFETY FIRST

There are currently about 90 nuclear
reactors with operating licenses in the
United States. More than 30 reactors
have construction permits.

Nuclear powerplants are planned,
designed, and constructed to be safe.
The-safety record for their -commercial
operation reflects this. Nuclear
powerplants have been operating for
almost three decades. During this time,
a nuclear powerplant-related accident
has never caused a death or injury to
any member of the public.

No beneficial activity is without risk
including the production of electricity.
There are risks involved with nuclear
energy, but numerous safety precautions
are taken to reduce the chance of
accidents. Advance planning for safety
and careful design have helped to
ensure that this energy resource can
continue to provide a reliable contribu-
tion to America's energy mix.
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DOE produces publications to fulfill a
statutory mandate to disseminate informa-
tion to the public on all energy sources
and energy conservation technologies.
These materials are for public use and
do not purport to present an exhaustive
treatment of the subject matter.

This is one in a series of publica-
tions on nuclear energy. For additional
information on a specific subject,
please write to ENERGY, P.O. BOX 62,
OAK RIDGE, TN 37830.
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