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Development (OECD) shall promote policies designed: 

— to achieve the highest sustainable economic growth and employment and a rising 
standard of living in Member countries, while maintaining financial stability, and thus 
to contribute to the development of the world economy, 

— to contribute to sound economic expansion in Member as well as non-member 
countries in the process of economic development; and 

— to contribute to the expansion of world trade on a multilateral, non-discriminatory 
basis in accordance with international obligations. 

The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, 
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, 
Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The 
following countries became Members subsequently through accession at the dates indicated 
hereafter: Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New 
Zealand (29th May 1973), Mexico (18th May 1994), the Czech Republic (21st December 1995), 
Hungary (7th May 1996), Poland (22nd November 1996) and the Republic of Korea 
(12th December 1996). The Commission of the European Communities takes part in the work of 
the OECD (Article 13 of the OECD Convention). 

NUCLEAR ENERGY AGENCY 

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the 
name of the OEEC European Nuclear Energy Agency. It received its present designation on 20th April 
1972, when Japan became its first non-European jiill Member. NEA membership today consists of all 
OECD Member countries, except New Zealand and Poland. The Commission of the European 
Communities takes part in the work of the Agency. 

The primary objective of NEA is to promote co-operation among the governments of its 
participating countries in furthering the development of nuclear power as a safe, environmentally 
acceptable and economic energy source. 

This is achieved by: 
— encouraging harmonization of national regulatory policies and practices, with particular 

reference to the safety of nuclear installations, protection of man against ionising 
radiation and preservation of the environment, radioactive waste management, and 
nuclear third party liability ana insurance; 

— assessing the contribution of nuclear power to the overall energy supply by keeping under 
review the technical and economic aspects of nuclear power growth and forecasting 
demand and supply for the different phases of the nuclear fuel cycle; 

— developing exchanges of scientific and technical information particularly through 
participation in common services; 

— setting up international research and development programmes and joint undertakings. 
In these and related tasks, NEA works in close collaboration with the International Atomic 

Energy Agency in Vienna, with which it has concluded a Co-operation Agreement, as well as with other 
international organisations in the nuclear field. 

© OECD 1997 
Applications for permission to reproduce or translate all or part of this 

publication should be made to: 
Head of Publications Service, OECD 

2, rue André-Pascal, 75775 PARIS CEDEX 16, France 



COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 

The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear Energy 
Agency (NEA) is an international committee made up of senior scientists and engineers. It was set up in 
1973 to develop, and co-ordinate the activities of the Nuclear Energy Agency concerning the technical 
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such installations. The Committee's purpose is to foster international co-operation in nuclear safety among 
the OECD Member countries. 
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between organisations which can contribute, from their respective backgrounds in research, development, 
engineering or regulation, to these activities and to the definition of the programme of work. It also 
reviews the state of knowledge on selected topics on nuclear safety technology and safety assessment, 
including operating experience. It initiates and conducts programmes identified by these reviews and 
assessments in order to overcome discrepancies, develop improvements and reach international consensus 
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the authors and do not necessarily represent those of the OECD. 

Requests for additional copies of this report should be addressed to: 

Nuclear Safety Division 
OECD Nuclear Energy Agency 
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ABSTRACT 

The mandate of Principal Working Group No. 5 - Risk Assessment states, "The group should deal with 
the technology and methods for identifying contributors to risk and assessing their importance, and 
appropriate exchanges of information on current research". Since being formulated in 1982, along with 
this mandate, the group has also endeavoured to develop a common understanding of the different 
approaches taken in risk assessment. 

The focus of this report is to provide knowledge to experts on the role Probabilistic Safety Assessment has 
had in safety decision making. This document provides a general overview of insights gained from the 
representative set of examples collected from Member countries. 
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FOREWORD 

The NEA Committee on the Safety of Nuclear Installations believes that an essential factor to achieving 
their mandate is the continuing exchange and analysis of technical information. To facilitate this exchange 
the Committee has established working groups. Principal Working Group No. 5 - Risk Assessment 
(PWG5) was established in 1982. 

In 1994, PWG5 set up a small subgroup (Task 94-3) to look at the PSA Based Plant Modifications and 
Backfits. This report presents the results of the activity that was carried out by the subgroup. 

The main objective of the task was to improve knowledge about the real role of Probabilistic Safety 
Assessment (PSA) in nuclear power plant safety decisions making. In order to achieve this, the first step 
of the work was to collect representative examples of safety improvements made in which the probabilistic 
approach played a significant role. 

The most illustrative examples are summarised in the report and interesting insights are drawn concerning 
the types of PSA and importance PSA had in making plant modifications. Consideration is also given to 
the characteristics of the PSAs which led to these modifications. It is important to note that the examples 
provided are cases in which PSA played a dominmt role, but it is clear that a safety decision is rarely 
taken just on the basis of the PSA. 

The illustrative examples provided in the report were contributed by the following countries: 

Finland France Germany 
Japan Korea Netherlands 
Spain Sweden Switzerland 
United Kingdom United States 

Appendix 1 gives the full text version of the contributions. 

The subgroup and PWG5 wish to acknowledge the work performed by Dr. Jeanne-Marie Lanore, IPSN, 
PSA Project Leader (France), who was Hie task group leader and was instrumental in preparing and 
guiding this effort. 
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1. INTRODUCTION 

PSA is now a well recognised as a powerful tool for improving Nuclear Power Plant safety by the 
identifying weaknesses in design or operation and setting priorities for plant modifications and backfits. 
While the use is well recognised, it is also true that any safety decision is generally based on several 
elements, both probabilistic and deterministic. 

For these reasons, CSNI Principal working Group No. 5 decided to initiate a subgroup (Task 94-3) with 
the general objective of obtaining better knowledge of the real impact of PSAs on plant safety in order to 
obtain insights concerning: 

• on the use in existing studies 

• the decision making process 

• the PSA methodology used 

In order to have a clearer view of the role PSA plays in the decision making process, it was decided as a 
first step, to collect representative examples of safety improvements made in which the probabilistic 
approach played a dominant role. Member countries were invited to submit these examples, which have 
formed the basis for this report. 

The countries contributing included: 

• Finland 

• France 

• Germany 

• Japan 

• Korea 

• Netherlands 

• Spain 

• Sweden 

• Switzerland 

• United Kingdom 

• United States 
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From these examples, several types of interesting information were derived: 

• Type of plant modification performed (e.g.; hardware or software, important or minor, etc.) 

• Characteristics of the PSA used (e.g.; level and scope, specific or generic, on-going or 
terminated, etc.) 

• insights derived (e.g.; positive aspects, difficulties encountered, etc.) 

It is important to note two important aspects related to this report as follows: 

• The objective of this report is to illustrate and understand the role of PSA on selected 
examples of plant modifications and backfits. These examples represent just a small sample 
based on contributions from the Member countries and not an exhaustive research effort, 
therefore other information can be added and further analysed in the future. 

• It is clearly expressed by the members of the task group that, in general, PSA is not the only 
basis for deciding whether or not to perform a modification or a backflt. The examples 
presented in the report should be considered only as cases where PSA played a dominant role 
(but not an exclusive one). 

Chapters 2 and 3 of the report provide basic types of plant modifications which were carried out and the 
characteristics of the PSAs used in the examples. Chapter 4 looks at the insights gained from this small 
collection. The appendix give a full text version of the Member country contributions. 

2. TYPES OF PLANT MODIFICATIONS 

From the examples contributed it is possible to compile a general listing of the types of plant 
modifications performed. One possibility would be to use the information contained in the CNRA report 
on Regulatory Approaches to PSA which lists the following groupings on the current applications of PSA: 

• Use of PSAs for identification of weaknesses, backfitting and design 

• Use of PSAs to support plant operation 

• Use of PSAs to support regulation 

• Use of PSAs for off-site risk management 

• Use of PSAs for other applications (e.g.; prioritisation of R&D) 

While these groupings provide a consistent and logical order, it precludes the ability to determine the 
specific action (e.g., component change, procedure revision, etc.) for which the modification was applied. 
In order to properly address the influence PSA has had upon the safety decision making process a more 
simplified listing was used, as shown in Tables 2.1 and 2.2. 

Table 2.1 provides a listing of 'software' modifications (e.g.; procedures, maintenance, technical 
specifications, etc.) and Table 2.2 lists 'hardware' type modifications (e.g.; system design changes, I&C, 
components, etc.) 
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From these lists of types of modifications, several observations can be made: 

• It is clear that PSA is a useful tool for improving safety, since all studies (except one IPE) led 
to several plant modifications and backfits. 

• It is also clear that for all the modifications listed there was a more-or-less explicit cost-
benefit (analysis). 

• It is quite obvious that a modification is more easily decided if the cost is limited, and more 
important modifications are introduced for plants during design than for plants in operation. 

• The most frequent modifications are related to human factor issues (etc.; operating and 
accident procedures, technical specification, etc.). Several modifications concerned 
instrumentation and control systems (e.g.; implementation of automatisation). 

• A number of modifications were aimed at using existing equipment in a more efficient way 
(e.g.: interconnection between systems or units). 

• Important specific design changes were noted as being introduced in existing plants due to 
PSA results, such as: 

- addition of a third feedwater system and of a diverse short term reactivity control system 
(MAGNOX Stations - UK), 

- complete re-design of the ventilation system (Loviisa - Finland), 

- addition of a new AFWS (Oskarshamn - Sweden), 

- additional residual heat removal system (Gundremmingen -Germany), 

- implementation of an additional make-up water system (Ringhals - Sweden), 

- installation of a fire resistant wall, of a water resistant door and anchorage of electrical 
cabinets (Dodewaard - Netherlands). 

• The systems concerned by PSA based plant modifications are both numerous and diverse (see 
Table 2.2) 

- front line systems often indicated are ECCS, Protection systems, AFWS and RHRS 

- Support systems and especially electrical supplies are particularly included in PSA based 
improvements, 

• For the most part, PSA based plant modifications have as the main objective, reducing human 
errors or common mode failures. 

- Examples of modifications related to human factors can be found in all the ones listed in 
Table 2.1, and in others involving installation of automatisation. 
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For common mode failures leading to modifications one must consider those under very 
broad areas of significance (e.g.; common points, common support systems, effects of 
internal or external hazards, etc.) 

Table 2.1 

Finland 

Modifications in Procedures, Maintenance Technical Specifications, etc. 

Loviisa 

OMuoto 

- Improvement of procedures forLOCA, MSLB, SGTR 

- SWS valves position changes 

- SWS connection L01-2 

- New EOPs (EFWQ tank refilling, cross connection of DG) 

France PWRs (all) - Implementation or improvement of procedures for total loss of heat 
sink, feed and bleed, station blackout, SGTR, etc. 

- Improvement of shutdown situations (technical spécifications, 
procedures, training) 

Germany Obrigheim 

Biblis B 

Gundremmingen 

- Modified ECCS test strategies 

- Many modifications of operator manual 

- Introduction of accident management procedures 

- Accident management possibilities 

Japan BWRs 

PWRs 

- Improvement of procedures for: alternative water injection, 
alternative heat removal, dry-well spray, and power supply from 
adjacent unit. 

- Many improvements of procedures, for example: diversification of 
core cooling, continuous injection and alternative re-circulation, 
containment cooling, and alternative component cooling. 

Korea Yonggwang 3&4 Use of CSS for back-up of SCS (mid-loop operation) 

Netherlands Borssele - Improvement of: ECCS testing, Sensor calibration, and procedures 
for very small LOCA, SGTR. 
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ï^^^^BI 
Sweden 

J Switzerland 

I United Kingdom 

j United States 

Forsmark 

Oskarshamn 

Ringhals 

Beznau 

Gossen 

Magnox 
Stations 

Sizewell B 

All plants 

^̂ Ŝ 1111111s 

1 - Test intervals optimisation 

- Preventive maintenance improvement 

- Feed and bleed procedure 

- Back flush function procedure improvement 

- Several changes in the EOPs (to include for example, system 
dependencies) 

- New accident management procedures (RCS injection - SG feed 
and cool-down) 

- Shutdown technical specifications 

- Enhance and improve development of SEBERG (symptom based 
emergency response guidelines) 

- Considerable number of procedure improvements including: PSA 
models and results used to refine technical spécifications and 
accident management procedures 

A large number of procedure modifications are indicated (see 
Appendix) including: SGTR, station blackout, accident 
management procedures and cross-connection between systems or 
units. 

