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INTRODUCTION

On 8 December 1953, US President Dwight D. Eisenhower held his Atoms for Peace speech at
the United Nations General Assembly. This speech triggered worldwide changes that led to the
development of commercial nuclear power and to the establishment of the International Atomic
Energy Agency (IAEA). Today, over fifty-two years after the Atoms for Peace speech, 443
nuclear power plants are in operation with a total net installed capacity of 369 GWe worldwide.
Civil nuclear power has a record of over 12,000 reactor years of experience, and supplies 16% of
global needs in 30 countries. These plants operate safely and reliably, delivering electricity at
competitive costs. Despite the impressive safety performance of these plants, the high level of
safety cannot be taken for granted nor considered as a constant; it changes continuously due to
factors such as component and system aging, operating experience, organizational factors,
engineering and scientific knowledge, as well as a better understanding of the threats that are
posed by and to the plant from a variety of internal and external sources. All these factors
contribute to continuous challenges to safe operation. These factors need to be recognized by
plant operators and regulators and embedded in plant safety management and culture. It is
impossible in a single paper to address comprehensively the current status of nuclear power
reactor safety; therefore we focus here only on some key issues and challenges from the
perspective of current operational experience, and on safety principles that are at the basis of the
new generation of reactors.
CURRENT SAFETY ISSUES

Nuclear power plant safety and reliability can be demonstrated by considering some of the
performance indicators. For example, the unit capability factor which is the percentage of
maximum energy generation that a plant is capable of supplying to the electrical grid, limited
only by factors within the control of plant management. A high unit capability factor indicates
effective plant programmes and practices to minimize unplanned energy losses and to optimize
planned outages. In other words, to achieve a high unit capability factor a plant must be operate
safely and reliably. Today, the average world unit capability factors are close to 90%. Figure 1
shows the unit capability factor from 1990 through 2004, indicating continued improvement from
1990 through 2002.
It should also be noted that from 1990 to 2004 world capacity rose by 39 GWe (12%, due both to
the net addition of new plants and uprating of some established ones) and electricity production
rose by 718 billion kWh (38%). The relative contributions to this increase were: new construction
36%, uprating 7% and availability increase 57%. This incredible increase in availability proves
the maturity and safety of nuclear power energy systems.
Another performance indicator illustrating safety and plant reliability is the number of unplanned
automatic scrams. Figure 2 shows also a substantial improvement in this factor since 1990.

However, as with any complex technology, the road to maturity has not been easy, particularly
with respect to safety and economy. The otherwise excellent safety record has been stained by
two significant accidents, one at Three Mile Island (TMI) and the other, at Chernobyl. Both
accidents had a significant impact on public opinion, licensing and on reactor safety technology
development.

Figure 1. Unit capability factor (WANO)

Figure 2. Unplanned automatic scrams per 7,000 hours critical (WANO)
On 28 March 1979, an accident at Unit 2 of the Three Mile Island plant in Pennsylvania melted
about half of the reactor’s core. The crisis ended without a major release of radioactivity or the
need to order a general evacuation, but it made it clear that new approaches to nuclear regulation
were essential. In the aftermath of the accident, the regulatory authorities placed much greater
emphasis on operator training and “human factors” in plant performance, on severe accidents that
could occur as a result of small equipment failures (as in the case of Three Mile Island),
emergency planning, plant operating histories, and other matters.
The accident at the Three Mile Island plant strongly influenced public opinion regarding nuclear
power plant safety even though there were no public consequences. On the other hand, the
feedback from the TMI accident has led to large improvements in the design and in the manmachine interface, particularly through better training of operators. From this point of view, the
consequences of the TMI accident can be considered as having been beneficial for nuclear safety.
On 26 April 1986, a major nuclear power station accident occurred at Chernobyl, Ukraine, in the
former USSR [1]. The accident was the result of a flawed reactor design that was operated with
inadequately trained personnel and without proper regard for safety. The accident destroyed the
reactor and released massive amounts of radioactivity into the environment. The accident was
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initiated by a turbine/generator test at low power. Similar tests had been carried out before at
Chernobyl and other RBMK reactors, despite the fact that these reactors were known to be
unstable at low power settings. The test was initiated by several operator actions, including the
disabling of the automatic shutdown systems. As the flow of coolant water diminished, power
output increased. When the operator moved to shut down the reactor from the unstable condition
that had arisen from the earlier errors, a peculiarity of the design caused a dramatic power surge.
Due to the extreme power rise the fuel elements ruptured, the pressure resulting from evaporation
of coolant breached the fuel channels and steam lifted off the cover plate of the reactor, releasing
fission products to the atmosphere. A second explosion threw out fragments of burning fuel and
graphite from the core and allowed air to rush in, causing the graphite moderator to burst into
flames.

