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ABSTRACT

The need for conducting a Periodic Safety Review for the Krško NPP has been clearly
recognized both by the NEK and the regulator (SNSA). The PSR would be highly desirable
both in the light of current trends in safety oversight practices and because of many benefits it
is capable to provide. On January 11, 2001 the SNSA issued a decision requesting the Krško
NPP to prepare a program and determine a schedule for the implementation of the program
for "Periodic Safety Review of NPP Krško". The program, which is required to be in
accordance with the IAEA safety philosophy and with the EU practice, was submitted for the
approval to the SNSA by the end of March 2001. The paper summarizes Krško NPP Periodic
Safety Review Program [1] including implemented SNSA and IAEA Expert Mission
comments.

1 INTRODUCTION

Periodic safety reviews (PSRs) are comprehensive reviews aimed at the verification that
an operating NPP remains safe when judged against current safety objectives and practices
and that adequate arrangements are in place to maintain an acceptable level of safety. These
reviews are complementary to the routine and special safety reviews. They are long time-scale
reviews intended to deal with the cumulative effects of plant aging, modifications, operating
experience and technical developments, which are not so easily comprehended over the
shorter time-scale of routine safety reviews. The EU countries have all undertaken
comprehensive safety reviews of operating NPPs starting from the early 1980’s. This practice
was a result of increased knowledge and experience in both design and operation as well as in
raising the standards for safety and reliability. The PSR have become a highly important
segment of regulatory oversight. Similar comprehensive safety reviews have also been
conducted or are underway in other countries including Eastern and Central Europe and the
former Soviet Union. The need for conducting a Periodic Safety Review for the Krsko NPP
has been clearly recognized both by the NEK and the regulator (SNSA). It becomes evident
that a PSR for the NEK would be highly desirable both in the light of current trends in safety
oversight practices and because of many benefits it is capable to provide. This decision
reflects the current, internationally accepted, safety policy with regard to PSR and fulfils
obligations that follow from the IAEA nuclear safety convention.
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2 GENERAL CONCEPT OF NEK PSR

2.1 Objectives

The overall goals of the NEK PSR project are defined in compliance with the basic role
of PSR and the current practice typical for most of the countries in EU. This practice is
described in the related guides and good practice documents issued by international
organizations.
The primary goals of the NEK PSR Project are formulated as follows:
(1) To demonstrate that the plant is as safe as originally intended;
(2) To evaluate the actual plant status with respect to aging and wear-out identifying any

structures, systems or components that could limit the life of the plant in the foreseeable
future, and to identify appropriate corrective actions, where needed;

(3) To compare current level of safety in the light of modern standards and knowledge, and to
identify where improvements would be beneficial for minimizing deviations at justifiable
costs.

The secondary goals of NEK PSR Project are the following:
(1) To verify the standards, best practices and review methods used for the PSR Project to

confirm that they are in compliance with EC Member's  current practices and IAEA Safety
Guides;

(2) To assure the realization of PSR project's goals by optimal and timely performing all
internal interfacing activities within the PSR Project;

(3) To assure the licensing information and technical assistance to all involved parties.

Several comments can be given in relation to these goals. Considering the safety
practices specific to the Krško NPP, not all of the above mentioned goals are of similar
importance. The Krško NPP have implemented many modifications related to both plant
hardware and procedures or safety related documentation. Many changes were intended to
improve reliability, operability and maintainability of the plant, some of them have been
directly related to safety. These changes resulted from the advancements in technology,
lessons learned from operational experience, and changes in safety standards.

It should be noted that all changes in the plant have been subject to strict control (Safety
Screening and Evaluation in accordance with USA 10 CFR 50.59 Rule) to ensure plant
operation within licensing basis and that safety of the plant is not compromised. This gives a
high confidence that the level of safety intended in the original design is not likely to have
been reduced due to these changes. It should also be noted that the Krško NPP systematically
addresses the changes in the safety standards and safety related knowledge. One of the
relevant safety programs, which provide a logical framework for this process, is the
Regulatory Conformance Program (RCP). The RCP has been initiated in 1995 and will be
updated. This program identifies and addresses the relevant changes in the U.S. regulations.
In general, these are considered to reflect the actual internationally accepted safety
philosophy.

