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TC803REPWP 1. INTRODUCTION

This Technical Committee Meeting was called to discuss and review the international
situation in connection with the use made, whether formally or informally, by regulatory bodies of
probabilistic safety assessment (PSA) in the course of their work, and the related question of the use
and value of adopting probabilistic safety criteria (PSC) as an aid to judging the results of PSAs.

1.1. THE CONTEXT

The TCM should be seen in the context of a number of other relevant international activities,
completed and ongoing. Noteworthy among these are the following:

(1) IAEA Safety Series No. 106 - "The Role of Probabilistic Safety Assessment and Probabilistic
Safety Criteria in Nuclear Power Plant Safety". This was published in 1992, but reflects the
position in the late 1980s, when a series of related IAEA meetings were held. It served two
purposes: first to assist in establishing the value of PSA, as a complement to deterministic
analysis, and its importance in the work of IAEA, and secondly to present the status of PSC
in member countries and to suggest useful lines for their further development, recognizing
the variety of views on the value of adopting numerical PSCs.

(2) An IAEA Specialists' Meeting, with same title as this TCM, was held in April 1993. This
did not result in a formal report, but the Working Material (IAEA-J4-SP-803.2) provided a
useful input to work of this TCM. A particular focus of that Specialists' Meeting was on
risk based configuration control.

(3) A Task Force was set up by the Nuclear Regulators Working Group of the European
Commission to prepare a report on the same topic. This work, which was based largely on
responses by eight European countries to a questionnaire, is completed, the main outcomes
were available to this TCM, and the report (EUR 15720) is to be published shortly.

(4) A modified form of the EC questionnaire was sent by IAEA to those Member States who
had not participated in the EC Task Force. A number of their responses were available at
this TCM, but more are expected.

(5) A Task Force on Probabilistic Safety Objectives was established by Principal Working Group
5 (Risk Assessment) of CSNI of NEA/OECD. This group carried out a survey of practices
in this area in OECD Member States. An overview of the outcome was presented to this
TCM.

(6) Another OECD activity has been initiated by the Committee for Nuclear Regulatory
Authorities (CNRA), to study regulatory approaches to PSA. A group has established a
questionnaire for Member States and expects to report to CNRA by June 1995. No results
were available at the time of this TCM.

(7) The IAEA has held a series of Regulatory Peer Discussion Group Meetings for groups of
senior regulators, during 1994, on the subject of safety goals. No written report on this
activity was available to this TCM, but a presentation was made on the likely nature and
direction of the final report, which was in preparation.

(8) In response to a declaration from the 1991 IAEA Conference, IAEA initiated a process of
developing a common basis for judging the level of safety of NPPs built to earlier standards,



for identifying those plants for which the safety concerns were sufficiently sharp that
consideration should be given to their being shut down, and for prioritizing the most urgent
improvements needed to justify their continued operation. INSAG has been considering this
question and was meeting to discuss a draft report at the time of this TCM. No written
material was put to the TCM but a presentation was made on the current position, and a
debrief on the INSAG meeting was given at the end of the TCM.

1.2. THE OBJECTIVES

The objectives of the TCM were to:

review the many and varied uses of PSA in the regulatory process, to give a view on the
current position;

review the current status of PSC in Member States, and to consider whether it is timely for
IAEA to initiate an update of Safety Series 106;

consider applications of PSA for operational use on an NPP, e.g. for equipment configuration
control, maintenance, incident analysis, and whether there is a need for criteria specific to
these applications;

address the uses of PSA for the particular case of ageing NPPs, e.g. for prioritizing backfit
measures, and whether there is a role for PSC to assist decision making on the necessity for
specific backfits and on the possible requirement to shut a plant down.

1.3. THE FORMAT OF THE MEETING

Some twelve papers were presented to the TCM, most describing national positions on the
use of PSA in regulation in particular Member States, and a few describing some of the international
activities referred to above. These papers are appended to this report.

The meeting then divided into four working groups, to address each of the objectives in
Section 3, and to produce recommendations to the IAEA. Their conclusions were then discussed by
the full TCM on the final morning of the meeting. The output of the four working groups is given
in the following sections, which form the main part of this report.



2. RESULTS OF A QUESTIONNAIRE ON
"REGULATORY USE OF PSA AND PSC"

The following conclusions and recommendations were a result of a brief overview of the
responses on a questionnaire on "Regulatory use of PSAs and PSC" send out by the IAEA to the
member countries. The objective of this questionnaire was to have an overview of the current practice
in the member countries and to draw some conclusions on the use of PSA and PSC, the differences
in use, trends, etc. Most of the countries filled in the questionnaire quite satisfactory or provided other
written material. The responses and other written material enabled the members of the working group
to draw some valuable conclusions. However, it must be said that the time available to them was
rather short, and that some of the drawn conclusions were on personal basis and not a result of group
discussions. Another remark is that the questionnaire was not filled in with the same level of detail
amongst the Member States (e.g. some questions were not responded at all, or only very briefly) at
the time of this TCM. Therefore the evaluators recommended that the IAEA send out these draft
summary tables to the Member States and to invite them to update the tables in a rather short time
period.

Other recommendations based on evaluation of the questionnaire and other input are:

(1) It is recommended to expand the questionnaire in a later stage (about a year from now) with
more detailed questions, or with additional questions to provide better insights on the
regulatory uses of PSA and PSC.

(2) It is recommended that information like: "the size of regulatory staff involved in the PSA
activities, regulatory environment like the legal framework of safety regulation, attitudes
towards PSA within the regulatory body, money available/money flow for PSA programme,
number of NPPs, level of NPP standardization, relation between regulatory body and utility
or nuclear industry", to be included in this future expansion of the questionnaire. This
information might be necessary or helpful to explain some of the differences. The reasoning
behind the choices being made is as important as the choices themselves.

Other input from EC questionnaire and OECD/NEA/CNRA questionnaire (being drafted and
finished in end 1995) can provide additional information.

(3) The working group recommends that the IAEA hires a contractor to:

(a) expand the questionnaire for those countries not reporting to the OECD or CE
questionnaires;

(b) interview the responsible regulators in the respective countries, if possible by
phone, otherwise fax, mail, etc.;

(c) analyse all the information and draft a status report.

(4) It is recommended that this evaluation report is send back to the National Representatives for
corrections and/or additional information.

(5) It is recommended that after the draft report the IAEA organize another TCM to finalize this
report and to draw conclusions.

(6) Questions containing a "to what extent" need an associated scale to provide a better view on



the extent.

Suggestion:

It is suggested that the why's of the differences in approach of the countries using Level 3 public
health level PSC to be analysed in more detail and that this information is included in the
aforementioned reports [3(c)].

After the following list of send out questions the main conclusions drawn so far from the
responses are given. In Annex I a short tabular overview is given of the responses.

2.1. QUESTIONNAIRE ON PSA AND SAFETY GOALS

Note: Throughout the questionnaire please indicate separately what is applicable to existing plants
and what is applicable to new plants.

(1) What is the regulatory requirement regarding PSAs in your country? Does the regulatory
body:

(a) require a PSA to be conducted (is it a mandatory requirement)?

(b) strongly recommend a PSA to be carried out?

(c) encourage a PSA to be conducted?

(d) not have a specific position on PSA? If so please discuss why.

(e) not recommended the performance of PSAs?

If PSAs are used or required, please answer questions number 2 to JJ).

(2) Describe the regulatory body's overall use and objectives of the PSA programme and its
results.

(3) Describe how much use is made of PSA/deterministic approaches in decision making by the
regulatory body, and for what type of decisions. Please describe to what extent the
probabilistic vs. deterministic approach is used for:

(a) basic licensing;

(b) regulatory decisions related to operating plants.

Please specify if the probabilistic approach is used formally or informally, or if it is used as
an additional tool in the decision making process.

(4) Please explain to what extent is PSA used for?

(a) general determination of the level of safety;

(b) compliance with safety goals/targets;



(c) backfits to existing plants(s);

(d) establishment of regulatory priorities;

(e) planning of inspection programme;

(f) evaluation of incidents;

(g) identification and prioritization of research needs;

(h) use in design certification;

(i) others, please specify.

(5) What levels of PSA are required or requested (e.g. Level 1, 2 or 3, shutdown external
events). (Please distinguish between existing and new plants.)

(6) Does the regulatory body give guidelines on how a PSA is to be carried out? If yes, which
of the following is used?

(a) regulator's own guide;

(b) IAEA guide;

(c) NUREG-2300;

(d) others, please specify.

(7) Describe the types of reviews of the PSA that are undertaken (internal/external).

(8) Are safety goals/targets/criteria used? If yes, please specify for which areas under one or
more of the following categories:

(a) system reliability objectives;

(b) core damage frequency;

(c) containment performance;

(d) off-site risks;

(e) individual risks;

(f) public health risks;

(g) societal risks;

(h) others.

(9) Describe the methodology by which the regulatory body assesses and accepts demonstration
of targets/goals/criteria.



(10) Do licensees perform their own PSAs? If yes, are they generic or are they specific to
particular plants?

(11) Does the licensee contract out the performance of the PSA? Is there a requirement for a
minimum licensee involvement?

(12) How often do the licensees update the PSA? Is the concept "Living PSA" used?

(13) What use does the licensee make of PSAs?

(a) compliance with regulatory requirements;

(b) determination of improvements to design or operation;

(c) comparison with safety goals/targets/criteria;

(d) evaluation of incidents;

(e) justification of regulatory submittals;

(f) seeking relief or justifying exemptions from regulatory requirements;

(g) emergency planning or emergency procedures;

(h) others, please specify.

(14) For PSA based applications like Tech Spec optimization, on which basis does the regulatory
body accept or reject such requests (acceptance criteria)? Please specify:

(a)

(b)

(c)

(d)

(e)

absolute risk level;

relative risk;

trade offs;

small risk increase;

others.

2.2. MAIN CONCLUSIONS AND RECOMMENDATIONS DRAWN FROM FIRST
EVALUATION OF QUESTIONNAIRE ON "REGULATORY USE OF PSA AND PSC"

2.2.1. Conclusions from responses on questions 1, 2 and 3:

(1) From the countries responding to the Questionnaire or present here can be concluded that:
in most Western countries PSAs are required by the regulatory body, while in the former
Eastern Block countries PSAs are strongly recommended or encouraged.

(2) PSA is used in the basic licensing only by those countries where some experience exist in
performing and using PSA for decision making process (USA, Belgium, Switzerland, Spain,
etc.).
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(3) All of the countries responded to the IAEA Questionnaire have declared that they have used
to different extent PSA results as a supporting tool to the deterministic approach in their
regulatory decision making process.

(4) Most of the countries from Eastern Europe are going to use the results from PSA in the
regulatory process when these results are available. The regulatory bodies in these countries
will issue documents on the use of PSA in their organization in near future.

(5) Most countries agreed that wider application of PSA results in near future might be necessary
for all regulatory bodies.

2.2.2. Comment to question No. 4:

What extent is PSA used for?

The amount of explanatory text was minimal. Only the use of a PSA for some application could be
identified. The extent of the use was obscure.

The answers in the Questionnaire could not help the evaluator well.

Conclusion from responses on question No. 4:

The amount of uses, objectives and scope of PSAs varied amongst the different countries.

In the Eastern European countries mainly the purpose of demonstrating the level of safety was the
prime objective. Objectives to evaluate the regulatory activities, to prioritize regulatory actions are
in some countries developed (US), and in some others in progress.

2.2.3. Conclusion from responses on question 6:

Only few countries have made their own guideline (South Africa, United Kingdom, Germany and
Japan). The majority of countries has no guideline but most of them (8/11) recommend to use (or to
refer) to NUREG/CR-2300 or NUREG/CR-2815 or even to NRC Generic Letter 88-20 (Slovenia).

2.2.4. Conclusion from responses on question 7:

There is no general rule: each country make internal and/or external reviews. The external reviews
are performed by the regulatory body and sometimes by an external contractors (Germany) or IAEA
experts (Slovenia). It seems that internal reviews are not always done in a systematic way. Only from
9 countries an internal review could be traced in the responses. No question about the review
frequency (Q12).

2.2.5. Conclusion from responses on question 8:

Some countries (UK, Netherlands, Romania, Czech Republic, Belgium, Germany, Spain, South Africa,
Switzerland, India) used the safety goals/targets/criteria in one or more categories which are presented.
Some countries do not use safety criteria (Japan, Bulgaria, France).

2.2.6. Conclusion from responses on question 9:

A formal methodology to assess and to accept 'demonstrated' compliance is not formally developed
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in all countries in this moment (Japan). In some countries specific methods were developed (use the
source terms for example), and some countries did not provide an answer.

2.2.7. Conclusion from responses on question 10:

In almost countries except Hungary, licensees perform their own PSA.

They are conducted based on specific data as far as possible.

In Hungary PSA is conducted by a team of independent research organizations. Role of licensee is
preparation of information necessary to conducting the PSA.

2.2.8. Conclusion from responses on question 11:

It can be said that all licensees in every country hire a contractor for the performance of their PSAs.
Almost all PSAs are actually conducted by the contractors, such as vendors and engineering or
consultant companies.

There are no special requirement for a minimum licensee involvement in almost countries except a
few countries. In Spain a minimum utility personnel involvement, such as project manager, personnel
in the review task is required.

2.2.9. Conclusion from responses on question 12:

Some countries have no special rule related to how often the licensee should update the PSA. Some
countries have a special guidelines which usually require or recommend that the PSA will be updated
during every PSR (Periodic Safety Review).

Living PSA is recognized as useful tools to further reduce risk and is under development in almost
all countries. Living PSA is actually implemented in some plants in Netherlands, South Africa, USA
and the United Kingdom.

The concept of "Living PSA" is not uniquely defined, in some countries a "Living" document is
meant, while in other countries a Risk Monitor is meant.

2.2.10. Conclusion from responses on question 13:

Compliance with regulatory requirements.

This question was unclear to most countries, but at least this has to be filled in with "Yes", if the PSA
was a regulatory requirement.

Identification of weaknesses, backfitting, accident management, etc.

This was the most obvious use of the PSA by both licensee and regulatory body. In almost every
country this was the prime objective. A.M. was mostly done in a later stage of the PSA programme
(maturity of the PSA).

Comparison with PSC.
In ca. 1/3 of the countries comparison with PSC was a use of the PSA. This might be a Level 0,
Level 1, Level 2 or Level 3 PSC. In one case (Hungary) explicitly International (IAEA) PSC were



12

mentioned.

In only 2 cases incident analysis was mentioned. No further explanation was given here.

Justification of regulatory submittals.
Apparently this question was unclear to most respondents. In only a few cases a positive answer
without any explanation.

Tech Spec relaxation.
In ca. 5 cases a positive answer was given. In several cases "later" use was indicated.

EOPs in ca. 5 cases a link with EOPs (determination and/or improvement) could be identified. In 1
case (South Africa) apparently off-site emergency planning was understood by the respondent.
Therefore a No was filled in.

In several cases the use of PSA for maintenance planning could be identified.
The use of Risk Monitor is clearly an expanding business.
In one case (Switzerland) the improvement of training was mentioned.
In one case (Japan) system design for advanced NPP was mentioned.
In one case (UK) identification of research needs was mentioned.

2.2.11. Conclusion from responses on question 14:

This area on putting criteria on when and when not to accept Tech Spec relaxation is still in
development, hardly experience but the risk levels (both absolute and relative will play a role). There
is no rigid or hard NO regarding a small risk increase seen in the answers.

No violation of deterministic rules is mentioned as a boundary condition, and probably will apply for
all countries.
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3. PROBABILISTIC SAFETY CRITERIA

The following recommendations and remarks on the use of probabilistic safety
criteria/objectives (PSC) in the regulator context were the result of some in depth discussions in a
working group of this TCM. As a result, the working group recommends the following revisions of
the IAEA document Safety Series No. 106.

3.1. RECOMMENDATIONS

(1) The role of deterministic and probabilistic safety analyses should be addressed in a better
way.

(2) The examples need to be updated.

(3) The application of PSC as limits and/or targets should be discussed in more detail.

(4) The multi-unit aspect is to be addressed.

(5) The use of best estimate should be emphasized.

(6) The function and system level PSC approach should be deterred; reliability targets on systems
or functions level are often of value for design and operational use.

(7) In addition to the use of PSA for the definition of PSC, more guidance should be given to
other applications, i.e. risk based organization of maintenance.

(8) Reference has to be given to current IAEA documents (i.e. on PSR).

Moreover, the working group recommends the further development of PSA methodology, in
particular in the areas of common cause failures and human factors.

3.2. EXTENDED COMMENTS

Although the main topic of this working group refers to probabilistic safety criteria (PSC),
the regulators would like to underline the importance of both deterministic and probabilistic safety
analyses. Basically, deterministic methods are applied for the design construction and operation of
nuclear power plants. Boundary conditions for the safety analysis, safety factors with regard to
prevention and control of accidents as well as specific requirements concerning safety functions are
deterministic.

Hence, for the evaluation of the current safety level of a plant deterministic and probabilistic
aspects have to be taken into account. It was felt that, in particular, in the document Safety Series No.
106 (The Role of PSA and PSC in Nuclear Power Plant Safety) the relative position of deterministic
safety analyses and PSA should be addressed more evidently. A proposal for a revised version of
Chapter 2 is given in the Annex.

3.2.1. Determination and application of PSC

The discussion in the working group reflected the wide range of positions from already
established PSC for evaluating current safety level to the use of PSA for the identification of
weaknesses of the plant and possibilities to reduce risks.
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Apart from this general situation it was felt that a further development of PSC at IAEA level
would be helpful for those countries which are starting discussions on PSC.

If quantitative values are used, these values should be point values (based on some confidence
level agreed to by regulators) because otherwise regulators have some problems to handle such values.
If PSC quantitative values are predescribed explicit guidance is necessary for the PSA elaboration
providing values which are compared with the PSC. It should be stated that most of the members of
the working group prefer probabilistic targets or objectives in the sense of indicators instead of strong
limits, because in practice other factors are also taken into considering in forming the basis of
regulatory decisions.

Two levels of safety targets have their advantages indicating the acceptable risk of a plant
and leaving flexibility for the regulators to require additional improvements of the plant design.
Another possible options is to have only one safety target; ALARA/ALARP would determine the
necessity of measures below this target.

PSAs submitted to the regulators should contain a clear description of the plant state,
separately showing the benefits of proposed backfitting measures. Existing PSA studies at national
and international levels may give insights on reasonable levels of plant safety.

3.2.2. Best estimate

The PSA elaborated to show compliance with probabilistic safety targets should be performed
on best estimate basis. Plant specific data are to be used as far as possible. When generic data are
used in addition to plant specific ones or solely, sensitivity analyses are required in order to identify
the significant parameters. Ideally, plant specific data should include failure distributions.

3.2.3. Additional recommendations on an update and extension of Safety Series No. 106

It is necessary to update the examples given in Chapter 4; it is emphasized to prepare (as an
Annex or a separate Safety Practice) a summary of the current situation in the IAEA Member States
comparable with the OECD document.

Discussing PSC, multi-unit plants should be taking into account (targets for one NPP, all
units, all different types of nuclear facilities on one site); this requires that also the PSAs have to
reflect these aspects.

It should be stated (in Chapter 4 or in Chapter 1/2) that - in addition to probabilistic criteria -
deterministic criteria exist which had to be fulfilled; this is important for regulators when granting

a license.

Comparing the different approaches (4.2 - 4.7), the majority of the working group felt that
the function and system level PSC is not a useful criterion and should be deleted; in particular, it
seems that this approach does not fit into the framework described in Figure 1 of the document.

The working group emphasized to improve Figure 1 in Safety Series No. 106; in particular,
the design target shall be reset by safety goal and the formulation concerning the actions to be taken
in the area of III seem to be insufficient.
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Regulatory requirements on PSA and PSC should include clear guidance on PSA
methodology:

data collection;

scope of PSA (type of facility, multi-unit aspects, level of PSA);

treatment of uncertainties;

incorporation of sensitivity analysis;

scope of initiating events;

treatment of common cause failures and human factors;

updating of PSA;

specific application.



16

4. USE OF PSA AND PSC FOR OLDER PLANT

The working group considered a number of aspects of PSA/PSC for older plant. Specific
topics included:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

4.1.

PSA scope.
Public acceptance of NP.
Nature of PSC.
Appropriateness/value of PSA for old plant
Single vs. two tier approach to PSC.
Point in time (risk monitoring?).
Remaining life time of the plant.
Applicability of PSC.
General view of the meeting.
Existing IAEA TECDOCs.

PSA SCOPE

The issue here was what do the PSC control? The working group concluded that any PSC
for old plant should be explicitly linked to the scope of the PSA which is being done.

Are hazards included?
Are all operating modes analysed?
Is CCF a limiting factor?
Preconditions by regulator?
Others?

The linking of PSC to these factors is important for all PSA, but for old plant PSA scope,
may be limited and/or assumptions more speculative (e.g. best estimate for some data items when
records etc. have not been kept).

4.2. PUBLIC ACCEPTANCE OF NPPs

Some members of the WG felt that it would be useful to have an internationally agreed or
credible upper limit for any PSC so they could be used to convince the 'public' at home and abroad
that the NPP was adequately safe.

Others expressed the view that numerical results are not necessarily a useful means of
communicating with the public and that they may focus public attention on remote accidents.

No resolution of this issue within the working group - but we feel that there must have been
previous discussions etc. on risk communication.

4.3. NATURE OF PSC

Our discussion here centred on the choice of criteria.

Core damage frequency (CDF).
Defined release size/frequency.
Individual risk.
Societal risk.
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CDF is the most common quantity quoted by people. WG3 felt that CDF was too broad a
category.

Core damage covers both complete melting and fuel damage - hence EC Task Force
questionnaire required members to say precisely what they meant by core damage.

Some core damage plant states are much more serious than others as they may breach
containment directly, others are possible to mitigate by containment safeguards.

Some reactors have very strong containment, others have none, or a very poor one.

The WG looked at PSC from the point of view of "why do we want PSC?" The answer was
to compare with PSA results to see if the NPP is safe, tolerable not dangerous. Essentially this boils
down the likelihood of harming people and the number of people who may be affected. What ever
form of PSC are used, the WG considered it important that the PSC were developed from these "high
level considerations".

CDF is an important quantity from the point of view of demonstrating defence in depth in
some plant - but this is only of real value when there is some idea of the likely containment
performance.

4.4. IS PSA OF VALUE FOR OLD PLANT?

Working group view is Yes. All felt that is was valuable to subject an older plant, designed
to solely deterministic standards to a searching broad review using PSA.

The WG listed the following benefits:

identification of weaknesses;
prioritization of corrective measures;
input into cost effectiveness of potential corrective measures;
reduction in operating costs for licensees;
identification of inspection priorities.

In addition Mr. Singh reviewed IAEA TECDOC-547 and identified a number of additional
benefits - these are listed in Annex III.

The working group also considered the value of PSA in prioritization of component ageing
concerns . It was concluded that existing PSAs generally did not include passive components which
are often the most important concerns with regard to ageing. The group felt that if PSAs included all
such components as base events - perhaps at very low, nominal failure probabilities - then a rank order
of ageing concerns may be compiled using sensitivity or importance studies in which the passive
components were set to unity either singly, or in groups.

4.5. SINGLE VS. TWO TIER PSC

The WG considered that a two tier approach to PSC involving "tolerable" and "acceptable"
levels was valuable and the framework described in Safety Series 106 pages 8 and 9 should be
retained.
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4.6. POINT IN TIME PSC FOR OLDER PLANT

The WG was not unanimous on this point. Some felt that as long as the integrated annual
'risk' was met this was enough. Others felt that limiting the "instantaneous" point in time risk was
important so that the plant had some protection against all faults at all times.

4.7. TAKING ACCOUNT OF REMAINING LIFETIME

No firm conclusions were reached, other than that the remaining lifetime of the plant was an
important consideration. Some felt that this could be done by allowing some relaxation in the PSC.
Others felt that the remaining life was best accounted for in contributing to cost-benefit or ALARP
arguments over potential improvement measures.

4.8. APPLICABILITY OF PSC

The issue here was whether any PSC for old plant should apply exclusively to NPPs. The
WG felt that it should cover all nuclear facilities although did not directly address military facilities.

4.9. GENERAL VIEW OF THE SPECIALIST MEETING

All members of the meeting were invited to vote on the level of risk they would be greatly
concerned over. Preconditions were:

PWR with containment;
conditional probability of failure of containment = 0.1;

CDF is from all contributors including external and internal hazards and plant state.

The 'votes' were all in the range:

I C D F = 10-3to3 o r 4 x KTVyr.

4.10. EXISTING IAEA TECDOCs

TECDOCs 547 and 591 were identified as especially relevant. Only 547 was available to
the working group. Mr. Singh's review of TECDOC-547 is attached as Annex III.

4.11. OTHER POINTS CONSIDERED

(A) What determines life of a plant?

(B) Role of PSR - particularly a second PSR.

These points were put to WG3 by Dr. Abe and are given at Annex V.

For point A, the WG felt that a number of factors and combinations of factors were involved:

life of non-replaceable components;
cost of improving plant to meet PSC;
political factors.

Overall the WG felt the following decision structure was appropriate:



Deterministic

A L A R P

Political Economic

SAFETY

CONSIDERATIONS
Overall
Decision

Political )
Economic ) - These factors are often beyond the remit of regulators, although regulators need to be aware of them.
Others? )
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For point B,d the WG felt that Dr. Abe's point that safety analysis methods developed faster
than changes in component reliability degradation was reason enough to repeat the PSR as new
insights may well be provided. Additionally new information on the condition of the plant may
become available.

If this was not so, then the new PSR would be of value in re-confirming the conclusions of
the earlier one.

4.10. CONCLUSIONS (DRAFT)

PSC for old plant should be linked to the scope etc. of the PSA they to be compared against.

Any PSC used should reflect the desired level of protection of people.
CDF on its own is too broad a criterion.

PSA is definitely of value for old plant.

A two tier framework for PSC, as recommended in Safety Series 106 should be retained.

Remaining lifetime of an 'old' plant is an important factor in considering whether or not
improvements are required.

PSC for 'old' NPPs should apply to other 'old' nuclear facilities as well.

The TCM indicated that a large release (e.g. core damage and containment failure in PWR)
of 10"4 to 3xl0"Vyr is an indication that further detailed analysis (involving deterministic and
probabilistic methods together, with ALARP and CBA considerations) is needed to see
whether any improvements to the plant design and/or operation are required.

The WG3 felt that IAEA should consider:

developing recommendations on how remaining life time of a plant can be systematically
factored into backfitting decisions;

recommending that members be consulted on the desirability of adopting a tolerable risk limit
(as defined in Safety Series 106) of 10"4 for CDF and containment failure or equivalent;

inviting members to formally comment on the conclusions listed above;

current PSAs are not of value in identifying a rank order of component ageing concerns,
since they do not include all of the components of interest;

PSA results for older plants should contribute to the overall decision on allowing a plant to
continue (after PSR additional recommendation);

IAEA should consider how PSA structures need to be changed/amended to allow them to
provide information on the important components with regard to ageing - with a view to
identify which components need monitoring, etc.
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5. OPERATIONAL USES OF PSA

Much has been written about operational uses of PSA. A good representation of this
information is provided in the document IAEA-J4-SP-803.2 "Use of PSA in the Regulatory Process".
This publication is the report of a Specialists' Meeting held in Vienna, 26-29 April 1993. Based on
this, and other work performed in the subject area, it is generally accepted that operational application
of PSA can be organized into three general categories:

(I) Risk Monitoring - Short-term activities such as maintenance planning and
configuration control.

(II) Risk Assessment - Longer term activities such as interactions with the regulatory
activity regarding design and Technical Specifications
changes.

(III) Risk Follow-up - Longer term activities such as operating experience feedback
and periodic safety assessment.

The modeling requirements for categories II and II are essentially the same, that is models
should be developed using generally accepted techniques and computer codes widely documented in
the published literature. Models which facilitate the development of risk rankings between structures,
systems and components and required human actions are most useful in these applications.

The models required for Risk Monitors are much more specialized. These models are most
effective when they exhibit the following characteristics and their use is subject to careful quality
assurance consideration both in the initial model development and day-to-day configuration updates:

rapid requantification (e.g. on the order of minutes);

a variety of results displays, qualitative (e.g. high, medium or low risk) and quantitative risk
measures ';

minimum truncation of cut sets;

primarily based on plant specific data;

menu driven screens for ease in reconfiguring plant status and component failure rates;

automated capability to do risk ranking using conventional importance measures.

Special cautions need to be exercised in developing and using Risk Monitors. First, users
must be vigilant in making certain that they do not allow the machine to become a substitute for good
engineering judgement and second, important modeling feature (e.g. time dependent failure rates)
should not be sacrificed in the interest of making the models run fast.

1 At present it is not practical to establish universally applicable quantitative safety criteria,
however, it is useful for individual regulatory authorities and operators to nuclear power
plants to establish general safety goals within the context of risk management programme.
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PSA in general and specifically Risk Monitors can be a very effective Risk Management tool.
It is generally recognized that an effective risk management programme can be an opportunity to
develop a "win win" situation where both important safety and economic goals can be met. However,
in order to be most effective the PSA must be capable of evaluating the impact of changes in as many
of the important "Risk Management Factors" as practical. The following are examples of important
Risk Management Factors for a LWR with an engineered safety feature containment design.

Pi - The probability of an initiating event such as turbine trip, loss of off-site power or
LOCA.

Pm - The probability of not being able to mitigate an event due to diminished capacity
or unavailability of important structures, systems or components, using core damage
prevention as a measure of success.

Pc - The probability of not being able to mitigate the consequences of core damage,
using containment integrity preservation as a measure of success.

If an important Risk Management Factor is not considered in the PSA, a false sense of
security can develop.

Recommendation

Recognizing that PSA can be a very effective Risk Management tool, it is recommended that
a joint OECD/IAEA conference be held within the next 18-24 months to discuss the PSA methods and
models that can be used for Risk Management. The scope of the conference should include both
hardware and software applications for Risk Management during design, power operation and
shutdown.
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Question No.

3.

2.

3.

Japan

PSA is strongly
recommended.

No PSA programme
for the formal
regulatory use.
RB encourages utility
to use PSA in AM
measures and periodic
safety review.

PSA is used only as a
tool to provide
supplemental
information.

Switzerland

PSA for all NPP is
required.

Wide programme for
reviewing all PSA
studies and using the
results for safety
upgrading. TS and
EOPs optimization to
support decision
making.

PSA is used as part of
license renewal
process for the older
NPPs. PSA results
are used in support to
deterministic
requirements to
decision making.

South Africa

PSA is required for all
facilities using
radioactive material.

Nuclear Safety
Criteria are established
again to assess the
acceptance PRA
results presented by
the respected
licensees.

PSA is used in the
basic licensing and
regulatory decisions
related to operating
plants as well as
deterministic
approach.

Slovenia

PSA is required.

Presently the
regulatory body is
training its staff in the
use of PSA for
regulatory purposes.

PSA is used for
licensing an as an
additional tool to
deterministic
assessment in the
decision making
process.

Spain

PSA is required.

Integrated programme
based on PSA to
perform a detailed
review of safety and
design of all Spanish
plants and to use the
PSA results for
upgrading.

PSA is not use in
basic licensing.
Probabilistic approach
is used more
informally as an
additional tool to
support the decision
making process.
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Question No.

1.

2.

3.

Czech Republic

PSA activities have
been encouraged.

PSA is used as a
support in the decision
making process.

Germany

BMU Safety Criteria
require supplementary
reliability analyses as
general licensing
requirement. BMU
has recommended
Level 1+ PSA.

PSA results are used
to assess well-
baSancedness and
sufficient reliability of
the safety design.

PSA is used as a
supplementary tool to
the deterministic
approach. The
relative importance of
PSA as compared to
deterministic analyses
is greater in regulatory
decisions related to
operating plants as in
basic licensing.

Hungary

PSA is encouraged to
be coiii'iictcd.

At present PSA
approaches do not
have wide application
in the licensing
procedures.

In future operational
license will be
renewed on the basis
of the results of PSR
in which the
probabilistic and
deterministic results
are included. PSA
approaches are used as
additional tools in
decision making
process to operating
units.

Bulgaria

PSA is encouraged to
be conducted.

The results of PSA
analyses will be used
as a basis for
prioritization of safety
upgrading measures.

PSA is not used for
basic licensing. PSA
approach is used as a
complementary tool in
regulatory decision
making process related
to the operating plant.

United Kingdom

PSA is required for
Heysham 2, Torness,
Sizewell B, Magnox
reactors, AEA
reactors. In future
Level 2 PSA is
required for new
plants.
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Question No.

1.

2.

3.

Romania

PSA is encouraged.

The regulatory body
agreed for Safety
Reports to use a
combined
methodology
(deterministic,
probabilistic, or
deterministic
probabilistic
approach).

PSA is not used in
the basic licensing
but is used as a
support for regulatory
decisions related to
the future operation
of the plant.

Lithuania

PSA is encouraged.

PSA results will be
used for safety
upgrading when they
will be available.

At present PSA is not
used in the regulatory
process.

France

PSA is encouraged.

PSA is not used for
basic licensing. PSA
is used as a support
to decision making
process in the
regulatory body.

United States of
America

IPE is required for
each NPP plant.

Use of PSA in
regulatory process (see
papers SECY-94-218,
SECY-94-219 [7590-
01])

Netherlands

PSA is required.

A policy paper on the
regulatory use of
'Living' PSA is being
written.

PSA input is used
directly and indirectly in
regulatory process.
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Question No.

1.

2.

3.

Mexico

PSA (IPE) is
required.

PSA results to be
compared with the
results of similar
plants under similar
regulation.

PSA was used in
parallel with
deterministic
approach.

Slovak Republic

PSA is required.

PSA results used for
safety upgrading by
reducing largest
accident sequence
contributor to TCDF.

PSA used additional
to deterministic
approach in licensing
and regulatory
process.
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Country

United States of
America

Canada

France

India

Netherlands

Hungary

Germany

Belgium

Switzerland

South Africa

Slovak Republic

Mexico

Requiring PSA

X

X

X

X

X

X

X

X

Strongly
recommending
PSA

Encouraging PSA

X

X

X

X

Using PSA in
basic licensing

X

X

X

X

X

Using PSA in
regulatory decision
making process as
support

X

X

X

X

X

X

X

X

X

X

Will use more
widely PSA in
future in
regulatory body

X

X

X

X
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Country

Czech Republic

Spain

Bulgaria

Japan

United Kingdom

Romania

Slovenia

Lithuania

Requiring PSA

X

X

X

Strongly
recommending
PSA

X

Encouraging PSA

X

X

X

X

Using PSA in
basic licensing

X

X

Using PSA in
regulatory decision
making process as
support

X

X

X

X

X

X

Will use more
widely PSA in
future in
regulatory body

X

X

X

X

X
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Question No.

4.

5.

Question No.

4.

5.

Question No.

4.

5.

Question No.

4.

5.

Belgium

a, b, c, d, e, f

1+ required

Germany

a, b, c, d, e, f, g
h = new design plant

1+ required, will be done on
every unit soon
2 future plant design

Romania

a, d, h

1 in progress

United Kingdom

a, b, c, d, g
i = cost benefit analysis

1
2 requested in the future

Bulgaria

a
d, e planned

No requirement.

Hungary

a,d

1, low power, shutdown is
planned

Slovenia

a

1, 2, living requested

United States of America

-

-

Canada

-

India

a, b, e

1, shutdown, living is in
progress

South Africa

a, b, c, d, e, f, g, h, i
Regulation is based on risk!

2 requested
3 planned

Netherlands

a, b, c, e

3, including non-power states
and external events/area events

Czech Republic

c, d, f, g
i = advisory system

1
2 recommended

Japan

No use in regulatory activity.

2 recommended
Low power recommended

Spain

b, c, f, h
i = maintenance planning

1, 2 in progress permanently

Slovak Republic

b, c

1
2 requested in future

France

f. B. h
i = future plant design

1 required,
2 requested, fire required
2 future plant design

Lithuania

a, c

1 recommended

Switzerland

a, b, c, g, i

1, 2 required
Startup, shutdown is in
progress

Mexico

a, b = results of similar
plants, d, e (later)

1+
2 and 3 later on own initiative
of utility
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Question No.

6.

7.

8.

9.

Bulgaria

No answer.

External review by
regulatory body

No safety goals are
used, but regulatory
body will refer to
IAEA Safety Series
No. 106.

No answer.

Lithuania

No answer.

No answer.

No answer.

Belgium

No guide but NUREG
recommended.

Review in
progress/external
regulator.

Yes - e, f, g.

PSA analysis accident
sequences up to core
melt and containment
response resulting
from accident
sequences.

United Kingdom

Nil Safety Assessment
Principles (refer to
IAEA).

Utilities' and
regulator's review

Yes - b, d, e, f, g

Netherlands

No guideline (refer to
NUREG/CR-2300
and NUREG/CR-
2815). New National
Guideline under
preparation (based on
IAEA guideline).

Regulatory and
external review and
internal review.