The accident destroyed the Chernobyl-4 reactor and killed 30 people, including 28 from radiation
exposure. A further 209 on-site and involved with the cleanup were treated for acute radiation
poisoning and, of these, 134 cases were confirmed (all of whom apparently recovered).
Nevertheless 19 of these subsequently died from effects attributable to the accident. Nobody offsite suffered from acute radiation effects. However, large areas of Belarus, Ukraine, Russia and
beyond were contaminated to varying degrees. The Chernobyl disaster was a unique event and the
only accident in the history of commercial nuclear power where radiation related fatalities
occurred. As a result of this accident, regulations related to severe accidents, training and
emergency planning were updated in most countries.

Both accidents had a strong impact on the continued deployment of nuclear power. This is
illustrated in Figure 3 showing the nuclear electricity production and its share in total electricity
production from the early seventies through 2002. Despite these events, the total electricity
production from nuclear power has been continuously rising (Figure 4) mainly due to factors
mentioned above. The use of nuclear power has expanded worldwide, but the expansion has been
much less rapid than was previously forecasted. Some countries continued with their nuclear
power programmes; in several other countries the nuclear programmes have stalled completely
and new generation capacity, where needed, has been primarily fossil fired.

As discussed above, all performance indicators show that nuclear power plants continue to
improve in safety; however there has been some levelling of performance recently. The
improvements are attributed to more focused management attention to operations, maintenance,
and training, and to more advanced diagnostic techniques and system upgrades. In general, the
safety and operational performance of the nuclear power industry is excellent. However, as the
International Nuclear Safety Advisory Group (INSAG) observes, there are challenges that must
be dealt with [2]. In particular, there are notable events that occur around the globe, including
events in countries with extensive operational experience and a strong regulatory infrastructure
and authority.
These events, which have not resulted in any substantial off-site release of radioactivity, show
that safety must be embedded in the cultural practices of operators and regulators as a
commitment that must be constantly borne in mind. This is particularly important considering that
the actual level of safety of any given plant is a continuously changing condition (this remains
equally true for future constructions). Therefore, the high level of safety can not be taken for
granted nor considered as a constant as it changes due to factors such as component and system
aging, operating experience, organizational factors, engineering and scientific knowledge, as well
as a better understanding of the threats that are posed by and to the plant from a variety of internal
and external sources. All these factors contribute to continuous challenges to safe operation.
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Figure 3. Nuclear electricity production and share of total electricity production (WNA)

Figure 4. Cumulative nuclear power operation in years
Thousands of reactor years provide operating experience and lessons that, together with results of
safety research programmes, are embedded in regulations, operating procedures, training, quality
assurance, emergency planning and laws. This has resulted in increased operational safety
performance, which is evident from the published performance indicators. On other hand, the
operating experience and new information gives rise to new safety issues and questions
concerning safety backfits [3].

For example, based on experience the countries of the Organisation for Economic Co-operation
and Development (OECD) consider the following as current safety issues for light water reactors
(LWRs) (i.e. pressurized water reactors (PWRs), boiling water reactors (BWRs) and the Russian
design WWER):
•
•
•
•
•
•

Design basis accident spectrum;
Severe accident issue (reactor pressure vessel integrity, hydrogen control, containment
integrity, accident management);
Station blackout;
High burnup fuel;
Power uprates;
Clogging of the emergency core cooling system strainer;
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•

Boron dilution.

