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Jukka Laaksonen*
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All of the accidents that have led to serious reactor core damage at a nuclear power plant
have been surprising and different from the events that have been considered in the design
and licensing of the respective nuclear power plants. The experiences show that social and
institutional management would be valuable for controlling the risks already before they lead
to abnormal events at nuclear power plants. This requires that the responsibilities of different
organizations are defined and recognized and the lessons are effectively learned from the past

events. Clear processes are needed to transform the lessons to safety enhancing measures.

Proactive communication on nuclear risks with the general public and the news media is
needed, in order to build the trust to the licenses and regulators and to ensure rational public
response to abnormal events at nuclear power plants.

1. Introduction

All of the accidents that have led to serious reactor
core damage at a nuclear power plant have been
surprising and different from the events that have been
considered in the design and licensing of the respective
nuclear power plants. The root cause of the accident has
in each case been a failure to prepare for the event that
has initiated the accident sequence although the
respective hazardous phenomena were known to some
experts. In the TMI accident in 1979 the operators were
not properly trained and not equipped with necessary
instructions to handle the event they faced. The
response of a PWR primary circuit to the initiating
event would have been understood by researchers
familiar with thermo-hydraulics but the operators were
not able diagnose the state of the plant before it was too
late. This indicates the need to transfer the research
knowledge to the operator training and guidance, and
even today such knowledge transfer is an issue of
concern. Before the Chernobyl accident the inherent
risks involved in the reactor design features were
known by the reactor designers but the purpose and the
importance of limits set for controlling those risks were
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not communicated to the operators. The operating
culture did not give first priority to safety and the
production pressure caused the operators to overlook
the hazards. Before the Fukushima Daiichi accident the
historical data from tsunamis was known in the society
but necessary protection was not provided and the
institutional management could not correct the initial
mistakes in the design.

The experiences thus that
institutional management would be valuable for
controlling the risks already before they lead to
abnormal events at nuclear power plants. This requires
that the responsibilities of different organizations are
defined and recognized and the lessons are effectively
learned from the past events. Clear processes are
needed to transform the lessons to safety enhancing
measures.

show social and

2. Safety responsibility of the licensees

2.1 Grasping the responsibility

The main international statute that regulates nuclear
safety is the Convention on Nuclear Safety adopted in
1994". All countries that operate nuclear power plants
have taken it as a part of their legislation. Among other
articles, it states that”prime responsibility for the safety
of a nuclear installation rests with the holder of the
relevant licence”. Many licensees are also emphasizing
that ensuring nuclear safety is a necessary condition for
successful protection of investment. A profitable nuclear
power plant needs to be protected not only from
accidents but also from harmful consequences of loss of
public and political trust.
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2.2 Learning from experience

Successful licensees learn from their own experiences
and from other experiences reported worldwide. Based
on lessons learned they take voluntary actions for
removing the risks revealed by these experiences, and
not only when required to do so by regulatory
requirements.

Two global networks are available for learning from
NPP experiences: WANO network used by the
operators and the IAEA/IRS network which is at the
disposal of both operators and regulators. Licensees in
all countries are expected to benefit from these systems.
A licensee having an advanced management system
reports abnormal events and their causes to WANO and
TAEA whenever it has decided to take some significant
safety enhancing measure based on its own experience.
It has also established a process for reviewing all
received operating experience reports. The process is
aimed to assess whether the reports indicate an
opportunity to enhance safety. Furthermore, the
WANO and TAEA would welcome feedback reports on
actions that have been taken in response to a report
received from the global reporting network. Such
feedback reports would be valuable information to other
licensees that may not have initially recognized the
importance of some reported experiences.

2.3 Safety upgrades

Safety reassessments in response to Fukushima
Daiichi accident, called “stress tests”, which were
conducted in all European states using nuclear power
and the peer review of the “stress test” results revealed
big differences in safety upgrade practices between
plants that are operated
Differences in safety upgrade practices were surprising
to peer reviewers because the general European
principle, agreed in consensus by all regulators and also
confirmed in the EU’s first nuclear safety directive in
2009”, is to enhance the safety of NPPs systematically
over the entire lifetime of the plant and to ensure
harmonized safety approaches. For instance, some
licensees have already in the 1980’s, based on the lessons
from TMI and Chernoby], started measures to eliminate
the risk of a large radioactive release from their NPPs
after a potential core meltdown accident, while some
others have done very little in this respect. After peer
reviews there seems to be a good European consensus
on lessons learned from the Fukushima Daiichi accident

in different countries.

and on the proposals for safety enhancing measures.
However, the progress in implementation of these
measures seems to vary a lot from country to country.