Table 2.2 Modifications to Systems 

| Finland Lo 

g » ^ ^ ^ ^ ^ ^ ^ ^ 

viisa Air cooling 

Main cooling pump 

Drain System 

ECCS 

Electrical cables 

Complete re 

^^B^ l̂l 
i-design of the system 

New stop signals 

Capacity improved 

More reliable valves in the minimum 
circulation line, new bearing cooling 
system in ECCS pumps. 

Fire protection 
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Finland 
(cont'd.) 

Olkilouto Water level measurement 

Electrical cables 

Electrical supply 

RHRS 

Protection system 

Improvement 

Fire protection 

France PWRs (All) 

N4 

Gas turbine - turbo alternator for RCP 
seals cooling and I&C supply 

Level measurement and Automatic 
water make-up 

Diversified system 

Germany Obrigheim 

Bransbûttel 

Biblis B 

Gundremmingen 

ECCS 

Secondary system 

I&C System 

Secondary system 

ECCS 

Secondary system 

Pressuriser system 

ECCS 

Additional I&C features (e.g.; 
additional diverse coolant pressure 
measurement to actuate HP injection) 

Additional I&C features (e.g.; 
displays for temperature-and-pressure-
gradient for cool-down) 

Emergency power supply of steam 
relief control valves and Improvement 
of system functions to control SGTR 

BackfMng of main steam safety relief 
valve system 

Additional I&C features 

Additional I&C features (mainly 
semi-automatic 100 K/h cool-down) 
Exchanging of redundant subsystems 

Emergency power supply of 
pressuriser relief block valves; 
Installation of primary coolant 
pressure; Possibility to switch back to 
the grid after failure of emergency 
diesels 

Installation of a diverse RHR and 
injection (ARHR) system; Additional 
shutdown line at the level of the feed-
water line nozzles in a RHR train; 
Operation of HP injection pump 
without low pressure stage 
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1 Japan 

! Korea 

| Netherlands 

| Spain 

| BWRs 

JFWRs 

| Yonggwang3&4 

Borssele 

Dodewaard 

Cofrentes 

Almaraz 

ASCO 1&2 | 

! Protection system 

I Wet-well 

l Containment 

! AFWS 

Electrical supply 

Primary circuit 

ECCS 

Pressuriser spray 

Electrical cabinets 
(Switch gear room) 

Containment 

Containment 

AFWS 

Ventilation 

Electrical supply 

^^^^^^^^^^^^^^^ft 
Recirculation pump trip and 
alternative rod insertion to reduce risk 
ofATWS 

Hardenet wet-well venting 

Controlled burning of hydrogen 

Improvement of auxiliary feed-water 
system 

Alternate AC Diesel generator 

Safety depressurisation system 

Installation of mini-flow by-pass lines 
for LPSI pumps : Installation of a low 
boron flow alarm: Stronger separation 
between ECCS trains 

Redundant spray system 

Several modifications due to external 
events PSA; anchored cabinets; 
installation of a fire resistant wall; 
water resistant door 

Several Level 2 PSA modifications -
filtered venting system; Spray system 
added to dry well; Protection of the 
dry well bottom 

Dedicated containment vent 

Improvement of AFWS (new source 
of DC current to train B) 

Redundancy of the ventilation system 
in the Control Bldg. 

Redundancy of minimum voltage 
relays 
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Sweden Ringhals 

Forsmark 

Barsebâck 

Oskarshamn 

ECCs 

Diverse systems 

Depressurisation 

Electrical cables 

Reactor protection system 

AFWS 

Implementation of an additional 
make-up water system 

Several modifications for improving 
separation and elimination of CCF 

Automatisation 

Protection - Separation 

Independent actuation of control rod 
insertion system 

New auxiliary feed-water system 
added 

United 
Kingdom 

Magnox Stations 

Sizewell B 

Protection system 

Feedwater system 

Protection system 

AFWS 

Charging system 

ECCS 

Electrical supply 

Diverse guardline; Diverse short term 
reactivity control system 

3rd feedwater system 

Diverse secondary protection system; 
Diverse fast acting shutdown system 

Diverse auxiliary feedwater system 

Steam turbine driven emergency 
charging system 

Larger accumulators; Automatic 
recirculation; Larger capacity HPSI 
pumps 

4 x 100% diesels; 2 battery charging 
diesels 

United States Beaver Valley 

Catawba 

Diablo Canyon 

Electrical supply 

Hydrogen igniter 

Diesel generators 

Charging pumps 

Reactor protection system 

Cross-tie between Units 1&2 

Hydrogen igniter system 

Addition of a 6th diesel generator; 
Enhanced fuel-transfer system 

Back-up cooling from fire water 

Installation of ATWS mitigation 
system 
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| United States 
| (cont'd.) 

^^œ^œ^M^^s^ra^i^^^^ 

! Diablo Canyon 
! (cont'd.) 

| Fitzpatrick 

HaddamNeck 

Limerick 

Monticello 

Oyster Creek 

Palo Verde 

Robinson 

Sequoyah 

Watts Bar 

Turkey Point 

Zion j 

j Feedwater 

RHRS 

^̂ ^̂ ^̂ ^̂ ^̂ ^HÎ B 
Implementation of digital control 

Addition of check valves 

; 

Switch gear ventilation Modification 

| Emergency diesel Fire protection system modifications 
generator to provide water cooling j 

Electrical supply 

! Turbine-AFW-Borated 
water supply 

AFW 

RHRS 

RHRS; Electrical supply 

Electrical supply 

Containment spray 

Batteries 

Charging pumps 

RCP pump 

RCP pump 

Charging pumps 

| Addition of tornado protected diesel 
generator 

Tornado protection; New motor 
driven pump 

Cross-connection with fire protection 
system 

Alignment of fire pump for vessel 
injection 

Interconnection to the turbine 
generators at the adjacent Forked 
River site. 

Installation of 2 gas-turbine 
generators; Modification of DC power 
distribution; Implementation of 
alternate capability 

Upgrade capacity 

Self cooling capability 

RCP pump trip on loss of CSC train 
A 

RCP pump trip on loss of CSC train 
A 

Back-up cooling 

Alternate source of water to the oil 
coolers 
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3. CHARACTERISTICS OF THE PSAs USED FOR PLANT MODIFICATIONS 

3.1 SCOPE 

3.1.1 PSA Level 

From the examples provided the most significant issue brought forth regarding modifications that were 
performed related to systems ensuring core melt prevention. Fir this reason, the insights form a Level 1 
PSA are particularly important. All of the responding countries give several examples of modifications 
performed based on Level 1 PSA results, however it is also clearly expressed that the Level 2 PSA results 
(when available) are also considered: 

• either because the modifications concern systems related to containment: 

- filtered venting 

- depressurisation 

- containment isolation 

- containment spray 

- controlled burning of hydrogen 

(examples from Finland, Japan, Netherlands, Spain, Sweden, Switzerland, United Kingdom and United 
States) 

• either because the importance of the problem is higher when considering the Level 2 PSA 

results. 

- SGTR management 

- IS-LOCA prevention 

(examples from Finland, Germany, Japan, Netherlands, Sweden, Switzerland and United States) 
Even Level 3 PSA results, although less frequently, can be taken into account as indicated by the example 
provided by the Netherlands. 

3.1.2 Internal and External Hazards 

The treatment of internal and external hazards in the PSAs often gives a dominant contribution to the risk, 
and leads to (sometimes important) plant modifications. Representative examples are indicated in for the 
following cases: 
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! Finland 

I Netherlands 

| Sweden 

| Switzerland 

| United States 

BlillBISlii BiliiBiBlBHS^^n 
; Loviisa 

1 Olkilouto 

Dodewaard 

Ringhals 

Oskarshamn 

Beznau 

Haddam Neck 

Nine Mile Point 

Oconee 

Perry 

Robinson 

Surry 

^̂^̂^̂^̂ Ŝ 
Fire 

Fire 

Internal fire; Internal flooding; 
Earthquake 

Earthquake 

Earthquake 

Earthquake 

Tornado 

Internal flooding 

3 J.3 Shutdown PSA 

Shutdown PSAs are more recent, so only a limited number of examples are related to shutdown situations. 
However, modifications and backrlts related to Shutdown PSAs have been indicated in examples provided 
France, Korea, Netherlands, Switzerland and United States. 

3 J.4 Conclusions 

Although the number of examples are limited, it can be seen that the tendency is to utilise as large a scope 
of PSAs as possible to identify potential plant modifications. 

The aim of these plant modifications are, of course to reduce the dominant sequences contributions, and 
the dominant contributions are due to various types of initiating events, including internal events as well 
as internal and external hazards, full power, low power and shutdown situations. 

Moreover, Level 1 PSA, Level 2 PSA (and in some cases Level 3 PSA) results provide complimentary 
information concerning the dominant contributions and therefore help to identify the most significant 
modifications. 
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3.2 STATUS OF PSA STUDY 

Regarding the status of the PSA study (extent of completion) as to when a modification can be determined 
to be necessary, two (2) main types of situations can be encountered: 

3.2 J During the PSA analysis 

This case pertains when a significant weak point is identified during the PSA analysis (e.g.; common 
electrical supply). In these cases, the modification can be decided immediately, even before the 
completion of the study. These types of situations can be found in the French and Spanish examples. 

It is also found in several procedure improvements which were identified during human factor analysis and 
the changes were immediately implemented. 

These modifications are normally based upon plant specific PSA studies. 

3.2.2 After PSA is completed 

After a PSA is completed, some sequences appear as dominant, and more generic problems are able to be 
identified. For example, the need for diversification of a function (several examples were submitted 
related to reactor shutdown systems, to electrical supplies, to steam generator(s) water supply, etc.) 

In some cases the PSA is general and not necessarily plant specific. In these types, the results of a PSA 
are extrapolated to similar plants or next series plants, (as shown in examples provided by the Netherlands, 
France and the united Kingdom). 

Therefore, it can be seen that while plant specific PSAs are particularly useful for the definition of plant 
modifications and backfits, generic studies are also useful, especially during the plant design stage. 

4. INSIGHTS 

In order to achieve a better understanding of the use of PSA results, the first objective of this task was to 
collect a fist of real examples of PSA based plant modifications and backfits. Following this step, the 
examples provided were summarised and analysed by the task group. Some very interesting insights can 
be drawn from this exercise, such as: 

• PSA is positively and widely used as a tool for plant modification and backfits. Although it is 
clear that a decision is rarely taken on the basis of a PSA solely, the examples given provide 
numerous cases for which PSA played a dominant role in the process. 

• The modifications performed were not always minor changes to plant safety: 

- A large number of modifications are 'software' modifications, involving plant procedures, 
testing, training, etc. 

- Another kinds of modification which was used in numerous cases were related to I&C, 
especially the implementation of automatisation. 
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- It should be noted that several modifications or backfits concerned cross-connected or 
interconnected systems or units, enabling more efficient use of existing plant equipment. 

- Finally, important 'hardware' modifications were provided in the examples. These large 
design improvements related to future plants as well as existing plants. 

• All types of and scope of PSAs were used: 

- plant specific or generic 

- Level 1 PSA, Level 2 PSA and Level 3 PSA 

- internal and external events 

- full-power and shutdown or low power PSAs 

• For the most part, the plant modifications have the aim of reducing human errors or common 
mode failures. 

• Examples of modifications related to human factors are modification or procedure changes 
shown in Table 2.1 and those others concerning installation of automatisation. 

• Common mode failures leading to plant modifications or backfits need to be considered using 
a very broad range. It may be common points, common support systems, the effects of 
internal or external hazards, etc. The role of support systems is particularly important in the 
list of modifications provided. Among the most frequent examples were: improvement of 
electrical supplies and those relating to various cooling systems (e.g., ventilation). 

• The consideration of these types of modifications indicate a strength of PSA is the treatment 
of complex interactions between systems, support systems common mode failures and human 
factors. This allows the decision maker the ability to identify and to assess the importance of 
problems which had not been satisfactorily addressees by the classical deterministic analysis. 

• This report reflects a collection of real examples of using PSA in the decision making 
process. It is noted that the examples provided include only 'good' uses (e.g., cases where 
PSA provided the dominant reason for making a change). As a part of further study, it may 
be interesting to compile a list of 'bad' examples (e.g., those in which difficulty was 
encountered in using PSA results) as well. 