Yes - b, d, (e, f, g)

Peer review of PSA,
to see if data are best
estimate and
modeling is state-of-
the-art.
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Question No.

6.

7.

00°

9.

Hungary

No detailed guideline.

PSA review conducted
and reviewed by
independent research
organizations.

No answer.

No answer.

South Africa

Yes. CNS (Council
for Nuclear Safety)
prepares guideline
(refer to NUREG-
1150).

PSA reviewed by
regulatory body.

See question 4 (a,b).

The regulatory body
uses the source terms
to assess compliance
against the criteria for
offside risk and risk to
plant personnel.

Germany

Yes. Guideline (61)
by regulatory body.

External contractor.
Reviewed internally
by the licensee.

Yes - point a, b, c

The methodology for
reliability analyses is
well established.
RG on Level 1+ PSA
is provided.
Regulatory PSA
review guideline is
under development.

Switzerland

No.

Review done by
regulator (and perhaps
by utility).

See response to
question 4.a/b.

See answer 8.

Japan

Yes (prepared by
independent
organization and
adopted by regulatory
body).

Regulatory body has
reviewed Levels 1
and 2.

Not used.

Methodology is not
prepared.
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Question No.

6.

7.

8.

9.

Czech Republic

No regulator's guide,
IAEA guide
recommended.

Internal review of
Dukovany.

Yes - point (a).

No answer.

Slovenia

No, but NUREG/CR-
2300 and NRC
Generic Letter 88-20
recommended.

Licensee - internal
review.
International experts
help by IAEA -
external review.

Yes - point (h)

See answer 8.

Spain

No, but NUREG/Cr-
2300 and
NUREG/CR-2815
recommended.

Levels of internal
reviews (QA and
afterreach task).

See response to
question 4.b.

See response to
question 4.b.

Romania

No, but NUREG/CR-
2300 is recommended
and IAEA PSA
guidelines.

Internal and external
reviews by IPERS
missions (IAEA).

Yes - points (a), (b),
(c).

No. answer.

France

No guide.

Internal and external
reviews.

No safety goal used.

PSA are made by the
utility (EdF) and/or
the regulatory body.
There is a cross
review.
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Question No.

6.

7.

8.

9.

India

No guideline but
NUREG/CR-2300 is
recommended.

External review.

See question 4 (a, b,
e).

Development of PSA
methodology
including techniques
for reliability and
safety analysis.
Common cause failure
models.

Slovak Republic

No guide.
New guide under
preparation based on
IAEA guide.

Internal.
External by regulatory
body and IAEA Peer
Review (IPERS).

Yes - a, b, d, f.

PSA review by IAEA
IPERS. See IPERS
guidelines.

United States of
America

No guideline.
NUREG/CR-2300 is
recommended.

Internal review.
In some cases external
review.

Mexico

NUREG/CR-2300.

External by IAEA
(IPERS) and by
regulatory body.

b, c/d
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Question No.

10.

11.

12.

Belgium

Yes - specific, no
specific
requirement for
data.

Yes; no special
requirement,
contractor mainly
does PSA.

Every PSR; Living
PSA is under
consideration.

Bulgaria

No (contractor
does any PSA).

Not applicable.

Not applicable.
The concept of
Living PSA is
going to be used.

Canada Czech Republic

No (contractor
does PSA).

Yes. Not
applicable.

No special rule.
A concept of
Living PSA has
been prepared.

France

Yes, the licensee
performs its own
'generic' PSA.

Yes, the licensee
is totally involved
in the PSA
performance.

No special rule.
Yes, a concept of
Living PSA is
used.

Mexico

Yes - by utility
staff.

No, but in reality
the necessity was
evident.

Two times up to
now. Unofficial
statements from
utility say every
two years.
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Question No.

10.

11.

12.

Germany

Yes, simplified PSA
at present and Level
1+ PSAs in future,
specific as far as
possible.

Yes (vendor,
engineering or
consultant
organizations); not
applicable.

30 years (PSR);
Living PSA is not
applied at this very
moment, but under
development.

Hungary

No (independent
research
organizations).

No. Not applicable
(preparation of
important information
for PSA).

Not applicable.

India Japan

Yes - specific for
design and generic for
failure data.

Yes (vendors); no
special requirement.

No special rule (about
10 years in PSR).
No.

Lithuania

Not applicable.

Not applicable.

Not applicable.
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Question No.

10.

11.

12.

Netherlands

Yes (contractor);
specific.

Yes.

Living PSA is
implemented
(Risk Monitor).

Romania

See question 1, 2.

See question 1, 2.

-

Russian Federation

-

-

-

Slovak Republic

Yes - contractor
specific.

Yes.

The concept of
"Living PSA" to be
used in future.

Slovenia

Yes - specific.

Yes - no formal
requirement.

Not determined.
Living PSA is under
preparation.
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Question No.

10.

11.

12.

South Africa

Yes - specific.

Yes - no special
requirement.

Every time for any
effective changes of
the plant (a yearly
basis at least); Living
PSA is required.

Spain

Yes -specific.

Yes. Minimum utility
personnel involved is
required (project
manager, reviewer,
etc. and no less than 4
persons).

Not finally determined
(every PSR (6-10
years at least). Living
PSA is expected.

Switzerland

Yes (contractor);
specific.

Yes - no formal
requirement.

No specific period but
every 5 years at least.
Living PSA is
required.

United Kingdom

Yes - specific.

Yes. Not applicable.

Not applicable (every
PSR). Living PSA is
used on two plants
and under
consideration for other
plants.

United States of
America

Yes - specific.

Yes.

Yes, some utilities
use the concept
'Living PSA'
extensively.



Question 13: What use does the licensee make of PSA?
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Country

Belgium

Bulgaria

Canada

Czech Rep.

France

Germany

Hungary

India *)

Japan

Lithuania

Compliance
with
regulatory
requirements

X

X

Identification
of
weaknesses,
backfitting,
A.M.

X

X

X

X

X

X

X

X

X

Comparison
with PSC

X

Incident
Analysis

X

Justification
of regulatory
submittals

X

Technical
Specification
relaxation

Later

X

Emergency
planning and
procedures
EOPs

X

X

Others

Risk Monitor

System
design of
advanced
NPPs

*) With PSA is meant here reliability assessments on system level. Full Level 1 PSA in future.



Question 13: What use does the licensee make of PSA? (cont.)
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Country

Netherlands

Romania

Russian Fed.

Slovak Rep.

Slovenia

South Africa

Spain

Switzerland

United
Kingdom

Mexico

United States
of America

Compliance
with regulatory
requirements

X

X

X

X

X

X

X

Identification
of weaknesses,
backfitting,
A.M.

X

X

X

X

X

X

X

X

X

X

Comparison
with PSC

X

XX '

XX "*'

X

X

Incident
Analysis

Later

X

Later

Justification of
regulatory
submittals

X

X

X

Technical
Specification
relaxation

Later

X

X

X

Later

X

X

Emergency
planning and
procedures
EOPs

X

-

Later

X

X

Others

Risk Monitor

Improve
training

Risk Monitor
Maintenance
Planning
Research
needs

Risk Monitor
Maintenance
Planning

') From question 8 answers.
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Question 14: For PSA-based application like Tech Spec optimization, on which basis does the regulatory body accept or reject such requests (acceptance
criteria)? Please specify.

Country

Belgium

Bulgaria

Canada

Czech Republic

France

Germany

Hungary

India

Japan

Lithuania

Mexico

Absolute risk level

-

-

Relative risk level

-

-

X

Trade offs

-

-

Small risk increase
allowed

-

-

X

(<l%ofTCDF)

Others

-

Justification if it can
be supported by Risk
Monitor

Case by case; only
support to
deterministic
approach

-
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Question 34: For PSA-based application like Tech Spec optimization, on which basis does the regulatory body accept or reject such requests (acceptance
criteria)? Please specify, (cont.)

Country

Netherlands

Romania

Russian Federation

Slovak Republic

Slovenia

South Africa

Spain

Switzerland

United Kingdom

United States of
America

Absolute risk level

X

X

X

X

Relative risk level

X

X

X

Trade offs

X

No

X

Small risk increase
allowed

Nor rigid; preferably
No.

X

X

X

X

Others

Effect on
occupational dose.
Effect on whole
spectrum of risks
(Levels 1, 2 & 3).
No violation of
deterministic rules.

No violation of
deterministic rules.
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ANNEX II: THE ROLE OF PSA

1. POSITION OF THE PSA IN THE SAFETY ASSESSMENT

The overall safety assessment of a nuclear power plant (NPP) cannot be assessed with a
single method.

NPPs are usually designed on the basis of a set of deterministic rules aimed at preserving the
plant integrity and public health from all plant conditions and from postulated accidents. Central to
the deterministic approach is the concept of defense in depth which requires successive barriers to
prevent the release of radioactive materials to the environment, and the protection of the barriers
themselves.

The strength of these barriers is evaluated by the use of codes and models. The inherent
uncertainty of the codes is covered by engineering margins and conservatism. Nevertheless, the
uncertainty is unknown. Probabilistic methods, like PSA can address this concern by providing a deep
insight in the real safety performance of the barriers.

Although PSA techniques have improved considerably over the last decade, limitations in the
process remain, especially on the topics of Human Performance and Security. Other methods have
to be used (or developed) to address these problems.

PSA results can be used to evaluate the efficiency of the deterministic rules and to provide
a feedback loop for refining, increasing or releasing the existent rules, and possibly create new rules.
In several countries, PSA is considered as the source for setting the deterministic rules for new NPPs.

The position of PSA in the overall safety assessment can be represented in Figure 1.

Deterministic

Rules

~T
Probabilistic

Safety

Assessment

Plant design

and operation
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2. THE PSA APPROACH

One of the differences between PSA and traditional deterministic safety analysis is that PSA
uses a systematic approach to identify accident sequences that can arise from a broad range of
initiating events, and it involves a more realistic estimation of accident frequencies and consequences.
An additional feature of PSA is that it explicitly permits the quantification of some of the uncertainties
in safety assessment.

The main objective of PSA is to provide qualitative and quantitative information and insights
into plant design, performance and environmental impact, including the identification of dominant risk
contributors and comparison of options for reducing risk. In doing so PSA provides a common basis
for evaluation and comparison of options for improving the safety of the plant (e.g. mechanical,
electrical and structural hardware changes, operational practices and conditions). PSA methodology
provides various quantitative estimates that can assist in safety related decision making. PSC provide
a means to evaluate the quantitative results of PSA, and together PSA and PSC can form a consistent
and integrated framework for supporting decisions affecting the safety of nuclear power plants.

PSA has been shown to provide important safety insights additional to those provided by
deterministic analysis, and this Safety Report encourages its use. For existing plants the resource
requirements for producing a PSA and the potential benefits will depend on a number of factors,
including the expected plant lifetime, the perceived risk, the availability of data, the ability to carry
out realistic calculations and the deterministic criteria used in the original design. To determine the
appropriate extent of PSA for particular plants, Member States will need to weigh the potential
benefits and resource requirements, taking account of areas where these resources could be otherwise
employed to reduce risk.

3. PSA LEVELS

PSA provides a comprehensive, structured approach to identifying failure scenarios,
constituting a conceptual and mathematical tool for deriving numerical estimates of risks. PSAs are
normally performed at one of three levels. Each level can have a matching level of PSC against which
the quantitative results of PSA can be evaluated.

A Level 1 PSA identifies sequences of events that can lead to core damage. It can provide
major insights into design strengths and weaknesses into ways of preventing core damage, which in
most cases is the precursor to accidents leading to large off-site radioactive releases with potential heal
and environmental consequences.

In addition to the investigations of Level 1, a Level 2 PSA identifies ways in which
radioactive releases from the plant can occur and estimates their magnitudes and frequencies. A Level
2 PSA can provide additional insights into the relative importance of accident sequences leading to
core damage with respect to the severity of the radioactive releases they might cause and into ways
of improving the management of accidents, including the mitigation of their effects.

In addition to the investigations of Level 2, a Level 3 PSA estimates public health risks, and
sometimes other societal risks, and can provide insights into the relative importance of accident
prevention and mitigation measures expressed in terms of adverse consequences such as public health
effects or the contamination of land, air, water or food.



44

ANNEX III: LIST OF BENEFITS OF PSA FOR OLD PLANTS (TAKEN FROM IAEA-
TECDOC-547)

PSA for older plants should look at (apart from listed areas):

evaluate adequacy of licensing requirements when the plant was originally licensed;

evaluate safety impact from changes in design and procedures;

evaluate effectiveness of surveillance and maintenance procedures;

determine and prioritize human error contributions;

define dominant accident sequences for use in simulation and training;

evaluate dependencies and CCF contributions;

evaluate effects on CDF of ageing structures and ageing materials;

use time dependent failure rates and outage requirements;

to provide level indicators and trend indicators for reliability-based maintenance;

to evaluate time-dependent impacts of human intrusions.

Use PSA to predict future plant performance, considering:

evaluate future system unavailability from time trends;

evaluate changes in contributors to CDF due to ageing;

evaluate future time periods when safety would require re-evaluation;

evaluate interdependencies of components liable to CCFs;

evaluate accident minimal cut-sets for which recovery actions are identifiable and
quantifiable;

database of PIEs, failure rates, HEPs, recovery possibilities, CCF and their uncertainties.
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ANNEX IV: COMMENTS TO WORKING GROUP ON THE "USE OF PSA AND PSC FOR
OLDER PLANT BY K. ABE (JAPAN)

Role of periodic safety review

I believe the change in the safety analysis tool is much faster than the change in the
component reliability due to ageing effect. Hence the role of PSR is not to evaluate the
degradation of a plant but to apply the newly developed safety analysis method (typical
example is PSA) to the old design when PSA was not available. If so, what is the role of
the 'second' PSR?

What determines the life of a plant?

What determines the life of a plant? Is it the risk or CDF of a plant? Is it a reliability of
a certain system, structure or component such as reactor vessel? Or is it a factor not related
to safety, such as maintenance cost?

If the critical factor is a risk or CDF, what risk determines the life? Is it an internally
initiated risk or seismically initiated risk?

If the critical factor is reliability of a certain SSC, what SSC determines the life and why?

If the critical factor is not safety related, what is it?

Availability of data

In a special case where a certain SSC such as reactor vessel is very weak, perhaps the ageing
effects in some reliability parameters may be monitored. Then the change in the parameters
can be used for evaluating the life of the plant.

However, if the risk or some other integrated factors determine the life of the plant, it is not
easy to collect the necessary parameters which reflect the ageing effects. For example,
change due to ageing in the component reliability is not clearly found from the operational
experiences, because such change is masked by other factors such as replacement to a newly
developed components and change in the maintenance manner.

Do we have enough data which can be use for analysing the degradation of a plant?
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1.

1.1

REGULATORY REQUIREMENTS, THINKING, AND PLANS REGARDING THE USE
OF PLANT SPECIFIC PSAs.

History, Objectives and Scope of plant specific PSAs in the Netherlands.

Although, there are only two operating nuclear power plants (NPP's) in the Netherlands and a
further expansion of this small program is still undecided, Probabilistic Safety Assessments (PSA's) play
an important role in NPP licensing and regulation. PSA's are necessary for obtaining a construction and
operating license for a new NPP, as well as in the required periodic safety review of an existing NPP. It is
evident that in both cases the results could have design implications.

Before the Chernobyl accident two new nuclear power plants were foreseen in the Netherlands.
To show compliance with the at that time newly postulated environmental safety goals for new hazardous
installations, a level-3 PSA was foreseen to be part of the siting and licensing procedure. Such a PSA
should aim at a more global/integrated assessment of the plant safety. It should contain an element of
overall adequacy, in that it is deemed desirable to be able to compare the assessed safety-related capabili-
ties of a NPP against the probabilistic safety criteria and objectives (PSC) which were formulated by the
Dutch government at that time.

In the mid-eighties the Dutch government proposed a general risk management policy regarding
potential hazardous industries and activities (not only nuclear). This 'external' safety policy explicitly
referred to the safety of each single individual in the vicinity of a hazardous plant and of the population
as a whole. Explicitly a verification step in relation to pre-set probabilistic risk criteria was included in
this policy, ergo a PSA! This proposed policy was discussed at length in parliament and with interested
parties. The policy is frequently used in present decision-making procedures.

Because of this 'external' safety policy, a PSA would not only play a role in identification of weak
spots in the prevention and mitigation of (severe) accidents, but also a leading role in a verification
process. Although these probabilistic safety criteria have been developed to create a yardstick for proper
assessing the risk of new hazardous industries, these criteria have recently been declared to be applicable
to existing NPPs as welL

One application would be the use of the PSA for siting. It can be used to judge the acceptability
of a proposed site or to compare the alternatives in this respect.

After the Chernobyl accident the decision to expand the nuclear power capacity was postponed.
The government decided to reconsider the nuclear option. Several studies were initiated to help them
with this reorientation process. An important part of this reorientation process was the assessment of the
beyond design capabilities and possible accident management measures of the existing Dutch nuclear
power plants Borssele, a 472 MWe KWU-PWR, and Dodewaard, a 58 MWe GE-BWR. Because plant
specific PSAs were not available at that time, generic PSA insights and lessons learned from other PSAs
and deterministic analyses formed the basis for a regulatory accident management and backfitting strategy
as it was felt necessary at that time. The German Institute for Reactor Safety (GRS) was asked by the
Dutch regulatory body to assess the design weaknesses of both Dutch NPPs relying on their insights
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gained by performing the German Risk Study (DRS-B) and other deterministic assessments. The results
of this study formed the basis of the position of the Dutch regulatory body regarding accident manage-
ment and backfitting. One of the recommendations was to perform at least a level 1+-PSA for identifica-
tion of missing weaknesses. Thus, identification of the 'weaknesses* and 'imbalance' in the design and
operation features that could be improved (e.g. by backfitting, accident management or changes in the
conceptual design). In other words, the PSA should give a clear picture of the various scenarios leading to
core melt, the relative contribution to the core melt frequency of each initiating event group, and the
spectrum of resulting plant damage states. The PSA's had to support the required modification
programmes and/or give guidance to the development of possible risk reducing measures for preventing
and/or reducing accident scenarios as well as for mitigating the consequences of accidents.

Both the licensees and the licensing authorities agreed with the GRS - proposal to conduct a
level 1* PSA. This resulted in two bid specifications for a level-2 minus PSA. For Borssele this PSA-
project was awarded to the combination KWU and NUS, and for Dodewaard the project was awarded to
Science Applications International Corp. (SAIC) from the USA and to KEMA (Dutch equivalent of
EPRI).

The main objectives of the PSAs was primarily to identify and to assess the relative weak points
in the design and operation of the power plants, in order to support the design of accident management
measures, and to support backfitting. An assessment of source terms, public health risks, etc., was
regarded as unnecessary at that time.

The regulatory requirements as well as the wishes of the licensees themselves regarding the
objectives of the PSAs were translated by the licensees in their respective original bid specifications:

To identify and analyze accident sequences, initiated by internal and area events, that may
contribute to core damage and quantify the frequency of core damage.
To identify those components or plant systems whose unavailability most significantly contribute
to core damage and to isolate the underlying causes for their significance.
To identify weak spots in the operating, test, maintenance and emergency procedures which
contribute significantly to the core damage frequency.
To identify any functional, spatial and human induced dependencies within the plant configur-
ation which contribute significantly to the core damage frequency.
To rank the weak spots according their relative importance and to easily determine the effective-
ness of potential plant modifications, (both backfitting and accident management)
To provide a computerized level -1 PSA to support other living PSA activities like optimization of
Tech Specs, Maintenance Planning, etc.
To transfer technology and expertise to the licensee to make them fully capable to evaluate future
changes in system design, operating procedures and to incorporate these changes in the 'Living'
PSA.

At the same time large modification/backfitting programmes emerged, partly as a result of
Chernobyl. It turned out that large modification programmes involved a licensing procedure. Due to this
licensing procedure both plants had to submit an Environmental Impact Statement. A substantial part of
these Environmental Impact Statement is a 'full scope' level-3 PSA, including an assessment of the
influence of the proposed modifications. This meant an expansion of the scope of the ongoing studies.
These studies were finished in the beginning of '94.

In one case, new and unexpected studies regarding the potential of design modification proposals
had to be performed. This as a result of comparissons of the results with resp. level-1 and level-3 PSC.
An overview of these expansions is given in the next paragraphs. Due to review processes, intermediate
results of the PSA, changing 'state-of-the-art (e.g., assessment of the risks associated with low power and
shut-down states) and expansion of the objectives due to the licensing requirements the scope of the PSAs
expanded as well.
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After finighin£ these studies, the focus of PSA-applications will be shifted towards l iving PSA"
applications. Hie new licenses of the modified plants will include an article which requires the licensees
to have an operational 'living5 PSA. However, the exact content of the concept l iving PSA" has not been
filled in yet Both the licensees and the regulatory bodies are in a process to define the boundary
conditions for the possible applications. The use of PSA for configuration control, optimization of
Technical Specifications, or event analysis might be objectives to be persued. International developments
will undoubtly have a large influence on the decision-making process. It must be said there is some
reluctance in accepting the final numerical outcomes (uncertainties, incompleteness, too simplistic models)
of PSAs. On the other hand, final numerical outcomes will unavoidable play their role in the decision-
making proc . This apparently built-in conflict will cause both parties to evaluate and as a result to
adjust continuously their thinking and plans regarding PSAs. But, both licensees and regulatory bodies are
aware of the potential benefits of a living PSA programme. The licensees allocated already the necessary
manpower and financial means to support these living PSAs programmes.

lJt Current status of plant-specific PSAs.

The actual PSA-work for the Borssele Nuclear Power Plant started in September 1989. The study
was finished in February 1992 af.f,r most of the comments and remarks of the last out of a series IAEA
reviews (TPERS-review) were processed by the contractors.

In April 1990 SAIC started with the analyses for the Dodewaard Nuclear Power Plant. The study
was finished in april 1992 after processing the remarks and comments of an IPERS-review.

After these level-2-minus PSAs were finished, both plants started in 1992 with a low power and
shut-down PSA. For Borssele the screening phase of this study was finished in spring *93. The final
detailed study started in January *94. In June "93 this screening phase was reviewed by an IAEA-IPERS
team. Is summer '93 Dodewaard finalized the level-1 low power and shut-down PSA (internal events) .This
study was performed by PL&G and KEMA. A lot of scenario's were screened out, so a next and more
detailed phase was felt to be unnecessary. Based on arguments of Living PSA applications and the
original objective of identification of weak spots, the Regulatory body demanded more detail for the shut-
down PSA, as well as to extend it with an external events analysis and level-2 and level-3 analysis. In the
mean time Dodewaard also finished the detailed, as well as the screening studies of the external events
(power states). Both the shut-down PSA and the external event analyses were submitted for an IPERS
review in October 1993.

Both plants were asked to conduct a study on the impact of so called human errors of
commission. Borssele (NUS + University of Maryland) started with such a study in spring 1993. For the
time being, only errors during power states are assessed. This year, together with the second phase of the
low-power and shut-down PSA, the influence of these errors on the low and non-power states are being
assessed.

1 3 Regulatory guidance and preconditions.

At the onset of the Dutch PSA programmes, there existed no national PSA-guidelines. In
discussions between licensees and regulatory body some requirements and guidance was given concerning
the scope, level of detail, whether or not best estimate techniques to be used in the modelling, etc.
Regarding the more detailed guidance the agreement was that the U.S. PRA Procedures Guide
(NUREG/CR-2300) and the PSA-Procedures Guide (NUREG/CR-2815) were adequate at that time.
Regarding the level-2 part reference was made to an ongoing dispute between EPRI and the U.S.-NRC at
that time regarding MAAP-3. As long as this disagreement was not settled, the Dutch regulatory body
had to put some restrictions on the use of MAAP-3 (only in combination with other level-2 code
packages).

It was also communicated to the licensees that the assumptions being made must be realistic,
state-of-the-art and traceable. This means that CCF limits must be realistic (6-factors < VS* are unrealis-
tic!), that operator recovery actions can only be claimed when written procedures exist, that available
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time-scales for performing human actions must be large enough to be realistic. This means also that the
data being used must be plant specific as much as possible. The assumptions being made (e.g. system
success criteria) should be based on plausible and consensus assumptions. These assumptions however,
should be backed up by uncertainty and sensitivity analyses for a more confident interpretation of the
significance of the results.

A FMEA was recommended, but not required. However for the Borssele PSA FMEAs have been
carried out for the system modelling of the support systems (e.g. instrument air or component cooling
water).

During the PSA-projects further guidance was given based on findings gathered during IAEA-
Peer Reviews (TPERS-reviews).

For future PSA activities PSA-guidelines are formulated, and available in draft. The document is
now under review by the 'Reactor Safety Committee". The guidelines will be structured around the IAEA
PSA guidelines "Procedures for Conducting Probabilistic Safety Assessments of Nuclear Power Plants"
(IAEA Safety Series No. 50-P-4). An introductory document has been written by the regulatory body. The
possible objectives, scopes and their relation are given in this document. Because, in the Netherlands risk
criteria have been formulated and will be used for reasons of comparison in the external safety policy of
the Dutch government, this document describes some pitfalls in comparing PSA results with these risk
criteria and objectives. Therefore, some guidance is given in how to deal with uncertainties and very low
probability numbers. Especially, in which circumstances it is allowed to cutoff the frequencies of accident
sequences and single events in the extreme low probability domain without causing a significant
underestimation of the risk, and how to do it.

1.4 PSA review practices

Both PSAs were characterised by a large involvement of plant staff. An important aspect of this
involvement was the review by the licensees together with the research institute of the electric utilities,
KEMA. Apart from these reviews, the regulatory body monitored and reviewed the PSA activities. Last
but not least, the IAEA reviewed both PSAs via the so called IPERS programme (International Peer
Review Service).

For Borssele the first phase of a peer review by the IAEA took place in the last week of August
1989. This review involved the scope of the project and how this scope was translated into a project
proposal by the contractor. The review was conducted by a team of PSA specialists under the IAEA's
recently initiated International Peer Review Services (IPERS). The peer review for the Power State PSA
was split into three phases. A second review was conducted in June '90, approximately halfway through
the project. The last review took place in October 1991, after 95% completion of the PSA. In combination
with the first peer review a training course on the review of PSA's was given by the team members of the
IPERS-team for staff and consultants of the Dutch regulatory authorities. In June 1993 an IPERS review
took place for the screening phase of the low power and shut-down PSA of Borssele. In November 1993 a
limited IPERS mission took place with the emphasis to check if all the raised issues in previous EPERS-
missions were adequately resolved in the final report

For Dodewaard the first phase of an IPERS Peer Review of the Power State PSA (internal
events only) took place in May '91 after approximately 60% completion. The second and last review of
this limited PSA took place in February '92 after 100% completion. In October 1993 an IPERS review
took place for the Dodewaard low power and shut-down PSA as well as the analyses of the external
events. In December 1993 an IPERS review took place for the level-2 analysis of the Dodewaard PSA.

Apart from these external reviews, the Dutch Regulatory Body did some detailed reviews.
Especially, the fire risk study of the Dodewaard plant was reviewed regarding the plant specific input in
the study.
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1.5 Regulatory Use of the PSA's

Since the ad hoc request to submit a level-1* PSA in the aftermath of the Chernobyl accident,
PSAs got a more firm and legal footing in the licensing process. This legal basis mil even be more
strengthened in the coming years.

L In the current operating permit a requirement for a periodic 10-year safety review is
included This review process is including a PSA.

2. The operating permits of the modified plants (1997) will include an article which requires
the operating plants to have a living" PSA.

3. Each new plant and each major modification which is a deviation from the described
safety level require a major licensing procedure, including a new safety report, an
Environmental Impact Statement (Environmental Protection Act). This Environmental
Impact Statement generally requires a LeveI-3 PSA to show the environmental conse-
quences and consequences on the public health leveL Although it was not a legal
requirement, the comparison with the established PSC took place in this contest.

As indicated above, the main reason for the current PSAs was to provide both licensees and
regulatory body a better understanding of the hidden safety related weaknesses in operation and design.
Besides this traditional objective other, less obvious, reasons for regulatory input regarding the use of
PSAs emerged as well, to mention:

To have a common basis of understanding between licensee and regulatory body.
Stimulation of living PSA applications at the plant

The regulatory body uses the current PSA as a common basis of understanding in discussions
regarding plant modifications, backfitting, etc. In this case the PSA is not a replacement of the traditional
regulatory work; it only assesses and guides this work.

The regulatory body has, besides the traditional controlling and inspection tasks, a stimulating
and initiating role as well. An important task of the regulatory body is to promote the use of the PSA as
an operational tool for the licensee. A PSA has so many potentials for helping to improve the safety of a
plant, that it would be a waste if the operating organization would not make use of the full range of
capabilities of a PSA. Optimization of Tech Specs, maintenance strategies, test intervals, etc. are
possibilities to think of. Therefore, the requirement to have a 'Living* PSA, as it is included in the new
operating permits is a good start; but it is not enough. The plant management has to understand that a
'Living' PSA is a valuable tool for them, and not just another regulatory requirement to be fulfilled.

The use of a PSA for optimizing the various areas for attention within the regulatory body
regarding safety issues, and indicating priorities within these areas of attention is a direction
which will carefully be explored in the future. On the other hand, the large modification programmes are
continuously asking for safety related decision-making and regulatory attention. The PSA outcomes play
an important role in this process.

1.6 Attitudes towards the uses of PSAs; perceived limitations.

Learning about the ins and outs, the outcomes, and the used and applied methods of the PSA's
of the two Dutch NPP's, provide the staff members of the regulatory body an alternative and complemen-
tary look on safety issues and safety decisions. Because, traditionally many safety decisions were made
solely on the basis of deterministic studies and/or engineering judgement, the relative importance of safety
issues in the overall risk were not very transparent. Moreover, the PSA offers an extensive set of
deterministic analyses as well. Only not as a set of stand-alone analyses, but as a coherent integrated set
of analyses.

But, as already mentioned, there is within the regulatory body a healthy amount of scepticism
regarding PSA outcomes; or more specific the communicated outcomes. Especially, the unavoidable
incompleteness of every PSA is a factor which has been designated as a reason for being careful with
presented PSA outcomes. E.g., the fact that accident sequences resulting from a specific class of initiating
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events contribute significantly to the Total Core Damage Frequency (TCDF) is only true within the scope
of the study. A fact that e.g., LOCA, Station Blackout or other transient sequences are dominant in case
of power operating states and internal events might not be true if non-power states and external events
(hazards) were included in the scope of the study. Another example is the resolution of issues involving
human recovery actions with the help of a PSA. Such an effort might be fruitless without the assessment
of the associated errors of commission. Large modelling uncertainties of some PSA parts, and its
perceived impact, can lead to distrust of the results, especially in the level-2 area and associated decision-
making on Accident Management. In one occasion the regulatory body noticed a mismatch between scope
and use of the results of the PSA.

Therefore, statements regarding the attitude of the regulatory body on a particular kind of PSA
usage/application cannot unambiguously be given. It can only be given in the context of set scope and
boundary conditions of that study. In principle every PSA application is stimulated; but never as the sole
input for issue resolution or other safety related decision-making.

The combination of overrating PSA capabilities and not fully understood scope of the PSA has lead in a
few occasions to some disappointment. Therefore, full appreciation of a PSA by the regulatory body
implies that a certain amount of knowledge regarding the 'ins and outs' of the study is necessary for most
of the staff members, and a deep knowledge for at least one staff member. Therefore, at the onset of the
Dutch PSA programmes, the IAEA was asked to give a training in the art of reviewing PSAs for a large
group of staff members of the regulatory body.

2. THE USE OF PSC

The Netherlands has embodied the IAEA/ NUSS Codes on the Safety of Nuclear Power Plants in
its existing regulations. Regarding the Issue of Severe Accidents article 317 of the Code of Design (IAEA-
Safety Series No. 50-C-D (Rev 1) is of importance.

Article 317 in its amended Dutch version requires the consideration of severe accidents in the
design and that the associated risks have to be reduced wherever these risks can be reduced with
reasonable means, in the design, despite their low probability of occurrence. Based on operating
experience, associated safety analysis and results from safety research, design activities should include the
following:

(1) Important event sequences that lead to severe accidents should be identified for a given
design.

(2) Consideration should be given to the existing plant capabilities including the possible use
of some systems beyond their originally intended function and design basis, and using
some temporary systems to return the plant to a controlled state and to mitigate the
consequences of the severe accidents.

(3) Potential design changes which could either reduce the likelihood of these events or
would mitigate the consequences, should these events take place, should be evaluated.
They should be implemented if an overall increase of safety can be achieved through a
commensurate effort.

(4) Accident management procedures should be established, taking into account representa-
tive and dominant severe accidents.

Another article 1204 of the Code of Design (IAEA-Safety Series
No. 50-C-D (Rev 1)) in its adapted Dutch version is of importance. This article requires the licensee to
demonstrate by means of a probabilistic safety assessment that:

large releases are very unlikely, and
any design basis accident is not on the threshold of a sudden escalation of the conse-
quences of postulated initiating events (PIEs).

This means in practice that it should be demonstrated that large releases of radioactivity do not exceed
lO^/year.
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In a Dutch proposed amendment on an underlying Safety Guide (IAEA Safety Series 50-SG-
D l l ) , limiting values are given for the maximum credit which non-diverse safety systems can claim for
their reliability.

"The reliability claimed for a system in the analysis should be limited to a value which reflects the
best estimate that can be made taking into account that there may be mechanisms for common-
cause failures which are unknown. For non-diversified systems, this limitation shall be in a range
corresponding to one failure per 10s to 104 demands.*

In that safety guide also cut-off frequencies for external events are given for design purposes.

"combinations of external events and other incidents have to be assumed if these events have a
causal relation or if on the basis of a PSA the probability of a large release caused by the
combined event is higher than 10*/year. The calculation of the probability shall include any
potential increase of the failure probability of components that are subjected to external events."

This means for existing NPPs, identification and assessment with deterministic and probabilistic
analysis as well as with generic insights from safety research, other PSAs, etc.

These requirements are enforced in a regulatory policy in a backfitting requirement for existing
NPPs. Although backfitting primarily addresses the design basis area, also the beyond design basis area
and associated severe accident issues get their attention. This so-called backfitting rule involves the
requirement of a periodic 10-yearly safety review. This requirement is included in the operating licence of
both plants. On basis of this periodic 10-yearly safety reviews (including a PSA) backfitting is required if
safety can be improved significantly at reasonable costs, and the design of the measure fits in the total
existing design and/or operation. The reasonableness of the costs should be viewed in relation to the next
'long* period of operation (10 years). However, design or operational features which are regarded as
shortcomings or violations with respect to the original safety level as assumed during granting the current
license for operation, need to be resolved on a short term basis.

Apart from the adopted and generally applied nuclear safety rules and regulation for the design
and operation of NPPs, the Dutch government has adopted an even more global safety policy in assessing
potential hazardous industries and activities1. This policy will be elaborated in some more detail in the
following. It is a risk management policy explicitly referring to the safety of each single individual in the
vicinity of the plant and of the population as a whole. Although, this policy has no legal status yet, it plays
a role in the decision-making regarding the acceptability of hazardous industries as well as transportation
of dangerous goods. This risk management concept has the following objectives:

Verification if pre-set criteria and objectives for individual and prompt societal risk are
met. This verification includes identification, quantification and assessment of the risk.

Reduction of the risk, if required, until an optimum level is reached (ALARA/ ALARP-
principle)

Control i.c. maintaining the risk at these optimum levels.

Thus, explicitly a verification step in relation to pre-set probabilistic safety criteria is included, in
addition to the basic principles for protection . The PSA has not only a role in identification of weak
spots in the prevention and mitigation of severe accidents, but also a leading role in a verification process.
These probabilistic safety criteria and objectives (goals) have been developed to create a yardstick for
proper risk assessment of new (planned) industries. A few years ago these criteria and objectives have
been declared to be applicable to existing NPPs as well. Originally, these criteria differentiated between

') Ministry of Housing, Spatial Planning and the Environment, Premises for Risk Management; Risk Limits in the Context
of Environmental Policy, Second Chamber of the Stales General, 1988-1989 session, 21137, no. 5, The Hague, 1989.
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three possible risk related situations: normal risk, where permissible activities lie, elevated risk, where
reduction is required according the ALARA principle and excessive risk, where the risks are unac-
ceptable. These are specified with respect to two goals. The first goal aims at limiting the mortality risks
for the individual citizen, whilst the second goal anus at preventing disasters which affect large segments
of the population. A measure for the latter is the risk of a larger number of prompt fatalities due to that
disaster, called societal prompt mortality risk. Both the number of casualties and the simultaneity of dying
are ingredients of societal disruption. It is recognized that other risk criteria and objectives for the
individual, the society as a whole, and the environment (both qualitative and quantitative) are possible. As
far as these objectives and criteria are sot formulated officially, they fall outside the scope of this
document

Due to discussions in the Dutch parliament it was felt necessary to abandon the concept of de
minimis value or objective for both individual risk and societal risk. The main reason was the recognition
that risk perception and the acceptability of some risks by the general public had to be included in the
question: " How safe is safe enough?". This meant that the desirable risk reduction, via the ALARA/AL-
ARP principle, could differ from one hazardous activity to another. Therefore, one unique de minimU
value or objective was no longer a useable concept. The concept of the minimis value formed no longer
part of the Dutch PSC. On the other hand, PSA outcomes are still compared with these de minimis
values. One can say that these values represent a kind of unofficial safety goal.