These issues are being dealt with by the national regulatory authorities and resolutions are being
implemented, identified, or supporting research is being conducted. Being common to LWRs,
they are also being addressed through workshops and meetings with the aim of sharing
knowledge and contributing to improved efficiency, effectiveness and consistency in resolving
the issue.

Over the past four decades regulators have often required safety backfits, mainly for the following
reasons:
•
•
•

To maintain the required level of safety of a plant or plants;
To assure compliance with existing regulations;
To introduce substantial safety enhancements when new information or analyses have
shown that such enhancements are necessary and practical to implement.

Many operators have adopted a policy of continuous improvement including operator initiated
backfits for improving safety. The large number of safety backfits over the years (as well as
improved attention to safety management by operators) is believed to be a significant contributor
to the improved safety performance of OECD plants over that period. However, neither operators
nor regulators should allow improved performance to lead to complacency in the belief that the
safety challenge has been solved and attention can therefore be focused on other matters. A
regulatory body should never stop looking for safety problems at nuclear power plants. Operators
must acknowledge that they are responsible for operating their plants safely, and that includes the
responsibility to consider safety backfits when new safety issues arise. Also, the operators must
recognize that every nuclear plant needs continuing investment in training and equipment.
Another important factor contributing to the maintenance of a high level of safety and the
resolution of emerging safety issues in a timely manner is research. However, under economic
pressure, cooperative efforts between regulators and industry will play an increasingly important
role in an environment in which government funding has been decreasing [4]. This will require
investments in experimental and laboratory facilities as well as the maintenance of a highly
competent technical workforce.
Another challenge associated with the dynamics of safety are situations — particularly
challenging to regulators — in which issues arise that lack data, are associated with large
uncertainties, or involve time pressure. A characteristic of these situations is that it may not be
possible to rely on a detailed safety analysis for the respective decision, and that is what makes
them so difficult [5]. Also, a special challenge for the regulator is how to assess and evaluate
conditions at a plant that may not be covered by specific regulations, such as safety culture
problems. By now, there can be no doubt that safety culture problems at a nuclear plant can lead
to safety risks that a regulator must be prepared to recognize and deal with.

The challenges and issues discussed above are examples rather than a comprehensive list of
problems. Many of the problems are addressed in the new generation reactors that are under
construction in Asia and Finland, and that will be deployed elsewhere in the coming decade.
Therefore, in the next section we address the safety principles that are the foundation for the
safety of all newer generations of reactors.
IAEA SAFETY STANDARDS

The Chernobyl accident in 1986, and later the terrorist attacks in the USA in September 2001, led
to accelerated international cooperation in nuclear safety and security. Safety and security
continue to have a significant impact on the expanding use of nuclear energy technology and
require multilateral approach such as the Global Nuclear Safety Regime [6] that is based on
5

consideration of the interest of a wide range of national and international actors, to achieve shared
goals while preserving the sovereignty, authority and ultimate responsibility of the States.
A principal element of the Global Nuclear Safety Regime is a suite of harmonized and
internationally accepted IAEA safety standards as a reference for the high level of safety required
for nuclear activities worldwide. The standards are developed1 with the assistance of the
Commission on Safety Standards, comprising senior officials of Member States’ regulatory
authorities and four thematic committees. The standards reflect in a consensual way national
regulatory rules and guidelines and embody current best practices. Industrial standards and codes
complement the IAEA safety standards.
The IAEA supports the Global Nuclear Safety Regime based on four principal elements:
•
•
•
•

Widespread subscription to binding and non-binding international legal
instruments such as safety conventions and codes of conduct;
A comprehensive suite of nuclear safety standards;
International safety reviews and services based on the safety standards;
Strong national safety infrastructure and a global community of experts.