• Continuing international exchanges on experiences in using PSA appears to one of the best 
mechanisms available to gaining increased knowledge. 
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APPENDIX I 

Detailed Contributions: 

Finland 
France 
Germany 
Japan 
Korea 
Netherlands 
Spain 
Sweden 
Switzerland 
United Kingdom 
United States 
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FINNISH CENTRE FOR RADIATION 
AND NUCLEAR SAFETY (STUK) 
Department of Nuclear Safety 

5 June 1996 

LEVEL 1 PSA REVIEWS OF FINNISH NPPs 

1.1 A SUMMARY OF THE HARDWARE AND SOFTWARE CHANGES AT LOVIISA PLANT 

In July 1989 IVO submitted the level 1 PSA to STUK for review. STUK conducted 

immediately a brief, general review. Subsequently IVO tackled some plant changes in 

order to eliminate the most important safety issues revealed by the PSA. In addition IVO 

undertook correcting some overly conservative assumptions used in PSA. 

In March 1990 IVO submitted the first corrected version of PSA document to STUK, in 

which many plant changes and improvements in emergency operating procedures were 

completed (but not all). The dominating safety issue, the total loss of cooling of the 

electrical and control instrumentation room, was eliminated by redesigning the air 

cooling system. The redesigned system involved two additional 100 percent air cooling 

units in each vital room. As a result of the redesign of the system the original 

probability of this initiating event decreased more than two order of magnitude which 

reduced the core damage frequency due to the total loss of cooling of the electrical and 

instrumentation room from 1.5xl0"3/year to 8xl0~6/year. 

Based on the findings made in the context of PSA work, IVO undertook other measures 

to decrease the core damage frequency. In the following further examples of PSA based 

plant improvements are given. 

An important safety issue identified in the original PSA was the total loss of the service 

water system. The significance of this issue could be diminished by changing the basic 

states of some isolation valves during operation by which the two redundancies of the 

system could be isolated from each other in a reliable way. In the original scheme the 

service water system was used so that the redundancies were connected to each other. 

The pipe rupture in some parts of the system (on the pressure side of the booster pumps) 
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would have led to the service water system failure and after some period to the seal 

break LOCA of main cooling pumps. Because the function of service water system is 

vital to ECCS as well, the total loss of the service water system should lead before long 

to the core damage. The changes made in the service water system lowered the core 

damage frequency contribution induced by the respective initiating event from 

1.3xl0"4/year to 1.9xl(T5/year. 

In order to avoid the seal break LOCA in the main cooling pumps the new stop signals 

were installed, which stop the main cooling pumps from running if the off-flow of seal 

cooling water is too small. In addition the equipment preventing the main cooling pumps 

rotating backwards were changed to more reliable type. Due to these changes the core 

damage frequency contributed by seal break LOCA lowered from 2xl0~4/year to 

1 -10"5/year. For further decrement of the seal break LOCA, also the operator instructions 

are renewed. 

In order to avoid flooding and removing the drain water back to cooling circulation in 

case of seal break LOCA the capacity of drain system is improved. 

The closing valves in the minimum circulation line is replaced by more reliable type of 

valve in order to prevent the ECC water backflow to ECC-tank. If the backflow to 

ECC-tank takes place in the recirculation phase of LOCA, due to the failure to close the 

minimum circulation line valve, it makes the sump line valves and suction line valves 

hunting back and forth because of the suction cycling between water tank and sump. In 

this context an assumption was made that after several cycling period one or more valves 

stick open or closed and prevent the system function. This change was estimated to 

decrease the core damage frequency contribution due to improved availability of the 

emergency core cooling system from 5.4xl0~5/year to 1.4xl0"s/year. 

The minimum circulation lines will be replaced by different type of lines not leading 

water back to ECC-tank but directly to the suction side of ECC-pumps. This change 

will decrease the core damage frequency due to improved availability of the ECC-

system from 1.4xl0~5/year to 5.4xl0"7/year. 
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Based on the results of Loviisa fire risk analysis, several cables of important safety 

systems have been reprotected. The cable protections and the protection of turbines 

dumping valves' oil station lowered the fire risk roughly from 2xl0~3/year to lxlO^/year. 

Other measures made due to PSA results in order to lower risks are as follows: 

The lower doors of the ice condensers should be opened by high likelihood in 

case of LOCA in primary circuit. To prevent the doors of sticking closed, the 

wedges keeping the doors closed during maintenance operation, are weakened so 

that they break down due to the pressure rise resulted from LOCA. Also the 

administrative instructions are improved so that the forgetting of the wedges on 

their place would be rare. 

- The calibration period of thermostats of ventilation system of control room and 

ECC room is reduced. An alarm for high temperature is installed in the 

ventilation control room. In addition DG rooms' thermostats are calibrated 

annually. 

The surveillance test period of intermediate cooling pumps' room ventilation 

system is lowered to four weeks. 

While changing the resin in the purification plant of primary circuit, it is possible 

that a wrong filter is opened and then the primary pressure is only behind a 

single valve. The change made in instructions is to ensure that the pressure 

always is behind two valves. 

The reliability of ECCS pumps have been improved by new bearing cooling 

system which assures the function in pumping high temperature water. 

- The separation between redundancies in the deionate supply system is improved 

by new pipe connections. 

Emergency operating and incident clearance instructions have been improved by several 

changes: 

The general instruction of emergency situation has been improved. In addition the 

instruction has been completed as to refilling of ECC tank, preventing primary 
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circuit of heating up, cooling of recirculating water in sumps by containment 

spray system and taking into account inspection of the service water system 

connection line between Lo 1 and Lo 2. 

The cooling of primary circuit through secondary circuit is emphasized in case of 

the break of main steam line. 

- ' The significance of monitoring the sump water temperature in case of Large 

LOCA to the steam generator space is identified. 

Should the relief valve of pressurizer prematurely be opened, the cooling of water 

in context of ECC recirculation mode is emphasized. 

In context of steam generator tube rupture the ECC supply is to be restricted in 

order to decrease primary pressure and the pressure suppression by pressurizer 

spray system is to be taken into account. 

- Should the collector of steam generator break, ECC supply is restricted in order 

to suppress the pressure, the normal spray of pressurizer has been credited and 

ECC tank refilling has been taken into account. 

Related to the steam generator tube rupture the disconnection of the steam generator can 

be made both at primary and secondary side. The disconnection made at primary side 

interrupts the leakage with certainty but the reliability of the main isolation valves is 

questioned, due to sparse data. The high reliability of the main isolation valves cannot 

be justified and so some other improvements have been conducted: 

- Additional ECC water tank is built up to maintain the volume of primary circuit 

in case of steam generator tube rupture. 

- New protection system to control the level of radioactive substancies in the 

secondary circuit has been installed. This system is to alarm in case of tube 

ruptures in steam generator. 

- The reliability of pressurizer sprays has been improved which provided a 

remarkable decrement in core damage frequency. 

- New protection system, activated by high water level in steam generator, will 

close the isolation valves in the feedwater and steam lines and stop the main 

circulation pumps. 
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(The afore mentioned changes have lowered the risks of tube ruptures from 

L6xlCT7year to 1.4xl0_6/year.) 

A break of the main coolant pump seal cooling system outside containment 

results in a direct containment by-pass sequence. As well, the leakage in the 

ECC accumulator lines directly to the upper space of containment passing ice 

condensers results in containment failure. The detectability of these outside 

leakages was improved in 1993 and the isolation in 1994 by new instrumenta

tion. The core damage frequency is reduced from lxlO^/year to 1.8xl0~6/year, 

In addition to the changes already completed, there are still other possibilities to reduce 

the core damage frequency: 

Improving and spreading up the emergency connections of Loviisa to Ahvenkoski 

hydro power, the core damage frequency resulted from loss of off-site power can 

be lowered. The risks can further be lowered by introduction of gas turbines (this 

improvement is underway). 

Assuring the power of drain valves in the main cooling pumps seal cooling 

system by batteries in case of total LOSP the core damage frequency could be 

diminished clearly. 

The battery back-up of the power supply of the control valves coverning the 

water flow to the steam generator in the bunkered AFWS the risk could be of 

importance. 

- In order to reduce the failure probability of containment, the assurance of the 

containment spray (TQ) function is vital in LOCAs. Should the TQ function not 

work, the heating up of water in sumps may result in the failure of ECCS or loss 

of containment integrity. 

The relative decrease of Loviisa core damage frequency due to plant improvements in 

the course of time is shown in Figures 1 and 2. 

2 A SUMMARY OF THE HARDWARE AND SOFTWARE CHANGES AT TVO PLANT 

A few plant changes, hardware and software, have been completed since the TVO 

submitted Level 1 PSA to STUK for peer review in 1989. The first updated version of 
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Level 1 PSA comprising internal, fire and flooding initiators and shut down and low 

power phase has been submitted to STUK in June 1994. In the newest version TVO has 

refined the PSA model and reduced some overly conservative assumptions used in PSA. 

The plant and procedural changes are as follows. 

Reliable function of the water level measurement facilities (sometimes called 

reactor reference piping) is of great importance in accident situation, because for 

example the function of auxiliary feed water system is controlled by water level 

in reactor vessel. 

TVO has improved the water level measurement system to prevent the water 

from boiling in the reference piping and to ease the surveillance test of the 

system. 

Several fire protections for cables, improvements of redundancy separations and 

improvements for sprinkler water protections have been completed based on the 

results of the fire risk analysis. 

In 1994 STUK required that the lower air lock will be kept closed during the 

refuelling outage when the maintenance of the main coolant pumps is underway, 

because the maintenance work can results in large bottom LOCA in the reactor 

tank. If large bottom LOCA takes place and the lower air lock remains unlocked, 

the coolant escapes out of the containment and prevents adequate core cooling 

function which leads to core uncovery and core damage within few hours. 

New EOPs have been made as follows 

- refilling of the EFW tank and condenser 

- crossconnection of the diesel generators of neighbouring plant units 

- manual depressurization of the reactor tank from the relay room. 
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Fig. 1 . Loviisa NPP: Risk Distribution 1989 vs. 1993 
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Fig. 2. Loviisa NPP: Risk Distribution 1993 vs. 1996 
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USE OF PSA FOR IMPROVING THE SAFETY OF FRENCH PWRs 

1. INTRODUCTION 

Although the safety of French PWRs relies on deterministic principles, the probabilistic 

approach was considered since the 1970s as an important complement for safety analysis. 

In 1977, the Safety Authorities defined probabilistic safety objectives; but these objectives 

were only considered as orientation values and generally the probabilistic aspect is not the only 

basis for making a decision, and it is difficult to know how far a plant modification relies on 

PSA results. 

However, in some cases, the probabilistic results gave a sufficiently high importance to a 

problem for considering that the decision relies mainly on PSA. 

The most important examples are described hereafter. 

2. PROBABILISTIC SAFETY OBJECTIVES 

In 1977, during the examination for the major technical criteria for the 1300 MWe reactors, 

the Ministry of Industry fixed an overall probabilistic objective expressed as follows: 

« In general terms, the design of a plant which includes a pressurized water nuclear reactor 

should be such that the overall probability that the plant should be the source of unacceptable 

consequences should not exceed 10"6 per year. 

This implies that, whenever a probabilistic approach is used to assess whether a family of 

events must be taken into account in the design of the reactor, the family must effectively be 

taken into account if the probability of its leading to unacceptable consequences exceeds 

10"7 per year. This value should not be exceeded unless it can be clearly demonstrated that the 

probability calculations used are sufficiently pessimistic. 

Moreover, it would appear desirable for Electricité de France to continue to make all possible 

efforts to extend the use of the probabilistic approach to the largest number of events possible 

as quickly as possible. 
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By virtue of the above, Electricité de France shall... examine, case by case, whether 

simultaneous failures on redundant trains of vital safety systems should be taken into account 

in designing plants which include a pressurized water nuclear reactor... « Realistic » calculation 

methods and assumptions may be used for these studies ». 

This text gives rise to a number of remarks: 

a) The overall objective is stipulated in terms of « unacceptable consequences ». These 

« unacceptable consequences » are not specified by legislation or regulations. 

b) The 10*6 value is an « objective » for a PWR plant, but Electricité de France is not 

required to demonstrate that this objective has been achieved. 