The activities conducted within the RCP program are broadly equivalent to those
normally covered by PSRs. It is expected that in many areas potential safety concerns, which
may arise from changes in the standards and knowledge, have already been identified and
resolved at NEK. It is worth to be noted that the design of the plant is relatively modern and
there were not many changes in the standards of high safety relevance since the design was
completed. It is not expected that significant safety issues of this type will be identified in the
NEK PSR. Therefore, the third of the above mentioned goals may be considered of lower
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importance. Considering the plant specific situation discussed above the most effort will be
needed in the PSR to demonstrate the compliance with the second goal. For that purpose
aging management program and assessment will be developed similar to license renewal
program.

One of the important benefits expected from the NEK PSR, is that it is capable to
provide a global check and transparent demonstration of plant safety. In the actual situation of
the plant the increasing public confidence, particularly at international level, is of high
relevance. This aspect has impact on the objectives and philosophy of the project, and
indirectly on the scope of the review. For that purpose assessment and review of seismic
design and PSHA study will be performed based on results from state of the art geophysical
and geological research on the site during last 6 years.

As noted above, in many areas relevant to safety, which are covered by the actual safety
oversight activities, the review is not expected to identify significant safety concerns.
Reducing scope of the PSR in these areas may be considered justified. However, in order to
add credibility to the results, the review will address all relevant safety aspects, as
recommended in internationally accepted PSR guides and good practice documents. Adequate
emphasis will be put in the project on showing comprehensiveness and completeness of the
review as judged against these recommendations. The use of the existing safety studies and
documented evidence of related safety practices is expected to be a relevant part of this
demonstration. For instance, the issues identified and resolved within the RCP will also be
noted in the PSR.

2.2 Organisational aspects

From organizational point of view the PSR is divided into the following stages:
– Preparation of the review
– Review
– Regulator assessment.
– Program for implementation of corrective measures.

The preparation of the review includes basic elements of planning and organization
typical for large safety assessment project. This stage is intended to set up the required
framework for carrying the review. Relevant key elements of the PSR are defined and agreed
with the regulator. This Technical Report plays important role in the presentation of these
elements to SNSA.

The review stage includes gathering of plant specific data and the assessment of current
safety of the plant. The main outcome of this stage is a list of plant specific safety concerns
and safety merits identified for each relevant safety area. The remedial actions are also
proposed for the identified shortcomings. For the NEK PSR the review stage is proposed to be
divided into two basic steps:

– Assessment of the current safety status of the plant (step 1)
– In-depth safety review (step 2).

Step 1 includes a systematic evaluation of all safety areas (factors) using current
methods and actual plant data. Comparison with current safety standards and practices is the
basic element of this assessment. This step focuses on the identification of safety concerns
(issues) but it also includes an immediate evaluation of issues with regard to their safety
significance and indicates potential corrective actions. Scope and direction of in-depth review
for each of the identified issues (to be conducted in step 2) is also defined. This step
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corresponds to the first two steps proposed in the approach described in the IAEA Safety
Guide 50-SG-O12. In case of the NEK PSR this step will relay on significant input provided
from the current safety oversight activities that have regularly been performed at NEK. It is
expected that the required effort and time needed for conducting the related tasks be
considerably reduced as compared to typical plants. Therefore, splitting these tasks into two
separate steps does not seem to be practicable.

Step 2 includes in-depth assessment of identified strengths and shortcomings using
current techniques to the greatest extent possible. Corrective measures are evaluated and the
program of implementation corrective measures is proposed. The decision making process
involves all relevant aspects i.e. risk impact, costs involved, implementation time and trouble,
etc., and is supported by cost-benefit analysis. Relevant part of this step is a judgement into
acceptability of the individual and collective contribution to risk associated with continued
plant operation in the presence of all unresolved shortcomings. The review process is
documented and draft topical reports and summary report are submitted for regulator
assessment.

The regulator assessment is expected to be conducted on completion of the review
stage. However, to facilitate the whole process of the review, SNSA will be provided with
interim results of the review (step 1). SNSA will also be informed without delay if any
significant issue have arisen during the review. Queries and points of clarification being
raised by the regulator will be resolved. Final documentation of the PSR will be prepared.

The program for implementation of corrective measures will be finalized considering
the results of the PSR and prioritization process. Further work on establishing detailed
technical approach to the implementation will be conducted.