In some other countries, for instance in the USA and
Japan, similar determined safety enhancement has not
been a general policy of the licensees and it has not been
enforced as part of the nuclear regulation.

(40)
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2.4 Exemplary actions by the Russian Licensee

As a model of exemplary voluntary action in taking a
serious response to lessons from Fukushima Daiichi
accident, I want to point out the measures taken by the
power company Rosenergoatom which owns and
operates all Russian NPPs. The response is consistent
with the safety enhancing principles that were adopted
already after Chernobyl accident. Concrete measures
were decided and implemented at all NPP sites already
before the end of 2012. These included improving
strength of structures and equipment against seismic
events and installation of a seismic protection system
that initiates reactor trip in case of an earthquake.
Mobile diesel generator units with nominal powers of 2
MW and 0.2 MW were provided to all plant units, and
power supply circuits from connection points of these
diesel generators were installed to vital systems that
are needed to maintain the plant in safe shutdown.
Furthermore, mobile high pressure motor driven pumps
and low pressure high capacity motor driven pumps
and additional firefighting trucks were purchased. New
water supply lines were installed to provide water from
the mobile pumps to the primary circuit,
generators and spent fuel pools. In order to enhance its
organizational preparedness for emergency operations,
Rosenergoatom made improvements in its centralized
Crisis Center and Technical Support Centers and
modernized the already advanced video conference
possibilities between these Centers and the NPPs. An
ongoing measure to be implemented at all VVER-1000
plants is installation of filtered containment venting
system and passive hydrogen recombiners in the
containments. In the longer term, Rosenergoatom is
providing additional offsite power supply lines from
near-by power plants and diverse permanently installed
onsite power systems that will strengthen maintaining
long-term safe conditions in case of NPP blackout. It
should be emphasized that all of the above measures
were decided by the licensee in order to ensure that it
maintains the trust of the general public to safety of
nuclear power and can thus serve the society by
providing nuclear power into the long term future.

steam

2.5 Periodic Safety Reviews

Periodic Safety Reviews(PSR) are conducted in all
European countries about once every ten years. The
prime responsibility for the review is assigned to the
licensees. The experience has shown that PSRs are
valuable in many respects because many changes can
happen in a ten year period. Regular safety reviews are
needed to take into account changes in the external site
conditions and in the safety expectations by the society.
In a ten year period the technology can change in many
ways and PSR gives an opportunity to consider possible
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safety benefits offered by the newest technology. Also
the safety analysis methods are being developed and
the quality of previous safety reviews can be further
improved by applying the most advanced methods. An
indirect benefit of PSR is its great value in educating
new generations of experts to make safety assessment
and in giving them in-depth understanding of safety
issues that are not normally encountered in daily
operations.

3. Enhancing the NPP safety over the entire lifetime

3.1 Assurance of safety cannot be stagnant

Maintaining safety at the same level as it was at first
start up is not possible without plant changes when
external conditions keep changing. New environmental
hazards, both natural and manmade may appear.
Current hazards must therefore be assessed and the
coming ones have to be predicted. Safety expectations
of the society keep changing and less risk from nuclear
power plants is accepted when other perceived risks in
the society are decreasing. For instance, design limits
for radioactive doses to the public, as used in the plant
acceptance criteria have been significantly reduced
over the years. The technological advancements permit
us to make safer plants. Also traditional beliefs might be
challenged when understanding of risks increases.

3.2 Response to changes in the environment

Among the new environmental hazards to be
considered are phenomena related to the climate
change :rise of sea water level (there is a large
variation of estimates), larger storms than before,
larger flooding of rivers than before, larger snow loads
than before, extreme draughts, and extreme
temperatures. Of great concern since September 11,
2001 is the behavior of terrorists:terrorists do not
hesitate to give their lives in attacks expected to get
worldwide attention. And there are potential manmade
accidents that could impact availability of the water bed
used as an ultimate heat sink, such as oil polluting the
sea after a tanker ship accident.