A deterministic approach and not an overall probabilistic analysis is still used to justify 

the design features selected to avoid any unacceptable risk. A letter on this subject, sent 

to Electricité de France by the Ministry of Industry in 1978, clearly laid down general 

guidelines for the probabilistic studies required of Electricité de France: 

« I emphasize... that my request for you to use probabilistic approaches for the largest 

possible number of families of events does not mean that these methods must be 

directly used to design PWR plant. It is quite possible to carry out retrospective 

probabilistic cheks to confirm the planned design. Moreover, this type of study can 

improve the definition of the deterministic criteria used, when applicable, in designing 

later reactors. 

Nor does my letter... (of 1977)... imply that the demonstration of the safety of PWR 

plant must now be provided in the form of an exhaustive probabilistic analysis. On the 

other hand, the use of the probabilistic approach should allow better justification, or 

even improvement, in the definition and classification of the situations used to design 

such a PWR plant ». 

c) The 10"7 per year value is more practical for operational use and is used in the approach 

to determine the risks generated by external events; for example, thé value is applied to 

several families of aircraft crash events. 

d) Unlike the deterministic approach, where the assumptions and calculations must be 

pessimistic, the probabilistic approach must be based on the most realistic values. 
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3. PROBABILISTIC STUDIES RELATED TO THE LOSS OF REDUNDANT 

SAFETY SYSTEMS 

3.1. « H » procedures 

Following the letter of 1977, partial probabilistic studies were carried out by EDF for 

investigating the probabilities and consequences of the loss of redundant safety systems. 

These studies showed the need for complementary measures to achieve a satisfactory safety 

level. Specific procedures, called « H » procedures (H for « hors dimensionnement », i.e. 

beyond design basis), if necessary implementing supplementary equipment have been 

established. 

For example: 

• HI procedure « total failure of the heat sink »; 

• H2 procedure « total failure of the steam generator water supply » (includes primary « Feed 

and Bleed »); 

• H3 procedure « total loss of electrical supply » (led to the implementation of a gas turbine 

on the sites. Moreover a turbo-alternator was added with the aim of providing supply for 

water injection to the primary pump seals and to instrumentation and control); 

• H4 procedure « total loss of LPSI or CSS during long term post-LOCA situations » 

(including interconnection between LPSi and CSS for mutual back-up). 

The H procedures are implemented on all the French PWRs (900 MWe - 1300 MWe 

- 1400 Mwe). 

3.2. Reactor protection system of the 1400 MWe PWR (N4) 

For the latest series of French PWRs (1400 MWe - N4), in order to fulfil the safety objectives 

in case of total loss of reactor scram (ATWS), and due to the difficulties for quantifying 

software reliability, a diversified scram system was implemented. 
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The diversified system uses instrumentation and logic totally independent to those of the 

protection system, and acts on a separate set of electrical contactors. 

4. GLOBAL PSAs -SCOPE AND RESULTS 

After the partial probabilistic calculations, and although it was not a regulatory requirement, 

two French PWR Probabilistic Safety Assessment (PSA) studies were terminated in 1990. 

The first of these studies (PSA 900) concerns a standard reactor of the 900 MWe series, and 

was carried out by the « Institut de Protection et de Sûreté Nucléaire du Commissariat à 

l'Energie Atomique » (Institute of Health Physics and Nuclear Safety). It was financed by the 

« Service Central de Sûreté des Installations Nucléaires » (Central Service for the Safety of 

Nuclear Installations - Safety Authority). 

The second study (PSA 1300) was carried out by the utility « Electricité de France » on Unit 3 

(1300 MWe) of the Paluel nuclear power plant. 

A mutual external review was carried out, and a common data base was used for both studies. 

Both PSA 900 and PSA 1300 are level 1 PSAs. In their present form the studies do not cover 

internal and external hazards such as fires, floods, and earthquakes. 

The total frequency of core damage obtained from the study of the 900 MWe units is 

5 x 105/reactor-year. If one excludes accident sequences in shutdown conditions, and if the 

duration of the sequences is limited to 24 hours, the frequency of core damage becomes 

2 x 10"5/reactor-year. 

The total frequency of core damage obtained from the study of the 1300 MWe Paluel unit is 

10"5/reactor-year. If only events during power operation are considered, the frequency of core 

damage is estimated at 4.7 x 10^/reactor-year. 

One interesting finding from these PSA studies is the considerable contribution to core melt 

probabilities arising from situations corresponding to the shutdown states, which account for 

32 % of the total core melt probability for PSA 900 and for 56 % in the case of PSA 1300. 

These high values may result from the fact that there are generally no automatic systems to 

counter accident situations conditions and that human action is therefore necessary. 
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The core damage frequency is particularly high in the case of mid-loop operation (i.e. during 

maintenance and refuelling shutdowns, with low water levels in the primary circuit) because 

only a short time is available for the operator to take any action, due to the low primary 

coolant inventory. 

Particular sequences initiated by a spurious dilution of the primary coolant were identified. 

Another important initiating event is a loss of residual heat removal system in mid-loop 

operation, and a speedy response from the operator is needed here. 

Although the PSA's completion was not a regulatory requirement, after the presentation of the 

results, the safety authorities required from the utility to propose plant modifications in order 

to reduce the frequency of these sequences, due to their relatively high contribution. 

These sequences were similar for 900 MWe , 1300 MWe and 1400 MWe plants, and led to 

modifications of all series. 

4.1. Loss of RHRS during mid-loop operation 

The initiating event can occur when the primary level must be lowered to mid-loop operation 

level. An extra lowering of the RCS level of a few cm may cause loss of RHRS pumps (over 

draining events). Experience feedback shows that RHRS pumps have been temporality lost in 

this way several times in the world, and in particular on French units (5 events during 

500 year.plant). 

A total loss of RHRS pumps leads to core uncovery if no water is supplied by the operator in a 

relatively short delay. This delay before core uncovery depends on the residual power and the 

position of the RCS openings and could be as short as 15 minutes, in particular circumstances. 

The first probabilistic assessment of this particular sequence led to a corresponding core melt 

frequency (CMF) of about 5.10"5 per year. 

Considering this relatively high probability and the fact that during shutdown the containment 

integrity was not guaranteed, the Safety Authorities required from the utility (Electricité de 

France) in 1990 immediate dispositions to deal with this particular sequence and, over the 

medium term, definitive measures enabling the risk of core damage to be reduced to some 

lO^/plant.year at mid-loop operation. 
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It can be noted that some immediate measures were decided before the completion of the 

PSAs, and for this reason the preliminary assessment of the sequence was not included in the 

overall results. 

4.1.1. Preliminary measures 

Immediate measures were taken by the utility with the main objective of helping the operator in 

the prevention and mitigation of the accident: 

• technical specifications are modified to ensure a sufficient delay for operator action; 

• a mobile ultrasonic level sensor is implemented on a hot leg; 

• special measures are taken concerning containment management. 

The probabilistic assessment of the sequence, taking into account the preliminary measures, 

was about 5.10"6 with a large uncertainty. The uncertainty is due to the difficulties related to 

human reliability evaluations, especially to assess a priori the effect of improved detection 

means and of longer time windows. 

4.1.2. Definitive measures 

In order to reach the above mentioned probabilistic objective, the utility proposed a new set of 

improvements concerning human and machine aspects: 

• a permanent monitoring of the reactor cavity and the RCS level from the control room; 

• an early warning system for vortex phenomena detection; 

• an increased operating margin on the RHRS pumps relative to vortex formation; 

• improved incidental and accidental procedures; 

• improved operator training. 
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Moreover, an important hardware modification was defined: 

• an automatic RCS water supply, actuated on a criterion representative of a loss of RHRS 

pumps. 

With all these improvements the assessed CMF corresponding to the total loss of RHRS is 

about 3.10"7 per year. 

As mentioned above, it is difficult to evaluate quantitatively the benefit of the improvement 

measures on human reliability before any experience feedback, and the uncertainly is important. 

The benefit due to the automatic system is easier to demonstrate. 

The Safety Authorities have considered that the assessed CMF was significantly reduced by 

these measures which should be rapidly implemented on all the plants. 

4.2. Rapid boron dilution 

The main accident sequence of rapid boron dilution identified in the PSA is the following: 

- initially the plant is at hot shutdown, a normal boron dilution is in progress before start-up, 

- a loss of off-site power supply causes the trip of the primary coolant pumps. Since the 

CVCS pumps are backed-up by auxiliary power, the dilution goes on, 

- if the flow rate is insufficient for boron mixing, and if the operator does not stop the dilution 

neither restart a primary pump rapidly, a pure water slug is created in a loop, 

- when after some delay a primary pump is restarted, the pure water reaches the core. Due to 

the rapid dilution, a reactivity accident can occur (energy higher than 300 cal/g). 

The probability of this sequence was about 10""/reactor x year. 

Despite pessimistic assumptions related to the physical phenomena, due to the high probability 

and to the potential severe consequences, an immediate measure was implemented (before the 

completion of the PSA): in case of RCP trip an automatic isolation of dilution and suction of 

CVCS pumps from borated RWST. 
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This immediate preliminary modification allowed to reduce the dominant sequence probability 

by a factor of about 100. However, other rapid dilution sequences were identified with non 

negligible probabilities but high physical uncertainties. 

In order to define a final modification, several actions are in progress: 

- physical studies (neutronic - thermalhydraulic), 

- experimental studies (mixing experiments on a 1/5 scale facility), 

- more complete identification of all the dilution scenarios. 

The results of these studies and the final modification proposed by the utility are presently 

discussed by the Safety Authorities. 

4.3. Other PSA based modifications 

• For the completion of the PSAs, an important effort was devoted to human factor analysis, 

especially by help of simulator experiments. This analysis and the high contribution of 

human factor in the overall results led to several modifications and improvements of 

operating and emergency procedures. PSA results are also used for operator training, 

• The results of the 900 MWe PSA were used for the safety reassessment of the 900 MWe 

series, by analysing all the dominant sequences. Following this analysis it was decided to 

implement two automatisms (already existing on the 1300 MWe series) : automatic suction 

of the CVCS pumps from the borated RWST in case of loss of heat sink (high temperature 

in let-down line) and in case of slow boron dilution (high flux alarm). 
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Influences of PSA-Results on Design and Operation 

of Existing German NPPs 

1 General situation of PSA in Germany 

in Germany, PSAs still are not an obligatory part of the safety assessment for regula

tory purposes, nor are there formally binding probabilistic safety criteria. Nevertheless 

PSAs play an important role in nuclear safety even for regulatory decisions. 

Currently for 10 out of 20 German nuclear power plants "level 1 +"-PSAs are available 

or nearly completed (Table 1). For Biblis B and Gundremmingen B/C (and partially for 

Obrigheim and Philippsburgl} the PSAs have been performed by GRS as R&D pro

jects. The other PSAs have been performed (mostly) by Siemens/KWU on behalf of, 

and in cooperation with, the utilities as a - formally voluntary - part of a "periodically re

curring safety review " (Periodische Sicherheitsûberprûfung, PSÛ), which is required 

for each NPP in Germany about every ten years of operation. For the other plants 

PSAs are underway or will start in near future, so that "level 1 +"-PSAs for all German 

NPPs will be available within a few years. 

Although the safety requirements in Germany are (nearly completely) deterministically 

formulated, quite a number of (sometimes highly significant) modifications of plant de

sign and operational practices have been based on insights from PSAs. A more for

mal application of PSAs and probabilistic safety criteria up to now is hindered mainly 

by legal arguments. There is a position that PSA-results are "arbitrary" to some de

gree and therefore are not qualified as a basis for legally binding decisions. In this dis

cussion, the fact plays a role that the German PSA procedures guide 

("PSA-Leitfaden"), published as draft version in 1990, is still incomplete in important 

parts (CCF, human reliability assessment). It was not possible since 1990 to come to 

a consensus of the parties contributing to the guide concerning these topics. 
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In spite of this situation, PSA results have not only influenced the design and opera

tional practices of individual plants in many instances (see Chapter 3). Even concep

tion^ developments of nuclear safety have been based on insights from PSAs, as will 

be shown in the following chapter, 

2 Influences of PSAs on the safety concept of existing NPPs 

Utilization of existing systems for accident management 

The most obvious influence of PSA insights on the safety concept of NPPs in Ger

many, as in other countries, is the utilization of beyond-design safety margins of 

existing systems for the management of severe accidents. In the early "risk stud

ies" (WASH-1400; German Risk Study, Phase A) it has been assumed that a fail

ure of safety system functions to cope in the designed manner with an accident 

leads to core meltdown. The in-depth analysis of system behavior under severe 

accident conditions, which is an essential part of PSAs, has shown the capabilities 

of accident management procedures. Many of the system modifications, initiated 

by PSA insights, serve the purpose to disclose the full potential of accident man

agement by beyond-design use of existing systems. 