The IAEA’s activities focus on the second and third element. The application of IAEA safety
standards is increasing worldwide. Some Member States make direct use of the standards for
licensing, while others use them as a reference for establishing and reviewing national regulations
and effective regulatory oversight.

Under its mandate the IAEA has developed a logical framework of objectives and principles of
nuclear reactor safety. The objectives and principles are interconnected and must be taken as
whole. Figure 5 provides a representation of the hierarchy of the safety standards and Figure 6
provides an overview of the framework.
This framework of safety standards consists of three categories:
•
•

•

Safety Fundamentals, which state the basic objectives, concepts and principles
involved in ensuring protection;

Safety Requirements, which specify requirements that must be satisfied in order
to ensure safety for particular activities or application areas, these requirements
being governed by the basic objectives, concepts and principles stated in the
Safety Fundamentals;

Safety Guides, which supplement the Safety Requirements by presenting
recommendations, based on international experience, regarding measures to
ensure the observance of safety requirements.

The development of IAEA safety standards is overseen by several committees comprised of
representatives of Member States. These include: the Nuclear Safety Standards Committee
(NUSSC), Radiation Safety Standards Committee (RASSC), Transport Safety Standards
Committee TRANSSC) and the Waste Safety Standards Committee (WASSC). In addition, the
Commission for Safety Standards oversees the entire safety standard programme. The standards
are updated from time to time to ensure that they can provide guidance on contemporary means
for achieving a high level of safety. A new set of generic safety standard guides, applicable to
present and future designs, are being developed, covering deterministic, probabilistic, severe
accident management, and risk informed decision making processes.

Under Article III.A.6 of its Statute, the International Atomic Energy Agency is authorized “to establish or
adopt, in consultation and, where appropriate, in collaboration with the competent organs of the United
Nations and with the specialized agencies concerned, standards of safety for protection of health and
minimization of danger to life and property”.
1
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Safety Fundamentals

Requirements

Safety Guides

Figure 5. Safety Standards’ hierarchy

Safety Fundamentals
Thematic standards

Facilities specific standards

Figure 6. Safety standards structure
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Among the fundamental principles we have focused on is defence in depth since it underlies the
safety technology of nuclear power. Thousands of years of power reactor operation have provided
experience and lessons that, together with the results of safety research programmes, are
embedded in designs, regulations, operating procedures, training, quality assurance, emergency
planning and laws. This wealth of experience and knowledge is best summarized in the defence in
depth concept. The defence in depth concept, which was originally based on placing multiple
barriers between radioactive materials and the environment, matured into a simple but
sophisticated safety philosophy that considers the hierarchical deployment of different levels of
equipment and procedures in order to maintain the effectiveness of physical barriers in normal
operation and during anticipated operational occurrences and accidents. Defence in depth is
implemented through design and operation. It is applied to all safety activities, whether
organizational, behavioural or design related, and ensures that they are subject to overlapping
provisions so that failures and deficiencies occurring on one level can be compensated for or
corrected on another level [7]. Today almost all nuclear power reactors deploy this defence in
depth concept. Those which fail to provide adequate protection from the release of radioactive
substances are shut down or their safety systems are upgraded to comply with the defence in
depth principles.
Specifically, the objectives of defence in depth are:
•
•
•

To compensate for potential human and component failure;
To maintain the effectiveness of the barriers by averting damage to the plant and the
barriers themselves;
To protect the public and the environment from harm in the event that these barriers are
not fully effective.

The IAEA defence in depth concept, adopted broadly by most Member States, identifies five
levels of defence:
Level 1: Prevention of abnormal operations through conservative design and high
quality in construction and operation.

Level 2: Control of abnormal operation and failures — through control, limiting and
protection systems and other surveillance features.
Level 3: Control of accidents within the design basis — through engineered safety
features and accident procedures.
Level 4: Control of severe plant conditions, including prevention of accident
progression and mitigation of the consequences of severe accidents — through
complementary measures and procedures, and by mitigation of the consequences.
Level 5: Mitigation of radiological consequences of significant releases of
radioactive materials — through off-site emergency response.