3.3 Modern society demands high safety level

Less risk is accepted when other perceived risks
towards the society are decreasing. For instance, air
traffic and road traffic risks have dramatically
decreased since 1970’'s when air planes and cars have
been replaced by new generations of vehicles. Lifetime
of a NPP lifetime can be more than 60 years, and major
changes happen in the society in such time. Several
modernizations can be well founded during its lifetime.?

Limits for radioactive doses that should not be
exceeded in connection with accidents have been
significantly reduced over the years. In the early 1970’s,
a limit of 250 mSv for the general public was defined in

BARRFHFESEE, Vol. 55, No. 7 (2013)

the U.S. regulations and this was used as a model in
most other countries. Operating license was issued to a
nuclear power plant if analyses of the design basis
accidents made with conservative models demonstrated
compliance with this limit. Since the early 1980’s, limit of
5 mSv has been applied for design basis accidents in
some European countries, when analyzed with best-
estimate models. Targets for public protection after a
real accident have been considered by the International
Commission on Radiological Protection (ICRP). The
ICRP has recommended a decontamination target that
limits the public dose below 20 mSv during the first year
after return to evacuated areas. WENRA design target
for new reactors is defined as follows: for accidents
with core melt that have not been practically eliminated,
design provisions have to be taken so that only limited
protective measures in area and time are needed for the
public—no permanent relocation, no need for
emergency evacuation outside the immediate vicinity of
the plant (3km), limited sheltering and iodine
prophylaxis (not beyond 5km), no long term restrictions
in food consumption—and that sufficient time is
available to implement these measures®.

3.4 Improved technology gives new opportunities

Safety technology keeps improving and shows that a
belief on what is actually possible may change with time.
Safety research and new insights have shown that
design targets and solutions initially not considered
realistic are actually achievable. For instance, in the
1970’s it was thought that it is not feasible to contain
radioactive releases from a core meltdown accident.
Research conducted since the end of 1970’s and the TMI
accident have proven the opposite. During the design of
current power reactors it was thought that passive heat
transfer from the reactor core to the atmosphere in a
closed heat transfer loop and passive emergency core
cooling are not feasible. Today new designs with passive
features, for instance passive systems of new VVER
plants called AES-2006 and of new PWR plants called
AP-1000 have been tested and licensed.

3.5 Rare events cannot be ignored
A number of optimistic basic believes that were used
as a basis for NPP design in the 1970’s have turned out
to be wrong when knowledge on risks has increased
through experience. Following are examples of this :
® “severe reactor accident is not possible”
® “designing a NPP against a certain set of Design
Basis Accidents gives an adequate safety envelop
protecting from other accidents”
® “operator actions are not very important in
accident situations because safety systems are
designed to bring the NPP to a safe condition”
® “reactivity of core is fully under control by the
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applied means and reactivity accidents are not a
significant concern”

® “terrorist attack with major damage is not a real

threat”
e “AC power with adequate
redundancy is absolutely reliable”
® “gseismic events or tsunamis in the range of highest
experienced magnitude are not expected to happen
close to NPPs”.

In the light of short history of nuclear power
operations we could ask whether all potential hazards
are today properly addressed in NPP design. For
instance, following is still believed as basis for the NPP
siting and design :

® “major volcanic events do not happen close to NPP

site”

® “maximum amount of hydrogen generated in

severe core damage can be handled with best
current systems”

® “worst steam explosions possibly occurring after a

severe core damage are not a threat to containment
integrity”

® “sudden Reactor Pressure Vessel failure is not

possible”

® “core meltdown in high pressure can be eliminated

with current approaches”.

diversity and

4. Regulator’s role and regulatory approach

4.1 Independent, competent, and cooperative regulator

makes significant contribution to risk reduction

Regulators need independence in safety decision
making and legal authority to enforce safety measures
that they consider necessary. Regulatory decision
making must be
regulatory experts who have at least same competence
level as experts who are at the disposal of licensees.
Mutual trust between licensee and regulatory experts is
necessary for making best possible decisions from
safety point of view.

Effective regulation with positive safety impact is
based on recognition that regulators and licensees have
the main common goal: to avoid accidents that could
have severe consequences to the society. Best possible
solutions can be found by both sides working together
and striving to achieve consensus on what is reasonably
achievable. Communication between parties should not
have a spirit of trading between costs and safety
although the licensee is expected to focus on costs and
the regulator is expected to focus on safety. All parties
should take all relevant aspects into account, including
societal considerations.