The definitions of individual risk in the literature vary considerably. For the purpose of the Dutch
risk management policy regarding major accidents, the following definitions for individual risk and societal
risk were chosen:

Individual risk is defined as the expected frequency of death due to a hazard of a
hypothetical unprotected person at any given fixed location beyond the perimeter of the
installation concerned (both early and late fatalities), and being there 24 hours/day for
the remaining lifetime

Societal (group) risk is defined as the expected frequency of N or more prompt fatalities
beyond the perimeter of the installation concerned due to a hazard at that installation. It
is described by a Complementary Cumulative Probability/Density Function F of the
number of prompt fatalities N ( = F(N)) (only early fatalities).

For each source or activity the upper bound of acceptable individual risk is lO^/year. Below this limit
value the ALARA (As Low As Reasonable Achievable) principle will be applied. For all hazardous
sources or activities combined, an individual risk limit of 10'5/year is chosen.

For the criterion for societal risk a CCDF (Complementary Cumulative Density Functions) is chosen.

This CCDF is in the form of a straight line on a log-log scale of the F-N plot (see fig. 1). In order to deal
with risk aversion a slope of -2 for this CCDF is chosen. This means that the unacceptability limit for the
best estimated frequency of hazardous incidents in which 10 or more people are killed simultaneously is
10s/year, while a frequency of 10'7/year is considered as the limit for accidents with 100 or more early
fatalities. This criterion applies to prompt fatalities, and therefore only to major accidents. In this case
only persons outside the site-boundary are meant, and not workers inside the site-boundary.

In the future this policy will be extended to the general topic of radiation protection. In case of nuclear
power plant operation, the criteria and objectives for individual risk will also be expanded to the area of
normal operation and operational occurrences. In this case only late fatalities are referred to. Therefore, a
dose limit for the population of .04 mSv/year/NPP will be adopted in the Radiation Protection Decree. It
is based on a risk factor of 2.5 102/Sv and an individual risk limit of lC'/year.
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figure 1. Societal Risk Objective and Criterion.

Similar to the cumulative individual risk criterion for severe accidents, a cumulative individual risk
limit of 10'5/ycar , due to all radiation sources and activities, has been adopted for 'regular' (non major
accident) situations. With these radiation sources and activities man-made, artificial sources and activities
are meant. The radon issue in relation to building and housing is for the time being excluded from this
policy.

As stated before, societal risk only considers prompt fatalities because the late fatalities do not
contribute in possible disruption of societal order. Nevertheless, it was felt that additional criteria were
needed to limit the long term consequences of an accident. Therefore at this moment investigations take
place to see if limiting the extent of land and surface-water contamination (in terms of probability, area,
and contamination) is a feasible option.

In case there is a decision to expand the nuclear energy option in the Netherlands, this risk
management concept will also be used for licensing of the future NPPs. However, this application goes
hand in hand with the other appUcations. Especially in cases where differences in siting offers hardly any
alternatives for reducing the risk, optimization of the safety can be found in source oriented measures.

3.

3.1

PSA BASED PLANT MODIFICATIONS & BACKFITS.

Some history of the Dutch Modification programmes.

In the Netherlands exists a backfitting requirement for existing NPPs. Although backfitting
primarily addresses the design basis area, also the beyond design basis area and associated severe
accident issues get their attention. This so-called backfitling rule involves the requirement of a periodic
10-yearly safety review. This requirement is included in the operating licence of both plants. On basis of
this periodic 10-yearly safely reviews (including a PSA) backfitling is required if safety can be improved
significantly al reasonable costs, and the design of the measure fits in the total existing design and/or
operation. The reasonableness of the costs should be viewed in relation to the next 'long' period of
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operation (10 years). However, design or operational features which are regarded as shortcomings or
violations with respect to the original safety level as assumed during granting the current license for
operation, need to be resolved on a short term basis.

Generic PSA insights and lessons learned from other PSAs and deterministic analyses formed the
basis for a regulatory accident management and backfitting strategy as it was developed after the
Chernobyl accident. The German Institute for Reactor Safety (GRS) was asked by the Dutch regulatory
body to assess the design weaknesses of both Dutch NPPs relying on their insights gained by performing
the German Risk Study (DRS-B) and other deterministic assessments. The results of this study formed
the basis of the position of the Dutch regulatory body regarding accident management and backfitting.
Bleed and feed as operator action to prevent high pressure core melt scenarios, or a filtered containment
venting system to prevent late containment overpressure are examples of issues of this accident
management strategy. However, one of the recommendations was to perform at least a level 1+-PSA for
identification of missing weaknesses. Thus, identification of the 'weaknesses' and 'imbalance' in the design
and operation features that could be improved (e.g. by backfitting, accident management or changes in
the conceptual design). In other words, the PSA should give a clear picture of the various scenarios
leading to core melt, the relative frequency contribution to the core melt frequency of each initiating
event group, and the spectrum of resulting plant damage states. The PSA's had to support the required
modification programmes and/or give guidance to the development of possible risk reducing measures for
preventing and/or reducing accident scenarios as well as for mitigating the consequences of accidents.

Both plants started with a level 2* PSA (power states only, and a screening analysis of external
events). These studies were added with assessments of the non-power states and all external events, and
expanded to full scope level-3 PSAs.

Level-1 PSAs were mainly used for identification of design and operation weaknesses of the plant
in order to supplement the existing non-quantitative deterministic requirements for backfitting of the
plants. For one plant the external initiating events turned out to be dominant. These findings heavily
influenced the decision-making regarding the optimum allocation of the restricted resources.

The level-2 PSA-expansions as input for the regulatory position on containment and severe
accident issues is for one NPP more clearly manifest than for the other. In one case it was a confirmation
of the generic insights gained from DRS-B, and therefore the already existing regulatory position, whilst in
the other case the level-2 PSA, due to the results, had a more profound and direct impact on the
regulatory position. Although, in this case most of the vulnerabilities of the containment were known, the
accident sequences leading to it and the associated plant damage states at the onset of core melt
accidents were mainly identified by the PSA (often called the level-1/ level-2 interface). Consequential, on
basis of all the gained insights ( plant-specific deterministic and probabilistic analyses, as well as generic
insights) a regulatory position regarding measures for preventing and/or mitigating large releases is
possible.

Level-3 PSA-expansions were mainly required to assess the risk of the general public and to
compare the results with the level-3 PSC. Another reason for requiring a level-3 PSA is implicitly given by
the requirement of an Environmental Impact Statement as part of the current licensing renewal process2

Comparison of final level-3 PSA outcomes with probabilistic safety criteria (PSC) on the public
health level were thought to be non-important for explicit decision-making on severe accident issues.
Level-3 PSA outcomes in conjunction with PSC on the public health level were mainly seen as an
instrument for siting and justification that the actual design met the criteria. For improvement of the
design with regard severe accidents level-3 PSAs are thought to be less important. Even the requirement
of a filtered containment venting system was based solely on generic insights. However, very recently,
assessed level-3 PSA outcomes triggered an immediate decision-making regarding actions to be taken to
prevent early containment meltthrough. This comprised already existing plant-specific level-2 PSA insights

1) Large plant modifications require a renewal or the existing license.
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regarding the unbalanced contributions of some accident sequences to the containment vulnerability, and
consequentially large releases. It were these insights that gave the regulatory actions and requirements a
more firm footing.

32 Major insights of Borssele PSA (current plant status).

The Borssele risk is dominated by LOCA's.
The independent bunkered primary & secondary side reserve suppletion system is capable to mitigate
most of the consequences of transient initiating events.

Several design features have been identified which are important for the total core damage
frequency (TCDF) or containment failure modes and frequencies. Design changes to improve the risk are
currently under study. These design changes fall within the scope of the current 10-year safety re-
evaluation programme and associated modification programme. The proposed modifications are:

Functional and physical separation of redundant ECCS-trains.
Addition of a single train reserve cooling water system to strengthen the decay heat removal
capability b case of loss of the decay heat removal capability to ultimate heat sink (via VF and
TF). This system consists out of a reserve decay heat removal system (secondary side), a reserve
spent fuel pool cooling system (secondary side) and a reserve emergency cooling water system
including deep-weO ground water pumps.
Functional separation of the closed cooling water system trains, and adding a fourth pump to this
system.
Functional separation of the auxiliary and emergency cooling water system trains.
Replacement of Emergency Power DGs to increase the electrical output.
Installation of a 2nd independent connection to the external electrical grid.
Physical protection of the high energy lines inside the annulus by installing mantle pipes.
Renewal and change of the primary relief station on top of the pressurizer to improve the bleed
and feed capability.
Installation of a filtered containment venting system.
Improving the capability to prevent/mitigate hydrogen burn/deflagration/detonation. The exact
measures still has to be decided.
Connection of the bunkered primary reserve suppletion system to the pressurizer (spray) to
increase the capability to decrease the pressure in case of SGTR.
New reactor protection system and 2nd control room in a new external event hardened building.
Automation of the cooling-down of the primary system via SGs in case of incidents/accidents like
small break LOCA (100 °K/hour).
Replacement of a turbine driven pump of the emergency feedwater system by an motor driven to
increase the cooling down capability of the primary system via the SG.
Installation of check valves on Inundation Tank lines (Low Pressure ECCS).

Nearly all the Identified weaknesses by the PSA have been addressed by this proposed modifica-
tion programme of the plant. However, some of the found safety features which are important
for the safety levels of the Borssele NPP were originally not addressed in the ongoing modifica-
tion programme. These are listed below:

3.2.1 Issues addressed by the PSA, but not by the original modifications proposals:

* Minimum Flow Requirements for Low Pressure ECCS Pumps.

In accident situations where low pressure injection is required but the break flow from the
primary system is limited (small LOCAs), the operator must open several valves to the sump to increase
pump flow and prevent pump failure due to deadheading. There is no minimum flow line for these
pumps, and operator actions must be performed quickly. This event is one of the most dominant
contributors to plant core damage frequency. Failure of the low pressure pumps also fails the containment
heat removal function, so there is also a level 2 risk impact.
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Proposed Resolutions:

installation of minimum flow bypass lines for these pumps,
installation of a low flow alarm.

* Backflow Through Failed or Not Operated Pumps.

Many of the fluid systems at Borssele have common discharge and suction piping for the
redundant pumps. These systems include the important ECCS trains and the cooling water systems. If a
check valve on the discharge of one of the pumps is stuck open, and the pump is not operating, then the
flow of the operating redundant pumps can be diverted back through the check valve and non-operating
pump, and failing the required safety function.

Proposed Resolutions:

Changing of procedure. Set pump-selection switch in position of the last tested pump. This pump
will start first in case ECCS system is required.

* Miscalibration of Level Sensors/ Transmitters.

Miscalibration of multiple critical sensors is a dominant contributor to actuation failures,
particular sump recirculation.

Proposed Resolutions:

Change existing procedure for calibration in a procedure for staggered calibration.

322 Issues being addressed by the PSA, and partly by the original modifications pro-
gramme.

* Common Cause Failures or ECCS.

During small LOCA's, very small LOCA's and Transients, pump and valve common cause
failures are significant contributors to the accident sequences, particularly in the injection mode, sump
recirculation mode, and closed RHR cooling mode of the ECCS.

Proposed Resolutions:

The whole ECCS system will be changed in the coming years as a result of a major ongoing
backfitting program in Borssele. E.g., there will be a stronger separation between ECCS trains.
Changing of procedure in case of very small LOCA's. In case the RHR cooling mode fails
transfer to the sump recirculation cooling mode.

* Containment Bypass Scenario's.

IS-LOCA and SGTR scenario's contribute for 7% to the total plant damage state frequency.

Proposed Resolutions:

improved procedures for SGTR.
installation of a redundant pressurizer spray function for the bunkered secondary side reserve
suppletion system.
trip signal for high head ECCS pumps at high level in Steam Generator
System modifications for preventing IS-LOCA events are under study.
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Thc Hydrogen issue turned out to be not important for the Borssele NPP. The results of
calculations are, that local Hj concentrations inside the containment will not reach any deflagration-
detonation transition level. An important reason is the small reactor power - containment volume ratio of
Borssele compared with Biblis (its larger German sister plant). The maximum peak pressure (point value)
which can be reached in some local areas will not exceed 7 bar. However, uncertainties are like most
level-2 calculations large. Although, H-, seems to be a non-issue for Borssele modifications are still
required due to the uncertainties. Modifications are being studied at this moment, e.g. post-accident
inertisation of the containment, installation of catalytic igniters, etc.

Given severe core damage, the conditional probability of intentional venting the containment (to
prevent an uncontrolled failure due to overpressurization) is 87%. Installation of a filtered containment
venting system will therefore be highly beneficial in this case. Installation of a containment filter is
foreseen in the near future.

Some of the above described weaknesses as been identified by the PSA have been resolved by
modifications in the last two refuelling outages of 1993 and 1994. Especially, the minimum flow bypass
lines for the ECCS pumps reduced the core melt frequency significantly. Due to these modifications the
TCDF decreased from 3,7 lO^/year to 3,2 lCVyear for internal events (power states).

323 Impacts or the modification proposals on the PSA results

The impact of the some of the proposed modifications on the PSA results can qualitatively being
described as follows:

The functional separation of the ECCS-trains will reduce the TCDF, due to reduction of failures
due to backflow and flow diversion to the accumulators.
The addition of a single train reserve cooling water system will reduce the TCDF by functioning
as a redundancy to the RHR system. However due to the use of the same sump suction valves,
this system will be vulnerable to the same sump valve faults as the RHR system.
The functional separation of the closed cooling water system reduces the TCDF due to reduction
of failures involving backflow and lowering the initiating event frequency for loss of TF.
The functional separation of the auxiliary and emergency cooling water system reduces the TCDF
due to reduction of failures involving backflow and lowering the initiating event frequency for loss
ofVF.
Connection of the bunkered primary reserve suppletion system to the pressurizer spray lines
reduces the TCDF.
Physical protection of the high energy lines inside the annulus (ringroom) don't influence the
TCDF (already low frequency of steam line breaks)
The replacement of a turbine driven pump of the emergency feedwater system by a motor driven
pump has a minor effect on the TCDF. It improves the reliability but takes away capability for
system response in station blackout.
The replacement of the primary relief valves (PORVs and SRVs) by new tandem valves reduces
the TCDF due the fact that the current PORVs are not qualified for ATWS; a lowered relief
valve demand rate following a transient; and, a lower small LOCA frequency due to fewer valves.
The automatization of Secondary Cooldown (via SGs) reduces the TCDF due to the fact that
currently operator action is required in a rather short time window. Also, automatic cooldown
(combined with other system successes) can be used to mitigate ECCS high pressure injection
failures.
Installation of Check Valves on Inundation Tank Lines (Low Pressure ECGS) reduces the TCDF
significantly due to elimination of backflow problems of hot sump water into the inundation tanks.

In the following tables an overview is given of the effect of the individual proposed modifications
on the TCDF, the effect of the total modification-package on the frequencies of the various accident
sequences, as well as on the frequencies of the various source term groups.
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Table 32.1. Influence of proposed modifications on TCDF

Modification

Install inundation tank discharge check valves

Install single train low pressure decay heat removal
system/reserve emergency cooling water system.

Automatic secondary cooldown following LOCA

Functional separation of BCCS trains

Functional separation of dosed cooling water syst

Change injection pressure setpoint to allow injection
by the bunkered primary reserve suppletion system
following ATWS

Functional separation of auxiliary and emergency
cooling water systems

SG overfill protection signal by adding a high pres-
sure ECCS pump trip on SG high-level.

Connection of bunkered Reserve Suppletion system
to pressurizer spray lines for early depressurization
during SGTR

TCDF
Reduction

4 0 %

20%

6%

3 %

3 %

3 %

2 %

1 %

0,4%

Comments

Reduces LOCA sequences (dominant power contri-
butors)

Reduces LOCA sequences, also impacts external
events, and non-power sequences.

Reduces LOCA sequences

Reduces LOCA sequences

Reduces support system initiating event contributions

Reduces ATWS sequences

Reduces support system initiating event contributions

Level-2 impact, reducing sequences important to the

Level-2 impact

Table 32.2. Comparison of the Contribution of Initiating Events to TCDF (Internal events, Power
States) of the current plant status with the modified plant.

INITIATING EVENTS & FUNCTIONAL FAILURE

Very Small LOCA (MMVV)

ATWS without Main Feedwater available

Small LOCA (1H - 2V4")

Small to Medium LOCA (2V« - 3K")

Large LOCA ( > 6")

ATWS with Main Feedwater Available

Flooding in battery Room

SGTR

Loss of Emergency Cooling Water System VF

Internal Flooding of Service Water Intake Building

Interfacing Systems LOCA

Others (transients, SBO, turbine missiles, etc)

Loss of Closed Cooling Water System TF

Total

TCDF Contribution 1994
status [year"'j

1,5110* (47 %)

1,29 lO"" (4%)

6,1210* (19%)

3,86 10* (12%)

9,66 107 (3%)

8,9 10* (0.25 %)

6,44 10"7 (2%)

1,61 10* (5 %)

1,3 10-7 (0,5 %)

4,6 107 (1 %)

1,61 10* (5 %)

9,66 107 (3%)

3,22 10"5 (100 %)

TCDF Contribution 1997
status [year1]

6,6 Iff7 (40%)

6,8 10* (4 %)

2,4 10"7 (14 %)

1,7 10* (1 %)

2,2 Iff7 (13 %)

1,2 10"7 (7 %)

8,5 10* (5 %)

8,5 10* (5 %)

6,8 10* (4 %)

1,7 10* (1 %)

4,4 10* (3 %)

5,1 10* (3 %)

1,0 Iff8 (0,1 %)

1,7 10* (100 %)
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Table 3 2 3 Frequencies of Contributions of External Initiating Event to TCDF.

EXTERNAL rNmATTNG EVENT

Airplane Crash

High Winds A Tornadoes

External Flooding

Seismic Events

Frequency Current
Plant (year'1]

2310*

3.110*

2,4 VT7

2,010*

Frequency Future
Plant {year'1]

2 * 1 0 *

3,110*

6,110*

9,4 10*

Table 32.4 Influence of modifications on frequencies of various defined Source Term Groups.

Source Term
Group

SGI

SG2

SG3

SG4

SG5

SG6

Total

Noble Gases
[% of core
inventory]

99

59

99

84

75

1

Cesium
[% of core
inventory]

59

3

0,8

0,05

0,02

4 10*

Iodines
[% of core
inventory]

54

3

0,7

0,04

6 103

210*

Frequency
Current plant
(year1]

3,8 107

6? W7

7,6 107

2,0 10*

2,4 KT5

4,8 10*

3,2 105

Frequency
Modified plant
lyear"1]

4 3 1 0 *

5,610*

7,610*

< 10*

1,4 10*

13 W7

1,7 10*

33 Major insights of the Dodewaard PSA.

Some years ago the conceptual stage of a large backfitting program was started. This backfitting
program was primarily based on deterministic insights, and comprised the following modification
proposals:

A second emergency power division (emergency power diesel generator, 10 kV connection with
external NUON grid, and batteries) is added in the new auxiliary building.
The reactor protection system is replaced with a 2 out of 3 system, located in the new auxiliary
building.
All pumps and valves in the emergency cooling and heat removal systems will be placed on the
now redundant emergency power bus.
For some equipment redundancy was added, e.g., some valves of the isolation condenser.
The possibility of supplying river-water directly via the fire-fighting system in the RPV.
With a RHR-pump as supply the CRD-system can be used as a high pressure injection system
with suction from the wetwell
The fire-fighting system can be used as an alternate for room cooling of the ECCS pump rooms.

At the same time the PSA program of the Dodewaard plant was going on. Most of the
weaknesses identified by this PSA were already addressed by the modification program. However, the
numerical outcomes caused:

some immediate actions, and
some additions to the original proposed modifications program; to be implemented in 1996-1997.
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33.1 Immediate actions being taken.

The Dodewaard risk was dominated by external events. Internal fire, seismic events and internal
flooding were the main contributors. Despite the fact that some conservatism was used for the fire
analysis, the results were such, that immediate actions were warranted. Adding barriers between electrical
buses and switches, and adding strength and physical protection to the most seismic sensitive electrical
cabinets, and by putting some barriers fire and water barriers in some cable trenches greatly reduced the
risks arising from these external events. These actions are included in the PSA results as presented in §
22. Some of the immediate actions being taken are:

* Seismic Risk.

Although, the Netherlands can not be characterized as a seismic country, there is still some
6cismic activity. The PSA showed that seismic events were dominant for the Dodewaard plant Especially
electrical cabinets, and walls in the 3 kV switch-gear-room and room containing the cabinets of the
reactor protection system and computer for the data-logger turned out to be risk dominant.

Resolutions:

During the refuelling outage in January 1994 the electrical cabinets were anchored, wall were
strengthened and/or cabinets were protected by steel grating. Seismic risk was reduced with about
a factor 20.

* Fire Risk.

Fire risk turned out to be next dominant risk contributor. Especially, the cable spreading floor
and the 3 kV switch-gear-room and some local control cabinets of the ECCS system, ADS system and
isolation condenser.

Resolutions:

During the refuelling outage of 1994 a fire resistant wall in the 3 kV switch-gear-room has been
installed to separate the several bus bars.
Filling up of cable trenches with pebbles.
Initiation of the sprinkler system in the cable spreading area by an automatic action instead of
manual action.
Physical separation of common cause factors inside the existing local control cabinets. This will
partly be resolved by the non-PSA based modification proposal to add redundancies to the
reactor protection system and an extra emergency power supply in a new and strengthened
building.

* Internal flooding:

Internal flooding is a major risk contributor. The dominant scenario is caused by rupture of one
of the rubber bellows connecting the main cooling system to the main condenser. Again the afore
mentioned 3 kV switch-gear-room is the most vulnerable area for flooding due to this scenario.

Resolutions:

Installation of skirts around the rubber bellows.
Installation of water-resistant dams in some cable-trenches underneath the 3 kV switch-gear-room
(done in 1994 refuelling outage).
Strengthening of door of the 3 kV switch-gear-room, and adding some water resistant means to
this door (done in 1994 refuelling outage).
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332 Additions to the original proposed modification programme.

In the first alinea of § 3 3 an overview is given of the 'level-l' modifications. Despite these
modifications and the changes being made in the 1993-1994 refuelling outage (§33.1), the individual risk
didn't decrease as was hoped for. The insufficient containment capabilities of the plant were dominating
the risk profile.

The results of the level 2 PSA showed that the plant is vulnerable to certain sequences. Special
concerns materializing from the results are:
* the small volume of the primary containment
* the vulnerability of the floor penetrations and support structures of the RPV in the primary

containment,
* the noncoolability of debris in the reactor chamber (drywell melt-through issue)

Proposed Resolutions:

The proposed modifications in this 'level-2' area are:

An alternate reactor depressurization system (ARS) is added with connection to the ADS blow
down lines. This system is designed to prevent high pressure vessel failure scenario's. Failure of
this system is not included in the level-l analysis of the modified plant.
A filtered venting system is going to be installed, piping designed at rated containment design
pressure. This filtered venting system releases in the stack.
A spray system will be added to the Drywell
A water line connection between Wetwell and Drywell to fill the Drywell in case of core damage.
Whenever core damage cannot be prevented this connection will be opened.
Protection of the Drywell bottom. Studies have been performed on the feasibility of a ceramic
layer covering the concrete floor, the drywell steel shell, the reactor vessel support columns and
the drywell bottom penetrations. Also, under study was the effect of a special mechanical
construction located on the drywell floor, with the purpose to catch the pour of melt falling out
of the vessel when necessary, thereby preventing impingement of the debris on the ceramic layer.
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3 3 3 Impact of total of proposed modifications.
(Results of Dodewaard PSA of the 1997 plant configuration)

Table 33.1 Contribution of the various accident sequences (internal events and power states only) to
the Total Core Damage Frequency (TCDF).

CONTRIBUTING EVENT TO TCDF (POWER STATES ONLY)

INTERNAL EVENTS

Transients (excL Station Blackout & ATWS)
Loss-Of-Offsite-Power/Station Blackout
ATWS
LOCA's

Large
Small

Interfacing Systems-LOCA
Reactivity accidents

TOTAL INTERNAL EVENTS

EXTERNAL EVENTS

Internal Fire

Internal Flooding

Steam Flooding

Seismic Events

External Flooding

High Wind/Tornado

Airplane Crash

TOTAL EXTERNAL EVENTS

TCDF contributors.
(year1)
1994 case [including
1993/1994
modifications]

7,04 Iff7

139 Iff7

3,9210*

2,14 107

L46 10*
4,53 10*
< 1. 10*

1,26 10*

3,12 10*

1,4110*

5,53 10*

4,33 10*

< 110*

< 110*

< 110*

4,55 10*

TCDF contributors.
(year1)
1997 case

1,48 1(T7

9,8910*
4,48 10*

4,00 10*
1.17 10*
2^3 10*
< 1.10*

5,93 10*

2,64 Iff7

1,2 10*

434 10*

43310*

< 1. 10*

< 1 . 10*

<1. 10*

1,19 10*
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Table 33.2 Influence of level-2 modifications on frequencies of various defined Source Term Groups.

Source Tens
Group

SGI

SG2

SG3

SG4

SGS

SG6

SG7

SG8

SG9

SG10

Total

Max.
indtv.
risk
at
200 m
[year1]

Noble
Gases

% of Core
Inventory

83

80

97

80

76

57

97

91

11

none

Cc(OOH)

%of Core
Inventory

U

3,1

13,2

1,0

0,6

0,15

0,003

0,078

6 W 9

none

I(C*I)

ttofCoe
Inventory

2,0

4,2

163

1.4

U>

0,5

0,003

0,015

6 10*

none

Frequency
(year1)
all the
level-1 and
level-2
modifications
included

3,9210*

13 10"7

1,96 1CT7

1,41 Iff7

1.14 10*

8,42 Iff7

1,28 10*

13210*

434 10*

1,58 10*

1,49 10*

43 10*7

Frequency
(year1)
only the
level-1
modifications
included

4,5310*

2^6 Iff7

5.0610*

9,21 Iff7

9,62 10"7

8,7810*

5,43 Iff7

1,66 Iff7

8,71 Iff7

1,53 10*

1,49 10*

2,4 10*

Frequency
(year"1)
of current
plant

5,17 10*

3^610*

73210*

1^4 10*

2,76 10"7

5,56 Iff7

438 Iff7

4,16 107

631 10*

1,51 10*

5^1 10*

4 10*

33.4 Level-3 Results (In case all level-1 & level-2 modifications installed).

The maximum individual risk (both early and late fatalities) outside the perimeter of the plant is
for the current plant 4. 10*/year and 5. 10'7/year for the modified plant. This risk refers to a
person belonging to the most vulnerable group (1-year old children). An exposure of 70 years and
no counter-measures like, sheltering, evacuation or iodine-prophylaxis, are assumed.

Individual risk is for both the current and modified plant dominated by late fatality risk (97%).

With assuming counter-measures conformal the Dutch National Emergency Preparedness
Planning, the individual risk will be reduced to 6. 10*/year in the current situation, and to
1. 10*/year in case of the modified plant.

Societal risk (only prompt fatalities), although dominated by Source Term Group 3, has a
maximum of 1 fatality (frequency 2. 10*/year for the current plant and 1. lO^/year for the
modified plant).
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ABSTRACT

In this paper, two topics - the application of PSA in the

regulatory process and the effort to improve PSA methods and

models - are addressed. From the regulators' point of view, the

most important application of PSA in Germany is presently

within the safety reviews of nuclear power plants in operation.

The current status of regulatory guidance which shall be

provided to establish a uniform procedure for a periodic safety

review is described with special emphasis on the role of PSA.

An important goal is to have all plant-specific PSAs comparable

as far as possible. Guidance for PSA review is under

development likewise.

Furthermore, the application of PSA in licensing of nuclear

power plants is addressed as well as its use in the design

process of future pressurized water reactors.

The development of models and methods to be-applied in PSA has

been and will be supported by a number of studies and in-

vestigations. An overview of the main issues of these investi-

gations is provided. A specific task was the elaboration of a

proposal for incorporating fire events into the PSA. The status

of these efforts is outlined.
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1. Introduction

In the Federal Republic of Germany, the nuclear licensing

procedure is essentially based on deterministic safety

analysis. Important safety features are derived from the

requirement that the consequences of postulated design basis

accidents are controlled. Boundary conditions for safety

analysis, safety factors regarding prevention and control of

incidents as well as specific requirements concerning safety

functions are deterministic.

It is common understanding on international level that

probabilistic safety assessment (PSA) techniques may constitute

a complete, systematic, detailed and reproducible way to

analyze the initiation and development of transients and

accidents in the plant, as well as the behaviour and importance

of mitigation systems in each case.

In the last decade, probabilistic methods have received growing

attention in nuclear safety also in Germany. A milestone has

been the German Risk Study (Reference plant 1300 MWe PWR Biblis

B) [1, 2]. Recently, phase 1 of the risk study for a BWR type

72 (Reference plant Gundremmingen 1300 MWe) has been completed

[3].

2. PSA in licensing and safety reviews

Probabilistic reliability analyses for safety-relevant

functions are carried out as part of licensing procedures of

NPPs. These analyses are usually performed on behalf of the

utilities and reviewed by experts on behalf of the licensing

authority. Insights from reliability analyses contributed to

system layout, importance of support systems, choice of

functional test strategies and in some cases to maximum

admissible repair times.

With matured methods and improved data bases PSA has become a

very powerful tool to investigate, verify and improve safety

practices. Based on national and international experiences, the



German regulatory authorities are increasingly making use of

PSA in safety evaluations of NPPs.

It shall be emphazised that PSA is not seen as an alternative

to the deterministic approach. Deterministic and probabilistic

assessments should be used in a supplementary way.

In case of the 1300 MWe BWR early results of the PSA [3] were

taken into account when it was decided to backfit an Additional

Heat Removal System (ARHR). It is a diverse residual-heat-

removal and injection system which has a substantial impact on

the expected frequency of hazard states. PSA results show a

significant reduction in that frequency due to the installation

of ARHR.

This is a typical example for the use of PSA in supporting

decisions on the priority of backfitting measures. The

licensing procedure for that system was conducted without

specific PSA requirements. However, the evaluation of the new

system based on the PSA-results was available and has supported

the envisaged decision.

Since an important goal is to have for all plants PSAs

comparable as far as possible, a common source of guidance is

desirable as to how to perform a PSA and how to obtain results

with a common quality level. This may be achieved by

application of the German PSA guideline and the guide for PSA

reviews.

2.1 PSA guideline

The German Reactor Safety Commission recommended in 1988 to

make every NPP in operation subject to periodic safety review

(PSR) about every ten years. The PSR will be performed under

the utilities responsibility and is reviewed by the competent

authority.

Essential elements of this PSR are the analysis and evaluation

of the overall safety status including the operational
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experience of the respective plant (deterministic analysis) and

a PSA. Moreover, an analysis and evaluation of the technical

security status shall be performed [4].

The deterministic analysis should assess the present safety

level of the NPP. This is performed by comparing the design and

state of a system established in the plant with the current

requirements set on such a system in the regulations. One

result of this comparison is the identification of differences

which have to be evaluated with respect to their safety

relevance.

Within the PSA framework values for individual significant

event sequences are calculated and the summation value for the

frequency of all safety-relevant event sequences is determined.

The summation value serves for the supplementing judgement of

the present plant safety level, whereas the comparison of the

single frequencies serves for the judgement of the safety-

related balancedness of the plant safety concept.

The results from PSA are to be taken into account as an

important additional input and support for the evaluation of

the differences determined in the deterministic part of PSR.

If event sequences show an increased single frequency, a low

period of time between the initiating event and occurrence of

damage or estimations show increased radiological consequences

for the environment of the plant this is considered to be an

indicator for extent and urgency of remedial measures.

A first draft of a PSA guideline has been developed by a group

of experts and published in 1990 by the Ministry for the

Environment, Nature Conservation and Nuclear Safety, the

supreme regulatory authority in Germany. A revision of this

draft is underway.

At present, the PSA guideline deals with level 1+ PSA (i.e.

level 1 plus active containment systems but without
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consideration of core degradation) covering the steps as shown

in Fig. 1.

Accident management (AM) measures should not be taken into ac-

count. The effects of AM, as far as they are contained in the

operating and emergency manuals, may be analyzed separately.

Realistic (best estimate) boundary conditions are to be used

for the analysis and plant specific reliability data shall be

applied.

As to the event and fault tree analysis lists of initiating

events are given for all types of NPP in operation in the

Federal Republic of Germany. Large fault trees and small event

trees are recommended; functional dependencies and secondary

failures are to be modelled directly. The analysis of plant

internal fires and external events is still under discussion

referring to the progress in the development of appropriate

models and methods.

The PSA results contain qualitative findings from event

sequence and fault tree analysis as well as quantitative

evaluations. The comparison of plant-specific PSA results with

frequency values or frequency ranges determined by the

authorities as an additional orientation for the assessment of

the safety level of a NPP is under consideration [5].

At the present state of discussions with different expert

groups concerning the evaluation of the safety state of the

plant under PSR, quantitative probabilistic safety figures

might be used as indicators to support the decision regarding

the priority of possible backfitting measures.

2.2 Review of performed PSAs

In addition to the existing PSA guideline discussed above, a

guidance for reviewing elaborated PSAs is desirable due to the

fact that different utilities, different authorities depending

on the Federal State where the NPP is located and different



expert institutions are involved in performing and reviewing

the respective PSA.

Review of the PSAs contains the evaluation of methods and

results of the PSA.

The project of developing such a PSA-review guideline is

running. This guideline should address its objectives, the

management and organization of PSA review and the contents of

the review like definition of initiating events, event sequence

analyses, analyses of success criteria and procedures, fault

tree analyses, PSA computer codes, data collection and

retrieval, uncertainty and sensitivity analyses, human actions,

common cause failures, structure of the PSA and documentation

including quality assurance.

In a first step, a concept of a PSA-review guideline has been

elaborated. Concerning the organization of the PSA review, a

step-by-step procedure in performing the different parts of PSA

is proposed in this concept including documentation within

several repartitions; hence, as experience has shown, an

accompanying review at each step of PSA is reasonable in order

to avoid significant alterations or additional requirements

concerning, for example, the determination of initiating events

or event sequences and fault tree analyses when the PSA has

already been completed by the utilities.

Taking the modelling as an example, basis for the review are

the event tree and the fault tree calculations. General

evaluation criteria are, among others, the applied methodology,

the correct and balanced modelling of the systems and of the

accident behaviour of the plant under accident conditions as

well as the validity of the used approaches and boundary

conditions.

An example for a possible review procedure is shown in Fig. 2.



2.3 PSA computer codes

Established computer codes must be used to evaluate fault trees

and event sequence diagrammes which are prepared within the

scope of a probabilistic safety analysis. For this purpose,

codes have been established world-wide which first assess the

minimal cut sets (i.e. minimum combinations of failed

components leading to failure of the system function under

study) and then calculate the failure probability of the system

function on the basis of these cut sets.

Analytical and simulating techniques are applied to asses the

cut sets. The advantage of the analytical method compared to

the simulating one is that either all cut sets are found or the

maximum error caused by the cutt-off of cut sets can be

specified. In large, complex fault trees, however, this

advantage is often offset because, assuming realistic computing

times, the indicated maximum cutt-off error may often be

considerably greater than the failure probability of the system

function.

The computer codes to be used are subject to methodical and

practice-oriented requirements in PSA guidance.

Some important examples for these requirements are:

- graphic representability of the fault trees,

sufficiently great number of processible gates and basic

events (approximately 4,000 each),

component types: automatic failure message, failure

detection by periodic functional check, constant failure

probability,

check of consistency and plausibility of the fault trees,

consideration of functional checks staggered in time,

- calculation of importance parameters for single basic

events and groups thereof,

- accounting for the uncertainties of the basis event data.

The practice-related requirements include among others:



- 8 -

availability of a detailed code- and input description

including clear documentation of the mathematical

modelling used and a test example,

component type-specific data library (for several com-

ponents of the same type only a single input is required),

termination of the code only after data are secured,

modification of data only after confirmation,

understandable error messages,

clearly arranged processing of all input quantities for

the purpose of efficient checking.

3. Use of PSA for the design of NPPs

For the next generation of NPPs, a general objective is to

reinforce the "defence-in-depth" of these plants. To achieve

this, the design is expected to be made on an improved

deterministic basis, supplemented by the use of probabilistic

assessments.

From the regulatory point of view, the use of PSA in the design

phase of a new NPP project is recommended. Hence, in connection

with the common French-German development of a future PWR, the

German and French advisory bodies of the governments concerning

reactor safety have given guidance for the use of PSA [6]. The

main statements are summarized below.