The defence in depth concept provides an overall strategy for safety measures and features of
nuclear power plants. When properly applied, it ensures that no single human or equipment
failure would lead to harm to the public, and even a combination of failures would lead to little or
no harm. All new reactor designs adhere to the defence in depth principles. Some of the new
designs are discussed in the next section.
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EMERGING NUCLEAR POWER REACTORS

Nuclear power technology, as well reactor safety technology, have changed over the years 
from the early prototype power reactors, which we today call the Generation I, to the current
Generation III. The evolution of nuclear power plants is shown in Figure 7. The nuclear power
industry has been developing and improving reactor technology for almost five decades. Figure 7
illustrates the four commonly distinguished generations of reactors.

Figure 7. The evolution of nuclear power (DOE)
Generation I reactors were deployed in the 1950s to 1960s. None of these reactors are operational
except in the UK. Most reactors in operation at the present time may be considered as Generation
II systems. Generation III are the Advanced Reactors designed in the 1980s and 1990s. The first
of these are in operation in Japan, and others are under construction or ready to be ordered. Today
we also distinguish Generation III+, these being the generation of modern reactors that evolved
from the Generation III, especially those with improved economics and passive safety systems
Table 1 identifies some of the currently marketed reactors). Generation IV, sometimes
alternatively referred to as the innovative designs, are under development and planned for
deployment after 2020.
Third (including Gen III+) generation reactors have [7]:
•
•
•
•
•
•
•

A standardized design for each type to expedite licensing, reduce capital cost and reduce
construction time;
A simpler and more rugged design, making them easier to operate and less vulnerable to
operational upsets;
Higher availability and longer operating life — typically 60 years;
Reduced possibility of core melt accidents;
Minimal effect on the environment;
Higher burnup to reduce fuel use and the amount of waste;
Burnable absorbers (‘poisons’) to extend fuel life.
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TABLE 1. GENERATION II AND III+ BEING MARKETED (World Nuclear
Association)
Country and

developer
US-Japan
(GE-Toshiba)

Reactor

Main features

Design progress

USA
(Westinghouse)

AP-600
AP-1000
(PWR)

600

AP-600: NRC certified 1990.

•

1100

AP-1000: NRC design approval
2004.

•
•

Evolutionary design
More efficient, less
waste
Simplified construction
(48 months) and
operation
Simplified construction
and operation
3 years to build
60-year plant life

France-Germany
(Framatome ANP)

EPR
(PWR)

1600

•
•
•

Evolutionary design
High fuel efficiency
Low cost electricity

USA
(GE))

ESBWR

1550

Future French standard.
French design approval.
Being built in Finland.
US version being developed.
Developed from SBWR,
under certification in USA.

•
•

Evolutionary design
Short construction time

APWR

1500

Basic design in progress,
planned at Tsuruga.

•
•

Hybrid safety features
Simplified construction
and operation

1450

Design certification 2003, first
units expected to be operating
2012.

•
•
•

Evolutionary design
Increased reliability
Simplified construction
and operation

Japan
(utilities,
Westinghouse,
Mitsubishi)

ABWR

Size

MWe
1300

South Korea
APR-1400
(KHNP, derived from (PWR)
Westinghouse)

Commercial operation in Japan
since 1996-97. In US: NRC
certified 1997, FOAKE.

•
•
•

Germany
(Framatome ANP)

SWR-1000 1200
(BWR)

Under development,
pre-certification in USA.

•
•

Innovative design
High fuel efficiency

Russia (Gidropress)

V-448
(PWR)

1500

Replacement for Leningrad and
Kursk plants.

•

High fuel efficiency

Russia (Gidropress)

V-392
(PWR)

950

Two being built in India,
bid for China in 2005.