Regulators should be ready to work seven days a
week and 24 hours a day when inspections are needed
for continuous progress of work at NPPs. This is
important for avoiding unnecessary economic losses,

based on safety evaluation by
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and the regulators should recognize their responsibility
to society. It has also been observed in practice that the
on line availability of regulatory inspections is useful for
promoting safety culture in the licensee organization.

4.2 Up-to-date safety requirements provoke innovative

thinking of the industry

Regulators should consider with regular intervals the
need to revise the safety requirements for “new plants”,
Le. plants that are still in the design state. In their
considerations the regulators should take into account
similar time related changes that were mentioned above
in the context of periodic safety reviews. The
experience has shown that many of the new
requirements could be applied also for the operating
plants. Therefore, as a general rule the licensees are
expected to evaluate their existing plants against new
requirements whenever new safety requirements are
issued. The goal is to meet the new requirements to the
extent reasonably achievable. The technical solutions
for meeting new safety requirements at existing plants
are necessarily much depending on design features of
each plant and it may take many years of design, testing
and implementation to achieve some goals. Especially
challenging could be elimination of large radioactive
releases from a core meltdown accident and protection
from a large airplane crash.

A realistic and reasonable implementation schedule
for safety upgrades takes into account the constraints
set by the initial design and the results of probabilistic
risk analysis, as concerns the achievable safety
improvement.

5. Relations between experts and society

5.1 General public is more afraid of unknown phenomena

than real everyday risks

The experience has shown that in all societies the
general public tends to have some doubts on the
honesty and wisdom of experts who work in areas from
which people do not have their own experience and
good understanding. In an area that is frightening to
many people, such as exposure to man-made radiation,
the lack of trust by the society could even prevent the
experts from making decisions that would be the most
reasonable for the overall safety of the society.

For instance, the public desire to reduce the radiation
doses in areas contaminated by the Fukushima-Daiichi
accident to a very low level before returning from
evacuation is against the practically unanimous
recommendation by national and international experts.
Such desire is unnecessarily very counterproductive to
the general health of the evacuated people and the well-

being of the society.
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5.2 Proactive communication is a key for trust building

and helps to avoid irrational behavior of the public

In order to maintain their capability to serve the
society in the best possible way, the nuclear experts and
in specific the regulators and the licensees need to keep
building public trust on their work. This requires
proactive and regular information on the licensee’s
activities and future plans, on the regulatory decisions,
and on any abnormal events as soon as such events may
occur.

All members of the society should be told that
performance at NPPs cannot always be perfect but
abnormal events and small accidents keep occurring
and it is necessary to stop them before escalation to a
severe accident. Regular information is necessary to
give a correct picture of the operation of NPPs and to
avoid giving public a “blind trust”, which can be lost
overnight as we have seen after Fukushima Daiichi
accident.

Good experiences have been achieved in Europe from
contact groups between licensees and trusted
representatives of society, both at local and regional
level, to convey information on society’s expectations to
the licensees and to explain the licensees’ response to
these expectations. Corresponding contact groups have
been formed at national level between regulators and
trusted representatives of the society, such as
parliamentarians and other opinion leaders.

In some countries the regulatory organization is
organizing training courses to journalists on radiation
and nuclear safety related topics. Such courses including
both lecture days and interesting site visits have been
well received by the news media.

6. Management of emergency situation after a severe
accident

A necessary pre-requisite for successful management
of emergency situations is to acknowledge that rare
events exceeding design basis can occur and should be
prepared for in advance.

One of the lessons of Fukushima Daiichi accident was
that the complicated structures and organizations
resulted in delay in urgent decision making.
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Clear and authoritative decision-making during rare
events is critical to effective emergency management
and risk mitigation. The goal shall be to ensure that
decisions are made by knowledgeable people based on
the best available information and then implemented
with skill, on a timely basis.

Some decisions, during and after nuclear accidents,
have large socio-political and economic importance,
including evacuation of people, and land use restrictions.
Responsibility for the decisions with direct impact to the
life of ordinary people is with the political leaders and
the rescue authorities.

Other decisions involve plant safety, including
intentional releases of radioactivity to the environment
to maximize plant resilience to further damage. Such
decisions have to be made by the plant management
and they must have a right to deviate from rules that
are issued for normal operations if such deviations can
be explained by safety arguments.
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Journalist's eyes
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