The PSA is considered as an important tool at the design stage

to gain an in-depth understanding of the relative weaknesses in

the plants and to deal with complex situations involving

several equipment and/or human failures.

A PSA at the design stage of the PWR shall be performed with

the following objectives: supporting the choice of design

options, including redundancy and diversity of the safety

systems, well-balanced safety concept, appreciation of the

improved safety level, compared to existing plants. Evaluation

of PSA results against quantitative probabilistic targets

which are not to be seen as requirements - can provide useful

guidance.
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Concerning the general methodology, the PSA could be carried

out in two or more steps: a simplified assessment at the

conceptual stage, and more complete studies during the

engineering phases, when more precise information on the design

becomes available. Moreover, different design alternatives have

to be analysed, and sensitivity studies have to be performed.

4. Regulatory PSA investigation programme

4.1 Overview

For the further development of PSA in the Federal Republic of

Germany, a regulatory investigation programme has been defined

by BMU and BfS. Main topics of this programme which shall be

continued in 1995 and 1996 are, among others:

improvement of methods and data bases for special issues

like human factor dependencies, uncertainties and common

cause failures,

further investigations on non-full power states based on

reference plants taking into account the results of

already performed PSAs at international level,

development of a proposal for a procedure to include ex-

ternal events like earthquake, explosion and airplane

crash into a level 1+ PSA,

containment performance related to severe accidents,

development of a procedure for the qualification of PSA-

codes,

improvements and further development of the PSA models and

methods based on experiences of the PSA users as well as

on new scientific knowledge.
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4.2 Fire PSA

The evaluation of the risk associated with fires in NPPs has

attracted considerable attention in the last several years;

methodologies considering fire in PSAs have been evolving.

In order to provide a basis for further discussions in Germany

on benefits and limits of a PSA of fire events, current methods

at international level are investigated.

The proposed complete probabilistic fire risk analysis has to

be performed in different steps. Major tasks are the

qualitative screening process to identify critical fire zones

as defined in Table 2 and the quantitative event tree analysis

in which the fire caused frequency of initiating events and

different core damage states will be determined. More details

are given in [7].

A typical fire initiated event tree is shown in Figure 3.

The proposed method fits into the methodical frame of the PSA

provided by the German PSA guideline.

The combination of the probabilistic fire risk analysis with

the level 1+ PSA will allow to calculate the fire induced

contribution to the core melt frequency. For each initiating

event the fire caused frequency will be summed up and specified

as input to the corresponding event tree of the level 1+ PSA.

Additionally the damage state of the safety related equipment

has to be introduced into the fault trees. For all components

that are not affected the statistical failure behaviour is

used. The core melt frequency is calculated for each transient

as the sum of the single event core melt frequencies. The total

core melt frequency is obtained by summing up the contribution

of all transients.

Tf the proposed procedure is approved by different expert

groups which will be consulted, it is intended to implement the

fire investigations as part of the level 1+ PSA and to use the
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results of the PSA of fire events in the frame of PSRs as

additional information to the deterministic analysis. Then, the

probabilistic results can be taken into account in the

evaluation of the plant status regarding the precautions

against fire events identified during the PSR.

4.3 Common cause failures

In order to improve the basis for the assessment of common

cause failures (r"T>) an investigation project has been designed

within the frame of which methods of GVA, data collection and

modeling are intended to be subject to a benchmark test.

Event reports are checked with regard to potential GVA and

identified events are classified by the benchmark participants.

The reference evaluation of the candidate events and the

calculation of probabilities for GVA of components is performed

and substantiated by the participants using their own computer

codes and model approaches.

The evaluation and discussion of results will show which

interpretation, arguments and model approaches lead to

comparable and acceptable results.

The benchmark results serve the further development of the PSA-

guidance and of the methods for the procedure to be followed in

GVA evaluation.

4.4 Human factor analysis

Further research projects are planned in order to improve the

methods of PSA referring to human failure.

The PSA-guideline recommends the THERP-procedure for the

evaluation of individual operator actions. The data base for

this procedure is to be secured and enlarged for groups of

persons and types of action which have not been accounted for

in the PSA up to now. The procedures of qualitative and
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quantitative evaluation of individual actions must be further

developed. Potential applications are to be identified.

5. Conclusions

It has been pointed out that PSA has been used more and more in

the recent years. This development in nuclear safety is

expected to continue.

PSA in the regulatory process is used supplementary to the

deterministic approach in licensing, supervision and in the

assessment of the design of future reactors.

A major driving force in this process is the periodic safety

review comprising PSAs for all NPPs in Germany to be performed

in time intervalls of ten years. It is planned to have level 1+

PSAs for all NPPs completed until the end of this decade.

PSA results have led to plant modifications to remove weak

points and achieve balance in safety related design. However,

such backfitting measures will not be decided solely on the

basis of quantitative PSA results. Prudency within the defense-

in-depth concept mandates that non-probabilistic methods, such

as deterministic analysis and good engineering judgement, must

also be used.

The regulatory body is supporting the application of PSA in a

twofold way. Firstly, guidelines are developed for the

performance of PSA and its review. A PSA guideline has been

drafted and substantial experience has been gained with its

application. The PSA review guideline is still in the

conceptual phase. Secondly, a comprehensive investigation

programme is conducted aimed at completing and improving PSA

methods, data and analytical tools.

Major effort within this programme is concentrated, among

others, on a practicable approach of PSA for external events

and on the evaluation of the significance of low power and

shut-down conditions for PSA results for German NPPs.
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Moreover, the activities are focussed on the issues common

cause failure and human actions in order to get a consent on

the models, methods and data which shall be included as

recommendations in the PSA guidance.
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Table 1: Examples for PSA (Level 1+) in German NPPs
(completed or close to completion)

A critical fire zone is a fire zone which contains

• fire loads > 25 kWh/m2 and
• safety related equipment and
• operational equipment and

• at least one safety related component or system can be
damaged by fire and

• where a fire can lead to a safety relevant event

Table 2: Definition of a critical fire zone
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I "

- ORIENTATION LETTER SIN N°l076/77 DATED 11 July 1977 (MAIN
PWR SAFETY OPTIONS) SETS A GLOBAL PROBABILISTIC
OBJECTIVE AS A REFERENCE :

"Design of PWR installations should be so that the global probability
for this reactor to cause unacceptable consequences never be higher
than 10'6 per year".

"A family of events should be taken considered in the design if the
probability for it to cause unacceptable consequences is higher than Iff7

per year ".
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COMMENT :

- "probability of 10 ~6 per year" is a guidance objective ; an exhaustive
PSA which demonstrates that this objective is reached is not required
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I - ORIGINS AND FUNDAMENTAL TEXTS

- ORIENTATION LETTER SIN N° 576/78 DATED 16 MARCH 1978
(MAIN PWR SAFETY OPTIONS) PRECISES :

"Using probabilistic approaches does not mean direct use of these
methods in reactors design. Probabilistic verifications may be done a
posteriori to confirm the provisions made ; such studies may also help
to improve the definition of deterministic criteria used for future
reactors ".
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According to these letters :

1 - the analysis of simultaneous failures of systems important to safety
has been done ; as a result H procedures reduce the probability
of unacceptable consequences to 10 '7 per year :

- HI = total loss of the main heat sink
- H2 = total failure ofSG feed water
- H3 = station

iS

2- Furthermore, 2 PSAs for the 2 series of French standardized
PWRs : 900 MWe PWR serie and 1300 MWe PWR serie
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PSAs PERFORMED IN FRANCE :

- PSA 900 by IPSN (technical support of DSIN) on a 900 MWe PWR

- PSA 1300 by EDF (utility) on a 1300 MWe PWR

- Level 1

- No internal or external hazards
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SPECIFIC FEATURES :

- Initiating events taken into account all the plant unit states,
including shutdown states

- Allowance for post-accident situations of long duration

- Reliability data obtained from French operating experience with
P WRs

- Human factor data : wide use of simulator tests
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FINDINGS : Total frequency of core damage :

- PSA 900 : 5.10 5 / reactor.year

-5- PSA 1300 : 10 5 / reactor.year
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II - 900 - 1300 MWe PWR PSAs

PSA 900 : Frequency of core damage for each initiating event
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II - 900 - 1300 MWe PWR PSAs

PSA 1300 : Frequency of core damage for each initiating event
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4,30%

11,10%
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II - 900 - 1300 MWe PWR PSAs

PSA 1300 : Frequency of core damage for each plant state

31,50%

43,50%

»S«ate A
estate B
m State C
DState D

19,50% 5,50%
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II - 900 - 1300 MWe PWR PSAs

FINDINGS :

- Significant risk in shutdown states, mainly due to 2 types of
incidents :

- loss of residual heat removal in mid-loop operation
- spurious dilution of the primary coolant

- Significant contribution of the Human Factor
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III - PSA DEVELOPMENTS
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PSA PROJECTS ARE PRESENTLY IN PROGRESS IN 3
ORGANIZATIONS :

- IPSN (Institut of Health Physics and Nuclear Safety) = Technical
support of DSIN

- EDF (Electricity of France) = the utility

OS
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III - PSA DEVELOPMENTS

- IPSN : . Level 1 PSA 900 updating
. Fire PSA
. Level 2 PSA

- EDF : . Level 1 PSA 1300 updating
. Fire PSA
. Level 2 PSA
. N4 PSA (1400 MWe series)
. EPR PSA

- FRAMATOME : . EPR PSA (with EDF)
. PSA related to a plant design for export
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III - PSA DEVELOPMENTS

The projects carried out by these 3 organizations are mainly
independent, however the important problems related to methods and
data are discussed together in order to obtain as far as possible an
harmonization of the basic rules used in the different PSAs.
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III - PSA DEVELOPMENTS

LEVEL 1 900-1300 PSAs UPDATING : due for completion by mid-1996,
takes into account :

- plants modifications implemented since 1990

- updated data bank for the most important reliability data of
components, common modes and initiating events frequencies

- revised assumptions due to new knowledge, experience feedback

- needs for the level 1 / level 2 interface X
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III - PSA DEVELOPMENTS

FIRE PSA : due for completion in 1996 :

- important work on data collection has been performed

- uses the FIVE methodology
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III - PSA DEVELOPMENTS

LEVEL 2 PSA (900 MWe PWR) :

- the project is starting

- uses the French code ESCADRE for physical calculations (IPSN)
and the MAAP code (EDF)

o
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III - PSA DEVELOPMENTS

N4 PSA (1400 MWe series) is carried out by EDF

- main differences with the 1300 MWe series are :
. the extensive use of computer software in the Instrumentation ana
Control logic
. the computerised control room

- simulator experiments specific to the N4 control room are carries
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III - PSA DEVELOPMENTS

EPR PSA (French-German future European Pressurized Reactor) :

- use of PSA since the very early phase of the design

- progressively developed during the following steps of the project
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IV - USE OF PSA
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IV - USE OF PSA

1 - IDENTIFY DOMINANT SEQUENCES AND, AS A RESULT, TAKE'
PROVISIONS TO REDUCE THE PROBABILITY :

1.1 Loss of residual heat removal in mid-loop operation

.2 Spurious dilution of the primary coolant
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IV - USE OF PSA

1.1 LOSS OF RESIDUAL HEAT REMOVAL IN
OPERATION

- Preliminary measures :
. additionnal level measurement
. technical specifications, procedures

- Further improvements decided :
. risk prevention : RCS water level control

RHRS operation margin
. accident mitigation : automatic water supply
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IV - USE OF PSA

1.2 SPURIOUS DILUTION OF THE PRIMARY COOLANT

- Immediate measures : implementation of automatism

- Physical studies end experimental tests

- exhaustive screening of all potential dilutions

- final modification in the process of being defined
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IV - USE OF PSA

2 - CALCULATION OF IMPORTANCE MEASURES FOR SYSTEMS
AND COMPONENTS

- PSA 900 : . Emergency Feedwater System
. Ventilation

- PSA 1300 : . used by the utility for maintenance optimization

\
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IV - USE OF PSA

3 - SETTING OF PRIORITIES FOR IMPROVEMENT OF THE

EMERGENCY PROCEDURES AND TRAINING OF OPERATORS

4 - REVIEW OF THE TECHNICAL SPECIFICATIONS

5 - DESIGN OF FUTURE PLANTS : a feature of the new French-
German EPR project is a wide use of PSA since the early design stage

6 - ASSESSING INCIDENTS SEVERITY : calculation of conditional
core melt probability
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IV - USE OF PSA

5 - DESIGN OF FUTURE PLANTS : EPR project

. The GPR/RSK proposal states that : "evaluation of PSA results
against quantitative probabilistic targets can provide useful guidance.
But, generally speaking, quantitative probabilistic targets are not to be
seen as requirements ; they are essentially meant to be orientation
values for checking and evaluating the design ".
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IV - USE OF PSA

5 - DESIGN OF FUTURE PLANTS : EPR project

. The GPR/RSK proposal also indicates that : "Improvements in the
"defence-in-depth " of the nuclear power plants of the next generation
will imply a significant reduction of the probability of core degradation
up to core melt sequences (implementation of these improvements
should lead to the achievement as stated by INSAG 3 of a global
probability of core melt of less than 10 ~5 per plant operating year,
uncertainties and all types of failures and hazards being taken into
account) ".

JS*
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IV - USE OF PSA

6 - ASSESSING INCIDENTS SEVERITY

- Qualitative analysis : Incident of CHINON B3 (12 January 1987)
Freezing of the ultimate heat sink combined with partial loss of
off site power

- Quantitative examination : Incident of Cruas 4 (30 October 1990)
Loss of switchboard due to deterioration of a circuit-breaker
absorption washer

§
I to
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V - CONCLUSION

r»
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V - CONCLUSION

In France, since 1977 - 1978, probabilistic objectives have been set
and PSAs including shutdown states performed. The results have been
continuously integrated in the regulatory practice.

The scope (fire PSA, level 2, EPR PSA,...) is continuously extended;
PSA are used in the everyday safety analysis (review of technical
specifications, incidents,...).
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V - CONCLUSION

Probabilistic approach complements the deterministic approach, based

It helps setting priorities among safety problems and having a
balanced assessment of the overall safety



ACTIVITIES RELATING TO PSA IN THE REGULATORY PROCESS

J F Campbell & G C Grint.
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Prepared for the IAEA Specialist Meeting on A M y ' w^v
"Ust of PSA in the Regulatory Process"

Vienna 5-8 December 1994

1. Introduction

In addition to the IAEA activities concerning the use of PSA in the regulatory process there
are two other international initiatives in this area by the European Commision and the
OECD's Committee for Nuclear Regulatory Authorities (CRNA). This paper gives a brief
outline of these activities as well as introducing an update on the regualory use of PSA in the
UK.

2. European Commission

The Nuclear Regulators Working Group (NRWG) operate under the auspices of CEC DGXII
as a regular forum for nuclear regulators in the European Union (EU) to discuss matters of
common interest. Each country has developed its own approach to the use of PSA in
regulation and, while there was information available on each of these, NRWG wanted a
clearer idea of the degree of concensus and of the main differences between the various
approaches. Accordingly NRWG set up a Task Force to consider the topic of "Regulatory
Actions Related to Probabilistic Safety Assessment". Regulators from eight European
countries participated in the work of this Task Force: Belgium, France, Germany, Italy, the
Netherlands, Spain, Sweden and the United Kingdom.

The work is essentially complete and it is expected to publish the report "Regulatory action
related to PSA studies" (EUR 15720) before the end of 1994. The report represents only a
snapshot in time and the position in a number of the countries represented on the Task Force
may well now be different. Indeed during the writing of the report changes were made to
reflect developments in a number of countries.

The aims and objectives of the Task Force were:

a) Assessment of how regulatory bodies currently estimate the value of PSA
results, including the understanding of benefits and limitations with regard to methods
and approaches.

b) To show the current use of the PSA tool at the regulatory level, and to
establish differences in the approach in various countries, for example whether PSA is
part of the licensing process or is used outside the licensing process as a
supplementary tool by the utility.

c) Specific requirements in PSA methodology and guides by regulatory bodies
on PSA procedures. Also guidelines on how to review a PSA once it has been
submitted by the licensee.



d) Contributions made by the regulatory body in PSA with regard to review of
the PSA and the evaluation of the numerical values in the PSA.

An overview of the findings of the EU work was given in a paper entitled "The CEC NRWG
Task Force on Regulatory Actions Related to PSA" presented at the IAEA meeting on the
regulatory use of PSA held in April 1993 and a summary the information is given in tables 1 to
3 of this paper.

3. OECD.

The OECD's CRNA are also interested in regulatory approaches to PSA and have initiated
their own study. The objectives of the OECD work are :

a) to collect from OECD countries the technical information required for a state of
the art presentation to the CRNA, and

b) to produce a report which includes the technical information as well as any
conclusions on regulatory implications

To get the information, OECD have developed a questionnaire which is divided in to 2 basic
sections, with a total of 5 general questions, namely:

I. Regulatory Environment

Background and regulatory environment

II Role of PSA in Safety Regulation

General description of national PSA programmes
Regulatory Authorities Role
Current PSA applications
Future PSA applications.

The OECD anticipate produing a draft report by June 95 and hope to approve a final report by
November 95.

4. UK Position.

PSA is one of the tools used for the assessment of safety in the regulation of nuclear power in
the UK and is an important part of the safety case required for a nuclear installation. The PSA
needs to demonstrate that the risks associated with accidental releases are sufficiently low. As
far as Nil is concerned, the main value of PSA, and the most robust use, lies in the
identification of weaknesses in the design or operation of the plant and enabling the various
contributions to the risk to be seen relative to one another in a consistent overall framework.

A paper on the use of PSA in the regulatory process in the UK was presented at the IAEA
meeting on the regulatory use of PSA held in April 1993. An updated version of this paper is
included as appendix 1.
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Over the last couple of years Nil has been applying the revised Safety Asssessment Principles
(SAPs)(1) to safety cases and has published a paper*2' giving further deatails on the
probabilistic principles. The main points from this paper are:

1. PSA is now an established feature of safety analysis of nuclear plants in the
UK.

2. A plant specific PSA forms an integral part of a safety case and is not an
isolated study.

3. PSAs have mostly been performed to Level 1, but a Level 2 PSA is expected
for future applications.

4. HSE's general approach to the assessment of risk has been established in its
Tolerability of Risk (TOR) document(3). TOR describes a framework of
ALARP with an upper limit of tolerability and a lower broadly acceptable level,
discusses individual risk to workers and members of the public, and societal
risk, and sets numerical values for individual risk.

5. Nil's revised Safety Assessment Principles (SAPs) are linked to the high level
guidance in TOR, take account of experience with the previous version of the
SAPs and of international developments, and cover all types of nuclear plants.

6. The revised SAPs related to PSA include numerical principles addressing the
three types of risk discussed in TOR. They also include principles on the
frequency of plant damage and of accidental criticality, to reinforce the concept
of defence-in-depth.

7. A PSA should aim for completeness, should preferably be best-estimate and
should be kept up to date, as part of the safety case.
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Table 1. Scope, Practice and status of PSAs (1 of 2)

Scope of
PSAs

Undesired
end states

Success
criteria
for end
states

Considere
d accident
manage-
ment,
level 1

Review of
PSA by

Belgium

internal
events, all
plant states

core damage,
PDS2

FRCT3

PBF5

Regulator

Finland

internal and
external
events, CCI1

events, al!
plant states

core damage,
PDS

FRCT,
pressure in
PCS4,
pressure in
containment

Cross-tie of
emergency
DGs to other
units

Regulator

France

internal
events, all
plant states

core damage

core
uncovery,
pressure in
PCS, FRCT

PBF,
Back-up of
SGF*, SI7

Cross review
byEdF,
IPSN

Germany

internal,
external,
CCI -events,
power
generation,
other states
in future

plant hazard
states (PHS),
core damage,
PDS

PHS:
SG-level,
RPV-level,
core damage:
RPV-level,
FRCT

PBF, SBF8

GRS, TUV
on behalf of
regulator

Italy

internal,
external,
CCI- events,
all plant
states

core damage
and accident
classes

FRCT,
pressure in
PCS

PBF

Regulator

Netherlands

internal,
external,
CCI- events,
power
generation &
non-power
states

core damage

FRCT,
Zr-oxidation
of FR, long
term RHR

PBF

Regulator,
IAEA,
utilities,
utilities
research
institute

Spain

internal,
some
external,
CCI- events,
power
generation

core damage

FRCT,
pressure in
RCS

PBF

Utilities,
regulator

Sweden

internal, some
CCI- events,
power
generation,
shut-down
transients

core damge,
RPV-over-
pressure

FRCT,
pressure in
RCS,
pressure in
containment

PBF,
restoration of
SGF, RHR
from
containment
by mobile
equipment
Regulator

UK

all initiating
events,
internal &
external
hazards, all
plant states
for recent &
current PSAs
core damage,
5 levels of
offsite dose
to person at
greatest risk
FRCT for
core damage,
Dose Freq.
mSv /yr
0.1-1 <10"2

1-10 <10"3

10-102 <10"4

102-103<10"5

>io3 <io-*
PBF, SGF

Utilities,
Regulator
(supported by
consultants in
some cases)



Table 1. Scope, Practice and status of PSAs (2 of 2)

Use of
Living
PSA
(LPSA)

Number
of NPPs
in
operation
Number
of NPPs
with PSA
Level,
type of
PSAs

Future
applicatio
ns for
existing
NPPs

Who
carries out
the PSA
studies

Belgium

considered

7

2

2 level 1 + ,
plant specific

level 1 + for
all NPPs

Tractebel
(Contractor)

Finland

LPSA in use

4

2

2 level 1 + ,
plant specific

level 2 for all
NPPs

Utilities

France

54

54

2 level 1,
plant type
specific

Level 2

IPSN, EDf

Germany

LPSA system
under
development

20

8
3 under way

6 level 1 + ,
1 level 2-,
plant
specific,
1 level 3,
generic,
3 level 14-
under way

level 1 + for
al! NPPs

GRS, TUV,
Utilities

Italy

LPSA
implemented
(workstation)

3, operation
suspended

3

2 level 1,
1 level 2,
plant specific

ENEL and
Contractors

Netherlands

LPSA
implemented
(NUPRA &
CAFTA)

2

2

2 level 2-,
plant specific

level 3 for all
NPPs

SAIC, NUS,
Siemens

Spain

9

7

5 level 1,
2 level 2,
plant specific

level 2 for
all NPPs

Utilities

Sweden

LPSA system
under
development

12

12

12 level 1,
plant specific

level 2 for all
NPPs in
ASAR90

Utilities

UK

RISK
monitor
implemented
at 1 plant,
other uses \
considered.
LPSA being
developed for
SizeweU B.
35

36
(inc SizeweU
B)
2 level 3,
rest level 1,
but some of
limited scope
which will Tbe
extended in
due course

at least level '
1 for all
NPPs

Utilities,
Contractors

1) CCI: Common cause initiators. 2) POS: Plant damage states. 3) FRCT: Fuel rod cladding temperature. 4) PCS: Primary coolant system. 5) PBF: Primary side bleed and feed. , 6) SGF: Steam generator feed. 7) SI: Safety injection, 8) SBF:

Secondary side bleed and feed 9) FCV: Filtered containment venting. 10) PB: Primary side bleed for prevention of high pressure melt ejection



Table 2. Safety Benefits from PSA. (1 of 2)

Evaluation
of
Incidents

Maintenan
ce
planning

Support
for
decisions
and
developme
nt for new
reactors

Belgium
planned

Finland
carried out for
TVO, Fire,
and Loviisa,
FW pipe
rupture
Implemented
for evaluation
of LCO's**
and test
intervals

Support for
several
regulatory
decisions on
plant
changes,
backnts and
operational
incidents

France
carried out

support of
the design of
the N4 and
EPR*

Germany
carried out for
some plants

implemented
for
determining
test intervals

support of
the design of
EPR

Italy
carried out

support of
the design of
the AP600,
PIUS,
SBWR

Netherlands
planned

planned

Spain
planned

tentative for
some plants

Sweden
carried out for
3 plants

planned

support of
the design of
the next
generation
BWR

UK
planned

implemented
at some plants

expected for
any new
reactors

X



Table 2. Safety Benefits from PSA. (2 of 2)

Backfitting
measures to
overcome
identified
vulnerabiliti
es

Belgium

several
detailed
modifications-

Finland
PWR:
improvements
of service
water system,
primary
coolant pump
seal system,
ECC system,
cooling of
electrical and
control
instrumentatio
n rooms

France

reduction of
vulnerabilities
to boron
dilution, loss
of cooling in
mid loop
operation

Germany
PWRs:
provision of
diverse feed
water supply,
improvement
of the control
logic of
secondary
side steam
relief valves,
improved
control logic
for dealing
with STGR all
BWRs:
diverse main
relief valves
BWRs, series
72: provision
of diverse
RHR,

Italy
-

Netherlands

Installation of
mini flow lines
for HP!
pumps,
improvement
of check
valves

Spain
General
improvement
of design and
procedures

Sweden

improved
defence
against CCF,
improved
actuation Sogic
of protection
systems,
provision of
backflush
operation in
case of
clogging of
strainers in
BWRs

UK
Magnox
reactors :
provision of
diverse
second.
guardlines,
automation
and extension
of the
secondary
shut down
system,
improvement
to the
emergency
boiler feed
system. AGR
reactors:
improvement
to refueling,
provision of
back-up
feedwater
supplies

' EPR : European PWR, **LCO : Limited condition of operation

u



Table 3. Requirements, Guidelines, Targets sind Preconditions.(1 of 3)

Belgium Finland France Germany Italy Netherlands Spain Sweden UK

Requirements and Guidelines

Requirement
by regulator
for PSA

Will a PSA be
required for
continued
licensing of
existing
NPPs?

Will a PSA be
required for
licensing of
reactors of
new design

Guidelines on
PSA
procedures

Sensitivity
analysis
required

Uncertainty
analysis
required

yes

level 1 +
required for
the periodic
safety reviews

yes,
level 2

based on
NUREG 2728,
2300,2815

yes

no

yes

yes, level 2

yes, level 2

NUREG 2300,
2728,2815
and plant
ones by
utilities

yes

yes

no

no,
but at least
level 1
expected

no

no

yes

yes,
level 1+,
within
the dicennial
safety review

yes,
at least
level 1 +

PSA
Leitfaden
(Guidelines)

yes

yes

yes

no

NUREG 2300

yes

no

yes

yes,
level 3

yes,
level 3

based on
NUREG 2300,
2815. Future:
Dutch PSA
Guide based
on IAEA
Guide

no

yes

yes

yes,
level 2

yes,
level 3

yes

yes

yes

yes,
level 2

yes,
level 2

informal guide
evolved from
PSAs

no

no

yes

yes,
at least level
1

yes,
level 2

Nil Safety
Assessment
Principles,
draft PSA
assessment
guide. IAEA
Guide
referred to

yes

no

k



Table 3. Requirements, Guidelines, Targets and Preconditions.(2 of 3)

Belgium Finland France Germany Italy Netherlands Spain Sweden I UK
sTargets and Preconditions for PSA

Targets for
core melt or
plant damage
frequency,
level 1

Targets for
level 2

Targets for
off-site
consequences

level 3

CCF limits

Minimum time
scale for
claimed
operator
actions

procedures
for claimed
operator
actions

not explicit

according to
failure
probability vs
time curves

written, exc:
STG2 feed

not explicit, in
practice:
CDF'>10-4

resp. 105:
Backfitting is
required
immed., resp.
in due time

at least 30
min for
diagnosis and
action

written

not explicit,
CDF< 10s is
desired

conditional
probability of
severe
containment
failure < 0,1
(not
mandatory)

lower bound

written, exc.
permitted if
supported by
analysis

not explicit,
CDF < 10^ is
desired

indiv. risk <
10"*, societal
risk must
comply with
CCDF

realistic lower
bound,
> 10-Vd

realistic time
scale required

written
arocedures
ror recovery
actions

not
explicit

not explicit

written

Basic safety
objective of
less than
1O'/yr.

Large release

limit 10-*,
objective 107

/yr

Individual
risk < 10-*/yr

generally a
lower bound
10-*/d

30 min in
deterministic
success
criteria - less
i f justified.

written



Table 3. Requirements, Guidelines, Targets and Preconditions.(3 of 3)

Credit for
claimed
equipment

Choice of
data

Mission time
to be
considered

Human
intervention
mode!

Belgium

safety grade,
non-safety
grade for
specific
scenarios

no specific
requirement

72 h, in some
cases also
longer

no specific
requirement,
but the mode!
must be
justified

Finland

-

plant specific

24h

no specific
requirement,
models used
reviewed by
regulator in
advance

France Germany

safety grade,
non-safety
grade if
supported by
analysis

plant specific,
to be
collected
according to
PSA
guidelines

until stable
conditions are
reached

ASEP for
screening,
THERP, but
with error
factor = 5

Italy

safety grade,
some
non-safety
grade

plant specific
and generic
data

24 h, in some
cases also
longer

SHARP,
THERP, HCR

Netherlands

no specific
conditions

plant specific

until stable
conditions are
reached -
mostly 24 h

SHARP
framework, no
specific
requirement,
but errors of
commission
should be
considered

Spain

-

-

Sweden

-

plant specific

24 h, in some
cases also
longer

THERP, HCR

UK

safety grade,
also
non-safety
grade, if
supported by
analysis

plant specific,
generic if
plant specific
data are
insufficient

24 h for
transients,
longer for
LOCAs. All
mission times
should be
justified.

no specific
requirement,
but the model
must be
justified

1) CET: Containment Event Tree, 2) STG: Steam Generator
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APPENDIX 1.

USE OF PSA IN THE REGULATORY PROCESS IN THE UK

J F Campbell & G C Grint.
Prepared for the IAEA Specialist Meeting on

"Use of PSA in the Regulatory Process"
Vienna 26-29 April 1993

(Amended 17 November 1994)

1. Introduction

PSA is one of the tools used for the assessment of safety in the regulation of nuclear power in
the UK. This paper describes the approach to licensing and the role played by PSA, discusses
the scope of the PSAs carried out, the use made of PSA and the criteria against which the
results of PSAs are assessed.

2. Background - Licensing in the UK

A site may only be used for the installation or operation of a commercial nuclear facility if a
licence has been granted by Nil on behalf of the Health and Safety Executive.

Conditions are attached to the site licence which are required in the interests of safety. These
may be amended, added to or revoked at any time by NIL Furthermore the licence allows
direct action by Nil in the form of Consent, Approval and Direction, providing a very flexible
but rigorous regime of regulatory control over, amongst other things, construction of, and
modification to, the plant.

Any application for a licence must be supported by a safety report of which PSA is a
significant part. This safety case is assessed by Nil using their Safety Assessment Principles
(SAPs)(ll2) which contain numerical criteria for accident frequency and consequence.

The Health and Safety Executive (HSE) has recently published a revision to its paper on The
Tolerability of Risk From Nuclear Power stations (TOR)(3). This paper is used by Nil assessors
as additional guidance for the assessment of safety submissions, although it has no formal
regulatory status. The numerical criteria in the SAPs(2) are broadly equivalent to the risk
criteria in TOR.

3. Regulatory Requirement for PSA

Level 1 PSAs were provided by the licensees as part of the pre-construction and
pre-operational safety reports (PCSR & POSR) for Heysham 2 and Torness AGRs. A level 1
PSA was required for Sizewell B, although a level 3 was done as part of the POSR (and



formed part of the PCSR). Level 1 PSAs are also required as part of the periodic reviews
(called Long Term Safety Reviews in the UK) of Magnox reactors and will be a feature of the
periodic reviews of the AGRs. Level 1 PSAs were required for the licensing of AEA reactors
although AEA, in fact, submitted level 3 PSAs. In the future a level 2 PSA will be required
for new plant, although it is anticipated that a level 3 PSA will be provided voluntarily by
licensees for major new plant.

PSAs in the UK are carried out by the licensee or his contractor, with the timing dependent on
the reason for doing it:

New plant: to support application for license and consent to operate.

Older plant: as part of periodic review. Timing here is based on the age of the plant and
agreed between Nil and the licensee.

Modifications: in support of plant modifications. Plant modifications are often supported by
level 0 PSAs with the system requirement being derived from high level criteria, such as the
SAPs.

3.1 Criteria.

Nil's safety assessment principles (SAPs) contain numerical criteria for fault conditions. In the
1979 (rev 1988) SAPs, accidents which could give rise to a large uncontrolled release (leading
to a maximum offsite dose > 100 mSv) had a summated frequency target of 10^/yr, with no
single fault group contributing more than 10% of this. Criteria were also given for smaller
releases.

The Tolerability of Risk From Nuclear Power stations (TOR) proposes maximum tolerable
level of risk of death to any member of the public of 10"*/yr. In accordance with the findings
of the public inquiry for Hinkley Point C, a risk of 10"5/yr is proposed as the benchmark for
new nuclear power stations in the UK. TOR also proposes broadly acceptable levels of
individual risk of death (prompt and delayed) to a member of the public of 10~*/yr.

A new version of the SAPs was published in 1992 and now the criteria are in the form of Basic
Safety Limits (BSLs) and Basic Safety Objectives (BSOs) which are broadly consistent with
TOR. The BSLs represent the limit of tolerability and a proposed plant must satisfy these
limits in order to be considered for licensing. Under UK law it is not enough to just satisfy
numerical risk criteria, the risk must be shown to be As Low As Reasonably Practicable
(ALARP). Legal precedent within the UK defines ALARP in terms of a balance in which the
"costs" in money, time, trouble and effort involved in reducing the risk must be grossly
disproportionate (ie very much greater) than the "benefits" in terms of increased safety, before
the risk be considered ALARP.



The ALARP principle tends to drive the risks from the plant even lower than the BSLs.
However, there comes a point at which further consideration of the case would be more costly
in Nil resources than the benefit from applying that effort to other tasks. The BSLs are
therefore complemented by BSOs which define the point beyond which Nil need not seek
further improvements on grounds of ALARP; instead Nil effort can be confined to checking
the validity of the licensee's case.

The BSLs and BSOs for accident conditions are:

Max. Effective
dose to Public

mSv

0.1-1
1-10
10-100
100-1000
>1000

Total

BSL

1
IO-1

l O " 2

io-3

lO"4

Predicted Fi

BS

io-2

io-3

10s

10"*

The above BSLs and BSOs are surrogate measures for individual risk and also, to some extent,
the societal effects of accidents. As in the earlier SAPs, no single fault group should
contribute more than 10%. Societal risk is also dealt with by a surrogate measure defined as a
large release - > 10000 TBq of Iodine 131 or 200 TBq Caesium 137 or any other isotope, or
mixture of isotopes, which would lead to similar consequences. The BSL is 10 5/yr and the
BSO is lOVyr

The BSL for plant damage (degraded core for a reactor) is 10^/yr and the BSO is 10'Vyr.

The total predicted individual risk of death to any worker on the plant attributable to radiation
doses from accidents has a BSL of 10"Vyr and a BSO of lO^/yr.

3.1.1 Licensee's Criteria.

The major nuclear licensees in the UK are Nuclear Electric (NE), Scottish Nuclear Ltd (SNL),
BNFL and UKAEA. NE and SNL have their own design safety criteria which are similar to
the BSOs in the SAPs. BNFL and UKAEA have mainly used individual risk criteria which are
nominally the same as the broadly acceptable level proposed in TOR.

3.2 Scope of PSAs.

The scope of PSAs vary in that Nil expects the same range of faults to be covered but for
older plant the depth of coverage can be less.
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Completeness of a PSA is considered to be of fundamental importance. One of the driving
forces for this is the need to consider high level risk criteria (eg TOR) and the PSA should aim
to account for all identified contributors, even if this means that some can only be quantified
by judgement. The fault schedule is compiled as part of the PSA, often using the fault
schedule from a similar reactor as a starting point to be amplified by plant reviews, operational
experience, etc. FMEA can be used to try and ensure completeness.

For Sizewell B the PSA covers all reactor states and includes non-core sources of radioactivity
and internal and external hazards. For the older, magnox reactors a more limited PSA was
undertaken in which these items were largely excluded. The licensees of these older reactors
are now extending their PSAs to give these items greater coverage although Nil does not
expect the same level of detail as that for Sizewell B, particularly for faults which give a small
contribution to the summated accident frequency.

Sensitivity studies are performed although in practice they are not always extensive enough and
fail to address all of the assumptions made in the PSA. The results of sensitivity studies are
used by Nil as a check that the calculated risk is not unduly influenced by assumptions made in
the PSA or, where only poor quality data is available, it is not a critical factor.

Importance factors are usually calculated as they form part of the output of most fault tree
programs. These factors are useful for identifying items for consideration in sensitivity studies.
This has been done in PSAs submitted to Nil, although licensees have been asked to go further
down the list of items.

Uncertainty analysis is not a currently a requirement for PSAs in the UK.