•
•

Evolutionary design
60-year plant life

Canada (AECL)

CANDU-6
CANDU-9

750
925+

Enhanced model
Licensing approval 1997.

•
•

Evolutionary design
Flexible fuel
requirements
C-9: Single stand-alone
unit

•
Canada (AECL)

ACR

South Africa (Eskom, PBMR
Westinghouse)
USA-Russia et al
(General Atomics OKBM)

GT-MHR

700
1000

ACR-1000 proposed for UK,
undergoing certification in Canada.

•
•
•

Evolutionary design
Light water cooling
Low-enriched fuel

165
(module)

Prototype due to start building
2006.

•
•
•

Modular plant, low cost
Direct cycle gas turbine
High fuel efficiency

285
(module)

Under development in Russia by
multinational joint venture.

•
•
•

Modular plant, low cost
Direct cycle gas turbine
High fuel efficiency

The greatest departure from second generation designs is that many incorporate passive or
inherent safety features which require no active controls or operational intervention to avoid
accidents in the event of malfunction, and may rely on gravity, natural convection or resistance to
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high temperatures. Traditional reactor safety systems are ‘active’ in the sense that they involve
electrical or mechanical operation on command. Some engineered systems operate passively, e.g.
pressure relief valves. Both require parallel redundant systems. Inherent or full passive safety
depends only on physical phenomena such as convection, gravity or resistance to high
temperatures, and not on the functioning of engineered components. For example, long term
cooling in accident conditions is provided in new designs by natural circulation of coolant
between the core and passive heat exchangers from which the decay heat is transferred to the
environment by natural convection. Also containment cooling is mostly assured by natural
convection.
It is also important to mention that the operating experience and the nuclear industry’s experience
resulting from the two accidents discussed above was translated in Europe and in the USA into
utility requirement documents that are at the basis of the safety design of most of the currently
marketed reactor designs. Reactor suppliers in North America, Japan, Europe, Russia and South
Africa have a dozen new nuclear reactor designs at advanced stages of planning while others are
at the research and development stage. Table 1, provides a list of reactors that are currently being
marketed worldwide and below is a brief description of some of these new designs, shown in
Figures 8 through 15.
The EPR (European Pressurized water Reactor) is based on the long proven PWR technology,
as are all the reactors currently operated by Electricité de France. It uses Uranium oxide fuel
slightly enriched in U235 up to 5%, or mixed Uranium and Plutonium oxide fuel (MOX). Its net
electrical power is in the range of 1600 MWe. The EPR design has several active and passive
protection measures against accidents:
• Four independent emergency cooling systems, each capable of cooling down the reactor
after shutdown.
• Leaktight container around the reactor.
• An extra container and cooling area if a molten core manages to escape the reactor.
• Two-layer concrete wall with total thickness 2.6 meters, designed to withstand collision
with airplanes.
The Olkiluoto 3 power plant in Finland, scheduled to go on line in 2009, will be the first EPR
reactor built. The construction will be a joint effort of French Areva and German Siemens AG
through their common subsidiary Framatome ANP.

Figure 8..Crosscut through EPR containment [10]
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Figure 9. EPR primary system [10]
The Westinghouse AP1000 is an evolution of the AP600 plant. Design studies have shown that a
two-loop configuration could produce over 1000 MWe with minimal changes in the AP600
design. The primary purpose of developing the AP1000 was to retain the AP600’s design
objectives, design details and licensing basis, while optimizing the power output, thereby
reducing the resulting electric generation costs.
•

PASSIVITY AND SAFETY

•

SIMPLICITY

o
o
o

o
o
o
o
o

Passive safety injection,
Passive residual heat removal,
Passive containment cooling.
50 percent fewer valves,
83 percent less piping,
87 percent less control cables,
35 percent fewer pumps,
50 percent less seismic building volume than a similarly sized conventional plant.