Consideration of a broader spectrum of accident initiating events 

It was a very important insight from WASH-1400, that the expected core damage 

frequency is not dominated by a large break LOCA, which has long been consid

ered as "maximum credible accident" and then as the leading "design basis acci

dent". The relative importance of small leak LOCAs, transients and "interfacing 

systems" LOCA has been recognized by the detailed systems analyses applying 

probabilistic methods. 

PSAs have shown that it is necessary to analyze a broad spectrum of initiating 

events case by case. The basic safety requirements (reactivity control resp. fast 

shutdown, core cooling, residual heat removal) and, hence, the relevant system 

functions are identical for larger groups of initiating events. However, the actuation 

and control of the system functions may vary considerably for various initiating 

event. So the control of a SGTR (in principle a "small leak") is different in impor

tant aspects from the control of a small leak at a main coolant pipe, and the re

quirements to the l&C-functions from a small leak at the pressurizer are again 
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different. Many of the modifications, based on PSA insights, served the purpose 

to adapt the l&C-functions to the needs of specific initiating events. 

"Exclusion" of dependent failures 

The design of NPPs takes care to avoid dependent failures (common cause fail

ures, consequential failures, common dependencies) which could impair the high 

reliability of redundant safety systems. Therefore dependent failures are very rare 

and their probability is difficult to quantify. Often it is necessary to apply pessimis

tic estimates for the probability of dependent failures, which - maybe as a con

struct of the analysis - dominate the expected frequencies of undesired event 

sequences. In a number of instances systems have been modified in order to 

practically "exclude" dependent failures and thus to evade the problems of prob

ability quantification. Typical examples are the installation of diverse systems or 

components and the realization or improvement of spatial (or electrical) 

separation. 

Design optimization of "Konvoi" PWRs 

The insights from the "German Risk Study", Phase A have been used for a design 

optimization of the ttKonvoi" PWRs. The most important improvements have been 

• Avoiding intermeshing between operational and safety systems 

• Physical and functional separation of redundant subsystems 

* Higher degree of automatisation (automatic 100 K/h cooldown) 

» Higher redundancies for feedwater supply and steam release 

• Improved electrical power supply (main and auxiliary grid connection, 
two independent emergency power systems) 

• Extended accident-proof design of components (including instrumentation) 

3 Modifications of individual plants 

In Table 2 examples for specific modifications of individual plants are listed. In many 

instances they reflect the conceptional developments described in chapter 2. There 

are, however, also many "isolated" improvements which served to eliminate single -

more or less important - "weak points", often without significant costs. 

The most costly modification was the installation of an "additional residual heat re

moval" system (German abbreviation: ZUNA) for the two units of Gundremmingen 
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NPP (estimated costs: 200-300 Mio. DM). The "ZUNA", in combination with the addi

tional shutdown line, did reduce the expected frequency of hazard states from 5*10'5/a 

to 4.4*10"6/a. 
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Accident Management Strategies based on PSA in Japan 

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. 

2. Establishment of accident management strategies based on PSAs 

Though the frequencies of core damage and containment failure of Japanese NPPs due to 

severe accidents 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. Utilities 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. 
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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. 

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. 

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). Results of 43 PSAs 
were submitted to MITI at the end of March 1994. 

Regarding IPEs, the utilities submitted monthly progress reports to MITI and the 
Technical 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 Technical Advisory Committee in support of NUPEC 
(Nuclear Power Engineering Corporation) 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 safetyt leaving some critical subjects such as establishment of domestic database related 
to component failure and human error. 

The review report written by MITI was presented to NSC in October 1994. NSC 
reviewed and admitted it to be approvable in November 1995. 

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 PWRs 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 
containment failure frequency which may be practically considered to be 10-5/RY for existing 
reactors and 10-6/RY for future reactors. Furthermore 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. Since Japanese nuclear power plants 
(NPPs) have been progressed in improvement and standardization and can be classified into 
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several groups from the viewpoint of plant design and operation, their own accident management 
strategies have been fundamentally established for the respective groups as shown in the attached 
papers. 

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 

® what sequences are dominant in case of internal-event-initiated accidents, and 

(2) 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 have been examined at the present time based on the level 2-
PSA mentioned above. 
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Summary of information for Tables 1 and 2 of the draft report of Task 94-3 [PSA Based Plant 
Modification and Backfus) ofOECD/NEA/CSNI/PWGS 

BWR (a) 

Improvement of procedures 

- Alternative water injection using existing pumps 
- Alternative heat removal using existing equipment 
- Dry-well spray using existing pumps 
- Emergency power utilization from adjacent unit 

Improvement of hardwares including cotrol logics 

- Recirculation pump trip and alternative rod insertion to reduce risk of ATWS 
- Automatic depressurization for transient sequences 
- Hardened wet-well venting 

PWR (b) 

Improvement of procedures 

- Diversification of core cooling by secondary system for ATWS sequence 
- Utilization of turbine bypass system 
- Continuous injection by make-up of water resource and optimization of alternative recirculation 
- Cooling down and recirculation for SGTR 
- Containment cooling by natural convection 
- Alternative water injection into containment 
- Forced depressurization of the RCS 
- Alternative auxiliary component cooling 
- Power supply from adjacent unit 

Improvement of hardwares including cotrol logics 

- Controled burning of hydrogen 

(a) K. Miyara et al, "Accident Management for BWR in JAPAN", Proceedings of The 3rd 
JSME/ASME Joint Int. Conf. on Nucl. Eng. (ICONE3), Kyoto, S306-1, pp.12594264, (1995). 
(b) M. Ohtani et al, "Severe Accident Management Strategies for PWR Plants in Japan", Proceedings 
of Trie 3rd JSME/ASME Joint Int. Conf. on Nucl. Eng. (ICONE3), Kyoto, S306-2, pp.1265-1270, 
(1995). 
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Safety Features and Accident Management Measures 

for Typical BWR-3 

Safety Features Accident Management Functions 

Loss of electric power 

Failure of maintaining 
subcriticaltty 

Failure of decay 
heat removal 

Fig.1 PSA results on the integrity of reactor core 

Steam 
explosion 

Overpressurization 
due to steam 

(decay heat) 

Direct 
containment 
heating 

Molten core contact 

« . . » _ . . . . . . „ „ . _ _ „ „ - . « . . . . 
Overpressurization 
due to failure of 
maintaining 
subcriticality 

Overheating 
of penetration 

Shutdown of reactor 

Water Injection to 
Reactor and 
Containment Vessel 

Heat Removaf from 
Containment Vessel 

Supply 'of Electric 
Power 

© 

Fig.2 PSA results on the integrity of containment 

60 



Measures for Typical BWR-3 

Accident Management Measures 

© 
Already applied 

To be applied 

• Manual scram 
* Manual operation of vyater 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) 

* Alternate water injection (water injection to reactor and 
containment vessel using pumps associated with condensate 
makeup water system or fire fighting system. Water injection to 
reactor using containment spray cooling system via shutdown 
cooling system) 

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 containment spray cooling 

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 

• Addition of emergency diesel generator (1F1 ) 

• Cross-tie of power supplies (480V from adjacent plant) 

• Recovery of failed components of emergency diesel generators 
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Safety Features and Accident Management Measures 

for Typical BWR-4 

Safety Features 

Failure of maintaining subcriticality 

Failure of high 
and low pressure 
injection 

Failure of decay 
heat removal 

Failure of water 
injection during 
a LOCA 

Fig.1 PSA results on the integrity of reactor core 

Overpressurization due to failure 
of maintaining subcriticality 

Direct containment heating 

Accident Management Functions 

Shutdown of reactor 

Water Injection to 
Reactor and 
Containment Vessel 

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-4 

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 ialled 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) 

• Recovery of failed components of emergency diesel generators 
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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 

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 Vesse! 

Heat Removal from 
Containment Vessel 

Supply of Electric 
Power 

(3) 

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 (drywel! 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 
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Safety Features and Accident Management Measures 

for Typical ABWR 

Safety Features Accident Management Functions 

Failure of decay 
heat removal 

Failure of water injection during a LOCA 

Failure of high 
and low pressure 
injection 

Failure of high 
pressure injection 
and depressurization 

Fig.1 PSA results on the integrity of reactor core 

Overpressurization due to steam (decay heat) -

Shutdown of reactor 

5 • Water Injection to 
Reactor and 
Containment Vessel 

Heat Removal from 
Containment Vessel 

Fig.2 PSA results on the integrity of containment 
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Measures for Typical ABWR 

Accident Management Measures 

Already 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) 

• Alternate water injection (water injection to reactor and 
containment vessel using pumps associated with condensate 
makeup water system or fire fighting system ) 

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) 

* Recovery of failed components of emergency diesel generators 
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Safety Features and Typical Accident Management 

Measures for PWR (Steel Dry Type Containment, 

2-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 

Loss of containment Steam explosion 
isolation function 

Loss of leakage 
isolation function 

Direct containment heating 
Burning of high concentra
tion flammable gas 
Direct containment contact 

Overheating of 
penetration 

Erosion of concrete 

Overpressurization 
due to steam 

(decay heat) 

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 
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Measures for PWR 
(Steel Dry Type Containment, 2-Loop) 

Already applied 

To be applied 

- Manual reactor trip 
- Emergency injection of boric acid 
- Emergency cooling of 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 

- 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 

To be applied 

- 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 

- Water injection to.primaty loop and depressurization 

- Cool down and recirculation 

Already applied 

To be applied 

- 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 

To be applied 

- Recovery of electric power 
- Securing of DC power 
- Recovery of component cooling system 
- Supply of alternate control air 

- Alternate cooling of component 
- Cross-tie of electric power between Units 
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Safety Features and Typical Accident Management 

Measures for PWR (Steel Dry Type Containment, 

3-Loop) 

Safety Features 

Loss of heat removal lunction from containment vessel — 
Loss of reactor shut
down function 

Loss of secondary system 
heat removal function 

Loss of leakage isola
tion function 

Loss of ECCS 
injection function 

Loss of support function for 
safety function 

Loss of ECCS 
recirculation 
function 

PSA results on the integrity of reactor core 

Direct containment heating Steam explosion 
, , x . x t Direct containment contact 
Loss of containment \ o..m,«« «f wnh „„«,«•>„+..., 
isolation function \ B u r n i n 9 o f h '9 h c o n c e n t r * 

Loss of leakage 
isolation function 

tion flammable gas 

Overheating 
of penetra
tion 

Erosion of 
concrete 

Loss 
of containment 
heat 
removal 
function 

Overpressurization 
due to steam 

(decay heat) 

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 

E Isolation of 
containment vessel 

Support function for safety 

function 
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Measures for PWR 
(Steel Dry Type Containment, 3-Loop) 

Accident Management Measures 

© 
Already applied 

To be applied 

- Manual reactor trip 
- Emergency injection of boric acid 
- Emergency cooling of 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 - Water injection to primary loop and depressurization 

@ To be applied Cool down and recirculation 

Already applied 

To be applied 

- 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 power between Units 
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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) 

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 
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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 

- Water injection to primaty loop and depressurization 

- Cool down and recirculation 

Already applied 

To be applied 

- 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 

To be applied 

- Recovery of electric power 
- Securing of DC power 
- Recovery of component cooling system 
- Supply of alternate control air 

- Alternate cooling of component 
- Cross-tie of electric power between Units 
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Safety Features and Typical Accident Management 

Measures for PWR (Steel Ice Condenser Type 

Containment, 4-Loop) 

Safety Features 

Loss of reactor 
shutdown function 

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 heat removal 
function from 
containment vessel 

Loss of ECCS 
recirculation 
function 

PSA results on the integrity of reactor core 

PSA results on the integrity of containment 

Accident Management 
Functions 

Shutdown of reactor 

Cooiing 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 
Flammable gas 
control 

Support function for safety 
function 
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Measures for PWR 
(Steel Ice Condenser Type Containment, 4-Loop) 

Accident Management Measures 

Already applied 

To be applied 

- Manual reactor trip 
-• Emergency injection of boric acid 
- Emergency cooling of 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 

- Water injection to primary loop and depressurization 

- Cool down and recirculation 

Already applied 

To be applied 

- 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 

(2) Already applied - Manual isolation of containment vessel 

To be applied 

Already applied 

To be applied 

- Controlled burning of hydrogen 

- Recovery of electric power 
- Securing of DC power 
- Recovery of component cooling system 
- Supply of alternate control air 

- Alternate cooling of component 
- Cross-tie of electric power between Units 
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Use of PSA to Improve YGN 3&4 Design 

Advanced Research Group 
Korea Atomic Energy Research Institute 

P.O.Box 105, Yusong, Taejon, Korea, 305 - 606 
Tel : +82(42) 868 - 2643, Fax : +82(42) 861 - 2574 

Abstract 

The probabilistic safely assessment (PSA) was .performed during the design of Yonggwang 
Nuclear Units 3 and 4 (YGN 3 & 4). Three major design changes were made based on interim 
PSA results. These design changes included the installation of the Safety Depressurization 
System (SDS) and Alternate AC Diesel Generator (AAC-DG) as well as improvement of the 
Auxiliary Feedwater System (AFWS), The results of PSA for the final design of the YGN S&4 
are summarized in this paper. 