In the past PSAs did not generally take credit for accident management in beyond design basis
conditions. More recent PSAs (AGR and Magnox) do, however, take credit for Symptom
Based Emergency Response Guidelines and the Sizewell B PSA takes credit for a number of
the more important recovery actions. In any PSA which contains claims for accident
management, Nil would wish to see the analysis carried out on a best estimate basis and also
see the effect on the results of exclusion of the accident management claims. Nil would be
concerned if accident management measures were needed to meet the Basic Safety Levels in
the SAPs.

3.4 Guidance to Licensees.

Some high level guidance is given in the SAPs. In addition Nil does give informal guidance at
meetings with the licensee as well as supporting the use of the IAEA PSA guide. The emphasis
at meetings is usually on the scope and completeness of the PSA although for Sizewell B, a lot
of time has been spent discussing specific methodologies. Nil has a draft internal PSA
assessment guide (AG) and parts of this have been made available to licensees. The AG is
currently under revision to make it compatible with the revised SAPs.



As far as possible, Nil prefers best estimate methods and data to be used in PSAs, provided
there is a reasonable basis for the estimate or judgement. In practice, however, the
conservative design basis analysis is often used.

There are a number of PSA features in which Nil effectively sets pre-conditions or limits to
claims which can be made in the PSA, including:

Common Cause Failure. A lower limit of 10s f/d is to be used for non-diverse
standby systems. In practice many such systems do not merit such a low figure.

Human Factors. A 30 minute rule exists for deterministic analysis but, for PSA, Nil
has no fundamental objection to claims for operator action within this period. Nil do not
impose any preconditions on the human reliability model used. The probabilities used in the
PSA do, however, need to reflect the complexity of the task, take account of the aids provided
for diagnosis and of factors such as stress, time available, training etc.

FMEA. FMEA is being increasingly used as an input to PSA. For Sizewell B it was
an Nil requirement to use FMEA for each safety system as an aid to ensuring completeness in
the structure of the system fault trees (following the first CEC Reliability Benchmark
Exercise). In addition FMEAs are being done as part of the Magnox life-extension program
(post LTSR), although here the main reason is to help demonstrate the completeness of the
fault schedule.

Data. Nil prefers that data from all available sources is considered. In assigning data
for use in PSA, plant specific data, supported by other sources is preferred. In the absence of
plant specific data, data from similar plant supported by generic data should be used. In the
absence of specific or similar plant data Nil accepts the use of generic data sources. For
Magnox LTSR (periodic review) licensees are required to produce a systematic programme for
the examination and monitoring of plant and components for the effects of ageing.

Mission time. Nil requires that mission times to be fully justified. For Sizewell B.
Nil generally accepts a mission time of 24 hours on the basis that after this period, operators
would have plenty of time to cope with any contingencies. Longer mission times were to be
used for LOCAs, by defining an additional operating state - post LOCA recirculation.

4. Use and Review of PSA

Before submission to Nil, the licensee normally arranges for a review of the PSA to be carried
out by a separate part of the organisation which is notionally independent of those carrying out
the PSA. The report on this review is not normally submitted to Nil. Nil assessors then review
the submitted PSA, to the depth necessary to satisfy themselves of its adequacy for its
particular purpose. Nil may use consultants to assist them in parts of their review, for example
a peer review of the Sizewell B PSA methodology has been carried out by a US consultancy
on behalf of Nil.



4.1 Nil Assessment.

In an effort to make best use of a PSA Nil follows a systematic assessment process:

a. Check that the PSA is satisfactory, eg that the scope is suitable, that appropriate
allowance has been made for CCF and human error. Any particularly low probability
sequences are given additional scrutiny to ensure they do not contain excessive claims for
independence between equipment or operators. If Nil was not satisfied the matter would be
discussed with the licensee who may be asked to revise that part of the PSA.

b. The dominant sequences are identified and examined, their frequencies being
compared both relatively and against the target for a single accident. If the targets are met
assessment effort is directed at checking the validity of the PSA. If not effort is also given to
establishing the specific limitations (features of the PSA or of the plant) which lead to higher
than target risks.

c. Assuming that some sequences give relatively high contributions to the risk, this is
taken as an indication that there may be weaknesses in the plant. It is important to establish
that the PSA result in question does actually reflect the weakness of the engineering or
operation of the plant and is not merely a function of the way the PSA has been done. If the
result is believed to be overly pessimistic then the licensee would be asked to repeat the
analysis on a more realistic basis.

d. Where a weakness is real, the licensee has to identify measures (design and/or
operation) to reduce the risk as far as reasonably practicable and include the effects of these
measures in a revised PSA.

e. Finally attention is given to the summated frequency criteria (eg lO'Vyr for large
uncontrolled release). Judgement here is more difficult and needs to take account of optimisms
and pessimisms in the PSA. For example the PSA may not have quantified all initiating events
(eg RPV failure) nor taken account of management influences. Sensitivity studies are a useful
aid here.

4.2 Precursor studies.

Currently Nil do not undertake accident precursor studies but it is anticipated that such work
will become part of Nil's activities in the future.

4.3 Emergency Planning.

On existing reactors PSA is seldom used for emergency planning. In the future it is expected
that the results of level 3 PSAs will be taken into account in offsite emergency plans. Limited



PSAs carried out as part of AGR and Magnox beyond design basis studies are having an input
into symptom based emergency procedures.

4.4 Plant Improvements.

PSA has had a significant influence on improvements to the Magnox reactors following the
LTSRs (periodic reviews). Specific examples include provision of diverse secondary
guardlines, automation and extension of the secondary shutdown system, improvement to and
augmentation of the emergency boiler feed system. Improvement of the emergency boiler feed
system, and automation of the secondary shutdown system were Nil requirements. The others
were on the licensees' initiative but the extent of fault coverage on the secondary guardline
was enhanced as a result of Nil concern. Similarly PSA has been used to identify
improvements to AGR refuelling and has also led to incorporation of back-up, diverse
feed water supplies for AGRs.

4.5 Maintenance Planning.

PSA is increasingly important in maintenance planning. On their own initiative the licensees
of Heysham 2 and Torness AGRs, use PSA as the basis of all planned outages of equipment
required for post trip cooling. Sizewell B will be expected to plan maintenance with due
regard to its impact on the risk and the living PSA (see 4.7 ) will be important in this respect.
For Magnox plant, maintenance outages have traditionally been based on deterministic
considerations but as PSAs become available for these plants the operating rules which govern
maintenance outage will be reviewed at Nil's request.

4.6 Identification of Research needs.

PSA was used to a limited extent in the Beyond Design Basis (BDB) research work undertaken
by NE for gas cooled reactors, and to a large extent to determine requirements for research in
support of the level 2 PSA for Sizewell B.

4.7 Living PSA.

Living PSAs are not mandatory in the UK, although Nil supports their development. A living
PSA is one which is used continuously, or regularly, as part of the decision making process on
the station and is maintained in an up to date condition in terms of the plant design, operation,
state of maintenance and the component reliability data. A living PSA therefore provides
current best estimates of the risk (eg of core damage frequency).

The only example of a living PSA approach in use in the UK is the Essential Systems Safety
Monitor (ESSM) at Heysham 2 AGR. The ESSM provides an on-line operator aid which the
operator can input actual or planned outages and get advice on the actions to be taken. The
ESSM is updated annually with data from the plant and modifications can be coded into the
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PSA model. At Torness the allowable combinations of outages have been determined by
multiple runs of the PSA. The results of these runs are tabulated within a computer based
system which is used interactively by the operator. Nuclear Electric are developing a Living
PSA for Sizewell B for off-line operational support. It is Nil's intention that all of the PSAs,
for all reactors, should be regularly updated and used to enhance the safe operation of the
plants to which they relate but, as stated above, this is not yet a mandatory requirement.

4.8. Cost Benefit Analysis (CBA).

Nil does not use CBA itself but does consider licensees cases containing CBA. Up to now such
cases have not often been made in connection with PSA and, when made, are not often
persuasive in themselves. However, it is likely that CBA will be used more in the future.
Clearly CBA can only be a factor in an ALARP argument when the risk is below the tolerable
level. NO would require that any CBA which seeks to justify not improving the plant should
take account of all the potential health and safety costs of an accident.

5. Limitations of PSA

The limitations of PSA include (order not significant):

Quality of data

Quantification of human error and CCF
No account taken of management/safety culture aspects
Quantification of engineering judgements
Difficulty in ensuring completeness
No account taken of construction errors, other than appears in experience data.
Difficulty in quantifying cognitive human errors

Because of these limitations, Nil views the results of PSA cautiously and, in an effort to
identify weaknesses, takes account of relative contributions to the summated frequency as well
as comparisons with target values.

6. Conclusions.

PSA is an important part of the safety case required for a nuclear installation in the UK. The
PSA needs to demonstrate that the risks associated with accidental releases are sufficiently low.

In Nil's view the main value of PSA, and the most robust use, lies in the identification of
weaknesses in the design or operation of the plant and enabling the various contributions to the
risk to be seen relative to one another in a consistent overall framework.

7. References.

(1) HSE Safety Assessment Principles for Nuclear Power Reactors HMSO 1979 (amended
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A B S T R A C T

A review of previous probabilistic safety assessment (PSA)
activities initiated by regulatory body and preparation of the
preliminary PSA study and final PSA study (released in January
1994) for the nuclear power plant Dukovany with WER-440 type
213 reactor is described. A brief information about the NPP
Temeltn (with WER-1000) PSA Study, shutdown and PSA risk monitor
current activities for the NPP Dukovany, next PSA activities in
1994 and about planned PSA activities in future is attached.

INTRODUCTION

Probabilistic analyses have been started in the Czech Republic
since the seventies. Reliability analyses of nuclear power plants
(NPP) safety related systems have been carried out in the Nuclear
Research Institute (NRI) till 1988 under tasks of the
former Czechoslovak Atomic Commission (CzKAE). As a result of
these activities it is possible to summarize several very
important outputs:

- very good familiarization with the systems, their functions,
operation, service and maintenance

- acquaintance and developing of methods and codes for these
analyses,

- marking some important problems to be solved in the domain of
thermal hydraulic analyses,

- establishing weak points of the design, operational
procedures, repair and maintenance schedules, technical
specifications

- preparing proposals of technical and organization measures
for an increase in reliability of the systems (some of them
were accepted and realized).

International contacts of this team in the domain of PSA for
power reactors and research reactor in the frame of the
International Atomic Energy Agency (IAEA) Coordinated Research
Programmes (CRP) have been started in 1985 ([1 - 5]).

In 1989 the research task comprising the development of probabi-
listic safety analyses and the preparation of full-scope probabi-
listic safety assessment of a nuclear power plant with VVER-440
type 213 reactor was proposed by the NRI and accepted by the
Czechoslovak Atomic Energy Commission. This project has been
financed from the government budget and almost all institutes,
which had developed reliability and PSA analyses in the former
Czechoslovakia under a number of sponsors, combined their effort
in this task.



PSA STUDY FOR THE NPP DUKOVANY (EDU)

The analyses were started in 1989 with the aim to complete
a full-scope PSA level-1 (to determine probability of core
melting) safety study for this plant by the end of 1993.

The main goal of this study has been to create a tool for safety
analyses. This tool should give a possibility to assess safety
problems in NPP's operation and usefulness of possible modifica-
tion. The following outputs of this study have been expected:

- finding design weaknesses,
- influencing technical specifications and operating
procedures,

- assessment of scheduled tests and in-service maintenance,
- proposals of technical and organizational measures
for an increase of the reliability of the safety related
systems and NPP's operation,

- identifying areas of next research (e.g. thermal hydraulic
analyses),

- reference study for next, specific NPP PSA Studies
- basis for other safety analyses and accident management,
- initiator for the collection and acquisition of the NPPs
reliability and PSA data,

- tools for preparing "living PSA" (for the NPP and the
Regulatory Body uses).

During the first year of this task it was decided to concentrate
on the NPP Dukovany with four reactor WER-440 type 213 and,
instead of the reference study to prepare the specific one for
this plant. In 1990 the task was split into two parts: prelimi-
nary and final phases.

The Preliminary PSA Study has been worked out in cooperation with
institutes in Czech Republic and Slovakia active in the field of
PSAs, and the NRI has also coordinated research carried out by
five other organizations (1989 - 1992). The final version, after
splitting of former Czechoslovakia, was prepared in the NRI in
December 1993.

PRELIMINARY PSA STUDY

Preliminary phase (1989 to 1991) of the NPP Dukovany PSA Study
consists of initial analysis of the safety related systems and
preparation of accident sequences. Purpose of this phase was to
determine the scope of the supplementary studies required. The
preliminary PSA Study was being released during first half of
1992. Each of selected initiating events was analyzed separately
under the responsibility of one of the institutes only. Some of
the events were analyzed by two independent groups of analysts or
independent comparison [7]. A peer review of the IAEA of "Large
LOCA" accident were realized [6].



Eight groups of initiators (original 18 initiating events were
reduced to current 14 which were analyzed in detail) has been
chosen for the Preliminary PSA Study:

A. Reactivity initiated accidents
B. Loss of coolant accidents
C. Large loss of steam from secondary circuit
D. Large loss of feedwater from secondary circuit
E. Loss of service water system
F. Failure of both turbogenerators
G. Blackout
H. Fires and floods in the NPP.

The accident sequences were determined using the conventional
event tree method. Analysis of the sequences has been conducted
either to the point of core meltdown or to the state in which
risk can be considered to be negligible. The interval of twenty
four hours was accepted as a maximum time interval for develop-
ment of accident sequences. All considerations were based on
a conservative approach (e.g. no recovery action).

System analysis was carried out using a fault tree model. Fami-
liarization with systems was based on the design and corrected
and reviewed by the NPP staff. Several fault trees were prepared
independently for different initiating events. The RISK SPECTRUM
code and has been used for the evaluation of all trees (about 15
safety significant systems) in this PSA study.

The results of the preliminary Study showed that the presumptions
were very conservative, a lack of reliable data (mainly for
initiating events), a lack of thermal hydraulic analyses and some
faults in the project (e.g. descriptions of systems, some pre-
sumptions and considerations).

FINAL PSA STUDY

Provisional phase (1992 to June 1993) included a full, in-depth
review of the preliminary study by experts of the PSA team from
other organizations and by the staff of the NPP Dukovany. This
part of the provisional phase was finished in June 1992. Several
IAEA meetings and missions were also held to support the NPP
Dukovany PSA Study during 1992. The IAEA International Vorkshop
on Specific PSA Tasks took place in Rez in February 1992, the
IAEA Vorkshop on Plant Response for VVER-440 NPPs was held in
Trnava (May 1992) and the IAEA "Data Review Mission" in Rez and
Dukovany (October 1992).

The work on the Final NPP Dukovany PSA Study has been commenced
on the base of the Preliminary report. A final product of this
period consider all technical improvements and took into account
changes which were finished by the end of 1993 [11]. The main
effort was also concentrated on criticism of conservative
approach used in the preliminary study.



The set of initiating events has been reassessed and nineteen
internal initiators are taken into account for the final study
All initiators are connected with full power operation of the
reactor. The event trees have been completely changed because of
decreasing of previous conservatism. Some additional fault tree
analyses were also performed during this phase (about 30
safety-related systems fault tree were analysed [12]). The
special attention was paid to human factor and common cause
failure evaluation.

The collection of reliability data for the preliminary NPP
Dukovany PSA Study has been developed step by step from generic
to specific data. Several subsequent versions of database were
prepared and checked by members of the PSA team and also by the
NPP Dukovany personnel. The gradual system: specific NPP Dukovany
data, specific NPP Bohunice data, generic W E R data, generic data
and engineering judgment was preferred.

The most important contribution of the Final version NPP Dukovany
PSA (Dec.1994) was formed by LOCAs (70%) and transients (19%).
The interfacing LOCA (LI), very small LOCA (L0) and small LOCA
(L2) were the main contributors to the LOCA group (98%) and the
loss of circulating water systems (T9), the loss of feedwater
(Til), the loss of service water (T3) and secondary circuit
pipeline break (T2) to the transients group (99%). The
contribution of the electrical transients (11%) was formed mainly
a loss of turbo-generator electrical load (T5.5 - 9%).

The reactor protection system (RPS), decay heat removal system
(HR), auxiliary feedwater system (AF), low pressure injection
system (LP) and intermediate component cooling water system (CIP)
were the most important systems. Not opening of control valves in
the decay heat removal system and not opening of one-out-of-four
quick-operating valves in the intermediate component cooling
water circuit of the main circulation pumps were found as the
most significant basic events. The influence of common cause
failures (40%) and human factor (45%) was also evaluated.

The frequency of the core melt was assessed 3.10 per
reactor-year. This value was find comparable with the results of
other PVR reactors PSA Studies, but it was not undertstood as the
most important result of this Study but as additional
information. It is expected that this value will be decreased
when the ATVS (Anticipated transients without scram) thermal
hydraulic analyses, which have been prepared this year, will be
involved (conservative assumptions were taken into account). On
the other hand flooding analyses and fire analyses, involved to
the Study this year, influenced increasing of this value a little
bit.

The integral parts of this study were also proposals and
recommendations on how to achieve higher safety and reliability
(some of them were already transmitted to the NPP during this
Study and appropriate measures, changes and conclusions were
accepted there)



It is possible to conclude that the NPP Dukovany PSA Study has
had a significant influence on improvements to the EDU [18]. Some
examples are:

- cancellation of start both the DG and the sequential starting
automatics resulted from technological signals and
implementation of the direct start of emergency pumps
resulted from technological signals of the ESFAS

- new tests of HP pumps and the emergency feedwater pumps
carried out during the annual maintenance

- modifications of the HP ECCS pumps, DGs

- changes in emergency system tests of HP, LP, AFV, EFV and
spray pumps, DGs, sequential starting automatics, control and
motor operated valves in the systems of auxiliary and
emergency feedwater and demineralized water 1 MPa

- new operational procedures (the control valves in the systems
of emergency and auxiliary feedwater and demineralized water
1 MPa, the restoration of power supply recovery in case of
"black out" accident)

- new emergency operating procedure "Non-standard ways of
accident management" (accident management during SGTR,
additional cooling of the MCP sealings, preliminary
sprinkling of the SG sealed compartment before signal
"overpressure in SG sealed compartment", possibility for
a rapid cooling down of primary circuit with the trend higher
than 30°C per hour, the principles for application of "feed
& bleed" regime, possibilities of the ECCS tank refilling in
case of "interfacing LOCA"- drainage of the
bubbler-condenser)
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SUMMARY AND CONCLUSIONS

PSA activities in the Czech Republic have been encouraged to be
conducted by the State Office for Nuclear Safety (SONS). The
Regulatory Body initiated a Level 1 PSA for the Dukovany NPP
(EDU) and it was finalized in December 1993 by the Nuclear
Research Institute in Rez. The preparation of the EDU PSA Study
has helped very much in familiarization of its system and its
behaviour after nineteen most important initiating events. During
a preparation of the NPP Dukovany PSA Study and in 1994 several
additional thermal hydraulic analyses were made (e.g. ATVS) as
a consequence of this Study. The analyses and results have been
found as very useful for the NPP personnel and for the Regulatory
Body uses. The PSA Study has had a significant influence on
improvements to the EDU.

A Level 1 PSA and a Level 2 PSA are being done for the Temelin
NPP (ETE), which is in construction. This Study is prepared in
cooperation with the NUS company and will be finished in first
half of 1995.

A preparation of the Risk Monitor PSA (SAS - Safety Advisory
System) for the Dukovany NPP was initiated and contracted by the
SONS with the SAIC company in 1992. Using Risk Monitor PSA for
compliance with regulatory requirements (TechSpec) is supposed
during 1995 (Pilot Study)

Deterministic approach is used for licensing and operation by
Regulatory Body but for both NPPs in the Czech Republic it has
been recommended and supported to prepare PSA Study Level 1 and
Level 2. The PSA-based assessment of the EDU Tech Spec has been
prepared by the SAIC company. It expected to take into account
the recommendations in connection with the Risk Monitor using for
some changes.

Some of the Regulatory Body decisions related to an operation of
the EDU have been initiated and supported by PSA results.
Selected failures of the NPP Dukovany have been analyzed by the
PSA model for Regulatory Body use. The PSA analyses were a part
of the internal technical audit of the Dukovany NPP. The PSA is
being also used to a limited extent in the severe accident
studies.

Several next PSA activities has been done during 1994 and is
planned for next year 1995 (EDU fire analyses, EDU shutdown
analyses, EDU PSA Level 2, PSA analyses to support research
reactor LVR-15 safety report, updating and reassessment of the
EDU PSA model).
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PSA STUDY OF THE NPP DUKOVANY
LEVEL 1

P Pwsth V V E R - 4 4 0 TYPE 213 REACTOR

MILESTONES - Start - January 1989
- Preliminary Study - Dec. 1991
- Final Study - Dec. 1993

6 CO-OPERATIVE ORGANIZATIONS

13 INITIATING EVENTS

FAULT TREE FOR 30 SAFETY SIGNIFICANT SYSTEMS AND
SUPPORT SYSTEMS

1 COMPUTER CODES : 1989-90 TREE-MASTER
I PSA-PACK
v 1991 RISK SPECTRUM FT PLUS
I 1992 RISK SPECTRUM PSA

1
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( f o r t h e N P P a n d t h e C z e c h R e g u l a t o r y B o d y u s e s )



P P D U K O V A N Y P S A S T U D Y

STUDY PROGRAMME BETWEEN 1989 AND 1993 IN THREE MAIN PHASES:

1989 TO 1991 - A PRELIMINARY PHASE

* INITIAL ANALYSIS OF THE SYSTEM
* ACCIDENT SEQUENCES.

1992 TO JUNE 1993 - A PROVISIONAL PHASE

* CHECKING AFTER A PRELIMINARY PHASE
* PREPARATION OF DATABASE
* ADITIONAL THD ANALYSES
* CONSIDERATION OF IMPROVEMENTS AND CHANGES
* BEST-ESTIMATE VERSUS CONSERVATIVE APPROACH

JULY 1993 TO DECEMBER 1993 A FINAL PHASE

* FINAL QUANTIFICATION
* FINAL DOCUMENTS DRAFT
* PREPARATION OF THE "LIVING PSA" MODEL



level -1
scope of the study

• level -1
• the reactor core the only source of

radioactive releases
• full power
• internal initiators including loss of offsite

power
• accident sequences have been analyzed up

to 24 hours
• recovery actions included
• standard and non standard actions

• ' ;



PSA study level -1
assumptions used within a CD evaluation

i ••-,,

conservative - ATWS sequences (RPS
failure) lead to CD
conservative - success criteria for RPS
are the same within all initiators response
(36 out of 37)

• conservative - loss of MCP seals cooling
leads after two hours to seals leakage
optimistic - components consequential
damages have not been considered after
initiators occur



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Initiating event name

Reactor pressure vessel break

Large LOCA (200 - 500 mm)

Medium LOCA (20 - 200mm)

Small LOCA ( 1 0 - 7 0 mm)

Very small LOCA { 0 -10 mm)

Interfacing LOCA

Trip of operating pump of the intermadiate component cooling
water system of the reactor coolant pumps

Steam - generator pipe break

Transient after the forced reactor scram with all safety - related
systems available

Main feedwater collector rupture

Loss of feedwater

Rupture of the feedwater tank or sucking line of the main
feedwater pumps

Loss of the circulating water system

Secondary circuit pipeline break - leakage on the secondary
side of the steam generator

vlain steam collector break

-oss of service water in the trains "40" and "60"

Total loss of offsite power (both 400 and 110 kV)

Disconnection of the main 400-kV line to the external grid due
to an internal reason

Designation In
the model

RVB

LL

ML

SL

SSL

IL

T7

SG

T8

T4

T11

T10

T9

T2

T1

T3

T5

T55

INITIATING EVENTS LIST A

Frequency

1,0x10-*

1.4 x 10'4

3,9x10 '

1,7x10'

1,7x10'

3.0x10-'

9,.1 x10'2

8,9x10 '

2,8 X10"1

1.3x10'

2 ,9x10 '

1,6 x 10-'

5,6x10"'

2,2x10-'

1 ,4x10 '

3 ,0x10 '

9,1 X1O"'

2 ,9x10 '

TAB. 1



PSA level -1
main results

CDF = 3.1 E-5

dominant initiating events
interfacing LOCA
loss of circulating water
reactor scram

• loss of offsite power from internal causes



1.0E-01

1 .OE-02

1.0E-03
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1.0E-07
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1.0E-09

FREQUENCY

NPP DUKOVANY RESPONSE
(TOTAL CORE DAMAGE FREQUENCY = 3.0E-05)
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INITIATORS

^INITIATING EVENTS fURESPONSE
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Current Activities
within PSA project

ATWS sequences development
component qualification analyses
additional analyses

IE frequencies
^ Human actions
• Data verification

CCF Modelling



Current activities
Component qualification

results
steam line rupture + main steam
collector rupture CDF=5.3E-5

factor 450
feed water line rupture
CDF=6.8E-6

factor 62
total CD=9.1 E-5

4 ' '>

'I



ITIATORS CONTRIBUTIONS
FLOODING INCLUDED

T12

IL

T4

' T9

T8

T55

T11

T5

T3

RPV

SL

SSL

LL

ML

SGTR

T10

0.0001 0.001

..J ;

0.01 0.1

[iOFRACT. CONTRIBUTION

! I

i i i



Core melt frequency comparison
SC breaks not including / including flooding

0.0001
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1E-07
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COMPARISON OF RESULTS
core melt frequency with/without flooding *.-«?

WF 3.Q7QE-05

T4 6.800E

T12 5.400E-05

WF = without flooding



Risk curve of the Dukovany NPP unit
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I. OVERVIEW

>- Overall Project Has 3 Sponsors:

1. Czechoslovak Atomic Energy Commission +
(CSAEC) [Fall, 1992]

> Teach 1-Week Course in PSA
Methods/Applications

> Initial Interaction & Review of Ongoing PSA
Efforts

> Developed WER-Specific Project Analysis
Guidelines (PAGs) for PSA

> Evaluation of VVER 440 V-213 Technical
Specifications (Based on PSA Results)

> The Following Deliverables will be Provided
(in Czech Language):

Q Level 1 PSA

• Report on Conversion to Real-Time Model

Q Users Manual for Using the IRRAS Dukovany PSA
Models

Q Risk-Based Guidelines for Assessment of Utility Requests
for Extensions to Regulatory Requirements

Q Assessment of Dukovany Technical Specifications

Q SAS with Users Manual

Q Reporting Guidelines for the Dukovany Risk
Management Pilot Study



I. OVERVIEW

2. IAEA [March 1993]

Dukovany:

> Detailed Review of Ongoing PSA

> Thermal Hydraulics Analysis

> Dukovany Level 1 PSA (in English)

> Conversion of PSA into Real-Time Risk
Management Model (NUREG/CR-5925)

> 1 Year Pilot Study

3. Brookhaven National Laboratories (US-AID)
[August, 1993]

> Specialized Assistance in HRA

Includes 3-Day Seminar

Detailed Assessment of Operator Actions
Modeled in Dukovany PSA

> Specialized Assistance in Data Analysis

Developed CCF Approach and
Uncertainty Analysis

> Computer Software Development of Operator
Interface for Real-Time Risk Management
Model



I. OVERVIEW

SCHEDULE & MILESTONES

>• Level 1 PSA Draft Report Submitted to IAEA on
November

Final PSA Report (in English): 15-December
Final PSA Report (in Czech): 30-January

>• Dukovany Technical Specification Report

DRAFT: 15-December
FINAL: 15 January

>• Report of Conversion of Dukovany PSA to Real
Time Model: 15 January

>- SAS Complete: 15-January

>- Dukovany Pilot Study Begins: 1-February

>• Pilot Study Program Plan: 1-February



II. SUMMARY OF PSA RESULTS

Probability Density Estimate for the Dukovany PSA

Probability
Density

Core Damage Frequency

Mean Value

Median Value

Standard Deviation

5th. Percentile

95th. Percentile

1.40E-4

8.16E-5

2.36E-4

2.38E-5

4.32E-4



II. SUMMARY OF PSA RESULTS

>• IE Contributions to CDF

LI

Til

L2

T3

ILOCA

T2

T7

PLOCA

T10

SGTR

T5

T8

L5

L3

T6

T4

L4

L6

Tl

T9

Small LOCA (10-20mm)

Loss of Offsite Power

Small LOCA (20-70mm)

Steam Collector Break

Interfacing LOCA

Steamline Break Inside Boxes

TF10 Trip

Interfacing LOCA into Pool

Loss of SW

SGTR

Feedwater Collector Rupture

BQDV Trip

Large LOCA (200-300mm)

Medium LOCA (70-100mm)

Feedwater Tank Rupture

Trip of MFW Pumps

Medium LOCA (100-200mm)

Large LOCA (300-500mm)

Plant Trip

Loss of SW 40/60

4.82E-05

2.70E-05

1.38E-05

1.04E-05

8.01E-06

7.61E-06

5.43E-06

4.79E-06

4.50E-06

2.50E-06

1.96E-06

6.69E-07

6.53E-07

5.17E-07

4.53E-07

3.39E-07

2.92E-07

1.87E-07

7.30E-08

2.83E-08

35.1%

19.6%

10.0%

7.6%

5.8%

5.5%

4.0%

3.5%

3.3%

1.8%

1.4%

0.5%

0.5%

0.4%

0.3%

0.2%

0.2%

0.1%

0.1%

0.0%



III. EVALUATION OF DUKOVANY TECHNICAL
SPECIFICATIONS

>- The Limits and Conditions for Dukovany Were
Translated to English

>• A Table Has been Constructed Which Lists All TS
Requirements That will be Analyzed Using the PSA
Results

>• Risk Acceptance Criteria Will be Developed Based on
the Latest NRC Guidance and a Review of Relevant
International Applications

>• The Risk-Sensitivity of Various Components Will be
Measured on 2 Levels:

1. Using Current PSA Results & Data

2. Using a Hypothetical PSA Model with "Perfect"
Procedural Guidance and Operator Indications

Recommendations Will be Made Based on Current
Importance of Various Equipment, as Well as Risk
Sensitivity
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IV. DUKOVANY SAFETY ADVISORY SYSTEM (SAS)

What Is SAS?

>• PC-Based, Risk Management Toll Used to Plan the
Day-To-Day Activities at an NPP

>• Underlying Risk Model ("Engine") Capable of
Requantifying the CDF for Any Plant Configuration
in Real-Time (i.e., 2-5 Minutes)

>- Normally Based on Level 1 PSA, However, Can be
Adapted to Level 2, Shutdown and Other Operating
Modes

>- Impact of Configuration Changes Assessed
Interactively

>• Graphics User Interface (GUI) Optimized to the
Needs of the End-User (e.g., Plant or Regulatory
Personnel)



Definition of Configuration Risk

Based on Probabilistic Criteria, Three Maintenance States Are Defined:

6.0E-04

ACMF

2.0E-05

Baseline

Unacceptable
Configurations

Acceptable
Configurations

(with Restrictions)

Acceptable
Maintenance

Schedules

Immediate Remedial Action Required

Plant is Most Vulnerable to a Severe
Accident

Plant OK According to Deterministic TS
but not Preferable from Risk Perspective

Maintenance Planning

CMF Increase is very Small

Extended Outage will not Result in
Unacceptable Increase in Plant Risk

Km fmttaytr Omrnt* Coi



Allowed Outage Time:
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IV. DUKOVANY SAFETY ADVISORY SYSTEM (SAS)

POTENTIAL USES OF SAS

>• Outage Planning

>- On-Line Maintenance Planning

>- On-Line Configuration Management

>• Justification for Continued Operation (JCO) in
Excess of Deterministic Requirements

>• "What I f Analysis

>~ Restoration Advice

>- Plant Special Studies



IV. DUKOVANY SAFETY ADVISORY SYSTEM (SAS)

BASIC FEATURES OF THE DUKOVANY SAS

>- Microsoft Windows-Compatible

>• IRRAS Quantification Engine

Color-Coded Status Bar Provides User With
Qualitative Indication of NPP Risk

>- Provides Restoration Advice

Capability to Perform "What I f Calculations

Calculates Prioritized List of Components Most
Important to Safety for Each Plant Configuration

>• Various Plotting and Reporting Options

>• Automated Collection of Component Test and Failure
Data
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V. REGULATORY ACCEPTANCE CRITERIA

>• "An Approach For Requests for Extension of Allowed
Outage Times," SAIC-94/1046, 2 March, 1993.

The approach recommended by SAIC has 3 parts:

1. 25% Limit on Individual AOT Extensions

2. 5E-06 Annual Limit on the Total Risk
Contribution from Requested Extensions

3. Use of Safety-Based AOTs (derived from SAS) as
a Backstop to Deterministic AOTs when Multiple
Components are Out of Service

>• Criteria Also Need to be Developed for R/Y/G
Boundaries in SAS

SAIC has Specific Ideas to Discuss with SUJB and
Dukovany



VI. DUKOVANY RISK MANAGEMENT PILOT
STUDY

SAS Will Be Used Off-Line for 1 Year

Plant Configuration Data Will be Collected
Periodically and Evaluated Using SAS

• Insights and Lessons Learned Will be Recorded

• Plant Staff and Regulator Will Become Familiar
With the Technology

>- After 1 Year - An Assessment Will be Made
Regarding the Feasibility of a Real-Time Risk-Based
Approach to Operational Safety Management

>- SAS Will be Upgraded (if Necessary) to Meet the
Needs of the Regulator and Utility
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USE OF PRA IN THE NUCLEAR REGULATORY FIELD IN SOUTH
AFRICA

PRESENTED BY: T F HILL
COUNCIL FOR NUCLEAR SAFETY
SOUTH AFRICA

ABSTRACT

The nuclear regulatory authority in South Africa (since 1988 the Council for Nuclear
Safety (CNS)), established in 1973 nuclear safety criteria against which to assess the
level of safety of any facility using radioactive material. It is a regulatory requirement
in South Africa to develop and maintain a living PRA for each facility and thereby to
provide the necessary information to demonstrate compliance against these criteria. All
safety submissions to the CNS must include at least a risk statement based on an
accepted PRA study.

The function of the CNS is to regulate all activities in South Africa involving the use of
radioactive material and posing a significant risk to the public or plant personnel. This
includes most aspects of the nuclear fuel cycle and the Koeberg NPS (two 2775
MW(th) PWRs).

A PRA study including source terms for the two Koeberg units was presented by the
contractor in 1979. This included the risk due to power and shutdown states and non
reactor related accidents involving spent fuel storage, fuel handling and waste
treatment related activities. At least 20 PRA studies have been performed for other
nuclear facilities in the country.

The CNS maintains an in-house PRA capability to perform independent assessments of
licensee submissions, to participate in developments of PRA methodology in the
regulatory field, to perform pro-active safety work and to assist in regulatory decision
making.

Present ongoing work includes the development of a risk monitor, a risk management
system, improvements in PRA codes, models, data collection and analysis, off-site risk
assessment methodology and associated regulatory policy.

1. HISTORICAL OVERVIEW

PRA has been part of the nuclear regulatory framework in South Africa since the early
seventies. Fundamental safety standards were established against which the safety of all
nuclear facilities would be assessed. Equivalent source term limits were derived by the
regulatory body using a site specific offsite consequence analysis.



It was a requirement on the licensee to provide a valid plant specific PRA to
demonstrate compliance against these limits.

Over the past fifteen years PRA studies including source terms have been developed
for virtually all aspects of the nuclear fuel cycle in South Africa including the Koeberg
NPS, Safari-1 research reactor, approximately twenty facilities of the Atomic Energy
Corporation of SA, waste repositories and more recently, for certain facilities relating to
mining operations. These submissions have been used by the regulatory body to
assess compliance against the above criteria.

As regards the Koeberg NPS, the source terms provided by the contractor in 1979
included the following:

• Power and shutdown modes
• Spent fuel storage and fuel handling accidents
• Waste treatment related accidents.

Subsequently the PRA has been revised in accordance with developments in this field.

The present fundamental safety standards (Table 1) include risk to the public and plant
personnel due to normal operations and accidental releases and include limits on
maximum and average individual risk. For societal risk, a bias against larger accidents
is imposed (Figure 1).

2. GENERAL REQUIREMENTS

It is a regulatory requirement in South Africa that licensees submit a plant specific PRA,
with associated source terms, to the regulatory body for assessment against the risk
criteria given in Table 1. This applies to any facility which uses radioactive material
and poses a significant risk to the public or plant personnel. Although compliance
against these criteria is determined by the regulatory body, guidelines are made
available to the licensee as to how this is performed.

The nuclear licence for the facility is drawn up by the regulatory body to ensure
regulatory control over important aspects of the facility relevant to the safety case. This
includes the plant specific PRA.

A proposed change to any of the above items referenced in the licence, or any
modification to the plant which could impact on risk, requires a licence change request
to be submitted to the CNS with supporting safety case to demonstrate risk
compliance.

In addition to the above, the licensee is required to maintain the validity of the PRA on
an ongoing basis by, inter alia, updating the reliability data base, performing root cause
analysis on occurrences and ensuring that equipment reliability is in accordance with
the PRA data base.