Figure10. AP1000 passive safety systems [11,12]
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Figure 11. AP1000 Passive containment cooling system [11, 12]
IRIS — International Reactor Innovative and Secure, designed by Westinghouse, is of
integral configuration: all main primary system components are located in the reactor vessel. It is
a small to medium size reactor.
•
•

100-335 MWe,
Significant flexibility in fuel cycles as it is designed to utilize either UO2 or MOX with
straight burn cycles of four to ten years, depending on the fissile content.

Figure 12. IRIS, crosscut through the reactor vessel [13]
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ACR-700 (Advanced CANDU Reactor), designed by Atomic Energy of Canada.
The ACR is a third generation reactor which, while retaining the low pressure heavy water
moderator, incorporates some features of the pressurized water reactor. The ACR-700 is 750
MWe but is physically much smaller, simpler and more efficient as well as 40% cheaper than the
CANDU-6. The ACR-1000 of 1200 MWe is now the focus of attention by AECL. It has more
fuel channels (each of which can be regarded as a module of about 2.5 MWe). Projected
overnight capital cost of US$ 1000/kWe and operating costs of 3 cents/kWh have been claimed.
The ACR will run on low-enriched uranium (about 1.5-2.0% U-235) with high burn-up,
extending the fuel life by about three times and reducing high level waste volumes accordingly.
Regulatory confidence in safety is enhanced by negative void reactivity for the first time in
CANDU, and utilizing other passive safety features. Units will be assembled from prefabricated
modules, cutting construction time to 3.5 years.

•
•
•
•
•

731 Mwe heavy water moderated light water cooled reactor.
Evolution of CANDU reactors.
284 horizontal channels.
Slightly enriched uranium fuel: 2.1%, central pin NU.
Primary pressure: 11.9 MPa.

Figure 13. Advanced CANDU Reactor [14,15]
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ESBWR – Economic Simplified Boiling Water Reactor

•
•
•
•
•
•

4000 MWt /1390 MWe.
No recirculation pumps — reliance on natural circulation.
Passive safety systems for decay heat removal.
Initial blowdown energy release transferred to containment heat sink (suppression pool)
and passive containment cooling system (PCCS) heat exchangers.
Long term decay heat removal is accomplished through PCCS heat exchangers. Flows are
driven by the differential pressure between the drywell and the wetwell.
Condensate drains to holding tank before returning to vessel; non-condensable gas purged
to lower wetwell.

Figure14. Cutaway view of the ESBWR reactor, control and turbine building [16,17]
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Figure 15. ESBWR Passive safety systems [17]
The safety goals for the Generation IV nuclear power plants follow the trend of continuous
improvement of safety and reliability of nuclear power plants and seek simplified designs that are
safe and further reduce the potential for severe accidents and minimize their consequences. The
Technology Roadmap for Generation IV Nuclear Energy Systems [8] identifies three safety
goals:
•
•
•

Operations to excel in safety and reliability,
Low likelihood and degree of reactor core damage,
Elimination of the need for offsite emergency response.

Generation IV systems have to be designed with a high level of reliability and performance,
assuring that during normal operation and anticipated transients safety margins are adequate,
accidents are prevented, and off-normal situations do not deteriorate into severe accidents.
SUMMARY

The IAEA’s Safety Standards are applied by designers, manufacturers, operators and regulatory
authorities around the world to enhance nuclear and radiation safety. Safety Standards provide a
foundation for international “harmonization” of safety of nuclear facilities.
The safety performance of nuclear power plants has improved continuously over the last decades.
The safety improvement is attributed to stronger management attention to operations,
maintenance, training, and to diagnostic technology and system upgrades. Nevertheless,
continuous effort to improve safety is the key to maintaining a high level of safety. Management
of safety at installations as well as its control and monitoring by the safety authorities are
becoming a key to the future of nuclear energy. There is renewed interest in nuclear energy
worldwide, accompanied by new construction in Asia and Europe. New designs for nuclear plants
being developed for implementation in coming decades contain numerous safety improvements
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based on operational experience. The new features include passive safety systems, requiring no
operator intervention in the event of a major malfunction.
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