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Abstract

Nuclear safety concern, which may accompany such external environmental factors as privatization
and restructuring of the electric power industry, is emerging as an international issue. In order to cope
with the concern about nuclear safety, it is important to feedback valuable experiences of advanced
countries which ever restructured their electric power industries earlier and further to reflect the
current safety issues, which are raised internationally, fully into the nuclear safety regulatory system.

This paper is to review the safety issues that might take place in the process of increasing competition
in the nuclear power industry, and further to present a basic direction and effective measures for
ensuring nuclear safety in response thereto from the viewpoint of safety regulation. It includes a
political direction for regulatory body's efforts to rationalize and enforce efficiently its regulation. It
proposes to ensure that regulatory specialty and regulatory cost are stably secured. Also, this paper
proposes for maintaining a sound nuclear safety regulatory system to monitor thoroughly the safety
management activities of the industry, which might be neglected as a result of focusing on reduction
of the cost for producing electric power.

1. INTRODUCTION

Recently, as part of the policy to enhance the national competitive power, privatization and
restructuring of the electric power industry including the nuclear power industry have been actively
pursued by many countries in the world in order to increase competition in the electric power Industry.
Accordingly, atomic energy enterprises are devoting themselves to increasing competition through
merge and acquisition of any prospective enterprise or business sector, continuous reduction in their
operation budget through downsizing of their organization and human resources, and reduction of their
investment in safety improvement of nuclear installations. In addition, the regulatory body is pressed
and required to rationalize and enforce efficiently its regulation.

On the other hand, such activities to increase competition in the nuclear power industry are bringing
about a concern that they might get to be a primary factor to neglect the safety of nuclear power plants.
In 1998, the International Nuclear Regulators Association (INRA) even issued a statement in
connection with ensuring nuclear safety for the purpose of responding to recent external factors. It
identified safety-related issues that should be considered in coping with recent trends of restructuring
and privatizing the nuclear power industry and deregulation of electricity market. In April 1999, the
First Review Meeting on the Convention on Nuclear Safety organized by the International Atomic
Energy Agency (IAEA) addressed trends in several countries with regard to factors and circumstances
affecting nuclear safety external to the nuclear safety program, including deregulation of electricity
markets and increased competition. It pointed out that securing safety is a fundamental prerequisite for
the utilization of nuclear energy and the best efforts for enhancing nuclear safety must be made, no
matter how its environment and circumstances would be changed. Meanwhile, regulatory bodies of
some countries endeavour to devise an institutional scheme for ensuring operational safety of nuclear
power plants, to strengthen the independence of the regulatory body, and enhance the efficiency
thereof.
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Restructuring of the nuclear power industry for increasing competition is not limited to some countries
but a worldwide trend. Recently, the Korean government has also established a plan to introduce a
competition concept to the electric power industry, in which the Korea Electric Power Corporation
(KEPCO) has a monopoly, for the purpose of increasing competition in the electric power industry and
further enhancing the efficiency of supplying electric power. It is in pursuit of dividing the power
generation sector of the KEPCO into 6 power generation enterprises and further privatizing them by
stages on a short-term basis. It is also promoting its long-term program to open the power distribution
sector and the power transmission section. As for the nuclear power sector of the KEPCO, the Korean
government intends to reorganize and operate it separately as an independent company affiliated to the
KEPCO in consideration of its characteristics in the power generation pattern and its safety-related
matter. Therefore, the earlier experiences of advanced countries in restructuring their electric power
industry can provide valuable lessons to countries attempting to restructure their electric power
industries so that they may minimize any trial and error in ensuring nuclear safety.

This paper is to review the safety issues that might take place in the process of increasing competition
in the nuclear power industry, and further to present a basic direction and effective measures for
ensuring nuclear safety in response thereto from the viewpoint of safety regulation.

2. SAFETY CONCERN AND DIRECTION TO ENSURING SAFETY

The nuclear safety issues that might be raised in the process of a changing industrial environment
including restructuring of the electric power industry can be derived from the earlier experiences of
advanced countries therein and safety concern as raised internationally. It can be known that the
activities for increasing competition in electric power industry are focusing on the efforts to reduce the
cost for producing electric power in parallel with the structural transformation such as merge and
acquisition of any prospective enterprise and business sector. In order to reduce the cost for producing
electric power, the electric power industry raises questions on the adequacy of safety regulation, and
requests to reduce the regulatory cost and curtail the burden for the enterprise to share the regulatory
cost. Moreover, a concern is raised that the safety improvements and maintenance of nuclear
installations might be neglected and the number of reactor operators might be reduced resulting in any
poor training performance for them. Another concern is also raised that deposit of the back-end cost
for decommissioning of nuclear power plants and disposing of radioactive wastes might be neglected.