As generic reliability data is used, at least in the early stages of operation for a new
plant, it is implicitly assumed that the plant is constructed and operated according to
the same standards as those plants from which the data is obtained. The licensing
process attempts to ensure that this remains valid via appropriate licensing
requirements based on overseas practice. Subsequently, plant specific data, where
available, is checked against generic data.

Defence in depth is further provided by the fact that certain basic principles upon
which the PRA is based, including the design basis, are reflected in the licence.
Deviation from the design basis therefore requires an LCR which has to be motivated
by a PRA study.

3. SCOPE OF REGULATORY PRA WORK

3.1 Responsibilities of the Licensee:

The licensee is required to maintain a current, plant specific PRA including:

Reliability data base:
component reliability data including:
demand and running failures
mission times
common mode data
human reliability data.

Initiating event study including:
• initiating event screening
• frequency quantification.

System reliability analysis including:
• support systems
• mission times
• fa i I u re/repa i r cycles.

Plant level event sequence quantification including:
• common mode within and across system boundaries
• identification of plant damage states
• system failure criteria.

Source term analysis:
• identification of release categories
• frequencies of release categories (mean values).

Requirements on licensees with regard to the following are under
consideration:

• Development and use of a risk management system to



account for actual and scheduled changes in risk,
Data collection and analysis for component and human
reliability data,
Root cause analysis on occurrences and derivation of failure
rate and common cause data, including variances for use in the PRA.

3.2 Responsibilities of the Regulatory Authority:

Establish principals according to which PRA is used in the regulatory field for all
installations posing some form of nuclear risk.

Develop fundamental risk criteria by comparison with other societal risks, and
based on experience of nuclear facilities world wide.

Establish in-house methodology to check and assess licensee submissions and
perform pro-active safety work.

Maintain an in-house PRA capability to participate in development of regulatory
PRA methodology and associated requirements.

Assess source terms submitted by the licensee by performing offsite
consequence analysis and operator risk analysis.

For this purpose maintain valid site specific databases for use in the above
assessments (demographics, meteorology, human mortality data, food chain
data etc.).

Establish requirements relating to:

• Development and maintenance of a living, plant specific PRA,
• Plant specific data collection and analysis
• Risk management
• Operational feedback using PRA.

Use PRA to identify regulatory priorities, inspection programmes, auditing
requirements etc.

Provide in-house training in PRA to CNS technical staff.

4. REGULATORY APPLICATIONS (KOEBERG NPS)

For the approval of the design and commissioning of the twin 925 MWe PWR units of
the Koeberg NPS the utility Eskom provided in 1979 a source term PRA study prepared
by the contractor. This study provided iodine equivalent source terms due to reactor
accidents from power and shutdown conditions, spent fuel pool, fuel handling and
waste treatment related accidents. A seismic risk study was performed.



The resulting source terms were compared with the derived iodine equivalent source
term limits discussed in section 1 above.

The plant was initially non compliant against these criteria due to risk exposures
relating mainly to concerns relating to offsite power supplies and ultimate heat sink.
To address these concerns, the utility provided a dedicated power line to the plant
from a power source independent from the national grid, and developed new
procedures to utilise additional sources of cooling water in the event of loss of ultimate
heat sink.

In 1972 the decision was taken to discontinue use of the iodine equivalent source term
limits and to revert to the fundamental safety standards, with the requirement that the
licensee provides source terms computed using an acceptable methodology. These
source terms are then used to assess overall plant safety and compliance against the
risk criteria as discussed in 3.2 above.

In recent years the utility has been required to implement shutdown technical
specifications and to carry out various modifications relating to the fast dilution
accident and loss of cooling at shutdown.

On the basis of risk, a concern relating to fuel handling in the reactor building has
recently been addressed.

More than 700 licence change requests regarding the Koeberg NPS alone have been
submitted to the CNS. Each submission includes a safety case based on the approved
PRA study or at least a risk statement.

PRA studies have been performed to assess the following:

• Urban development assessments
• Safety issues (new scenarios, changes in source term technology etc.)
• Feedback to emergency planning and accident management
• Identification of safety issues for operator training.

5. PRESENT DEVELOPMENTS

The various nuclear licenses and regulatory guidelines are being rewritten to reflect
developments in the risk based approach.

The following PRA code and model developments at system and plant level are either
in progress of are under consideration:

• Improved fault tree/event tree code system
• Improved treatment of failure/repair cycles based on Markov approach
• Extension of common cause groups
• System of data collection and analysis



• Risk monitor
• Risk based maintenance rules.

Other developments taking place include the offsite consequence models as regards:

• Meteorological JaU
• Atmospheric dispersion data and models
• Collection and analysis of demographic data, including

the food chain
• Models for mining operations.

In conjunction with the development of a risk monitor, requirements and methodology
for the establishment of a risk management system are being developed by the
regulatory body and licensee.

Requirements on the performance of root cause analysis on occurrences may be
extended to include plant specific data analysis and trending.

6. CONCLUSIONS

i. According to our experience PRA is an essential tool in regulatory decision
making, providing a rational, structured approach to the resolution of complex
and diverse problems not adequately addressed by other methods.

ii. PRA should be regarded as an extension of traditional (deterministic) thinking to
take into account the reliability of the plant as a whole in quantifying risk.

iii. PRA should be used to provide a total picture of plant safety, using plant
specific data from diverse sources reflecting the actual condition of the plant.

iv. Commitment to the PRA is necessary to avoid erroneous, misleading results
and unnecessary use of resources.

v. Requirements based on the use of PRA in the regulatory field help to ensure
commitment to PRA development and to justify the necessary resources.

vi. The existence of large uncertainties in the PRA is not a reason for rejecting the
PRA approach in the regulatory field, as these are implicit and common to any
decision making process.

vii. International co-operation could assist in reducing the overall resources needed
for plant specific PRA development and reviews, establishment of a consistent
methodology and development of supporting tools and databases.



/ft

NUCLEAR SAFETY STANDARDS
UNITS: FATALITIES/PERSON/ANNUM

INDIVIDUAL

POPULATION
AVERAGE

(ALL FACILITIES)

POPULATION
AVERAGE

(PER FACILITY)

PEAK TO
AVERAGE

BIAS

ALARA

POPULATION

5 x 10~*

io"7

1 0 "

50

figure

yes

OCCUPATIONAL

ACCIDENTS

5 x 10"5

1 0 "

5

yes

ACC. •
NORMAL

OPERATION

10"5

2 x 10~*

5

yes

COUNCIL FOR NUCLEAR SAFETY
SOUTH AFRICA



Iff

I
c

I
I

M

•s
1
I
£

I

o

n
z

8 8

papssoxa JO |enba si ^ LJ3;L|AA UJ SJUSAS JO Aouanbai)



XA9744232

APPLICATION OF PROBABILISTIC SAFETY ASSESSMENT IN
OPERATIONAL SAFETY AND REGULATORY ISSUES

V. Venkat Raj and A.K. Babar
Reactor Safety Division

Bhabha Atomic Research Centre
Trombay, Bombay 400 085, INDIA

1. INTRODUCTION

Probabilistic Safety Assessment (PSA) deals with the
identification of dominating accident sequences relevant to the
design of a reactor system and relegating the same to various
systems and components including the operator. PSA has been
extensively used as a tool in the design evaluation process of
Nuclear Power Plants (NPPs) to identify weak links in the system
and suggest design modifications. During the PSA level 1 study of
Narora Atomic Power Station (NAPS) [1] a number of such design
modifications were implemented in various systems, e.g. Emergency
Core cooling System, Reactor Building Isolation System, Moderator
Circulation System etc. to improve the system reliabilities by
providing adequate redundancy as required. PSA studies also
enable a better understanding of the dominating accident
sequences, contribution of human error probabilities, common
cause failures (CCFs) etc.

Apart from the use of PSA at the design stage to evaluate
the system safety and assess the potential risk, PSA can also be
gainfully employed to assess the operational safety of a plant
taking into account the actual performance/failure data of plant
components and changes in system/subsystem/component
configuration, if any. A recent trend in the application of PSA
to the safety of NPPs is the realisation that apart from the
power operation state, the shutdown/low-power-operation states
can also contribute significantly to the top event, viz. core
damage frequency. Keeping in view these trends, a PSA study of an
operating Pressurised Heavy Water Reactor (PHWR) plant (Madras
Atomic Power Station) has been carried out based on the operating
experience at the plant to assess the level of safety associated
with the plant during power operation as well as shutdown/low
power states.

PSA study is also helpful in the pr ior 11 isat ion of
modifications based on the safety importance to risk of various
components in process and safety systems. The PSA study on one of
the operating PHWRs in India has indicated that accident
sequences emanating from failures in the process water system and
off-site power supply and medium LOCA sequences are dominating in
terms of their contribution to core damage frequency (CDF).

Presented at the IAEA Technical Committee Meeting on "Use of
Probabilistic Safety Assessment in the Regulatory Process',
Vienna, December 5-8, 1994.



Recommendations regarding accident management features and the
subsequent emergency procedures for operator training have been
arrived at. Development of Living PSA software tools for
operational safety management is also in progress.

The results of the PSA studies are being utilised to obtain
the risk importance of various systems and components to enable
identification of risk reduction measures and their adoption in
an optimal way. Risk Achievement Worth (RAW), which signifies
the importance of a system in achieving the existing level of
safety and Risk Reduction Worth (RRW), which enables the
identification of systems/components that can further reduce the
risk effectively if suitably modified, are important risk
measures. Such risk measures have been obtained for various
systems, components etc.

In the context of the use of PSA in regulatory decisions
regarding safety policy, licensing etc. it is essential to
establish the Probabilistic Safety Criteria (PSC) for various
risk indicators and their subsequent acceptance criteria. One
factor that contributes to the limitations in utilising the PSC
is the high level of uncertainty in PSA results.

This paper includes a discussion of the various applications
of PSA in operational safety as mentioned above and some
suggestions for the application of PSA results in regulatory
decisions.

2. PSA AND OPERATIONAL SAFETY

The usefulness of PSA in safety assessment/improvement at
the design stage, through identification of critical components
contributing significantly to system unreliability or CDF and
incorporating suitable modifications is well established. Studies
carried out in India [1] and the PSA study carried out on the
Darlington Nuclear Power Station in Canada, during the last
decade [2], are typical for PHWRs. Similar examples can be cited
in respect of LWRs. One recent example regarding the work
carried out on VVERs is the presentation on PSA level 1 studies
made during the recent meeting on "Advances in reliability
analysis and PSA" held at Budapest in September 1994. Further to
these studies, the importance of the application of PSA in
operational safety management is also well recognised.

The results of the PSA study of an operating PHWR based on
the operating experience at the plant has enabled identification
of the dominating accident sequences contributing to CDF. The
results of this study are being used towards operational safety
management and the following activities are in progress.

2.1 Risk Importance Measures

The prime use of PSA is to obtain an estimate of the risk



and relegate it to the various systems and down to components to
have an idea of the individual contribution to the risk. This
helps in adopting risk reduction measures in an optimal way.
Following risk measures are mainly considered in this context.

(i) Risk Achievement Worth (RAW) of a system which is defined as
the increase in risk when this system has failed or is removed
from service.

(ii) Risk Reduction Worth (RRW) of a system which is defined as
the reduction in risk when this system is fully reliable.

Thus RAW signifies the importance of a system in achieving
the existing level of safety, whereas RRW indicates the system/
component which can reduce the risk most, if it is selected for
reliability improvement. Such risk worths have been evaluated for
the various systems of the operating PHWR including human actions
also. It is observed that the secondary steam relief system
comprising of Steam Dump and Discharge valves has a very high
RAW & RRW. This indicates a high safety importance and also that
a reliability improvement of this system would be very effective
in risk reduction. Next to this, the Emergency Power Supply has
a high RAW which indicates the need for keeping this system in
order, say by reducing the maintenance downtime of Diesel
Generators. Reactor Protective System and Fire Fighting systems
also have significant RAW values. The ECCS is seen to have a
somewhat high RRW. The study indicated that increasing the
surveillance frequency of the Fueling Machine vault drain valve,
which is required to open during the recirculation mode, from the
present value in the technical specifications to a higher value
would enhance the ECCS reliability considerably. In general,
components for which change in test interval, maintenance
downtime etc. are needed, have been identified and possible
remedial actions that can result in a reduction in system risk
importance measures (RAW & RRW) have been identified.

2.2 Living PSA

It is of utmost importance in operational safety assessment
and optimisation to have a capability for continuous updating of
plant PSA based on operational and maintenance experiences at the
plant. A PC based operator support system called 'Living PSA' has
been developed for the operating PHWR to enable the plant
personnel to evaluate the importance of any component/system with
regard to its contribution to system reliability and safety.
Provisions have been made in the software to help in risk based
decision making, maintenance scheduling, technical specification
validation etc. This package enables modification, updating and
reanalysis of plant PSA in a short time and can be used by the
plant technical staff for guidance and assessment of the
consequences of different possible plant configurations. Graphics
have been incorporated to display the fault trees. The features
of the package enable its use as a risk monitor. Any deviation
greater than 10% in the accident sequence frequency or CDF is
indicated promptly.



2.3 Accident Management Features in a PHWR

The end result of a PSA level 1 activity is to identity and
carry out a probabilistic quantification of various dominating
accident sequences which can result in core damage. However, in
any accident sequence there is a time delay between the failure
of a process system, the relevant safety system(s) and the onset
of core damage. Thus, the primary objective of accident
management (AM) is to prevent a sequence from leading to severe
core damage and reduce the m-plant consequences. Since the
regular safety system is assumed to be unavailable during the
propagation of an accident sequence, the aim of accident
management should be to utilize the safety margins still
available in the plant and in addition, use the process system tc
minimise the consequences of the accident. For example, in the
event of serious process water system failures (a significant
initiating event in PHWRs), a direct deaerator link to the steam
generators for augmenting water inventory enables minimising core
damage possibility. Similarly, provision has been made to inject
fire fighting system water into the primary heat transport (PHT)
system headers in case of accident sequences initiated by medium
LOCA followed by ECCS failure. In view of the large frequency of
class IV failures, an inter-tie has been provided between the
class III buses of two units at the operating plant under
consideration to take care of the station blackout sequences. It
is important to realize that detailed emergency procedures and
adequate operator training are essential to take advantage of
such accident management features. This requires a shift from
emergency procedures based on process system failures to the
emergency procedures based on dominating accident sequences.

3. SHUTDOWN RISK ASSESSMENT

Selection of initiators and plant response analysis are
somewhat different in the case of shutdown risk assessment. When
the reactor is in the shutdown state (particularly long duration
annual shutdowns), a large number of plant equipments could be
unavailable over short/long durations, thus making the model
developed for the PSA of full power operating mode only partially
useful for shutdown risk analysis. There could be a large
variety of equipment/plant configurations requiring operator
intervention in many a situation. This enhances the potential
for human errors, which should be taken into account in shutdown
risk analysis. However, the physical processes are, in general,
much slower thus allowing considerable time for recovery before
any core damage could occur. Such recovery actions need tc be
covered in the procedures developed for Human Reliability
Analysis (HRA).

A detailed study related to the risk assessment of the
operating PHWR under consideration during shutdown was initiated
with the following objectives.

i) To obtain an estimate of the contribution ct postulated



accident sequences in the shutdown state to CDF.
ii) Identification and quantification of critical human

actions called for during various accident sequences in
the shutdown state.

iii) Development of appropriate and adequate procedures for
accident management for effective mitigation.

Based on the analytical study of the identified Initiating
Events (IEs) and the operating experience at the station, the
following IEs are considered to be dominating for the operating
PHWR, at power operation.

i) Loss of Coolant Accident (LOCA), particularly Medium
Break LOCA.

ii) Main Steam Line Break (MSLB).
iii) Feedwater System Failure,
iv) Process Water System Failure,
v) Compressed Air Failure,

vi) Class IV (normal) Power Supply Failure.

With regard to the dominating IEs under shutdown or low power
operation conditions, while reactivity transients could be
important and contribute significantly, the contributions from
MSLB, feedwater failures and compressed Air failures are not
significant. Thus, the dominating IEs identified as potential
contributors to Core Damage Frequency (CDF) under shutdown/low
power operation conditions are as follows:-

i) Grid Power Supply Failure,
ii) LOCA.

iii) Reactivity Transients,
iv) Process Water System Failures.

The studies carried out so far have indicated that the
contribution of the shutdown state of the reactor to CDF is not
insignificant. Various systems and operator actions important to
shutdown risk have been identified to help in shutdown risk
management. Details of some of the studies carried out so far are
g iven in [3,4].

4. PSA IN REGULATORY ISSUES

It is realised that the utilization of PSA related to i)
Licensing, ii) Quantitative safety goals and iii) Public
perception is limited mainly due to the large uncertainties in
the results of PSA. Thus, it is necessary to develop
methodologies to handle such uncertainties and try to reduce the
same. Work on Fuzzy Set Theory (FST) is in progress [5] which is
based on possibi1istic methods and tends to reduce the overall
uncertainties (particularly when the data available is meagerJ as
compared to the probabilistic approaches based on Monte-Carlc
simulation methods.

In general, lower the probability of an event, higher is



the uncertainty associated with it since the data is too scanty.
The uncertainties increase particularly when probabilistic safety
criteria are sought to be fixed for activity releases (level 2
PSA) and the probable consequences in the public domain (level 3
PSA). Core melt/damage frequency, which is the end result of PSA
level 1 exercise, may have a range of 10 to 10~ /yr . for
various reactor designs and an uncertainty band of an order or
two is not uncommon. CDF is obtained as the summation of
frequencies of dominating accident sequences which in turn is the
product of an initiating event and unavailability of one or more
safety systems. Thus it would be prudent for the regulatory
bodies to fix quantitative probabilistic criteria for ( i ;
frequency of an initiating event (or the frequency of all the
initiating events), and (ii) failure probability of a safety
system. In a NPP with a balanced design it would be desirable
that no accident sequence contributes very significantly to the
CDF and this necessitates criteria for the maximum frequency of
an accident sequence too. In addition, uncertainty creeps in
during the process of the identification of initiating events.
It would be certainly helpful if the list of initiating events
applicable to a reactor of a given design is standardised.

In the reliability analysis of various process and safety
systems, uncertainties are introduced due to the variability in
the input data, e.g. failure or maintenance data, human error
probability or CCF data and the various models (e.g. CCF models;
employed in the analysis. Standardisation of data and mcceIs
would be a significant step in uncertainty reduction.

An active role is being played by the Atomic tnergy
Regulatory Board (AERB) of India in the promotion and application
of PSA. A committee constituted by the Chairman. AfcPB.
coordinates the activities being carried out by different groups
involved in research and development, plant design, plant
operation and regulatory process. The committee's activities
extend to the following areas.

(i) Development of Probabilistic Safety Analysis
methodology (Level 1,2 & 3) including techniques for
reliability and safety analysis, Common Cause Failure
models etc.

( n ) Data specialisation including collection and analysis
of failure rate data, Common Cause Failure date,
Unusual Events data etc.

(iii) Human Reliability Analysis.

(iv) Software Assessment & Validation, Uncertainty and
Sensitivity Analysis.

(v) Application of PSA for Projects & Operating Plants,.

(vi) Further developments, including consideration of
external events.



(vii) Manpower development
activi t ies.

and co-ordination of PSA

The committee is helped in its work by a number
Groups which carry out a detailed review of the

of Working
work being

earned out by different agencies, in their respective areas.
Based on the review, the committee also suggests improvements and
additional work as required.

Apart from the work carried out by the above-mentioned
committee, the AERB has also been looking at the use of PSA in
regulatory process. Independent review of the PSA studies
carried out for different plants and verification of
reliabilities of systems important to safety are carried out by
the AERB through its Committees/Divisions. Details of the
studies carried out by AERB are given in the paper by S.P. Singh
C6].
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Since it has been recognized that PSA's produce numbers which can be used as a yardstick in
safety decisions, a lot of effort has been put in the development of probabilistic safety criteria (PSC).
Almost every member country of the Nuclear Energy Agency (NEA) of the Organization for
Economic Cooperation and Development (OECD) uses PSC, in one way or another, for the safety
assessment of nuclear power plants. For instance, these might be dose limits for anticipated occupa-
tional occurrences and design basis accidents with implicit or explicit frequency considerations of these
incidents, or PSC related to the probability of loss of core integrity. A large variety of different PSC
can be recognized in these OECD member countries. The choice of the PSC, their applicability, and
whether or not these PSC are used in a formal and/or legal way, is dependent on the political and
regulatory situation. In some countries PSC are used in a formal way, while in other countries these
are only informally used. The spectrum of utilisation includes the use as design requirements and the
use as a regulatory and licensing tool by the authorities.

The various PSC can be grouped into a number of distinct categories according to the level of
consequence as follows:

PSC relating to a particular safety system/ function (level-0 PSC),
PSC relating to the loss of integrity of the reactor-core (level-1 PSC),
PSC relating to the magnitude of a large radioactive release (level-2 PSC),
PSC relating to public health effects (leveI-3 PSC).

The PSC related to public health risks can be divided into:

PSC referring to early or late mortality,
PSC referring to received dose.

PSC related to the exposure of workers to radiation from either normal plant operation or
accident conditions2.

Tables 2 to 6 summarise the various PSC applied to the assessment of nuclear power plant in
the OECD member countries. To directly compare these criteria is fraught with difficulties as
boundary conditions and definitions can be different.

PROBABILISTIC SAFETY CRITERIA ON THE PUBLIC HEALTH LEVEL.

In only 3 countries (The Netherlands, the U.K. and the USA) level-3 PSC in terms of
mortality risk have explicitly been formulated. In the UK, the HSE's paper on the Tolerability of Risk
[reference 4] proposes limits and objectives on the individual risk of death to both the public (and
workers). The implementation of these proposals into the Nil's Safety Assessment Principles
[reference 3] is generally based on surrogate dose frequency relationships, hence mortality criteria do
not appear explicitly in the Regulators approach. The concept of tolerable risk levels in the UK is also

1) The authors are resp. chairman and member of a task force on 'the use of quantitative safety guidelines' within Principal
Working Group 5 (on risk assessment) of the Committee on the Safety of Nuclear Installations (CSNI) of the Nuclear Energy
Agency (NEA/OECD).

2) Workers risk is outside the remit of this paper and is not therefore discussed further.



applicable to other large industrial plant. In The Netherlands a similar approach has taken place,
although different sets of criteria have emerged and some concepts have been abandoned recently. In
the Netherlands these PSC on the public health level are applied as well to other potential hazardous
industries and activities. In table 5. a quick overview is given of these level-3 PSC in these countries,
while in the following text a more elaborate discussion is given.

NETHERLANDS

In the Netherlands PSC on the public health level have been developed in the mid-eighties in
order to have a yardstick in safety decision-making involving the risk impact of mainly new hazardous
industries [References 1 and 2]. Although primarily developed for chemical industries and transport
activities, these PSC were later declared applicable to both new and existing nuclear power plants.
Until the end of 1993 these PSC differentiated between three possible risk related situations:

normal risk, where permissible activities lie,
elevated risk, where reduction is required according the ALARA/ALARP principle, and
excessive risk, where the risks are unacceptable.

This differentiation and the two objectives of limiting the mortality risks of the individual citizen and
preventing disasters which could affect larger segments of the population formed die basis of the
definition of the probabilistic safety criteria and objectives. Regarding the latter it must be said that
the terms 'objective' and 'de minimis value' were used indifferently.

For each radioactive material or other hazardous source or activity the upper bound of
acceptable individual risk was chosen to be lO^/year. An individual risk of 10"*/year was considered as
a de minimis value or objective. In the area between these values the ALARA/ALARP (As Low As
Reasonable Achievable/Practicable) principle would be applied. For all radioactive material or other
hazardous sources or activities combined, an individual risk limit of 10"5/ycar was chosen.

For the criterion and de minimis level or objective two CCDFs (Complementary Cumulative
Distribution Functions) were chosen, forming two straight lines on a log-log scale of the F-N plot. The
criterion was given by lO^/Nfyear for £ N prompt fatalities and the lower level by lO^/l^/year for
> N prompt fatalities.

The definitions of individual and societal risk in the existing literature vary considerably. For
the purpose of the Dutch risk management policy regarding major accidents, the following definitions
for individual risk and societal risk were chosen:

Individual risk is defined as the expected frequency of death (both early and late) due to a
hazard of a hypothetical unprotected person at any given fixed location beyond the perimeter
of the installation concerned, and being there 24 hours/day for the whole year.

Societal (group) risk is defined as the expected frequency of N or more prompt fatalities
beyond the perimeter of the installation concerned due to a hazard at that installation.

Due to discussions in the Dutch parliament it was felt necessary to abandon the concept of de
minimis value or objective for both individual risk and societal risk. The main reason was the
recognition that risk perception and the acceptability of some risks by the general public had to be
included in the question:" How safe is safe enough?". This meant that the desirable risk reduction, via
the ALARA/ALARP principle, could differ from one hazardous activity to another. Therefore, one de
minimis value or objective was no longer a useable concept.



On the other hand, it is believed that next generations3 NPPs can meet the 'old' de minimis
values. Therefore, as input for further policy-making on the nuclear energy option4, a governmental
issue paper [Reference 7] was send to parliament in which these 'old' de minimis values were even
mentioned as a requirement to meet for future NPPs. It is evident that the perceived risks of NPPs by
the general public were of major influence in selecting these low numbers as criteria for future plants.

In October 1992 an El-Al Boebg 747 crashed in a large apartment building in one of the
suburbs of Amsterdam. More than SO people were killed instantaneously. This disaster caused the
Dutch government to ask for a probabilistic risk assessment of all the flying activities related to the
Dutch major International Airport Schiphol. This risk assessment was also necessary in the decision-
making concerning the future growth of the airport. The results showed that the area were the
aforesaid 'elevated' risks lie was about 50 km x 50 km. The calculated societal risk was orders of
magnitude higher than was assumed to be unacceptable for stationary installations (ca. 4. lO^/year for
2: 10 prompt fatalities and l.MTVy for ^ 100 prompt fatalities mainly due to the high degree of
urbanization around the airport and the large number of flying activities).

At the same moment PSAs of the transportation of dangerous materials via inland waterways
as well as shunting activities on the shunting yards of the railways were finished. For shunting-yards
societal risk was the bottleneck in various decision-making processes regarding new urban
developments, and for transportation individual risk caused some problems.

Therefore, the risk management policy of the Dutch government is getting a more pragmatic
character. At this very moment for 4 different risk sources 4 different sets of PSC are established c.q.
under development:

1. Stationary Chemical Industries,
2. Nuclear Power Plants,
3. Transport of dangerous materials, and
4. an ad hoc risk management policy for the International Airport Schiphol.

1. stationary chemical industries (established):
* The criterion for individual risk is 1. lO^/year (unchanged).
* No de minimis value for individual risk is set forth.
* The criterion for societal risk is no longer a sharp criterion, but just a trade-off in a multi-

criteria cost-benefit considerations in safety related decision-making. In other words, not
fulfilling means the requirement to apply the ALARP concept.

* This 'criterion' is lO /̂NP/year for^N prompt fatalities (unchanged).
* No de minimis level for societal risk is set forth.

2. nuclear power plants (established):
* The criterion for individual risk is 1. lO^/year (unchanged).
* A tentative individual risk criterion of lO^/year for future NPPs6, if any.
* The criterion for societal risk is lO /̂N /̂year for^N prompt fatalities (unchanged).
* A tentative societal risk criterion of lO^/N^year for future NPPs3, if any.
* No de minimis values for individual and societal risk are set forth.

3. transport (under development):
* Most likely, the criterion for individual risk will be lO^/year.
* No de minimis value for individual risk is set forth.
* Most likely, the criterium for societal risk will be lO^/I^/km/year.

3 ) With next generations or future NPPs is meant reactor designs of the 2n d or 3rd generation, like SBWR, AP 600,
MHTGR or PRISM.

4 ) After Chernobyl the Dutch government posponed its decision to expand the nuclear energy options. Further decision-
making is still waiting.

s ) Normal operation, operational occurrences and incidents (design basis) are excluded from this policy.



* No de minimis value for societal risk is set forth.

4. ad hoc PSC for Schiphol Airport:
* Stand-still principle within lO /̂year individual iso-risk contour; risk is not allowed to increase;

no extra housing developments and no additional potential hazardous industries within this
lO^/year individual iso-risk contour.

* Pulling down some existing housing (a few tens) within 10"5/year individual iso-risk contours
(only from those parts within the 10s/year contour with the highest risk).

* Societal risk is considered to be low enough for continuation of Schiphol Airport, provided
the above mentioned boundary conditions (previous two *) are fulfilled.

It has been recognized, that in case very severe NPP accidents a societal risk criterion
described by a Complementary Cumulative Distribution Function (CCDF) of the number of prompt
fatalities might not be adequate enough to solely being used as a yardstick for societal disruption. Due
to discussions in the parliament, additional level-3 PSC are being developed to judge the potential
contamination of large areas of land in case of severe nuclear reactor accidents.

UNITED KINGDOM

In the aftermath of the Sizewell-B Public Inquiry the U.K. Health & Safety Executive
published in 1988 a discussion paper on the "Tolerability of Risk from Nuclear Power Stations". In
1992 this paper was revised [reference 3] and published more or less together with the Nil Safety
Assessment Principles [reference 4] which implemented the proposal in the HSE Tolerability of Risk"
paper in the form of more specific assessment guidance.

The general approach to regulation set down in the Tolerability of Risk paper, in which
ALARP plays a central role, can be summarised as follows:

For any activity the level of risk may be so great that the activity cannot be allowed to
continue. The upper limit (Tolerable level) marks the boundary between risks which are just
tolerable and those that are intolerable.

Even when the level of risk is tolerable, it must be reduced to a level which is as low as
reasonable practicable (ALARP).

A point may be reached (Broadly Acceptable Level) at which the risk is, or has been made,
so small that no further safety precautions are necessary.

In respect to individual risks from both normal operation and accident conditions, the HSE
states in its Tolerability of Risk paper, regarding the two levels of risks:

We propose to maintain our existing position that a risk of 1 In 10,000 per annum to any
member of the public is the maximum that should be tolerated from any large industrial
plant in any industry with, of course, the ALARP principle applying to ensure that the risk
from most plant is in fact lower or much lower. But, in accordance with Barnes* findings, we
propose to adopt a risk of 1 in 100,000 per annum as the benchmark for new nuclear power
plants in the UK, recognising that this is, in the case of a new station, broadly achievable
and measurable.

Having considered what might be regarded as levels of risk that are just tolerable or can be
used as benchmarks we must now consider what might be a broad acceptable risk to an
individual dying from some particular cause, i.e, what is the level of risk below which, so
long as precautions are maintained, it would not be reasonable to consider further
improvements to standards if these involved a cost This level might be taken to be 1 in a
million (1 in 10°) per annum bearing in mind the very small addition this would involve to
the ordinary risks of life.'

The HSE paper also discusses societal risks and suggests limits on the risk to workers.



The Nil Safety Assessment Principles provide guidance in terms of level-1 and level-2 PSC.
The judgement has been made that these criteria are reasonably consistent surrogates for the
principles and targets set forth in the Tolerability of Risk paper.

In the Safety Assessment Principles, the concept of a .Tolerable' level of Risk has been
translated into a Basic Safety limit (BSL) for normal operation and, separately, for accident
conditions. A new plant must satisfy these BSL guidelines to be considered for licensing. Having
satisfied the BSL, the ALARP principle comes into play to drive the risks lower.

The ALARP process necessitates decisions by operators and designers on a case-by-case
basis. However, there comes a point at which the risks may be so low that Nil considers further risk
reduction measures not necessary. Each BSL is therefore complemented by a Basic Safety Obiective
(BSO). The BSO defines the point beyond which the assessors need not seek further safety
improvements from the licensee in satisfying ALARP. The Nil Safety Assessment principles provide
the following guidance in terms of BSL's and BSO's.

The total predicted frequency of a degraded core should be less than:

BSL

10"4 per year

BSO

10"* per year

The total predicted frequency of accidents on the plant with the potential to give a release to
the environment of more than:

10,000 TBq of Iodine 131, or
200 TBq of Caesium 137, or
quantities of any other isotope or mixture of isotopes which could lead to similar
consequences to either of these

should be less than:

BSL BSO

per year 10"7 per year

Note: This criterion is based on the belief that large scale releases that present risks to society as
well as individuals need to be controlled.

The total predicted frequencies of accidents on the plant, which would give doses to a person
outside the site, would be assessed against the following criteria:

Maximum effective
dose, mSv

0.1-1

1-10

10-100

100- 1000

> 1000

Total predicted frequency,
per year

BSL

1

Iff1

10*

lO*

10^

BSO

102

10*

10"4

Iff9

10"8

Note. This set of criteria is broadly consistent with the individual risk of death proposals in the
Tolerability of Risk paper, and is also based on the belief that societal risks from smaller scale
need to be controlled.



USA

In August 1986 the U.S. Nuclear Regulatory Commission issued a policy statement
promulgating safety goals for the operation of nuclear power plant [reference 10]. These safety goals
were specified with respect to prompt mortality risk and delayed cancer mortality risk. The
quantitative safety goals were formulated as follows:

The risk to an average individual in the vicinity of a nuclear power plant of prompt
fatalities that might result from reactor accidents should not exceed one-tenth of one percent
(0.1 percent) of the sum of prompt fatality risks resulting from accidents to which members
of the U.S. population are generally exposed"

"The risk to the population in the area near a nuclear power plant of cancer fatalities that
might result from nuclear power plant operation should not exceed one-tenth of one percent
(0.1 percent) of the sum of cancer fatality risks resulting from all other causes."

In applying the objective for individual risk of prompt fatality, the Commission has defined the
vicinity as the area within 1 mile of the nuclear power plant site boundary. In applying the objective
for cancer fatalities as a guideline for individuals in the area near the plant, the Commission has
defined the population within 10 miles of the plant site as the appropriate basis of calculation.

In the USA these defined PSC (see table 5 for an overview) are not as an objective that an
individual NPP should strive to meet, but as decision-making tool for the NRC [references 5 and 6] to
justify their generic backfitting initiatives. The objective is to add strength to the regulatory decision-
making process for new requirements that are considered and justified as safety enhancements to more
than one nuclear power reactor. It is only applicable to regulatory initiatives considered to be generic
safety enhancement backfits as defined in the backfit rule (10 CFR 50.109). Specifically, application of
this philosophy will minimize the number of occasions that resources are spent on conducting extensive
regulatory analyses that later determine a proposed action is not justified because the incremental
safety benefits would not substantially improve the existing level of plant safety. To achieve this goal
two types of PSA uses are suggested [refence 8]. First a screening of the issues, and secondly a more
detailed analysis of specific uses like issue resolution.

Issue screening and prioritization

With regard to the screening process it is suggested that:

"In the interest of the efficient use of resources, prioritization analyses should make use of
existing work to the maximum possible extent In most cases this will mean using an pristfng
PRA, or more than one existing PRA if more than oneis needed to cover the spectrum of
affected plants."

"Therefore, modern PRAs, particularly the NUREG-1150 PRAs when appropriate, should be
used as bases for generic issue prioritization. The existing population of plants should be
devided into classes consistent with available representative PRAs, with these classes used
consistently throughout the agency."

A screening and prioritization might be performed in which the number of affected plants
play a role [references 8 and 9]. See table 1* for an overview of the criteria.

The final product of a PRA-based screening is the assignment of a qualitative priority ("high",
"medium", "low", or "drop") to the issue. Currently, issues with a priortization parameter above a
certain value are automatically given a "high" priority. Issues with all prioritization parameters below a
certain level are automatically given a "drop" priority. For values between these limits, the value/impact
ratio is used in conjunction with the prioritization parameters to assign a priority level as shown in
table 1".

These screening criteria were approved by the Commission in early 1993 for preliminary
screening and prioritization purposes.



The essential PRA elements used in this program are the calculation of consequences and risk
to the public (in terms of person-rem averted) in addition to core damage frequency and the
calculation of point estimates with sensitivity studies on key variables. These sensitivity studies are
intended to ensure that the overall ranking given to an issue is not sensitive to key
uncertaintiesassumptions made in the analysis. A formal uncertainty analysis is currently not
considered necessary for these studies. The NUREG-1150 studies are regarded as valuable references
for input.

Table 1". Generic issue priority assignments (from reference 9).

—
Impact/Value
($ / Peison-

Rem)

> 1000

< 1000

DROP

DROP

< 10'7

< 3.10*

< 101

< 3.102

DROP

LOW

10"7 - 1 0 *

3.ur8.3.i<r5

101 -10 2

3.108 - 3.103

LOW

MEDIUM

10* - 10*

iio^-no-4

H^-IO3

3.103 - 3.104

MEDIUM

HIGH

10* -10"4

IIO^-SIO"3

H^-IO4

3.104 - 3.105

HIGH

HIGH

> vr*
> 3.W8

> 1 0 4

> 3.10s

A CDF/year

total4

A CDF/year

A pcison
rein/reactor

total3

A person
rem

Issue resolution

The resolution of generic issues must make use of decision criteria, since the end result is a
choice of one of a spectrum of potential fixes, including the option of no action. Currently, the
decission criteria are applied in two phases. The first phase consists of a decision on whether the
potential net improvement in the health and safety of the public is sufficient to justify regulatory
action. The Safety Goal Objectives discussed in the Regulatory Analysis Guidelines (reference 5) are
proposed to provide guidance in this area as shown in table lb. The second phase consists of
evaluating the cost effectiveness of the proposed action against a standard (currently $1000/person-
rem). However, before approval by the Commission this table might have to change due to the already
approved decision criteria from table 1".