2.3 Assessment of the current safety status of the plant

Step 1 of the review concentrated on identification of safety concerns trying to identify
those safety issues that are sufficiently serious that either immediate remedial action or some
other interim measure is considered necessary. The methodology adopted for this step (as
described in Section 6 of [1]) was tailored to achieving quick results and was primarily based
on expert judgement.

Safety factors and hence the scope of a PSR project should be logically determined
from the reasons for undertaking a PSR which underlay the overall objective given in 2.1. It
should of course be a comprehensive safety review and hence the following Safety Factors
affecting will be considered:
Operational Experience
- Major Operational Problems
- Record requirements for operational data
- Record arrangements and compliance
- Evaluation for failure rates and safety performance data
- Trend analysis to end of planned life
- Feedback of relevant experience of other NPPs
Safety Assessment
- Safety standards and practices topic list review
- Operating limits and procedures
- Maintenance, test and inspection procedures
- Modification and backfitting procedures
- Radiological protection systems and procedures
- Seismic design and seismic PSHA (Probabilistic Safety Hazard Analysis)  Analysis
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- Regulatory Conformance Program
- Probabilistic Safety Assessment
EQ (Equipment Qualification) and Ageing Management
- Equipment conditions
- Ageing management
- Equipment qualification
Safety Culture
- Organizational factors
- Human factors
Emergency Planning
Environmental Impact and Radioactive Waste
- Radioactive waste storage and handling
- Environmental impact (Discharges and releases)
Compliance with license requirements and Prioritization
- Compliance with license requirements
- Prioritization process

The external documentation of the review will be divided into three major parts: Main Report,
Topic Reports, and Supporting References. All intermediate analyses and calculations (such
as working papers, calculation notes or computer outputs) are considered internal
documentation. The main report will summarize the outcome of the review and present the
results. The report will include all relevant information needed to justify continued operation
of the plant for the period up to the next review. The topical reports will provide further
details on the assessment. They are intended to give the main report a more readable shaping.
Most of the relevant details will be included in the topical reports. Extent of information
provided in the main report would be limited to necessary minimum that allows for its review
without consulting the topical reports.

2.4 In-depth safety review

The objective of ranking the safety issues is to establish their relative importance and
hence provide a basis for decisions on the type and time-scale of action required. In the
‘ranking’ process, which involves subjective expert judgement, subdivision of issues into
several predefined categories of significance will be performed. For example, the approach
with the following three categories can be considered realistic:

- High significance;
- Medium significance;
- Low importance significance.
‘Defense in depth’ is defined as a philosophy, which ensures that successive measures

are incorporated into the design and operating practices for nuclear plants to compensate for
potential failures in protection and safety measures. All safety activities, whether
organizational, behavioral or equipment related, are subject to layers of overlapping
provisions, so that if a failure should occur it would be compensated for or corrected without
causing harm to individuals or the public at large. This idea of multiple levels of protection is
the central feature of defense in depth. The protection measures are applied at 5 levels of
defense. These are:
- Level 1. Prevention of abnormal operation and failures (Prevention)
- Level 2. Control of abnormal operation and detection of failures (Control)
- Level 3. Control of accidents within the design basis (Protection)
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- Level 4.Control of severe conditions including prevention of accident progression and
mitigation of the consequences of a severe accident (Accident management and
mitigation)

- Level 5.Mitigation of the radiological consequences of significant external releases of
radioactive materials (Off-site counter-measures).

A systematic deterministic approach based on defense in depth concept is
recommendable as one of the effective ways of deriving rational deterministic arguments to
rank safety issues. It should be noted that this approach might also play an important role in
the identification and assessment of corrective measures and in the process of justifying the
plant safety status.  The evaluation of depth of defense includes definition of requirements
related to the qualification of lines of defense, as well as definition of acceptable depth of
defense. The criteria for acceptability are based on the number of lines of defense and the
consequences of their failure. They are thus equivalent in concept to risk criteria, but are
based on deterministic principles. A ‘line of defense’ could be defined as a system, barrier or
human actions (or combination of those) needed for providing protection against an initiating
fault. ‘Lines of defense’ may exist at any or several of the 5 levels of protection (as listed
above). A line of defense can be qualified with respect to its robustness (e.g. ‘strong’, ‘weak’,
etc.). In general, the principle is that, summed over the levels for any given accident scenario,
there must be a sufficient number of suitable lines of defense. Applicable criteria will be
developed. The concept is shown in Fig. 1.
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Figure 1: Concept of evaluation of depth of defense

The required number of lines of defense depends on the consequences of their failure.
More severe consequences require stronger defense. If the number of lines of defense is
insufficient for an initiating event so that it leads to severe consequences, then the
significance of issue of concern is related to the difference between the existing number of
lines of defense and the number required by the criterion set. In this manner it is possible to
rank particular issues with respect to their significance.