In order to cope with such concerns about nuclear safety, it is important to feedback valuable
experiences of advanced countries which ever restructured their electric power industries earlier and to
reflect the current safety issues which is raised internationally, fully into the nuclear safety regulatory
system. There will be many approaches in coping with the safety issues, but the most important matter
from the viewpoint of safety regulation is to maintain a steadfast system to ensure nuclear safety. To
accomplish it, special attention needs to be given to rationalize and enforce efficiently safety
regulation, and further to build up a system to verify thoroughly the operational safety of nuclear
power plants. To support it, the regulatory specialists and cost has to be secured stably. The following
describes key measures to be implemented so that the objectives for ensuring safety in a changing
industrial environment could be accomplished.

3. MEASURES FOR ENSURING SAFETY

3.1. Rationalization and efficient enforcement of safety regulation

3.1.1. Establishment of sound nuclear legislative system

Any government shall seek to activate the utilization of atomic energy and ensure safety in connection
therewith in terms of a national policy, the national policy shall get to be a norm in the form of any
law, and thereby its rationality and purpose can be established in the relation between the government
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and people. Then, stability and predictability of the policy is ensured, and further its substance and
doctrine can get to have justness and continuity.

In order to cope with the changing environmental condition of the nuclear power industry, the
government is required to establish a new relation to rationality and purpose of nuclear safety
regulation. The government shall establish rationality of safety regulation and enforcement by
providing the legislative frameworks to distinguish the lawful purpose of the safety control from that
of utilization of the atomic energy, and further providing a clear and sound legal status to the safety
regulatory activities. Also, the regulatory body shall have to set up reasonable safety standards for the
efficient safety control incidental to the extended utilization of nuclear power and radioactive isotopes,
and ensure the legal status thereof. Furthermore the regulatory body shall build up the legislative and
regulatory system which is so simplified and clarified that it is easy to interpret, apply and access for
seeking people's understanding thereof.

3.1.2. Systematic establishment of technical requirements

The regulatory body shall have to build up a comprehensive set of technical requirements for nuclear
safety regulation by combining such regulatory requirements as developed to meet various demands
for regulation, and further establish the legal status thereof. It shall have to set up the safety goal and
principles common to nuclear installations, provide the safety standards by nuclear installations on the
basis of the prescribed safety goal and principles, and thereby build up the comprehensive set of
technical standards. Also, to support this, an appropriate legal status shall be vested in the detailed
standards and guidelines developed by any nuclear safety specialized institution or any industry so that
they could be utilized in relevant regulatory activities, following approval thereof by the regulatory
body. Such detailed standards and guidelines shall be examined by any competent committee as one of
the procedures for enacting them so that objectivity and fairness of their provisions could be ensured.
Through these procedures, the nuclear operator and/or the regulatory body shall be provided with
clear, distinct and objective standards so that the transparency, clearness and reliability of safety
regulation is ensured.

3.1.3. Implementation of risk-informed performance-based regulation

The prescriptive regulation, which has been typically adopted to date, is to have the regulatory body
set up specific and detailed requirements for individual elements functioning in every stages of the
design, construction and operation of nuclear installations, and further to force any nuclear operator to
comply with them. That is to say, it focuses on whether the nuclear operator complies with the
stipulated procedures and standards, and in case it does not comply, any applicable sanction is
imposed against it. Such prescriptive regulation is, therefore, likely to be a desirable system in the
initial stage of developing the nuclear power industry when its magnitude is small. However, as its
magnitude has got to be enormous and accordingly the demand for regulation and related data has got
to be increased immensely, it may be inefficient for the regulatory body to regulate the entire areas of
nuclear installations directly. Furthermore, such prescriptive regulation may cause the nuclear operator
to conduct its safety control passively, and inhibit it from exerting its efforts to ensure nuclear safety
creatively and voluntarily.