By defining a clear level of incremental safety (see table lb.) for nuclear power plants, the
safety goal evaluation to be included in the regulatory analysis provides the staff with direction in
deciding whether no further backfits are warranted.

The essential elements of PSAs to be used for these purposes include [reference 8]:

An assessment of the core damage frequency impact associated with the issue,
Calculation of the consequences and risk to the public (in terms of person-rem averted) in
addition to core damage frequency,
An uncertainty analysis that permits the calculation of mean values for comparisons with
decision criteria (which are in terms of mean values), so as not to overlook or dismiss
potentially risk-significant issues prematurely,
Applicability to the set of affected plants (meaning that more than one PRA may be needed
to cover the entire spectrum of plants under consideration), and
Integration of related issues under study to avoid piecemeal evaluation of issues.

4) total means summed over all affected reactors.



Table lb. Proposed US Safety Goal Decision Criteria for nuclear power plant issue resolution.

Estimated
reduction in
CDF

> i(ryy

l(T7y - 10s/y

< lO /̂y

Estimated conditional containment failure probability

10* - 10"1

Value-impact assessment
necessary

Judgement of Division
Director of NRC

Terminate further analysis

101 - 1

Value-impact assessment
necessary

Value-impact assessment
necessary

Judgement of Division
Director of NRC

On the other hand, a level of "Adequate Protection" as a kind of minimum safety level for
each individual plant has to be assumed. Determination of this level is a case-by-case finding
evaluating a plant and site combination considering the body of regulations. This level of 'adequate
Protection" must be assured without regard to cost and, thus, whithout invoking the procedures
required by the backfit rule. The Safety Goals, on the other hand, provide a definition of "how safe is
safe enough" that should be seen as a guidance on how far to go when proposing safety enhancements,
including those to be considered under the backfit rule. Thus, if the safety goals are satisfied with
proper consideration of the uncertainties involved, no additional requirements are justifiable for
implementation, even if cost beneficial. See figure 1 for a conceptual illustration of this process.

No further
requirements
justified * Safety Goals

\

S
A
F
E
T
Y

IIIIIIL

Effect of
Cumulative Regulations, like

Value-impact Post-TMI actions, or
analysis implementation of

Maintenance Rule

.̂ «—'— Level of Adequate Protection -
wiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim

iin/fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim
i __

TIME—>

Figure 1. Conceptual illustration of use of Safety Goals

In justifying a proposed backfit under the backfit rule, the burden is on the staff to make a
positive showing that a generic safety problem actually exists and that the proposed backfit will both
address the problem effectively and provide a substantial safety improvement in a cost beneficial
manner. The process in achieving this objective is depicted in figure 2.

In performing steps C and D, a PRA, representing that particular class of plants, should be
relied upon to quantify the risk reduction and corresponding values of the proposed action. However,
it is recognized that not all regulatory actions are amenable to a quantitative risk assessment, and
certain evaluations may be based directly on engineering or regulatory judgement or qualitative
analysis.



Although, there is a subsidiary goal for core damage mean frequency (CDF) of 10"Vy, a factor
of l.lO^/y as the minimal reduction of the CDF was selected as a safety goal decision criterion (figure
1). This was done to give the requirement that the proposed backfit should "substantial" improve the
safety a better footing, and to provide some assurance that the PRA and data limitations and
uncertainties, as well as the variability among plants, will not eliminate issues warranting regulatory
attention.

A. Statement of Problem

B. Alternatives

C. Safety Goal Evaluation:
Substantial additional protection? .
Safety Goal Decision Criteria met? T

No

Yes

I
D. Value/Impact Analysis:

Values exceed impacts - .a*-No

Yes

E. Presentation of Results

F. Decision Rationale

G. Method and schedule for implementation No Regulatory
Action

Figure 2. Regulatory Analysis for Reactor Safety Enhancements.

Also the US nuclear industry has formulated PSC for the next generation of LWRs, the
ALWR. They formulated:

a 'challenging, quantitative requirement (core damage frequency [CDF] < 10"5 per reactor
year) in order to provide investment protection for the Plant Owner.'
a 'challenging, quantitative requirement on mitigation (whole body dose less than 025 Sv at
the site boundary [about 0.5 miles from the reactor] for accident sequences with cumulative
frequency greater than 10* per year)'.... This 10"8, 0.25 Sv requirement provides considerable
margin to the NRC safety goal.'



SOME OBSERVATIONS

In general, the nuclear regulatory requirements in most of the surveyed member countries are
deterministic, aided to limited extent by probabilistic ones. The most commonly used probabilistic
requirements/rules refer to cut-off values for the consideration of initiating events especially of external
origin and to the categorization of plant states for design considerations.

With regard to specific PSC, in general the frequency values set for them by different
countries fall into a relatively narrow range, however the similarity may be more apparent than real
due to possible differences in definitions, PSA scope, models and data bases used and calculational
procedures employed.

The rationale given for the selection of uniform numerical values of PSC was very general,
qualitative and based on a judgement of what is considered a tolerable or negligible risk. The UK risk
values are justified, to some extend, by public consultation and a comparison of risks estimated for a
number of large industrial complexes.

Because of the large uncertainties in PSA results, particularly if they refer to risks at the
public health level, many countries found it advisable to define PSC as targets and not as acceptance
criteria. In two countries, the Netherlands and the U.K., limit values are formulated regarding
mortality risks. In the U.K. and the USA are respectively de minimis values and objectives formulated
regarding mortality risks. In the Netherlands the concept of a de minimis value has been abandoned.
In both the Netherlands and the U.K. these higher level PSC are also used for regulating other
activities and/or industries as well.

In the Netherlands the 'old' de minimis values for individual and societal risk will be used as
criteria for future NPPs.

In the USA the PSC for individual mortality risk refers to an average individual in the vicinity
of the plant, whilst the Netherlands and the U.K. refer to the most exposed person.

In the Netherlands and the U.K. the level-3 PSC are 'plant oriented', that means the
individual plant is scrutinized. In the USA the PSC are 'regulatory body oriented', that means that
generic insights scrutinize and prioritize the areas of regulatory attention.

In the Netherlands and the U.K. the level-3 PSC are plant specific, whilst in the USA the PSC
are more generic; applicable to a whole class of plants.

The Dutch and UJK. PSC refer to 'best estimate' calculations of the risk, whereas the US PSC
refer more to the 'real' risk, bearing in mind the differences in the risk profile and safety culture
among plants, and the inherent 'weaknesses' of PSAs, like incompleteness.

A too stringent application of PSC, without the consideration of other than safety issues, might
be counterproductive.

PSC are often of a political nature, and therefore often vaguely phrased. In order to show
compliance with PSC, both PSA and PSC should be consistent in the definition of terms, boundary
conditions, assumptions being made, etc. See further Reference 2 for a further discussion on the
necessary compatibility between PSC and the associated PSAs to be used for showing compliance with
these PSC.



Table 2. Probabilistic Safety Objectives/ Criteria on the Safety System/ Function Level
(Level - 0 PSC).

Country

Safety Function/ System
failure probability PSC
(Level - 0 PSC)

Reactivity control
Shut down 1 (control rod)
Shut down 2 (liquid poison)

Core Cooling Capacity at power

Emergency Core Cooling Systems

Containment Isolation System

Containment Heat Removal
System

Containment Spray System

Auxiliary Feedwater Supply

Rapid depressurization
e.g. ADS

Canada

[/demand]

< Iff3

< 10*

< lO*

< Iff3

< Iff3

< Iff8

Finland4

[/demand]

< 10*

< 10"

<5.10'a

< 10"

< 10"

USA

[/demand]

< 10"

Table 3. Probabilistic Safety Objectives/ Criteria on the Core Integrity Level (Level - 1 PSC).

Country

Core damage/ melt frequency PSC
(Level - 1 PSC)

New9 Nuclear Power Plants
formal
informal

Existing Nuclear Power Plants
formal
informal

Italy

[/year]

<10'5

Spain*

[/year]

< 10"

NetherL9

[/year]

<105

<10"

UK7

[/year]

<10"BSL/
<10SBSO

<10"BSL/
<10r5BSO

USA8

[/year]

< 10"

4) Compliance with 90-th percentile has to be shown.

*) Informally, core melt frequencies larger than 10*4/ year require a more detailed analysis and/ or some design and
operational modifications.

6) Regulatory statement.

7) These criteria are specified specifically with new plant in mind are also used as guidance in the assessment of older
stations.

8) Semi-official policy statement US-NRC

") For The Netherlands and the UK, the headings new and existing nuclear power plants has in this case the same
meaning as the objective and limit value of the PSC.



Table 4. Probabilistic Safety Objectives/ Criteria on the Large Release/ Source Term Level
(Level - 2 PSC).

Country

Large Release
(Frequency)/ Source
Term (Frequency)
PSC. (Level - 2 PSC)

Unacceptable
consequences and
Source Terms.

Frequencies of Large
Releases or
unacceptable
consequences.

Finland France Italy Neth. Sweden UK USA

Limit on Magnitude of Source Term [% core inventory]
or

limit on frequency of certain source terms [year1 for x % core inventory]

>0.1%
of core
invent,
excl.
iodines
and
N.G.

<10-*/y
for
unaccept.
conseq.

<5%of
core
melt
freq.
if Source
Term
contains
>0.1%
iodine
and Cs.

<10-°/y
for
large
release
= dose
equival.
of 5Sv
to the
most
exposed
person

>0.1%
of core
invent,
excl.
iodine
and
N.G.

<l(T8/y
limit for
Source
Term of
ltfTBq
I»i , or
200 TBq
Cs137, or
equivaL

<10r7/y
objective
for idem
source
term

<10-fi/y



Table 5. Probabilistic Safety Objectives/ Criteria on the Public Health Level (Level - 3 PSC).

Individual Risk

Prompt fatalities

Late fatalities

Societal Risk

Prompt fatalities

Late fatalities

Netherlands

- lO^/y limit value.
-10"*/y" limit value

for future NPPs.
- No minimk value.
- Both early and late

fatalities.
- Applicable to all

hazardous industries
and transport routes.

- a criterion for
current NPPs
charact. by a CCDF:
MTW/y for ;> N
early fatalities.

- a criterion for
future NPPs
characterized by.
lO-W/year for
2: N early fatalities

- No de minimis value.
- Only applicable to

nuclear industries as
a criterion. For other
hazardous industries
just one factor in a
decision-making
proces based on
multi-criteria cost-
benefit
considerations.

- For transport routes
probably a CCDF
characterized by:
lOW/km/year for
£ N early fatalities.

United Kingdom

The regulatory guidance on
individual risk is based on
dose frequency targets, see
table 6. However these
limits are defined with due
cognizance of the TOR
paper in which an upper
limit of individual risk of
lO^/y, and an objective of
lO^/y are proposed. The
TOR also suggests that
new plant should be able
to achieve a level of
individual risk at or below
1 0 %

Societal risks are covered
by both the dose frequency
targets of table 6 and the
large release level-2 PSC
on table 4.The source term
for large release is
reasonably consistent with
100 cancer deaths.

USA10

The risk to the average
individual in the vicinity
of the plant within a
radius of 10 miles
should not exceed 0.1%
of the sum of prompt
fatality risks due to
other causes. (<5.10*7y)
= Objective.

The risk to population
near the plant should
not exceed 0.1% of the
sum of cancer fatality
risks resulting from all
other causes.

(<2.10"8/y)
= Objective.

10) Whilst in the UK and in The Netherlands the level-3 PSC are associated with individual plants, in the US all the PSC
are associated with a whole class of a particular NPP-type in order to justify regulatory initiatives for generic safety
enhancement backfits as defined in the backfit rule (10 CFR 50.109).

11) Only for beyond design accidents.



Table 6. Prequency-dose design objectives for accidental conditions including design basis accidents.

Country

Belgium

Canada

Finland

France

FRG

Italy

Japan

Spain

Sweden

Switzerl.

Netherl.

U.K.

USA

Frequency range of
occurrence (yr*1)

category 1
category 2
category 3

3.10'1 - 3.10-4

<3.W*

> 1 0 2

10"2 - W3

10"3 -10"*
10"* -10"9

< 10*

1) Design Basis Accidents
2) Severe Accidents

1 0 2 -10"*
10"4 -10""

Design Basis Accidents

> W3

10* - vr4

< 10"4

Design Basis Accidents
Siting Evaluation Accidents

as USA

Severe Accidents

1 - 1 0 2

10* -10"*

ur4 - w*
10"1 - 1 0 2

10"2 -10"4

10"* -10"*

limit

10°
10-'
lO"2

10^
lO"4

Objective

10*
10"3

IO-4

lO" 5

10" 6

Design Basis Accidents

Dose limit (whole
body) (mSv/event)

0.5
5
£20

5
250

OS
5
30
100
250

1)5
2) Controlled by

release limit

5
150

50

5
100
100

5
250

as USA

0.2
1
100

0.4
4
40

0,1-1
1-10
10-100
100-1000
>1000

250

Remarks

implicit frequency definition
category 1: Loss of Offsite Power
category 1: e.g., Small LOCA, Steam Generator
Tube Rupture, Uncontrolled Rod Assembly
Withdrawal, Rupture of Gaseous or Liquid
Waste Tank,
category 3: e.g., Large LOCA, Steam Line Break
Accident, Rupture of Feedwater l ine Outside
Containment.

In place since 1972. 3.10"1 - 3.10"* applies to
single failures (process systems). For this
frequency band also maximum total population
dose limits are formulated: 100 man-Sv/y whole
body dose. For the design base area <3.10"4 a
population dose limit of 10* man-Sv/year applies.

Under trial use since 1980

1) Implicit frequency definition
2) The targets are reached if:
major part of severe acrid, releases < 100 TBq
Cs-137 (ca. 0.1% core invent) or equival., No
acute health effects to the public in the
surrounding of the plant Filtered containment
venting systems installed.

Only used as guideline values

Implicit frequency definition

guideline values
additional as target/ trend: 5 mSv/evcnt for all
DBAs.

Implicit frequency definition

Controlled by level - 2 PSQ implicit frequency
definition

These limits are based on a dose-risk conversion
factor of 25 10'2/Sv, and therefore a risk limit of
10*/y [e.g., ZS W ^ 10** lO"*]

This criterion is based on the belief that large
scale releases that present risks to society as well
as individuals need to be controlled.
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1. Introduction

The safety of NPPs in Japan is secured by stringent safety regulations based on
the deterministic method, minimizing the possibility of a severe accident to a
technologically negligible level.

Though PSA is recognized as the convincing tool of supplementing the
deterministic method to discuss balanced design and procedures and examine accident
management of NPPs, PSA itself is not required in the current regulatory procedures.

Accident management based on PSA is a "knowledge-based " action dependent on
utilities' technical knowledge aimed at further reduction of the risk which is kept
small enough by existing measures, and the utilities are strongly requested to
execute accident management in good timing depending on on-going situations by
utilizing their best knowledge. The competent regulatory authorities, for the time
being, have no intention to require any regulatory measures to limit construction or
operation of NPPs depending on whether accident management is established at all or on
the contents of it.

Since Japanese nuclear power plants (NPPs) have been progressed in improvement
and standardization and can be classified into several groups from the viewpoint of
plant design and operation, in Japan the following three kinds of PSAs on NPPs have
been conducted practically and efficiently to provide supplemental information about
their safety characteristics in addition to the deterministic evaluation used in the
regulatory safety review.

(1) PSAs on typical NPPs
(2) PSAs on all NPPs to examine candidates for accident management
(3) PSAs as part of PSR(periodic safety review)

2. PSAs on all NPPs to examine candidates for accident management

Though the frequencies of core damage and containment failure due to severe
accidents at Japanese typical NPPs are evaluated to be sufficiently small from an
engineering perspective as discussed later, the Nuclear Safety Commission (NSC)
decided to introduce accident management based on PSA in order to further reduce plant
risks in May 1992, which does not directly lead to the licensing conditions for
constructing or operating NPPs. Based on NSC' s decision, the competent regulatory
authorities, Ministry of International Trade and Industry (MITI),prepared own policy
on implementing accident management to cope with severe accidents, and in July 1992
strongly recommended and encouraged the owners of NPPs to take the following
appropriate measures to perform PSA and to establish PSA-based accident management as
one of in-house safety management,
a. Ut i l i t ies should carry out individual level 1 and level 2 (actually level 2":



containment performance assessment) PSA on their own nuclear power plants (IPE:
individual plant examination) for internal events during high power operating
condition, clarify the characteristics of each plant and examine candidates for
accident management before the end of 1993.

During the above examination, utilities should examine the technical
requirements for accident management at each plant including appropriate
operating procedures and training of plant operating personnel.

b. Based on the above examination, utilities should establish the necessary accident
management for their own power plant, promptly and schematically.

c. Utilities should periodically reassess the above accident management within the
framework of Periodic Safety Review (see chapter 3).

d. Utilities should perform level 1 low power and shutdown PSA for their own typical
power plants within one year, and should take appropriate countermeasures when
necessary.

e. Utilities should make continuous efforts to upgrade the accuracy of PSA
methodology, to expand its scope and establish a database of component failure
rate, etc

It is reconroended that PSA on individual NPPs should be performed in accordance
with the guidebooks issued by Nuclear Safety Research Association in 1992 for level 1
PSA and in 1993 for level 2 PSA, which have been prepared by the voluntary committee
(chairman : Professor Kondo of University of Tokyo) consisting of representative PSA-
specialists from governmental organizations and industry groups, and the fundamental
concept and methodologies of which are the same as NUREG/CR-2300.

The utilities together with vendors have conducted 43 level 1 and level 2~ PSAs
on each of all Japanese NPPs (51 NPPs including several NPPs under construction),
using the models and data of the below-mentioned PSAs completed on the several
typical NPPs (see chapter 4) as much as possible and making necessary modification on
them from the viewpoint of the objectives of accident management candidate examination
based on the difference of each NPP assessed in system configurations and operational
managements from the typical NPP which belongs to the same NPP group as each NPP
assessed. Results of 43 PSAs were submitted to MITI at the end of March 1994

Regarding IPEs, PSAs performed to examine candidates for accident management,
the utilities submitted monthly progress reports to MITI and the Advisory Committee
from November 1992 through March 1994 and carried out IPEs under close deliberation
with them on critical issues. The virtual review on the results of IPEs has been
executed by MITI and the Advisory Committee in support of NUPEC after the formal
submission by the utilities at the end of March 1994. MITI and the Advisory
Committee have approved the fundamental adequacy of the methodologies, database and
results of IPEs from viewpoints of state-of-the-art of PSA methodology and the recent



objective of comprehensive and quantitative understanding for safety characteristics
of individual NPPs in order to develop accident management program and further
improve safety, leaving some critical subjects such as establisment of domestic
database related to component failure and human error.

The review report written by MITI was presented to NSC in October 1994

The followings are some of major results and insights acquired by implementation
of IPEs on all NPPs to examine candidates for accident management.

The total core damage frequencies and PCV failure frequencies for all individual
NPPs, both PttRs and BWRs are small enough to meet the IAEA' s proposed values for core
damage frequency of 10~4/RY for existing reactors and 10~5/RY for future reactors
and the ones for contaiment failure frequency which may be practically considered to
be 10"5/RY for existing reactors and K T V R Y for future reactors. Futhermore
Japanese utilities are developing accident management strategies based on IPEs for
prevention and mitigation of severe accident as an in-house safety management in
order to improve safety. Some examples of development of standard accident management
strategies for typical BWR and typical PWR are shown in the attached papers.

Accident management based on PSA is a "knowledge-based " action dependent on
utilities' technical knowledge aimed at further reduction of the risk which is kept
small enough by existing measures and one of in-house safety management. The
competent regulatory authorities, for the time being, have no intention to require
any regulatory measures to limit construction or operation of NPPs depending on
whether accident management is established at all or on the contents of it.

The level 1 PSA conducted against severe accidents beyond DBA (Design basis
accident) initiated by the internal events has provided the utilities with useful
information on

(D what sequences are dominant in case of internal-event-initiated accidents, and
© equipments / systems and operator actions which are effective for prevention or

mitigation of the accidents.

This knowledge has been used as basis for improvements of the operation manuals
based on the symptom (status) oriented procedures and of texts for education and
training of the operators.

Furthermore emergency operating procedures as accident management with some
necessary plant system modification are examined at the present time based on the
level 2~ PSA mentioned above.

3. PSAs as part of PSR(periodic safety review)



In Japan PSR is introduced since June 1992 as one of in-house safety management
done by utilities under close deliberation with MITI, in order to assess periodically
(about every 10 years) and comprehensively the current situation of safety and
reliability of each existing NPPs in the light of up-to-date technical knowledge.

As an important part of PSR, implementation of IPB at specified NPPs is carried
out in order to identify the actions to be taken and to prepare relevant measures
including accident management for severe accident, if necessary.

Main objectives of IPE implementation at specified NPPs are as follows.
a. To grasp dominant sequences which lead to core damage and containment vessel

failure.
b. To prepare relevant measures, if necessary, such as plant modification,

operational procedure guide preparation, system maintenance program revision and
so on, which can reduce the occurrence frequency of dominant sequences that can
result in severe core damage and containment vessel failure.

c To grasp the effect of the above-mentioned (b) measures
d Others

(D The first PSR was planned to be completed on the following three comparatively old
NPPs by the end of March 1994 when it was started about 2 years ago.

a. No. 1 unit of Tsuruga power generating station owned by Japan Atomic Power Co.,
Inc.

b. No. 1 unit of Fukushima dai-ichi power generating station owned by Tokyo Electric
Power Company.

c No. 1 unit of Mihama power generating station owned by The Kansai Electric Power
Co., Inc.

Therefore the IPEs for three NPPs were required to be implemented and submitted
to MITI at the end of March 1994

(D Regarding the other NPPs, PSR and also IPE as part of PSR are planned to be
implemented on four plants or so every year and to be completed on all NPPs within
the next decade. The following four NPPs of next PSR implementation
are scheduled

a. No.2 unit of Mihama power generating station owned by The Kansai Electric Power
Co., Inc.

b. No. 1 unit of Simane (power generating station owned) by The Chugoku Electric
Power Co., Inc.

c. No. 2 unit of Fukushima dai-ichi power generating station owned by Tokyo Electric
Power Company.

d. No. 1 unit of Genkai (power generating station owned) by Kyushu Electric Power
Co., Inc.



4 PSAs on typical NPPs

Both governmental organizations and industry groups are carrying out various
kinds of PSAs in objective, scope and method on several typical NPPs selected in the
light of plant features, such as reactor type, containment type, power, configuration
of ECCS (emergency core cooling stystem) and so forth, in order to investigate
relative vulnerability, grasp risk profile and confirm safety margin of them.

They have been making efforts through the execution of such PSAs to develop and
upgrade their PSA methodologies to date.

Current status of PSAs on typical NPPs is summarized in Table 1.

Regarding the level 1 PSAs in Table 1 completed before 1989 by TEPCO and BWR
vendors, PWR industry group and NUPEC untill 1989, the summary reports of
methodologies, database and results were presented to and reviewed by the special
Committee on Generic Safety Issues (GSI committee) under NSC. The GSI committee
accepted their fundamental adequacy as first stage assessment and pointed out several
critical subjects to be revised especially in the field of database on component
failure and human error.

The level 1 and level 2" PSA revised by NUPEC (phase-2 in Table 1) were
submitted for review to an advisory body under the Nuclear Power Generation Technical
Advisory Committee (Advisory Committee) through MITI and were admitted to be used as
reference PSAs in review on IPEs done by the utilities.

As one example of PSAs on typical NPPs, some results of level 1 PSAs and level 2
PSAs completed by NUPEC in 1993 are shown in Table 2 ~ 5 and Figure 1. These re-
evaluations (phase-2) have been reviewed by the Advisory Committee. Major results
and insights are summarized as follows.

The re-evaluation shows that the total core damage frequencies for typical BWR
and PWR are about 7.6xlO"7/RY and 1.9xlO~6/RY with the 90X error factors of about
4 and 5 respectively. These are small enough to meet the above-mentioned IAEA's
proposed values. These small numbers were achieved mainly by the small occurrence
frequency of initiating events such as abnormal operational transients and the high
reliabilizy of domestic active components such as emergency power supply systems.

The largest contributors of typical BWR leading to core damage are T A P ^ W ^ W S
and T ACiC3 sequences. The T A P I W 2 W 4 W 5 sequence is the T A (transients with power
conversion system initially available), followed by successful reactor scram and core
cooling and failure to remove containmant heat under one SORV (stuck open relief
valve) leading to core damage. The TACiC3 sequence is the failure of reactor scram
and activation of standby liquid control system (SLCS) to shutdown the reactor after



TA. The contribution of the top 10 dominant sequences to the total CDF of typical
PWR is about 84X. The most dominant sequence is the failure of recirculation
operation of the HPIS and LPIS in small LOCA. The dominant failure mode in this
sequence is the common cause failure of containment vessel (CA) recirculation sump
isolation valve to open. The superposition of failure to isolate faulted SG and
failure of feed and bleed operation at SGTR is the second dominant sequence.

The sensitivity studies point out that the reliabilities of mitigating
systems/equipments are sensitive to common cause failures and important operator
actions.

Use of the domestic component failure data, which are still under development
but whose values are one or two oders lower than the data used in the base case, can
make a sharp reduction of core damage frequency (to a level less than one-third for
BWR and one-tenth for PWR, respectively). Some accident management measures that are
taken into account in these PSAs, such as the PCV (primary containment vessel)
venting for BWR and the feed and bleed operation for PWR are shown to be very
effective.

In order to further improve the accuracy of level 1 PSA, more realistic success
criteria based on extensive plant behavior analyses, component failure data and common
cause failure data which reflect domestic experiences, and more practical treatment
of human factors need to be established.

The dominant PCV failure modes are late overpressurization due to steam before
core damage, late overpressurization due to decay heat and early overpressurization
due to steam before core damage for typical BWR, and bypass (SGTR, ISLOCA), late
overpressurization due to steam before core damage and overpressurization due to decay
heat after core damage for typical PWR, respectively. Regarding the total PCV
failure frequency, both typical BWR and PWR fully satisfy the above-mentioned IAEA's
proposed values. In order to further improve the adequacy of level 2 PSA,
establishment based on analytical and experimental researches of comprehensive severe
accident progression analysis code which is able to assess various kinds of physical
phenomena in reactor and PCV during severe accident is necessary.



232,

:'. . Table. 1 Current

Plant Period

(1) TEPCQ, BBS Vendors

130QMfe ABBR

mnm.
BHR/4 MKl
B8K/5 *Kir

SNR/4 IK I
Wt/zi MKI
Bi*/5 MKHmod

1984-1988

1984-1988

1984-1990

• BftR Industry Group

BWR/4MKI
BWR/5 MKI

1992-1993

Status of PSAs on

Scope

Level 1 PSA
Internal Events

Level 1 PSA
Internal Events

Level 2 PSA
Internal Events

Level 1
Shutdown PSA

Typical NPPs

Main Objective
•

To find out best design
concept

To evaluate the difference
of system configuration

To provide supplemental
infqrmat ion

To evaluate safety of annual
outage

(2) m Industry Group

4 loop m
- large dry con-
tainment t>pe

4 loop PttR
- ice condenser
containment
type

1984-1990

1992-1993

1984-1990

Level 2 PSA
Internal Events

Level 1
Shutdown PSA

Level 2 PSA
Internal Events

To evaluare safety margin and
understand the characteristics
of the plants
To evaluate safety of annual
outage

To provide supplemental
information

7
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Plant •

(3) NUPEC

llOOMWe
B8R/5 MKl

lHXMfe
RSR 4 loop
large dry
containment type

130«*fe A M

(4) J.AERI

BWSitiKl
model plant

PHR 4 IOOD
large dry
containment
model plant

Period

1987-1989
(phase-1)
1990-1993
(phase-2)
1992 -1994

1987-1989
(phase-1)
1990-1993
(phase-2)
1992-1994

1988-1991

1986—1990

1991-1994

1990-1993

Scope

Level 2 PSA
Internal Events

Level 1 PSA
Shutdown PSA

Level 2 PSA
Internal Events

Level 1
Shutdown PSA

Level 1 PSA
Internal Events

Level 2 PSA
Internal Events

Level 1 PSA
for seismic
events

Level 2 PSA
Internal Events

Main Objective

To supply probabilistic safetv
information to the
regulatory authorities

ditto

Backup for licensing procedure

To verify model aooiicabilitv
and usefulness of JASRI
methodologies

ditto

(5) PNC

Monju

Prototype FBR

1982-1993

1994-1995

Level 3 PSA
Internal and
External Events
Level 1
Shutdown PSA

To evaluate overall plant
safety & to use for assisting
in operational management

R
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. Regulatory Use of PSA In Japan

1. With a few exceptions, the current licensing and other
regulatory decisions in Japan are based on deterministic
approach.

2. The probabilistic approach has only been used in
supplement to the deterministic regulation and will remain
so in the near future.

3. However, the extent and the diversity of the role of PSA
in the regulatory process will increase steadily, even though
it is not a legal requirement.



Recent Government Actions related to PSA

July, 1987 Nuclear Safety Commission (NSC) asked the
Subcommittee on Common Issues of the Safety Standards
(CISS) to review the regulatory issues for the management
of severe accidents.

March, 1992 The Subcommittee submitted to the NSC a
report on the regulatory approach for the management of
severe accidents.

May, 1992 The NSC endorsed the recommendation by
the Subcommittee and published the Policy Statement on. the
Severe Accident Management.

July, 1992 The Ministry of International Trade and
Industry (MITI) published the Guiding Principles on the
Accident Management (AM) and Periodic Safety Review
(PSR).



CISS' Subcommittee's Recommendation

1. The NSC should establish a basic policy for AM
implementation, specifying the roles of regulatory bodies
and utilities.

2. AM should be encouraged, being the "knowledge-based''
application of countermeasures to further reduce the risk
that is already substantially low.
The management system utilizes the technical capability of
the utilities to the utmost extent.

3. Therefore, it must contain maximum flexibility
corresponding to the state-of -the knowledge and the
situation of the plant during an accident. Thus, the details of
AM measures should not be the matters for regulatory
review.

4. The regulatory authorities should examine whether or not
the safety level of the plant might actually decrease against
design based events (DBEs) if additional equipment for
unlikely accident scenarios is installed in die plant.



CIS S Subcommittee's Recommendation (cont.)

5. The utilities should conduct plant specific PSAs and try to
enhance the functions of instruments and of display systems
for a more profound understanding of the plant situation and
to secure a high reliability of decisions and manual actions
of operators for the prevention and mitigation of severe
accidents through appropriate operator training and
operating procedures.

6. The additional research organizations and the utilities

should continue research on severe accidents, especially on

human- factors and physical phenomena, such as hydrogen

generation / combustion, with large uncertainties for a moi:e

precise understanding of their uncertainty bands.

x:



NSC's Policy Statement on AM
(May 28 ,1992)

1. Owners / Operators of nuclear power plants are
encouraged to establish AM on their own initiative and to be
ready to implement the measures if and when necessary.

2. Utilities should continually formulate and implement AM
measures, taking into account the findings of CXSS
Subcommittee. Competent authorities should clearly
specify their role in promoting AM and continually review
concrete measures.
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C's Policy Statement on" AM (cont.)

3. Competent authorities should report to NSC
implementation as follows :

on AM

1) For reactors to be built from, now on, accident
management plans, including detailed measures, manuals
and personnel training, should be reported for NSC's review
at the time of safety review associated with reactor
licensing.

2) For units already in operation or under construction,
accident management plans should be reported in turn at
appropriate timing for NSC's review.

3) For 1) and 2) above, PSA results on each specific plant
should also be reported and reviewed by NSC.

4) Related organizations and the utilities should continue ^
R&D activities on severe accidents. NSC will review their

results periodically.
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Requests by the MJTI/ANRE

(1) The utilities are requested to conduct level-2" PSAs for
each nuclear plant belonging to them and examine
candidates for accident management countermeasures
by the end of Japanese FY-1993.

(2) The utilities are requested to establish accident
management plans for each plant belonging to them
deliberately and immediately, based on the results of
the above works.

(3) Thereafter, the utilities are requested to conduct a
periodic safety review (approximately every 10 years)
which also includes a review of accident management
countermeasures.
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Requests by the MITI/ANRE (Cont.)

(4) The utilities are requested to conduct level-1 PSAs on
shutdown risks for representative plants of Japanese
BWRs and PWRs within one year.

(5) The utilities are requested to continue research on PSA
methodology, database on component failure
rates,eto.,of Japanese'nuclear power plants.

(6) The MIT!will request the utilities to report on the
results of PSAs and individualnuclear power plants1

policies for executing.accident management
countermeasures and-will technically review on their
adequacy.



Basic understanding of Implementing Accident Management

(1) S a f e t y o f N N P s is s e c u r e d b y s t r i c s a f e t y r e g u l a t i o n s b a s e d o n
t h e d e t e r m i n i s t i c m e t h o d ,
[ P r o p e r i m p l e m e n t a t i o n o f s a f e t y r e g u l a t i o n s ]

(2) P r o b a b i l i t y o f s e v e r e a c c i d e n t o c c u r r e n c e is s o s m a l l t h a t it is
h i g h l y u n l i k e l y in t e r m s o f e n g i n e e r i n g .
( b e l o w , t h e I A E A s a f e t y g o a l - 1 0 ' V r e a c t o r y e a r f o r n e w r e a c t o r )
[ C o n f i r m a t i o n b y p r o b a b i l i s t i c s a f e t y a s s e s s m e n t ]

(3) A c c i d e n t m a n a g e m e n t n e e d s t o i n c l u d e t i m e l y , a p p r o p r i a t e a n d
f l e x i b l e m e a s u r e s i n o r d e r t o f u r t h e r r e d u c e r i s k s ,
[ D o s e n o t c o n f o r m to s a f e t y r e g u l a t i o n s ]
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Role of Accident Management in Safety Regulations

(1) A c c i d e n t m a n a g e m e n t b a s e d o n P S A is a " k n o w l e d g e - b a s e d " a c t i o n
d e p e n d e n t o n u t i l i t e s 1 t e c h n i c a l k n o w l e d g e a i m e d at f u r t h e r
r e d u c t i o n of the r i s k w h i c h is k e p t s m a l l e n o u g h b y e x i s t i n g
m e a s u r e s a n d o n e of i n - h o u s e s a f e t y m a n a g e m e n t .

(2) M 1 T I h a s n o i n t e n t i o n to r e q u i r e a n y r e g u l a t o r y m e a s u r e s to
l i m i t c o n s t r u c t i o n or o p e r a t i o n of N P P s d e p e n d i n g o n w h e t h e r
a c c i d e n t m a n a g e m e n t is e s t a b l i s h e d at a i l or o n t h e c o n t e n t s of
it.
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Involvement of MITI in AM Implementation

(1) M I T I is r e s p o n s i b l e for c o n f i r m i n g the t e c h n i c a l a p p r o p r i a t e n e s s
of i m p l e m e n t a t i o n m e t h o d s and g r a s p i n g / a s s e s s i n g the o u t c o m e of

• A M i m p l e m e n t a t i o n ,

(2) M I T I is r e q u i r e d to s e e k c o m m e n t s of its a d v i s o r y body, the
A d v i s o r y C o m m i t t e e for C o m p r e h e n s i v e A c c i d e n t P r e v e n t i o n
T e c h n o l o g y .

(3) IPE ( i n d i v i d u a l p l a n t e x a m i n a t i o n ) r e s u l t s and a s s o c i a t e d
i m p l e m e n t a t i o n p o l i c y of a c c i d e n t m a n a g e m e n t s h o u l d be r e p o r t e d
to the N u c l e a r S a f e t y C o m m i s s i o n by M I T I .



Main Issues Concerning Technological Appropriateness

(1) M e a s u r e s f o r s i g n i f i c a n t s e q u e n c e s i n o r d e r t o f u r t h e r i m p r o v e
s a f e t y ,
• U n d e r s t a n d i n g c h a r a c t e r i s t i c s b y p r o b a b i l i s t i c s a f e t y a s s e s s m e n t

(2) F e a s i b i l i t y o f i m p l e m e n t a t i o n a n d e f f e c t o n p r e v e n t i o n a n d
m i t i g a t i o n .

(3) A n y a d v e r s e e f f e c t e x p e c t e d t o c u r r e n t s a f e t y f u n c t i o n s ,
• W h e n t h e n e w s y s t e m i s c o n n e c t e d t o t h e p r e s e n t f a c i l i t y , t h e
d e s i g n c l a s s s h o u l d b e t h e s a m e a s t h a t o f t h e p r e s e n t f a c i l i t y .