501.7

Proceedings of the International Conference Nuclear Energy in Central Europe, Portorož, Slovenia, Sept. 10-13, 2001

2.4.1 Broad Ranking Criteria

The method proposed for broad ranking of safety issues has been derived from the
defense in depth concept. In such an approach the safety of a nuclear power plant is validated
against general criteria such as:

- The postulated initiating events (PIEs) and hazards being adequately identified and
analyzed (and included within the design basis)

- The design being sufficiently robust and including multiple physical barriers to the
release of radioactivity

- The design and operation of the plant including multiple levels of defense against
plant upset conditions

- The staff training and operational performance matching best practice
- The safety culture, as exemplified by the attitude of the management and staff,

promoting safe operation.

Each safety issue will be assessed against the set of predefined general criteria like
those described above. Assessment of an issue against all criteria can be undertaken using a
deterministic approach. Some criteria can be assessed with the assistance of probabilistic
techniques.

2.4.2 Probabilistic approach

Ranking of safety issues with regard to their significance is conducted using directly the
information and indices provided in the PSA. The following types of information are helpful
in this process:
- Description of accident sequence logic (ETs – Event Trees),
- Direct fractional contributions to risk, for example for initiating event categories;
- Risk importance measures, or means to express impact of a system or component or any

other item in relative terms;
- Risk increase or decrease when the PSA models need to be modified or expanded to the

extent that goes beyond the capability of the current importance measures;
- Uncertainties and sensitivities in these indicators;
- Other PSA information, e.g. modeling limitations, qualitative information, etc.

It should be noted that some issues are not at all or not explicitly modeled in the PSA.
This is particularly true for safety culture related issues, e.g. quality assurance, training and
procedural weaknesses. It may also be true for some complex human reliability issues.
However, in most cases, a measure of safety importance for such issues can be inferred from
the PSA measures for elements, which are explicitly modeled.

2.5 Identification and prioritisation of corrective measures

Almost by definition, any measure that is considered ‘mandatory’ (i.e. those required by
the regulator) had to be implemented and so falls outside the prioritization process. As a
general principle, the highest priority will be given to those measures that provide the greatest
benefit in terms of plant risk reduction. Other factors, such as cost and time for
implementation, will affect the program but will not influence the priority. For the broad
ranking, the prioritization process will follow a similar deterministic approach to that
described in Section 2.4 for the ranking of the safety issues. Possible corrective measures will
be implemented according to the normal plan design change procedures.
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3 NEK PSR PROGRAM SCHEDULE

PSR project will be performed in the three phases:
1. Phase 1: Preparation of Detailed 10-years PSR Program (Already defined and

described by [1]),
2. Phase 2: Performing of 10-years PSR Program and preparing of associated

documents (2001-2003), and
3. Phase 3: Implementation of the prioritized compensatory measures and

modifications (development of associated EEAR, DMP, etc.) upon agreement with
the SNSA on the design, procedures and time-scales (2004-2008).

Final milestones and project management plan for Phases 1 and 2 was already agreed
between Krško NPP and Slovenian Nuclear Safety Administration by license amendment
(39000-25/2001/6/JV/508). The proposed schedule is the following:

1. Preparation of overall Krško NPP PSR Program 2001-April
2. Performing of Krško NPP PSR (Step 1) 2003-May
3. Prioritization Process (Step 2) 2003-December
4. Submittal of Krško PSR Report to SNSA 2003-December

4 CONCLUSIONS

10-years Krško PSR would, as a minimum, demonstrate that Krško plant maintains
original design basis and safety, as well as that it operates in a safe manner, and will continue
to operate safely in comparison to  “modern” standards. Additionally, its purpose would be to
demonstrate that aging processes and obsolescence are managed adequately. The
methodological approach adopted for 10-years NPP Krško PSR Program is intended to be
systematic, rigorous, transparent and auditable. Krško 10-years PSR will result with
prioritized list of actions/measures based on cost and safety benefit analyses to ensure safe
operation of the plant in the future.
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