On the other hand, the performance-based regulation is to have the regulatory body set up any
measurable performance goal and indexes for ensuring nuclear safety and further entrust the nuclear
operator with the means and the method for accomplishing such performance goal and indexes under
its self-regulation. In other words, the prescriptive regulation focuses on whether the nuclear operator
complies with the specific procedures, while the performance-based regulation focuses on whether the
nuclear operator accomplishes the performance targets as a basis to make any regulatory decisions.
Therefore, the performance-based regulation can induce the nuclear operator to conduct its creative
and voluntary safety control, and further have the regulatory body regulate discriminately depending
upon the extent of accomplishing the performance targets. As such, the performance-based regulation
enables the regulatory body to enforce its regulation efficiently.
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Meanwhile, the deterministic safety assessment method based on the defence-in-depth principle was
adopted in the initial stage of developing nuclear power plants when the capability to assess the overall
safety of nuclear power plants was not fully available, and has been used since then. The defence-in-
depth principle is based on formation of a multi-barrier concept for the prevention and mitigation of
any accident. It is implemented with transitional steps of frequency reduction of any initiating
accidents, redundancy and diversity of primary safety functions, multi-physical barriers, and
emergency preparedness. The deterministic safety assessment method focuses on complementing the
uncertainty of how any accident would evolve in nuclear power plants and further ensuring a sufficient
safety margin based on experiences and engineering practices.
The deterministic method based on the defence-in-depth principle enables the performance and
structural integrity of respective systems, structures and components(SSCs) of nuclear power plants to
be assessed depending upon respective safety functions thereof. However it can neither quantify
respective effects on the overall safety of nuclear power plants nor figure out any overall safety degree
of nuclear power plants. Moreover, some non-safety grade SSCs which are classified by the
deterministic method based on the defence-in-depth principle are found to have a significant effect on
the risk of nuclear power plants. Therefore, it is important in view of safety that the SSCs are
classified depending upon their respective effects on the overall risk of nuclear power plants, and
further conduct the safety control which is appropriate thereto. Specifically, it is to seek efficient
regulation by providing sufficient regulatory resources to any SSCs that are important to safety, while
reducing regulatory resources for any SSCs that are less important to safety. Especially, as the
capability to assess the overall safety of nuclear power plants has been recently available through the
development of the probabilistic safety assessment method, a method for ensuring safety from the
viewpoint of risk comes into the limelight in accomplishing the ultimate safety target, 'adequate
protection of the public from any unexpected risk.

The regulation methods, which have been recently promoted, are to reflect the industry's opinion to
require for rationalization and efficient enforcement of safety regulation and further seek to have the
regulatory body enforce regulation efficiently by allotting the regulatory resources appropriately.
Therefore, the risk-informed performance-based regulation shall have to be positively implemented to
complement the inefficiency of the existing safety assessment and regulatory system, along with the
conventional deterministic method based on the defence-in-depth principle. Also, the overall safety
degree of nuclear installations shall have to be figured out by using the probabilistic safety assessment
method, and the nuclear operator shall have to be induced to conduct the safety control under its self-
regulation by setting up the performance target of nuclear installations.

3.2. Thorough verification of operational safety

3.2.1. Comprehensive safety assessment of operational safety

In the initial stage of developing nuclear power plants, it was believed that the operational safety of
nuclear power plants could be ensured by carrying out routine and special safety reviews including
inspection and maintenance. However, experience has shown that they are generally not
comprehensive and do not always consider improvements in safety standards and operating practices,
the cumulative effects of plant aging, operating experience, and technical developments.

Thus, it is recognized that there is a need to assess the safety of nuclear power plants comprehensively
and systematically, and determine necessary and worthwhile changes that should be made in order to
maintain a high level of safety and to improve the safety of older plants to a level comparable with that
of modern plants. Many countries, which have commercial nuclear power plants, assess the safety
thereof comprehensively and systematically on a periodic term basis along with their routine efforts
for ensuring safety. Also, they apply the results of such safety assessments as one of the procedural
requirements for approving life extension or renewing an operating license of a nuclear power plant,
so that they may cope with the difficulty in selecting any new site for nuclear power plants, and seek
to reduce the investment cost in nuclear installations, and maximize the use of the available power
generation resource. Meanwhile, the IAEA encourages the periodic safety assessment system to be
introduced in order to prevent a nuclear power plant from being deteriorated in its safety level and
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further ensure a high level of safety. The Convention on Nuclear Safety also requires to carry out the
comprehensive and systematic safety assessments throughout the lifetime of nuclear power plants, and
reflect operating experience and new safety information in the assessments.