• C o n f i r m t h a t t h e r e w i l l n o t b e a n y a d v e r s e s f f e c t o n s a f e t y b y
d e t e c t i n g b e y o n d d e s i g n b a s i s c o n d i t i o n s ,



Review of IPEs used in AM Studies

rv)

( 1 ) T h e v i r t u a l r e v i e w o n t h e r e s u l t s o f I P E s h a s b e e n e x e c u t e d b y
M I T I a n d t h e A d v i s o r y C o m m i t t e e i n s u p p o r t o f N U P E C a f t e r t h e
f o r m a l s u b m i s s i o m b y t h e u t i l i t i e s a t t h e e n d o f M a r c h 1 9 9 4 .

( 2 ) M I T I a n d t h e A d v i s o r y C o m m i t t e e h a v e a p p r o v e d t h e f u n d a m e n t a l
a d e q u a c y o f t h e m e t h o d o l o g i e s , d a t a b a s e a n d r e s u l t s o f I P E s f r o m
v i e w p o i n t s o f s t a t e - o f - t h e - a r t o f P S A m e t h o d o l o g y a n d t h e r e c e n t
o b j e c t i v e o f c o m p r e h e n s i v e a n d q u a n t i t a t i v e u n d e r s t a n d i n g f o r
s a f e t y c h a r a c t e r i s t i c s o f i n d i v i d u a l N P P s i n o r d e r t o d e v e l o p
a c c i d e n t m a n a g e m e n t p r o g r a m , l e a v i n g s o m e c r i t i c a l s u b j e c t s s u c h
a s e s t a b l i s m e n t o f d o m e s t i c d a t a b a s e r e l a t e d t o c o m p o n e n t
f a i l u r e a n d h u m a n e r r o r .
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PSA Guidebooks used in AM studies

(1) T h e s p e c i a l c o m m i t t e e ( C h a i r m a n : p r o f e s s o r S. K o n d o o f
U n i v e r s i t y o f T o k y o ) c o n s i s t i n g o f r e p r e s e n t a t i v e P S A
s p e c i a l i s t s f r o m g o v e r n m e n t a l o r g a n i z a t i o n s a n d i n d u s t r y g r o u p s
s p o n s o r e d b y t h e N u c l e a r S a f e t y R e s e a r c h A s s o c i a t i o n ( N S R A ) ,
p u b l i s h e d t h e G u i d e b o o k f o r I n t e r n a l E v e n t , L e v e l 1 P S A i n 1 9 9 2
a n d t h e o n e f o r I n t e r n a l E v e n t , L e v e l 2 P S A in 1 9 9 3 .

(2) M I T I a d o p t s t h e s e g u i d e b o o k s f o r t h e I n d i v i d u a l P l a n t
E x a m i n a t i o n ( 1 P E ) in All s t u d i e s ,



Safety Features and Accident Management Measures

for Typical BWR-5

Safety Features

Failure of maintaining
subcriticality

Failure of water injection during a LOCA

Failure of high
and low pressure
injection Failure of

high pressure
injection and
depressuriza-
tion

Failure of decay
heat removal

Loss of electric
power

Fig.1 PSA results on the integrity of reactor core

Overpressurization
due to failure of
maintaining
subcriticality

Accident Management Functions

Shutdown of reactor

Water Injection to
Reactor and
Containment Vessel

Overheating of penetration

Direct containment
heating

Steam explosion

Overpressurization due to
steam (decay heat)

Heat Removal from

Containment Vessel

Supply of Electric

Power

Fig.2 PSA results on the integrity of containment
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Measures for Typical BWR-5

Accident Management Measures

Already applied

To be applied

• Manual scram

• Manual operation of water level control and standby liquid

control system

• Alternate reactivity control

Already applied

To be applied

• Manual actuation of ECCS
• Manual depressurization of reactor and low pressure water

injection to reactor
• Alternate water injection (water injection to reactor through feed

water system or control rod drive hydraulic system. Water
injection to reactor and containment vessel by sea water system
pumps)

• Alternate water injection (water injection to reactor and
containment vessel using pumps associated with condensate
makeup water system or fire fighting system )

• Automatic reactor depressurization (ADS logic addition)

Already applied

To be applied

• Manual actuation of containment spray cooling system

• Venting through ventilation duct

• Heat removal from containment vessel

• Alternate heat removal using heat exchangers of non-safety

systems (drywell cooler or cleanup water system)

• Recovery of failed components of RHR system

• Hard vent

Already applied

To be applied

• Supply of electric power

• Recovery of off-site power •

• Manual startup of emergency diesel generator

• Cross-tie of power supplies (6.9kV from adjacent plant)

• Supply of electric power

• Cross-tie of power supplies (480V from adjacent plant and

6.9kV from D/G for HPCS)

• Recovery of failed components of emergency diesel generators



Safety Features and Typical Accident Management

Measures for PWR (Prestressed Concrete Dry

Type Containment, 4-Loop)

Safety Features

Loss of heat removal function
from containment vessel

Loss of support function for
safety function

Loss of secondary system
heat removal function \

Loss of leakage isola-
tion function

Loss of ECCS
injection function

Loss of reactor shutdown
function

Loss of ECCS
recirculation
function

PSA results on the integrity of reactor core

Direct containment contact

Loss of containment
isolation function

Overheating of
penetration

Erosion of
concrete

Steam explosion
Direct containment heating
Burning of high concentrat-
ion flammable gas

Overpressurization
due to steam'

(decay heat)

Loss of
leakage
isolation
function

PSA results on the integrity of containment

Accident Management
Functions

Shutdown of reactor

Cooling of reactor core

ECCS Injection

ECCS Recirculation

Isolation of leakage

Heat removal via
2ndary loop

Confinement of radioactive
material

• Heat removal of
containment vessel

Isolation of
containment vessel

Support function for safety
function



Measures for PWR
(Prestressed Concrete Dry Type Containment, 4-Loop)

Accident Management Measures

Already applied

To be applied

- Manual reactor trip
- Emergency injection of boric acid
- Emergency cooling secondary loop

- Diversity of emergency cooling of secondary loop

Already applied

To be applied

- Alternate injection
- Low pressure coolant injection by forced cooling of

secondary loop

- Use of turbine bypass system

Already applied

To be applied

- Low pressure recirculation by forced cooling of secondary
loop

- Cooling of sump water by forced cooling of secondary
loop

- Continuous water injection by water source addition
- Alternate cooling of containment atmosphere

- Use of turbine bypass system
- Continuous water injection by water source addition

and alternate recirculation
- Natural convection inside containment vessel
- Alternate component cooling

Already applied

To be applied

Already applied

To be applied

- Water injection to primaty loop and depressurization

- Cool down and recirculation

- Alternate feedwater
- Addition of water source for secondary loop
- Feed and bleed

- Use of turbine bypass system

Already applied

To be applied

- Alternate cooling of steam phase in containment vessel

- Natural convection cooling in containment vessel
- Water injection in containment vessel
- Forced depressurization of primary loop

Already applied - Manual isolation of containment vessel

Already applied

Recovery of electric power
Securing of DC power
Recovery of component cooling system
Supply of alternate control air

To be applied
Alternate cooling of component
Cross-tie of electric Dowsr



Future Implementation Policy

Standard accident management is technologicaliy appropriate

UJ

Policy of electric utilities

To meet the content of accident management measures, expand
and enhance bases formulated in the past

• preparation of operation procedures
• modification of facility
• implementing organization
• education and training

Policy of the Ministry of international Trade and Industry

• Assess the accident management report on each existing reactor
faclity

• Be reported when appropriate on the imprementing plan, and
status conducted

• Receives separate report from newly building plant for examination
at the time of safety review for permission of establishment
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RESEARCH ITEMS

PSA data refinement including human factor

Improvement of accident analysis code models

Accelerating test on accident phenomena

Steam explosion and debris cooling

Source term mitigation effect

Hydrogen burning effect

Containment integrity

Developing operation procedure for AM

F2
e r a >
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United States
Nuclear Regulatory Commit *on

Proposed Probabilistic Risk Assessment (PRA)
Policy Statement and Implementation Plan

Edward J. Butcher
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Background

Recent Recommendations

PRA Working Group
Regulatory Review Group
Regulatory Analysis Steering Group

Proposed PRA Policy Statement

« Agency-wide policy statement
• Broadest application to power reactors

PRA Implementation Plan

« Provides the necessary interoffice management framework
* Implementation ongoing ~ Plan is a "Living" document



Proposed PRA Policy Statement

Policy Statement

• Increased use of PRA in reactor regulatory matters will be implemented to the
extent supported by state-of-the-art in PRA methods and data.

• PRA should be used to reduce unnecessary conservatism associated with
current regulatory requirements

• PRA evaluations should be as realistic as possible and supporting data should
be publicly available

• Uncertainties in PRA evaluations need to be considered in applying the
Commission's Safety goals for nuclear power plants



Augment Defense-in-Depth Philosophy

PRA

Current Rules, Regulations,
and Requirements

Improved Regulatory
Decision-Making

More Efficient Use
of Staff Resources

Reduced Industry

Strengthening of
Regulatory
Requirements



Schedule for Publishing Final PRA Policy Statement

• Publish Proposed PRA Policy Statement

• 60-day Public Comment Period Ends

• Resolve Public Comments/Brief 4CRS April 1995

• Final PRA Policy Statement to Commission June 1995

• Publish Final PRA Policy Statement July 1995
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C REASSESSMENT (PRA)
NTATldNrPLAN

Plan to Implement the PRA

Ongoing;and New PRA-Related Activities

iRrjQyt̂ ^^ for Monitoring Programs and"
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REGULATION (NRR)

i f i § ; ; ! ; - Determining When the use of PRA'is practical
f |^ : l f : ;andAppropr iate. -. }."'•'~'..:' ' •
f ! I ' - Provide guidance for consistency in applying PRA
': ;?iv^-Rising generic data to support resolution of

••:•)•:

pSV ,•• v-s^-^Limitations on using generic data to resolve
iMKr,/^v:,:uviiix'„-.,.= _ JssueSi . ; ;-w^;:; f;;.^

for specific
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REGULATION PLAN
ACTIVITIES (CONT'D)

ing

li

S0pcicrrè Knowledge and Abilities (K & A)
pl i f l l jgatalogs foir.Risk insights (e.g., iPE results)
m" ";'||3pc!^te Examiners Handbook

r , : • { • - 1 M • . ' : . . • - • • " • • • : • . " • ' • ' • • • ; : . • •
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Ì5S Event Assessment
improve Models (e.g.. Accident

Precursor)
Power and

iAî i i i l i lns ic i lDeveloping Models for Non-Power



REACTOR REGULATION PLAN
INACTIVITIES (CONT'D)

;;-f;:pi;r;|lustomized Inspection Planning Process
pi:u;|l|'|:-Individual Plant Examination (IPE) Insights
i f : - i « i i ^ : l aridiimitations ;. • • .. ; -
l^l-^tllilt-^'Enfoteenrient Appticatidn^Pf PRA
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REACTOR REGULATION PLAN
' ACTIVITIES (CONT'D)

.4 Operator Licensingp

. - Update Knowledge and Abilities <K & A)
; "-'Catalogs for Risk Insights (e.g., IPE results)

- Update Examiners Handbook

T.5 Event Assessment
, . - • t - - . - • . • , .

t- - Update/ Improve Models (e.g.. Accident
'./'Sequence^Precursor)
'.- Develop jModels for Low Power and
" 'Sh'utdqWtY*Assessments
1 --Conside^Developing Models for Non-Power
1 i'"Reactor! Assessn tents
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^ ^ Q PLAN
lAeTIVITIES<CONT'D)

Issue Resolution

it Effectiveness of Relying on IPE Program for
Generic Issue Resolution

SPK£;7t Regulator/ Effectiveness Evaluation

fpK|:4Si|=lsf*the Effectiveness of Past Rulemaking in
;|}m*f;i;"JR|c[ucing; Risk (eig.. Station Blackout, Anticipated
If!Si;;-:jiahs!ent Wit^out-Scram) ; • •.;,.



FUNDAMENTAL CONCEPT
BEHIND THE PLAN

ntegrate'Risk Management into the
Process, Bringing Greater Coherence

to ail NRC Regulatory Activities.
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_4 REACTOR REGULATION ;

'PLAN ACTIVITIES (CONFD)

.2.PilotApplications ;
 ;

 ; ;

Operated Valves r
Risk Management

i t i f y ynservice Inspection/Testing Requirements
: Graded Quality Assurance
-;• Containment Leakage Requirements

Protection ;

:J
! . . . - . I ; ; . . . • . • • :



SIMPLIFIED QUALITATIVE RISK MODEL

Risk = Pj x Pm x Pc

where: Ps = The probability of an initiating event such as
turbine trip, loss of offsite power, or LOCA

Pm = The probability of not being able to mitigate
the event using core damage prevention as a
measure of successful mitigation

Pc = The probability of not being able to mitigate
the consequences using containment integrity
preservation as a measure of success
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CDF (log scale)
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New Value

Baseline
Cumulative Area under the Risk Profile

Data
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®N-L!NE MAINTENANCE AND
IS RISK' MANAGEMENT

^ iw|bme| j t i l i t ies Not Thoroughly Evaluating Risk when
m*km- '•' Perfqifpng On-line Maintenance

B • Emerqing Technical Issue for the NRC

fitie^NRC Recently Developed a Temporary Inspection
|listru<stion-rr':;i: :;,r::; .:;,

^ J ^ p H ^ ' . . . ' • : • . • -•'••••• r : 4 X : - ' • ; - < "•*••••" i - ; i • • " • • • • ; - 7 f - : ; - : • - • • •••••i

?^^ | :on |pp iperaet ion with the nuclear power industry
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B P P U C f l T I O H OF PROBflBILISTIC SflFETV flSSESSHENT
IH R E 6 U L B T I 0 M OF MUClEflR SflFETV IH IMDIfl

S. P. Singh, fltoaic Energy R e g u l a t o r y Board
Vikraa Sarabhai B h a v a n , finushakti N a g a r ,

B o m b a y - 400 0 9 4 , India

The p r i a a r y o b j e c t i v e of the Indian r e g u l a t o r y body, the
fltoaic Energy R e g u l a t o r y Board ( HERB ) is to a s s u r e safety of
the public, p e r s o n n e l and the e n v i r o n a e n t froa u n d u e r a d i o l o g i c a l
risk froa o p e r a t i o n of v a r i o u s nuclear f a c i l i t i e s in the c o u n t r y .

To aeet its stated o b j e c t i v e , flREB has been a s s i g n e d three
aain f u n c t i o n s , n a a e t y ;

to p r e p a r e safety c o d e s , g u i d e s and r e g u l a t i o n s relating
to nuclear and r a d i a t i o n s a f e t y ,

to iapieaent and s u p e r v i s e a p r o c e s s of a u t h o r i s t i o n for
each n u c l e a r power plant for grant of a u t h o r i s a t i o n at
d i f f e r e n t s t a g e s such as site e v a l u a t i o n , c o n s t r u c t i o n ,
o p e r a t i o n , and d e c o a a i s s i o n ing,

to a o n i t o r and assure control of r a d i o l o g i c a l h a z a r d s
at nuclear f a c i l i t i e s under c o n s t r u c t i o n and o p e r a t i o n .

Review and a s s e s s m e n t is one of flERB's p r i n c i p a l a c t i v i t i e s .
The priaary r e s p o n s i b i l i t y for safe s i t i n g , d e s i g n , c o n s t r u c t i o n ,
c o n tss ion ing and o p e r a t i o n of anv nuclear facility lies with its
o w n e r . HERB is r e s p o n s i b l e for aaking an independent safety
a s s e s s m e n t t h r o u g h a p r o c e s s of t h r e e - t i e r r e v i e w , based on the
o w n e r ' s s u b m i s s i o n s , fl aanual o u t l i n i n g the n a t u r e , c o n t e n t s and
f r e q u e n c i e s of such s u b m i s s i o n s for Indian PHURs has been issued
for g u i d a n c e .

The a u t h o r i s a t i o n of a nuclear power project is conducted in
s t a g e s and at three levels, fit the basic level, a d e d i c a t e d
Project Design Safety C o a a i t t e e ( POSC ) , c o a p o s e d largely of in-
house e n g i n e e r s and s c i e n t i s t s r e v i e w s the d o c u a e n t s ( design
r e t o r t s , test r e s u l t s ) s u b a i t t e d by the o p e r a t i n g o r g a n i s a t i o n ,
and c o m p a r e s thea with r e g u l a t o r y r e q u i r e a e n t s and f o r w a r d s its
r e c o a a e n d a t i o n s to the next higher level for c o n f i r a a t i o n , naaely
to the n a t i o n a I- leve 1 R d v i s o r y C o a a i t t e e for Project Safety
Review ( flCPSR ) . P r e s e n t l y , two d i s t i n c t flCPSRs exist, one each
for PHUs and L U R s . The r e c o a a e n d a t i o n s of the PDSC and the
flCPSR are c o n s i d e r e d by the fltoaic Energy R e g u l a t o r y Board for
grant of the r e q u e s t e d a u t h o r i s a t i o n . The importance of
P r o b a b i l i s t i c Safety a s s e s s m e n t ( PSR ) was r e c o g n i s e d even
d u r i n g the earlier period of growth of flERB in I n d i a . In order to
build up e x p e r t i s e in this area of a n a l y s i s , t r a i n i n g c o u r s e s
were o r g a n i s e d . Over the past few y e a r s , s e v e r a l level-1 PSR
s t u d i e s were c o n d u c t e d by the o p e r a t i n g and R. !• 0. o r g a n i s a t i o n s
on v a r i o u s p r o c e s s s y s t e a s , safety s y s t e a s and r e g u l a t i n g systeas
in o p e r a t i n g power r e a c t o r s and p r o j e c t s in I n d i a . These PSR
s t u d i e s are independently r e v i e w e d under flERB's review p r o c e s s
for i d e n t i f i c a t i o n of w e a k n e s s e s of s y s t e a s and c o a p o n e n t s ,
e f f e c t s of coaaon cause f a i l u r e s ( CCFs ) , e t c .

P r e s e n t e d at the IRER T e c h n i c a l C o a a i t t e e M e e t i n g on 'Use of
P r o b a b i l i s t i c Safety a s s e s s a e n t in the R e g u l a t o r y
P r o c e s s ' U i e n n a , Dec.5 to D e e . 8, 1 9 9 4 .



In 1 9 9 0 , RERB c o n s t i t u t e d an e x p e r t c o a a i t t e e to s u g g e s t
s t e p s to p r o a o t e PSfl as a d i s c i p l i n e , w i t h s p e c i a l e a p h a s i s on
t e c h n i q u e s for C C F s , h u a a n r e l i a b i l i t y a n a l y s i s ( HRfl ) ,
e s t a b l ishaent of f a i l u r e d a t a b a n k , r e v i e w of S a f e t y R e l a t e d
U n u s u a l O c c u r r e n c e R e p o r t s ( S R U O R s ) . T h i s c o a a i t t e e h a s
c o n d u c t e d i n - d e p t h s t u d i e s in v a r i o u s a r e a s r e l a t e d to PSfl and
its a c t i v i t i e s f o r a the s u b j e c t of p r e s e n t a t i o n of D r . V e n k a t
R a j , who h e a d s t h i s c o a a i t t e e .

P r e s e n t l y , s a f e t y g o a l s and c r i t e r i a , b a s e d on p r o b a b i l i s t i c
c o n s i d e r a t i o n s are b e i n g c o n s i d e r e d for issue by R E R B - H o w e v e r ,
the o p e r a t i n g o r g a n i s a t i o n s are r e q u i r e d to p r o p o s e t h e i r
e x p e c t e d f r e q u e n c i e s of p o s t u l a t e d i n t e r n a l i n i t i a t i n g e v e n t s ,
e x p e c t e d f a i l u r e r a t e s and i n s p e c t i o n and r e p a i r f r e q u e n c i e s ,
e t c . The R E R B S i t i n g C o d e for P H U R s lays d o w n l i a i t i n g r e t u r n
p e r i o d s for soae e x t e r n a l i n i t i a t o r s s u c h as f l o o d s , e a r t h q u a k e s ,
and e x t r e a e w i n d s . It also p r e s c r i b e s l i a i t i n g f r e q u e n c i e s and
s c r e e n i n g d i s t a n c e s to g u a r d a g a i n s t a i r c r a f t c r a s h e s . T h e s e are
l i a i t i n g v a l u e s for e x t e r n a l P I E s ; h o w e v e r , p l a n t s can adopt less
s e v e r e v a l u e s if the s a a e are p r o p e r l y j u s t i f i e d .

The N u c l e a r S a f e t y D i v i s i o n of R E R B h a v e p e r f o r a e d
i n d e p e n d e n t v e r i f i c a t i o n s of r e l i a b i l i t i e s of s y s t e a s i a p o r t a n t
to s a f e t y in s u p p o r t of R E R B ' s r e g u l a r r e v i e w p r o c e s s . The PSR
s t u d i e s s u b a i t t e d for r e v i e w are e v a l u a t e d for logic and
c o n s i s t e n c y w i t h c l a i a e d t a r g e t r e l i a b i l i t i e s . For i a p o r t a n t
s y s t e a s , e f f e c t s of C C F s are e v a l u a t e d for c o n f i r a a t i o n . R o u t i n e
S R U O R s are e v a l a t e d for s y s t e a i c w e a k n e s s e s , u s i n g an a p p r o a c h
b a s e d on I R E R ' s I n c i d e n t R e p o r t i n g S y s t e a ( IRS ) .

fl s t u d y ' D e t e r a i n a t i o n of O p t i a a l Test I n t e r v a l s for
S a f e t y R e l a t e d E q u i p a e n t s of N u c l e a r P o w e r P l a n t s ' h a s e v a l u a t e d
the e f f e c t s of t e s t i n g and a a i n t e n a n c e p a r a a e t e r s on r e l i a b i l i t y
of d i e s e l g e n e r a t o r s , a o t o r - o p e r a t e d v a l v e s for ECC s y t e a s and
s o l e n o i d v a l v e s for b a c k - u p shut down s y s t e a s . It is is a t t a c h e d
as R n n e x u r e 1. T h i s s t u d y w h i c h is b a s e d on a c t u a l p l a n t d a t a in
I n d i a n P H U R s and on U R S H - 1 4 0 0 b r i n g s out the i a p o r t a n c e of
o b s e r v a n c e of p r o p e r test i n t e r v a l s for a s s u r i n g the r e q u i r e d
r e l i a b i l i t y of the c o n c e r n e d c o a p o n e n e t s and s y s t e a s . It also
p r o v i d e s a p r o b a b i l i s t i c b a s i s for p r e d i c t i n g t h e i r
re I iab i I i t i e s .

fin a n a l y s i s of S R U O R s of I n d i a n P H U R s for the year 1 9 9 0 in
p r e s e n t e d as R n n e x u r e 2 . T h i s s t u d y , b a s e d on I R E R ' s IRS
a e t h o d o l o g y , b r i n g s out the w e a k n e s s e s in d i f f e r e n t t y p e s of
s y s t e a s as well as a g e - r e l a t e d e f f e c t s in I n d i a n P H U R s .

fin i n t e r e s t i n g a p p l i c a t i o n of p r o b a b i l i s t i c a n a l y s i s
t e c h n i q u e s to r e l i a b i l i t y of r e a c t o r s h u t - d o w n s y s t e a in the
r e s e a r c h r e a c t o r ' P U R N I H R ' is p r e s e n t e d as R n n e x u r e 3. T h i s
s t u d y lead to i a p r o v e a e n t s in the s h u t - d o w n s y s t e a s of P U R H I H R
f o l l o w i n g a P D S C level r e v i e w of the test r e s u l t s and this
a n a l y s i s . T h i s s t u d y h i g h l i g h t s the u t i l i t y of c o n d u c t i n g a
s t a t i s t i c a l e v a l u a t i o n of r e l i a b i l i t y of r e a c t o r s h u t - d o w n
s y s t e a , u s i n g H o n t e C a r l o a p p r o a c h for c o a b i n a t i o n and
p r o p a g a t i o n of u n c e r t a i n t i e s , e v e n t h o u g h s u c h a n a l y s e s are not
r e c o g n i s e d as c o n s t i t u t i n g n o r a a l PSR s t u d i e s .

In t h i s s h o r t p r e s e n t a t i o n , I h a v e t r i e d to p r e s e n t the
u s e f u l n e s s of a p p l y i n g p r o b a b i l i s t i c s a f e t y a n a l y s e s to v a r i o u s
s a f e t y - r e l a t e d e v e n t s and p r o b l e a s , w h e n t h e s e are p e r f o r a e d
w i t h i n the f r a a e w o r k of r e g u l a t o r y r e v i e w .



ANNE3CURE 1

DETERMINATION OF OPTIMAL TEST INTERVAL FOR SAFETY RELATED
EQUIPMENTS OF NDCLEAR POWER PLANTS

S.P.Singh,G.K.De,V.K.Paul,Usha.A.Menon
ATOMIC ENERGY REGULATORY BOARD ,INDIA

The Safety related equipments of a Nuclear Power Plant
whose functional states are not continuously monitored are
required to be tested at regular intervals in order to ensure
availability of the equipment whenever demanded. In case any
fault is detected during testing the equipment is repaired and is
made available for standby duty.

While periodical testing helps in improving the average
unavailability of the equipment,frequent testing again has an
adverse effect on the average unavailability.

In order to optimise the test interval of such
equipments in Indian PHWR based Nuclear Power Plants a study has
been made in the Atomic Energy Regulatory Board.

The system unavailability has been modelled
considering standby failure of equipment, cyclic (demand)
failure, unavailability on account of testing (wherever
applicable), unavailability on account of any failure taking
place during the duration of test and consequent repair activity.

Assuming exponential distribution of stand by failure rate
the expression for unavailability can be expressed as

U(T) = 0.5*SFR*T+Qo*d/T+SFR*R+(Qd+OFR*d)*R/T + Qd

where,
SFR = Standby failure rate (/h)
T = Test interval (h)

Qo = Option for unavailability during test mode
= 0 (available)
= 1 (unavailable)

d = Duration of testing (h)
R = Repair time (h)

Qd = Cyclic failure rate (/demand) ( fail to start)
OFR = Operating Failure Rate (/h)

Results of the study conducted for the following equipments are
presented in this paper:

a. Emergency Diesel Generator Sets
b. Motor Operated Valves
c. Solenoid Valves



OPTIMAL TEST INTERVAL FOR DIESEL GENERATORS

Data used for calculation

SFR = 3.0E-05 /h (WASH 1400/NDREG75/014,NPP III)
Qo = 0
d = 1 h (NARORA Tech.Specs.)
R = 21

Qd = 3.0E-02 /D (AERB WG Report)
OFR = l.OE-03/h (AERB WG Report)

Result:

Optimal test interval for Diesel Generator = 8.7 Day.

Average unavailability for this test interval = 3.68E-02.

Graph of System Unavailability Vs Test Interval is given in Fig.l



OPTIMAL TEST INTERVAL FOR MOTOR OPERATED VALVES

data used for calculation

SFR = 1.0E-08 /h (WASH 1400/NUREG75/014,NPP III)
Qo = 0
d = 0.04 h
R = 5 h
Qd = 1.0E-03 /D -do-

Since the duration of testing is very small OFR is not
considered.

Result:

Optimal test interval for Motor Operated Valve = 41.7 Day.

Average unavailability for this test interval = 1.01E-03.

Graph of System Unavailability Vs Test Interval is given in Fig.2.
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OPTIMAL TEST INTERVAL FOR SOLENOID VALVES

Data used for calculation

SFR = 2.7E-07 /h (HWR DATA)
Qo = 0
d = 0.004 h
R = 5 h
Qd = 1.0E-03 /D (WASH 1400, NDREG-4550)

Since the duration of testing is very small OFR is not
considered.

Result:

Optimal test interval for Solenoid Valve = 8 Day.

Average unavailability for this test interval = 1.05E-03.

Graph of System Unavailability Vs Test Interval is given in Fig.3



FIG.1: SYSTEM UNAVAILABILITY Vs. TEST INTERVAL FOR DIESEL GENERATORS
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FIG.2: SYSTEM UNAVAILABILITY Vs IL5T l impVAL TOR MOTOR OPERATtX-

1.5OE-003

,g>1.30E-003

e
8

1.10E-003

9.00E-004

-

-

-

-

-

-

-

-

-

-

-

I

\

1 1

— - ^

1 1

•

1 1

1

1 r T—1 I 1 1 1 1 1 1 1 ! 1 1 1 "1 "T

0.0 10.0

SFR = 1.0E-08/h. Qo

OPTIMAL TEST INTERVAL

20.0 30.0
Test Interval (days)

- 0, Od = 1.0L-03/D, d = 0.04 h, R = 5 h

= 41.7 DAi'

40.0 50.0



o
UJ

d
CO

ex.

• " O

LJJ

00

6

i

t 1 I 1

11 —

1 1

• 1 1 1 II—

1 1

• - • • ' • -

1 t

-

1 1

\

1

-——
1 1

\

I
\
1
\

1
1
1
/

i i i i i i i i

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

q
0

O
o

I
Ld
o

O
o

i
LLJ

o

O
o

o

O 3>

O ^

q
0

q
0

i
O
O
!

LJ
O

q

-C

lO

I!

CC

J£

oq
d
li

•a

d

UJ

o

o
o

o
i

UJ

CSI

II

a:
u_

a
a
ao

UJ

UJ

<

u_ a.



AKNEXUFtE

SUMMARY OP ANALSIS OF SROOR'S (1990)
Usha A. Menon, S.P. Singh

Safety Related Dnusual Occurrences Reports (SRUOR's) from the
three stations RAPS, MAPS and NAPS-I for the year 1990 were
analysed at NSD, AERB. The analysis was done on the lines of
(draft) Codification of IAEA-IRS information, Vienna, June 1990.
Following is the brief summary of the analysis of available
SRDOR's for the year 1990 and the conclusion drawn.

I. Frequency Data

For the year 1990 the number of SRUOR's available for the
various stations are:

i>
ii)
iii)
iv)
v)

RAPS-I
RAPS-II
MAPS-I
MAPS-II
NAPS-I

8
6
11
10
19

The frequency of SRUOR's appears to be minimum at RAPS and
maximum at NAPP-I.

II. Reporting Category

This reflects the areas of concern in the plants as reported
in the SRUOR.

I.R.S
Reporting Description RAPS MAPS NAPP-I
Category % % %

1.1 Release of Radioactive 36 10 5
material or exposure to
radiation

1.2 Degradation of items 57 38 89
important to safety

1.3

1.3

1.3

1.3

.1

.2

.3

Safety deficiencies

Deficiencies in design

Deficiencies in
construction/
installation

Deficiencies in
operation

21

4

NIL

7

24

5

NIL

19

37

5

5

26



1.6 Events of potential 5 NIL NIL
safety significance

It is observed from the above table that the SRUOR's
resulting into release of radioactive material or exposure
to radiation are high (36%) at RAPS and low (5%) at NAPP-I.
In RAPS there were many incidents of D2O spillage with high
tritium release. Degradation of items important to safety
are more in RAPS and NAPP. The safety deficiencies are
minimal at RAPS (21%). The break up in safety deficiencies
at NAPP-I indicates that deficiencies in operation (26%) ie
maximum at NAPP-I compared to RAPS and HAPS. This is a
matter of concern for a fairly new plant. It is also to be
noted that 5% of the incidents were events of potential
safety significance in RAPS.

III. Failed/Affected Components

The failed/affected components can be classified as:

I.R.S Description RAPS MAPS NAPP-I
No. % % %

4.1 Instrumentation 21 10 32
(gauges, transmitters,
sensors, etc.)

4.2 Mechanical components 86 62 42
(pumps, valves, pipes,
tanks, etc.)

4.3 Electrical components 14 33 53
(circuit breakers,
relays, wiring, etc.)



IV. Cause of the Events

The major observed and root causes of the SRUO's can be
classified as:

RAPS MAP5 KiAP?-i
I.R.S. Description
Ho. Obs. root obs. root obs. root

5.1.1 Mechanical failure 71 21 48 19 5 5

5.1.2 Electrical failure 7 14 33 5 42 16

5.1.3 Chemical/core physics 0 0 0 0 16 0

5.1.4 Hydraulic failure 5 5 0 0 0 0

5.1.5 Instrumentation 7 7 19 10 16 11
failure

5.1.8 Human factors 14 79 5 62 32 89

5.1.8.1 Design deficiencies 7 14 10 14 11 11

5.1.8.2 Manufacturing errors 0 0 0 14 0 16

5.1.8.3 Procedural deficiency 7 0 0 14 5 0

5.1.8.4 Operator error 0 36 5 0 11 53

5.1.8.5 Inspection, 0 21 0 19 5 11
maintenance or
testing error

5.1.8.7 Communication problem 0 0 0 0 0 5

5.1.8.8 Inadequate training 0 0 0 0 0 5

From the above table it can be inferred that mechanical
failure in RAPS is the roost frequent observed cause for the
event to occur. Human factor is the most frequent root
cause and in NAPS operator error and inadequate training are
the root causes for the human factor. This needs attention.



VI. Effect on Operation

I.R.S Description RAPS MAPS NAPP-I
No. % % %

6.10 Technical Specification 5 1 1
violation



ANNEXORE 3

EVALDATION OF SHUTDOWN SYSTEM WORTHS OF PT7RNTMA-TTT

DSHA A. MENON, S-P. STNfiH

PDRNIMA-III is a 233-0 fuelled, water moderated BeO reflected
zero energy set up in BARC as a mock up of the 30 KW RAMTNT

reactor under construction in IGCAR at Kalpakkam.

The reactor core consists of nine sub-assemblies (eight 233-U-Al
alloy fuelled sub-assemblies and the ninth a Pu-Al sub-assembly
or BeO or graphite filled sub-assembly). There are ten reflector
blocks of different sizes. These modules ar& stacked with BeO
and aluminium as filler so as to constitute 200 mm thick ReO all
around the core.

Two Safety Control plates of Cd sandwiched in aluminium operate
in a zircaloy box channel located between the Adjustable
Reflector block and the core. These devices provide controlled
-addition of reactivity and act as emergency shutdown devices. On
receipt of a scram signal these control plates fall under
gravity. Each of these Control Plates can independently shutdown
the reactor.' The layout and disposition of fuel elements and
reactivity control devices is shown in Figure 1 . The estimated
reactivity worths of various reactivity manipulation devices
using data from different counting channels (R*-f. PWR
III/CRIT/PH2) have been reported. The average worths of these
devices, as measured in three independent flux channels were:

No. Reactivity Manipulation Device Av. reactivity worth in mk

1 2.3
1 5 . <J
1 .84

Dsing period data and rod drop data with statistical methods the
deviations in the values of the worth have been estimated as
given below:

1.
2.
3.

SCP1
SCP2
FCR

S.No.

1.
2.
3.
4.

Reactivity
Manipulation
Device

SCP1
SCP2
FCR
SCP1 * SCP2

Av. reactivity
worth in mk

12.28
15.88
1.84

27.965

Standard
Deviation, mk

+ .72
• .754
+ .4(115
• 1.15

From the above'table we can compare these worths with those given
in the specifications in section 4.0 of the Technical
Specifications i.e. Limiting Conditions for Operation applicable
to Safety Control Plates and fine control rod systems is nut.
satisfied namely,
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SCP 2-SAFETY CONTROL PLATE 2

FINE CONTROL ROO

US A-URANIUM FUEL
SUB-ASSEMBLIES

GO -GRAPHITE DUMMY

6R -GRIP REFLECTOR

_WB -WATER FILLED
BEAM HOLE

SCP1 -SAFETY CONTROL PLATE!

ORE

FIG. I REACTOR CONFIGURATION OF
FIRST CORE-RC-1



4.1.1 The total worth of both SCPs, SCP1 & SC.V2 shall not be
less than 27 ink

4.1.3 The individual SCP worth for SCP1 shall not be less
than 12 ink & 15 mk for SCP2

4.1.6 The worth of Fine Control Rod (FCF) shall be 2 + 1 mk

The combination of uncertainties of the reactivity worths of
these devices were calculated using AF.RB's Computer Code
which uses Monte Carlo sampling to obtain the mean, standard
deviation, probability range and distribution for a function.
Hence the combinations of each of these control roil worths were*
evaluated and results are as given below, assuming a normrt1
distribution.

S.No. Reactivity device y(mk) o(tnk)

1. SCP1 + SCP2 28.22 + 1.049

In order to assess the confidence limits to which the Tech.
Specs, would be complied with, ordered statistics of the combiner]
reactivity worths and their deviations were calculated by AFRB'H
computer code. The results of these are as follows:

S.No. Reactivity device Tech. Specs, req. Cumulative
y mk Probability for

equal]ing or
exceeding 27 mk

1. SCP1 + SCP2 27 RfA

I POOR QUALITY) I HEX? AQg(S1 ORIGINAL I I !«ft BLANK
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