1. Introduction 

PSA technique has been widely used as a tool to evaluate the safety of nuclear power plants, 
which are under the design stage as well as under operation. The results of PSA for the $nal 
design of the YGN 3&4 are summarized in this paper. 

The level 1 PSA for YGN 3&4 was originally finished on July 1992. However, during the final 
PSA, three major changes in YGN 3&4 design occurred. Inese design changes included! the 
installation of the Safety Depressurizarion System (SDS) and Alternate AC Diesel Generator 
(AAC-DG) as well as improvement of the Auxiliary Feedwater System (AFWS). 

Therefore, PSA Update was performed for YGN 3&4 to address these design modifications. 
The objectives of this PSA are to estimate the core damage frequency and to identifythe 
dominant accident sequences contributing to core damage frequency reflecting these three 
design changes. 

The design of YGN 3&4 is originated by System 80 design of ABB-CE. During the design of 
YGN 3<fe4, a project is performed to design standardized Korean nuclear power-plant (KSNP) 
which are to be built in the future according to the national electricity development program. 
During these parallel projects, design modifications were suggested to improve the safety, by 
PSA concept. 

The YGN 3&4 PSA was performed in three stages. The first stage was to perform a PSA-for 
the original System 80 design. The second stage is performed to reflect design modifications 
from the System 80 design to first YGN 3&4 design. Main difference is generating capacity; 
1,000 Mwe of YGN 3&4, 1,300 Mwe of System 80. The third stage is performed to reject 
major design modifications mentioned in the above during the final design. The purpose of 
these three stages PSAs are to assess the safety improvements due to the design evolution in 
terms of the core damage frequency (CDF), 
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In the third stage, the effects of the selected advanced design features (ADFs) were evaluated 
from the view point of plant safety improvement Two outstanding design features in the YGN 
3&4 design were the adoption of Safety Depressuruation System (SDS) and Alternate AC 
Diesel Generator (AAC-DG) and the improvement of AFWS. 

2. Analysis Methods 

The PSA for YGN 3&4 was carried out following the general PSA methodology outlined such 
as PSA Procedures Guide [3]. A computer code package, called KIRAP [4], was used for the 
construction of event trees and fault trees and other analysis. KIRAP was developed by Korea 
Atomic Energy Research Institute (KABRI). 

Initiating events for analysis were selected by reviewing the plant design and other PSA 
reports. Sixteen initiating events were selected, which were considered as major risk 
contributors. A list of the initiating events is presented in Table 1, 

For the modeling of accident sequences, the small event tree and large fault tree approach was 
used. Only the front line systems were modeled as event element The support systems were 
modeled as subtrees in the front line system fault trees. 

Initiating event frequencies, component failure rates and human error probabilities were 
quantified. The quantification was based mainly on the generic reliability database for nuclear 
power plants [2] and engineering judgments, if necessary, Recovery factors for the core 
damage cut sets were also included. Minimal cut sets were obtained and core damage 
frequency was estimated for each accident sequence. 

Importance analysis was conducted for all the safety systems. The Risk Reduction Worth 
(RKW) was calculated as a measure of system importance. The RRW is the ratio o£ the 
original CDF to the CDF when a system is improved perfectly. That is, the system is assumed 
not to feil. The larger RR.W of a system means that more safety can be achieved by improving 
the system. 

3. Summary of YGN 3&4 Design 

The power level of the YGN 3&4 is 1000 Mwe. The reactor coolant system consists of two 
loops. In each loop, two reactor coolant pumps circulate via one hot leg, one steam generator, 
and two cold legs. There are high pressure injection system (HPIS) and low pressure injection 
system (LPIS) as safety injection systems. Each system has two 100% capacity pumps. Tlie 
shutdown cooling system (SCS) uses the same pumps as tow pressure injection system. The 
containment spray system (CSS) can be used as a backup of SDS. And there is safety 
depressurization system (SDS) for feed and bleed capability. Auxiliary feedwater system 
(AFWS) consists of two trains, where each train has one motor driven pump (MDP) and one 
diesel driven pump (DDP). Components of safety systems are cooled by component cooling 
water system (CCWS). Service water system (SWS) provides cooling water to component 
cooling water and essential cooling water system (ECWS). Electrical power supply system 
(EPS) is composed of two trains. There are two emergency diesel generators (EDG) at each 
unit and one diesel generator as an alternate AC power supply. Station battery has 4 hour$ of 
capacity. 

4. Sensitivity Studies for AAC-DG and SDS in KSNP PSA 
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During the PSA study for KSNP, sensitivity studies were performed to address two major 
design improvements in YGN 3&4 design, AAC-DG and safety depressurkation system 
(SDS). AAC-DG was selected because it provides an alternate AC power source so that it 
could reduce the core damage possibility due to the loss of offsîte power (LOO?), which has 
been identified as a dominant contributor in many other PSAs. SDS was selected because it 
gives additional means to remove decay heat by the feed and bleed operation in the case, of a 
loss of auxiliary feedwater system. In the original design of System 80, there is not SDS. 

The sensitivity study was perfonned for the following configurations : KSNP without AAC-
DG (case 1) and KSNP without SDS (case 2). The results of the sensitivity study are shovyn in 
Figure 1. i 

In case 1, the CDF was evaluated as 1.9 times of the base case. Ths CDFs for LOOP and 
station blackout (SBO) initiating events are 6.4 and 13 times higher than the respective events 
of the base case. The LOOP and SBO events become dominant contributors in case 1, which 
represents 33.9% and Î 9.2% of total CDF, respectively. . 

In the case of KSNP without SDS (case 2), the CDF was increased by a factor of 5.6 from the 
base case. The CDFs for transient (TRSN), loss of feedwater (LOFW) and LOOP- are 
increased by factors of 36.3, 32.6, and 6.1 from the base case, respectively. The CDFs 
increased for those initiating events where the operation of AFWS for decay heat removal is 
required. The failure of AFWS would lead to core damage directly if SDS is not installed in the 
case of LOFW. The LOFW event represents about 70% of total CDF in case 2 sensitivity 
study. 

Bue Cas* C A M 1 (KSNP Cam 2 (KSNP 
(KSNP) W/OAACOG) VWOSDS) 

5. Conclusion ; 

PSA technique was used to evaluate the design evolution in point of view of overall plant safety 
improvement during the design of YGN 3&4. By the interim PSA results, a few design 
improvements were suggested and adopted in the final design. The sensitivity studies were also 
performed from the view point of plant safety improvement due to various ADFs, By adding 
an alternate AC power source, CPFs due to LOOP and SBO are greatly reduced. The 
installation of SDS also reduces CDFs due to those initiating events such as TRSN, LOFW 
and LOOP. This is because of the fact that these safety features can provide additional means 
to remove decay heat by feed and bleed operation when the AFWS fails. 

Since the YGN 3&4 and KSNP PSA was performed during the design stage, many sensitivity 
studies were performed. The effects of new safety features installed in the YGN 3&4 design 
were evaluated in terms of CDF. A lot of safety improvement ideas were suggested and 
adopted in the YGN 3&4 and KSNP PSAs. 
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PSA-Based Plant Modification Approach during 
Shutdown Operation 

Korea Atomic Energy Research Institute 
Taejon, Korea 

Abstract 

Probabilistic safety assessment is a useful tool to evaluate and improve plant 
safety. During plant shutdown, operator action is the most important for 
mitigating the event after initiating event occurs. Because PSA can evaluate 
the reliability of human action, PSA technique is useful to evaluate and 
improve plant safety during plant shutdown. An overdrawing event was 
evaluated and the results showed that an operator error was a dominant 
contributor. Two plant improvement options were selected to reduce the 
operator error probability. One was modification of abnormal operating 
procedure and the other was installation of additional level indicator 
independent of tygon tube. The quantification results of modification 
alternatives show that the modification options derived from the risk-based 
approach can indeed improve the plant safety. 

1* Introduction 

The probabilistic safety assessment (PSA) has been used widely in the process of 
meeting the requirement of the regulatory body, validating the design of nuclear 
power plant, and improving its safety. Most of the analyses had been performed for 
foil power opération since the risk during shutdown had been regarded as low due 
to comparatively low decay heat. However, recent studies indicated that the risk 
during shutdown was not negligible and that the moat vulnerable period for PWR 
was the mid-loop operation [1,2]. 

Because most of the safety systems can not be actuated automatically during plant 
shutdown, operator action is the most important for mitigating the initiating event. 
Since the PSA technique can evaluate the reliability of human action, it can be used 
to evaluate and improve plant safety during shutdown operation. 

To improve the plant safety and to obtain the insight for the low power and 
shutdown (LPS) PSA methodology, a PSA case study was performed for an 
overdraining event for the Yonggwang nuclear power plant units 3 and 4 0TGN 
3&4) which are Combustion Engineering 1,000 MWe plants. 

2. Fiant Modification Alternatives 
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Two plant improvement options were derived to reduce the operator error to 
diagnose the overdraining event (OP). Option 1 was modification of the operating 
procedures and operator training, by which operator could use the containment 
spray system (CSS) as a backup of the shutdown cooling system (SCS). At the 
YGN 3,4 the CS pump can be used as a backup of SC pump. However, abnormal 
operating procedure for the loss of shutdown cooling for (he YGN 3, 4 did not 
describe the event during reduced RCS inventory, and normal operating procedure 
tor drain-down of RCS did not describe the backup capability of CSS. 

Option 2 was modification of the hardware, ie. installation of additional level 
indication system independent of tygoa tube. Additional independent level 
indicator can help operator to diagnose the initiating event and reduce the 
occurrence frequency of initiating event. 

Three plant modification alternatives were made, case 1; the use of CSS for backup 
of SCS (option 1), case 2 ; additional level indication system (option 2), and case 3 
; simultaneous adoption of options 1 and 2. 

3. Results and Discussion 

The core damage frequency (CDF) is used as a measure of risk for the base case 
(current design) and plant modification alternatives. The case-by-case 
quantification results arc shown in Table 1 in the ratio of CDF to base case. The 
procedure change for using CSS could reduce the CDF by a factor of 20. The 
additional level instrumentation could reduce the CDF by a factor of 7 and the case 
3 which adopted both options could reduce the CDF by a factor of 62. The results 
demonstrate that the modification options derived from the risk-based approach can 
indeed improve the plant safety. 

Table 1. The comparison of plant riiks for various design alternatives 

Case 

Base Case 
Casel 
Case 2 

Case3 

Option 

Current design 
Use of CSS for backup of SCS 
Installation of additional level 
indication system 
Use of CSS for backup of SCS and 
installation of additional level 
indication system 

CDF Ratio 
(Case/Base Case) 

1 
1/20 
1/7 

1/62 
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PSA BASED BACKFITTING & ACCIDENT MANAGEMENT IN THE NETHERLANDS. 
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P.O. Box 90803 

2509LV The Hague 
The Netherlands 

ABSTRACT 

An overview is given of the role of PSAs in the two major modification programmes going on at the Borssele and 
Dodewaard Nuclear Power Plants. A description is given how several via a PSA found weaknesses were translated 
into hardware and/or procedural changes. Also the influence of these modifications on the various accident 
sequence frequencies is given. 