Therefore, an institutional scheme shall be established for improving people's reliability on. nuclear
safety by assessing the overall safety level of nuclear power plants and then ensuring a high level of
operational safety.

3.2.2. Activation of field-centered safety regulation

Most countries, which have nuclear power plants, organize and operate a branch office of the
regulatory body at the site of the nuclear power plant or any place in the vicinity of the nuclear power
plant, for the purpose of checking the operating status of the nuclear power plant from time to time
and supervising the safety control activities of the nuclear operator. This is to cope with any safety
issues taking place in the site rapidly and enforce regulation by using regulatory resources efficiently.
This is also to build up an effective cooperation and communication channels with local governments
and local residents.

What is to be emphasized first of all is to verify the safety of the nuclear power plant in operation by
monitoring thoroughly the safety control activities of the nuclear operator which might be neglected at
any moment while focusing on reduction of the cost for producing electric power. Therefore, the
regulatory body shall seek efficient safety regulation and further enhance people's reliability on
nuclear safety by building up the field-centered safety verification system.

3.3. Stable securing of safety control cost

3.3.1. Stable securing of safety regulation cost

The nuclear safety regulation cost is funded with the national tax or the cost to be shared by the
nuclear operator under the principle to oblige any party that brought about the cause for any matter to
share the cost thereof. The cost share system is prevalently used in many countries and it is a
generalized system to secure the regulation cost. Accordingly the nuclear operator is obliged to share
almost all the nuclear safety regulation cost. However, there is a concern that the nuclear operator
would demand reduction of its share in the regulation cost as part of its efforts for reducing the cost of
electric power production to increase competition. Therefore, the legal and institutional system on the
magnitude of the regulation cost and the cost share procedure shall be definitely provided in order to
secure the regulation cost more stably and ensure the fairness of enforcing regulation. Also a proper
legal status shall be also vested in such system in terms of ensuring the independence of nuclear safety
regulation. Thereby, the government shall have to eliminate any controversy on the fairness of the
nuclear operator's share in the regulation cost and further enhance the transparency and stability of the
regulation cost,,

3.3.2. Stable securing of funds for nuclear safety research

The regulatory specialty and competence shall be necessarily ensured through enhancement of
regulatory technologies so as to enforce safety regulation in a sound and objective manner, in response
to diversification and quantitative expansion of matters subject to nuclear safety regulation. For this,
funds for the nuclear safety research shall be provided stably, and regulatory specialists shall be
educated and trained systematically. Therefore, the government shall establish a steadfast institutional
scheme to ensuire the specialty and competence of nuclear safety regulation by securing nuclear safety
research funds and regulatory specialists stably.

3.3.3. Strengthening of back-end cost deposit system

Since decommissioning of nuclear power plants and disposal of radioactive wastes shall be subject to
continuous safety control due to characteristics thereof, it is required to strengthen the back-end cost
deposit system to enable the cost to be deposited consistently and further such deposit to be confirmed.
In most cases, the operator of nuclear power plants is required to deposit the cost for decommissioning
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of nuclear power plants and disposal of radioactive wastes. But if the operator does not have its
operation fund sufficiently, if is liable to neglect to deposit the cost. Therefore, the continuous safety
control shall be ensured by enabling the back-end cost to be deposited consistently.

4. CONCLUSION

There is a concern about nuclear safety that might be neglected in the process of increasing
competition in the electric power industry. Such concern is not an issue facing any one country but an
international issue emerging in many countries in the world. In order to cope with the concern about
nuclear safety, the government will have to feedback valuable experiences of advanced countries
which ever restructured their electric power industries earlier and further to reflect the current safety
issues which are raised internationally, fully into the nuclear safety regulatory system. Such measures
as presented in this paper do not provide a complete solution to all problems raised under the recent
environmental change, but it is required to seek a direction to improving the nuclear safety regulatory
system, if any, by reviewing the existing system from the viewpoint of safety regulation.

What is most important first of all in doing so is that the regulatory body itself should exert its utmost
efforts for rationalization and efficient enforcement of regulation, and further be able to get the
reliability on safety regulation from people and nuclear operators by pursuing the transparent
regulatory activities. On the other hand, the regulatory body shall be able to provide a firm belief
about the safety of nuclear power plants in operation by monitoring the safety control activities of the
nuclear operator that might be neglected at any moment while focusing on reduction of the cost for
producing electric power.
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