I INTRODUCTION 

In the late eighties, as a result of the Chernobyl accident, an Accident Management and backfittiug policy 
was developed in the Netherlands for the two existing NPPs. One of the first steps in developing an A.M. strategy 
was to ask the German Institute for Reactor Safety (GRS) 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 asses
sments. The results of this study formed the basis of the position of the Dutch regulatory body regarding accident 
management and backfitting. In the meanwhile a backfitting requirement was formalized. This requirement, 
together with the insights gained from the GRS study, formed the starting point of two backfitting programmes, 
where both NPPs were asked to upgrade their safety level to a more 'state-of-the-art' level. In the early nineties 
both utilities developed with the help of the respective reactor suppliers a new safety concept for their plant. The 
main bulk of these safety concepts was primarily based on deterministic rules, like physical separation of redundant 
system trains, or adding diverse safety systems. Plant specific PSAs didn't exist at that time, and the only generic 
PSA influences in the new safety concepts of the plants originated from the GRS-study. 

However, one of the recommendations of GRS was to perform at least a level 1+-PSA for identification of 
missing weaknesses. Both the licensees and the licensing authorities agreed with this proposal to conduct a level 
l+ /2 PSA which could support the ongoing modification programmes. 

Both plants started in the late eighties with a level 2" PSA (power states only, and a screening analysis of 
external events). After completion of these limited scope PSAs, the studies were expanded to full scope level-3 
PSAs, including low- and non-power states, internal and external events. 

Lcvel-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 (he 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 k> il and the associated plant 
damage slates at the onset of core melt accidents were mainly identified by the PSA (often called the lcvcl-1/ level-
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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. 

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 receutly, assessed level-3 PSA outcomes triggered an immediate decision-making 
regarding actions to be taken to prevent early containment failure (e.g., dry well melt-through issue). This 
comprised already existing plant-specific level-2 PSA insights 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. 

Iu one case (Dodewaard) the development of the PSA and the conceptual design of the modifications were 
more synchronous. Due to this synchronism the Dodewaard modification programme could more benefit from the 
PSA then iu the Borssele case. However, the numerical outcomes caused also some immediate actions to be taken, 
and some unforeseen additions to the original proposed modifications program; to be implemented iu 1996-1997. 

II BORSSELE NUCLEAR POWER PLANT 

The Borssele risk is currently dominated by LOCAs. The independent bunkered primary & secondary side 
reserve suppletion system & (reserve injection system & reserve feedwater 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 most important 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 in 
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-well ground water pumps. 

* Functional separation of the closed cooling water system trains, and adding a fourth pump to this system. 

* Increasing the discharge head of the pumps of the bunkered primary side reserve suppletion system (reserve 
injection system) to 168 bar. 

* Connection of the bunkered primary reserve suppletion system (reserve injection system) to the pressurizer 
(spray) to increase the capability to decrease the pressure in case of SGTR. 

* Functional separation of the auxiliary and emergency cooling water system trains. 

* Replacement of Emergency Power DGs to increase the electrical output. 

Qualification by extra analyses to certify that the high energy lines inside the annuius (ringroom) are 
qualified Leak-Bcfore-Break. 

* Qualification by extra analyses to certify that the RCS piping is qualified Leak-Before- Break. 
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* Replacement of (he primary power operated relief valves (PORVs) on top of the pressurtzcr to improve the 
bleed and feed capability and (o increase ihc reliability in case of ATWS situations. Also the number of 
PORVs will be reduced reducing the LOCA frequency due to spurious PORV opening. 

* Installation of a filtered containment veuting system. 

* Improving the capability to prevent/mitigate hydrogen buru/deflagrat ion/detonation. The exact measures still 
has to be decided. 

* New reactor protection system and 20tl control room iu a new external event hardened building. 

Automation of the cooling-down of the primary system via SGs in case of iucideuts/accidents like small 
break LOCA (100 °K/hour). 

* Replacement of a turbine driven pump of the emergency fecdwater system by an motor driven to increase 
the cooling down capability of the primary system via the SG. 

* Installation of extra check valves on Inundation Tank lines (Low Pressure ECCS). 

All of the plant improvements formulated iu this original deterministic based modification concept of the 
plant were supported by tbe PSA. However, some of the found weaknesses by the PSA were not addressed in this 
modification concept. These weaknesses were of such a nature that they easily could be resolved by both procedural 
and hardware measures in the refuelling outages of 1993 and 1994. These are listed below: 

* 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 containmeut heat removal function, so there is also a level 2 risk impact. This weakness was 
resolved by: 

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 functiou. This weakness was resolved 
by: 

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. 

* Miseulibration of Level Sensors/ Transmitters. Miscalibration of multiple critical sensors is a dominant 
contributor to actuation failures, particular sump recirculation. This weakness was resolved by: 

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

Especially, the minimum flow bypass Hues for the ECCS pumps reduced the core melt frequency 
significantly. Due to these modifications the TCPF decreased from 3,7 10 Vycar to 3,2 10 Vycar for internal event s_ 
(power states). 
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The Hydrogen issue turned out to be not important for the Borssclc NPP. The results of calculations are, 
that local M2 concent rat ions inside the conlaiument 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 Ievcl-2 calculations large. Although, H2 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 iucrtisatiou of the containment, installation of catalytic igniters, etc. 

In general, the modifications do not make any direct impact to the Level 2 results but do significantly 
modify the level 2 results due to the reduction in the frequencies of the level 1 accident seqtiences and hence the 
Plant Damage State category frequencies. Examples are the improved capabilities for primary and secondary Feed 
& Bleed (to mention: new PORVs, two extra main steam relief valves, improved initialization of Bleed). Feed & 
Bleed is considered as most important to transfer a high pressure path into a low pressure path. High pressure 
melting of the core may lead, though unlikely, to an induced SGTR and thus a bypass sequence and more likely but 
not definitely to containment failure due to high pressure breach of the RPV. Though Feed & Bleed is also possible 
in the plant without modification, the function is significantly improved following the modifications leading to 
higher reliability. Qirrently the Core Damage Frequency (CDF) involving high RCS pressure is 2,27 E-6 (4,05%), 
but will be 1,09 E-7 (2,55%) after the modifications. 

The areas where the modifications directly influences the Level 2 analysis are: 

1) installation of hydrogen control measures (i.e., recombiners/iguiters), 

2) addition of a filter to the containment venting pathway, and 

3) qualification of the containment to withstand a higher magnitude external event (primarily seismic related, 
but also may impact other events which directly fail containment and mitigation systems). 

Not included in the modification programme as described here, are A.M. procedures which are currently 
being developed for the late accident progression phases. To mention are to improve the capability to mitigate 
SGTR accident sequences involving dry SGs in order to prevent unscrubbed bypass releases via a dry SG 
[reference 1], 
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Ill DODEWAARD NUCLEAR POWER PLANT 

Some years ago the conceptual stage of a large backfilling program for the Dodewaard NPP was started. 
Dodewaard is an old prototype GE-BWR of only 59 MWf, characterized by natural circulation (nowadays 
considered as a passive safety feature). When the construction of Dodewaard started in 1965, the design was 
already conform an earlier standard. Despite the large costs (ca. 135 million Dutch guilders) of such a major 
backfilling program, the utility decided in the early nineties to start with the modifications of the plant. General 
Electric, the vendor of the plant was asked to design a new safety concept (improved design basis) of the plant. 
This safety concept, as a starting point for the modifications, was primarily based on deterministic insights and by 
comparing the original design basis with the current Dutch nuclear safety codes and guides. This safety concept 
comprised the following modification proposals: 

* A second emergency power division (emergency power diesel generator, connection with external 10 kV 
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-puinp as supply the CRD-system can be used as a high pressure injection system with suction 
from the wet well 

* 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. By comparing the weaknesses 
which were found by the level-1 internal events PSA with the proposed modifications, it could be shown that most 
of the safety issues would be resolved by the proposed modifications. However, the insights and numerical 
outcomes from the level-2 and external events studies caused: 

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

The preliminary results of the PSA (external events) showed that 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. Some of the immédiate actions being taken are: 

A. Seismic Risk. 

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

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

C. 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 aforementioned 3 kV switch-
gcar-room is the most vulnerable area for flooding due to this scenario. As preventing measure the installation of 
skirts around the rubber bellows was selected. 

* Installation of water-resistant dams m 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). 

These immediate actions caused the fire risk contribution to be reduced with about a factor 3 to 4, the 
seismic risk contribution with more than a decade, the flooding risk contribution with more than a decade. 

D. Modifications in the Level-2 domain 

Despite the original proposed modifications, as well as the changes being made in the 1993-1994 refuelling 
outage, 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 coutaiumcut, 

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

The proposed modifications in this 'Ievcl-2' area arc: 
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An alternate reactor deprcssurization 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 Icvel-I analysis of the modified plant. 

A filtered venting system is going to be installed, piping designed at rated containment desigu pressure. This 
filtered venting system releases in the stack. 

A spray system will be added to the Drywell 

A water line connection between Wetwcll and Drywell to fill the Drywcll in case of core damage. Whenever 
core damage cannot be prevented this connection will be opened. 

Protection of the Drywcll 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 tbedrywell 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. 

IV, CONCLUSIONS 

Despite the fact that both modification programmes were developed via deterministic rules, both the PSAs 
proved to be so eloquent that the original safety concepts for the modified plants were supplemented or altered. 
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INSTAI»I*ATION OF A DEDICATED CONTAINMENT VENT AT COFRENTES NPP 

BASED ON POBABILISTIC SAFETY ASSESSMENT. 

In 1989 the Cof rentes Nuclear Power Plant carried out a 
probabilistic analysis with a view to identifying the types of 
accident scenarios that might be affected if the plant were to-
have a dedicated vent. 

This analysis included a quantitative assessment of the impact of 
the vent (positive and negative) on sequences leading to core 
damage, and of the mitigation capacity associated with failure of 
the containment and of the containment safety systems. 

The advantage of a containment vent is that It provides an 
alternative method of controlling containment pressure, by 
removing the residual heat released to this plant area, thus 
protecrting it against overpressure conditions. At the same time 
as it maintains containment integrity It conserves the capacity 
of the suppression pool to retain fission products and provides 
additional control of the combustible, non-condensable gases 
which might be present in containment. 

Identification of accident sequences 

1.- Sequences of failures in residual heat removal for all types 
of transients, SORV or LOCA in the drywell and containment. Even 
in the event of ATWS sequences it makes it possible to delay 
containment failure by allowing for rod insertion or boron 
injection. It serves to prevent containment failure due to 
gradual overpressurization. 

2.~ Severe accident sequences with substantial generation of 
non-condensable gases, resulting from phenomena such as 
interaction between the molten core and concrete. It prevents 
containment failure due to overpressure conditions. 

Contribution to the frequency of core damage 

The influence of the dedicated containment vent on the 
probability of core damage at COFRENTES NPP is analyzed below for 
transients or accidents arising as a result of internal 
initiating events. 
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Attention should be brought also to the importance of the 
dedicated containment vent for the mitigation of external events, 
particularly fires inside the plant. 

An assessment carried out on the basis of a generic PSA for 
COFRENYES NPP estimated a 50% reduction in the probability of 
core damage resulting from use of the dedicated containment vent 
in preventing accident sequences including loss of the residual 

heat removal capacity. 

This same study concluded that the dedicated containment vent 
might reduce the probability of radioactivity releases by a 
factor of four. 

A sensitivity analysis performed using revision 2 of the specific 
PSA for COFRENTES NPP has determined that the reduction in the 
probability of core damage as a result of availability of the 
capacity to vent the containment is approximately a factor of 10. 

The estimated reduction in the probability of core damage as a 
result of availability of a dedicated containment vent system 
such as the one installed at Cofrentes - actuation of which is 
independent of the availability of the supply of alternating 
current and which may, therefore, be used under station blackout 
conditions - as against the probability of core damage obtained 
by considering the performance of venting using other plant 
systems not specifically designed for this purpose, is 
approximately a factor of 2. 

Impact of the modifications 

Installation of the dedicated vent at Cofrentes has had a minor 
impact on plant operation; nevertheless, it is particularly 
important in the development of emergency procedures, personnel 
training and severe accident response. 

A cost-benefit analysis performed taking into account the 
expected reduction in risk showed that an estimate of the 
investment that might be justified in order to obtain these 
capacities was of the order of 700,000 US dollars, which is an 
amount certainly higher thanthat invested in the dedicated vent. 
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IMPROVEMENT OF THE, AUXILIARY FEEDWATER SYSTEM 

AT ALMARAZ NPP 

BASED ON PROBABILISTIC SAFETY ASSESSMENT 

The preliminary results of quantification of the Level 1 PSA for 
Almaraz NPP underlined the importance of the contribution to 
risk made by loss of d.c. current to train MB". 

The basic events failures associated with loss of d.c, train MB" 
showed particularly clearly in the Initiating Events included in 
the following group of transients; Generic Transient, Main 
Steamline Breaks, Loss of train VXA" d.c. busr Loss of Off-Site 
Power, etc. In addition it was observed that the Loss of d.c. 
bus "B" initiating event was highly important. 

Following analysis of the results it was concluded that the 
importance of the aforementioned events was the result of the 
fact that their failure led to a situation in which the following 
equipment or functions were left unavailable: 

a) Auxiliary Feedwater System motor-driven pump *B". 

b) Auxiliary Feedwater System turbine-driven pump. 

c) Feed & Bleed 

In view of the above, the decision was taken to perform a design 
modification in order to provide the Auxiliary Feedwater System 
turbine-driven pump and all its auxiliary services, including the 
control and instrumentation loops, with a source of direct 
current feed from a new battery independent from the current 
train B unit, in order to improve system reliability. 

This modification has implied installing a new 125 V d.c. 
battery, a charger and distribution panel and corresponding 
wiring and connections. 

The actuation logic has been designed such that the d.c. supply 
to the turbine-driven pump may be provided indistinctly from 
either of the two batteries, an automatic switching device being 
incorporated for the event of failure in the supply. 
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In addition/ and in view of the fact that the instrumentation 
associated with the turbine-driven pump is installed in the racks 
fed from a 118 V regulated a.c. bus, which is in turn fed hy the 
train WBH d.c. bus, the feed sources - one 118 V a.c. and the 
other 125 V d.c. - were changed in order to guarantee the 
redundancy of the electricity supply to the auxiliary feedwater 
turbine-driven pump. 

Although it is not possible to establish exactly the impact of 
this modification on the results of the Almaraz NFP PSA 
quantification, since the advisability of carrying it out was 
established during the preliminary qualification assessment 
process and the design modification was incorporated prior to 
performance of the final quantification, this impact is 
considered to have been significant and the overall frequency of 
core damage is thought to have been improved appreciably. 
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EXAMPLES OF MODIFICATIONS PERFORMED AT ASCQ MPP 
ON THE BASIS OF PROBABILISTIC SAFETY ASSESSMENT 

As a result of PSA performance, various design modifications have 
been implemented at the Ascô I and II Nuclear Power Plants. 
These may be underlined as being low cost modifications but 
serving to achieve considerable improvement in the results 
obtained. The two following modifications are worthy of special 
mention; 

1.- Use of smoke and CO2 extractors in the existing battery 
charger and ondulât or rooms in the Control Building, as a 
redundant ventilation system for these areas in the event of loss 
of Control Building HVAC. These start-up in response to high 
temperature signals from newly installed thermostats. 

This modification was performed following analysis of the 
ventilation in adjacent areas, including evaluation of the 
evolution of temperatures in these areas and rooms following HVAC 
loss. 

Results have been improved in two ways: on the one hand 
dependence on regulated alternating current and on direct current 
supply has been eliminated; given that the rooms depended 
previously on only the normal HVAC units, this may now be 
considered a redundant system. In addition, the possibility of 
an initiating event occurring as a result of HVAC system losses, 
which would lead to core meltdown, has been eliminated in the 
possibility of considering the smoke and CO2 ventilators. 

2.~ Redundancy of minimum voltage relays. The modification 
consisted of making the critical relays of the post-loss of off-
site power load sequence detection and actuation chain redundant. 

These relays were important in the results, and plant safety 
has been substantially improved by this simple modification* 
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RECENT EXPERIENCES OF LIVING PSA - THE SWEDISH EXAMPLE 

.1 Swedish Reliability Evaluation Programme 

Thorough plant-specific PSA studies constitute a major part of the . •-
present Swedish recurrent safety analysis programme. The results of the 
analyses are to be reported to the Swedish Government in a document given 
the acronym ASAR (As-operated Safety Analysis Report). The basic studies 
are limited to the core damage level; although plant-specific studies of 
core melt progression and containment response have been carried out 
(e.g. as a part of licensing of filtered venting systems), these studies 
were previously not included in the ASAR programme. - _.; 

The utilities are responsible for carrying out the analyses, and 
the Swedish Nuclear Power Inspectorate .(SKI) carries out the review of 
the sutdies. The ASAR shall be revised after every.eight to ten years of 
operating of a plant. Until now plant-specific Level Ï PSAs have been 
completed for ten Swedish plants. The remaining two plants (Ringhals 3 & 
A) are presently being analyzed. 

A summary of analysis status and -of the results of the Swedish PSAs 
may be found in Reference 4. Table 2 provides a survey of the status 
with respect to scope of the studies arid planned supplementary analyses. 
The analyses performed focus on the treatment of internal initiating. 
events (transients, LOCAs)- The basic studies are presently being 
supplemented by external event analyses. As indicated some of- these 
analyses have already been completed; the findings with respect to the 
impact of external events are reviewed in Reference 5. The scope of the 
PSAs will also be eventually extended to cover other modes than full 
power operation. 

PSA work in Sweden is characterized by close cooperation between 
the utilities, the Swedish Nuclear Power Inspectorate (SKI) and the 
Swedish BUR vendor (ABB Atom). Successful efforts have been made to 
achieve a coordinated approach in three areas: 

- Standardization of .fault tree drawing 
- Development of a uniform coding system 
- Establishment of a reliability data bank .based on the Swedish 
operating experience and subject to continuous updating (T-book; 
Reference 6); new version of the T-book is expected to bè issued in 
1990. 

In addition, computer codes for fault tree handling, for 
quantitative analysis and for post—processing of results have been 
developed. All Swedish PSAs are thus available in computerized form. 
SKI has today access to the fault tree libraries and. cutset lists of the 
different studies. 
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Concurrently with the PSAs, comprehensive research projects, have 
been carried, out leading to progress in such areas as: reliability data 
analysis, treatment.of dependencies and common cause failures (CCF) in 
particular, treatment of human interactions, treatment of external ; 
events, sensitivity and uncertainty analyses, optimization of Technical 
Specifications using PSA-basëd methods, and fission product behaviour 
and accident mitigation. From 1985 until 1990 two major research 
projects being a part of cooperation between Nordic countries, addressed 

— methodology development and limitations of PSA (Reference 8), and use'of 
probabilistic methods for optimization of Technical Specifications 
(Reference 9). 

Recently a comparative review of Swedish PSAs has been carried out 
within the SUPER-ASAR project (References 10, 11, 12). The review 

- clearly identifies significant differences between the PSAs with respect 
to- scope,-sfiegree of detail, 'coverage etc. Application of a broad „ -. •-
spectrum of methods and assumptions has. had a decisive impact-on PSA 
results, which complicates a proper comparison. The results of 
SUPER-ASAR project make such comparison easier and more straightforward. 
In. this way use of PSAs as a basis for decision making has been 
facilitated. The aspect of PSA consistency and its importance for the 
living PSA programme will be further elaborated in Section 4.2 oif this 
paper. 

2 Insights and Examples of Living PSA Applications 

Table 3 shows the results of the Swedish PSAs, with respect to 
relative contributions of different initiating events and types of 
analysis to the core'damage frequency according to the base studies (i.e. 
the versions availahle prior to the SUPER-ASAR project). The total core -
damage frequency is for all plants in the interval 10~6 — 10~"5 per 
year (after implementation of some safety improvements based on the PSA 
results). Some of the principal findings are surprising and imply lack 
of consistence. This applies for example to result differences between 
plants having basically the same design (such as B1/B2 on the one hand, 
and 02 on the other hand), with regard to LOCA-cbntributions (see also 
.next chapter). For further details we refer to References 4 and 12. 

Definite risk profiles of the plants will emerge only after 
completion .of-the analyses of all initiating events of interest- As 
shown in Table 3 a substantial number of such studies still remains. 
However, for the latest generations of plants (Fl/2, F3f 03), 
characterized by four-divisional separation, external events are not 
expected to contribute significantly aiid the corresponding analyses have 
therefore been assigned quite iow priority. 

Examples of living PSA applications in Sweden include; 

(1) Backfitting based on the results of PSAs 
(2) Use of PSA as a supporting tool in the design of new plants 
(3) Use of available PSAs for operational safety management. 

The above points will be further commented in the following. 
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Table 3 

Survey of results of the Swedish PSAs 
Outline of relative contributions to the core damage frequency-

Type of Analysis Very Small Moderate Dominant Mot. Analyzed 
Contribution Contribution Contribution Plants 
(< 1 %) (1-10 %) (> 10 %) 

LOCA 

Transients 

Internal Fire 

Internal Flooding 

Earthquake 

Aircraft Crash 

Internal Missiles 

Fall of Heavy 
Objects 

External Pipe 
Break 

RPV Break 
i 

Power Reduction 

Overhaul Period 

Power Increase 

CCI-analysis 

F3,01,02 

Bl/2 

F3,03 

F3,Bl/:2, 
03 

F3, 03 

F1/2.F3.R1, 
R2,R3/4,Bl/2 

Bl/2 * 

Bl/2 

02 

F3 

03.F1/2 Rl,R2,Bl/2 

R1,R2,01 F1/2,F3,02, 
03 

02, Rl R2iBl/2 

R1,R2 

Rl 

Rl, Bl/2. 

Fl/2tF3,Rl,R2 

F1/2,F3,R1,R2, 
Bl/2 

• R2 

.-"' 

Fl/2, Bl/2 R1.Ô1 

R3/4 

R3/4 

01,Fl/2,R3/4 

Fl/2,01,02, 
R3/4 

Bl/2,Fl/2,01, 
02,R2,R3/4 

01, 02, 03 . 

Fl/2tF3,01,02 
03,.Rl,R2,R3/4 

Fl/2,F3,01,02 
03,R2,R3/4 

01,02,03,R3/4 

Bl/2, Fl/2,F3., 
01,03,Rl,R3/4. 

. All 

All 

02,03,R2,R3/4 

* Due to. differences in the approach comparisons of quantitative results 
of analyses of internal events on the one hand and of external events 
on the other hand, should be made with great caution; in addition, in 
some cases the results given for external events reflect the situation 
prior to introduction of safety improvements. 
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Table A provides a survey of insights concerning weak points of the 
Swedish plants, as identified by the Swedish PSAs. In most cases "the 
findings have led to immediate implementation of design and/or procedural 
improvements. In other cases different measures are either being 
implemented or presently discussed. The list is not complete but 
includes- the most important findings. In several cases findings made in 
a PSA for one of the plants resulted in implementation of improvements 
also at some other plants of similar design. 

For the next generation of ABB Atom*s plants, BWR 90, a living PSA. 
programme has been implemented in compliance with the requirements of the 
Finnish authorities (Reference 13). Thus, a mini-PSA (Reference 14) has 
been carried out as a part of PSAR, using the available PSA for the 
Forsmark 3 plant as a reference analysis. Discussion of the reliability 
aspects from vendor point of view may be found in Reference 151 

Specific improvements are being implemented in the BUR 90 design as 
a result of PSA-based recommendations. This includes: 

- Automatical initiation of reactor depressurizafcion at low reactor water 
. -level, . 
-r Diversification of pressure relief function.. 

These design changes, result in a significant reduction of the core 
damage frequency of BWR 90 as compared to the corresponding frequency for 
the preceding reactor generation. Furthermore, the pressure-suppression 
function of the containment has been strengthened and new systems 
mitigating consequences of a severe accident have been included, leading 
to a significant reduction of release frequencies. A PSA is also in 
progress for the PIUS (Process Inherent ultimate Safety) generation of 
plants. 

Major applications of the available Swedish PSAs in the daily 
safety management (beyond earlier described backfifcting being the direct 
result of the studies), are still not very numerous. Among, them we may 
mention: 

- Averted modification concerning transfer of power supply for auxiliary 
feedwater pumps from diesel to gas turbine supported buses (B1/B2), 

- Changes of. test interval for check valves involved, in V-L0CÂ* sequences 
(R2), 

•- Introduction of preventive maintenance of gas turbines during power 
operation (01, 02), 

- Optimization of test intervals for valves in consequence mitigating 
. systems (01, 02, 03), 
- Optimization of test schemes for diesel generators (F1/F2; Reference 

16), 
- Study of preventive maintenance during power operation and 

corresponding optimization (F1/F2; Reference 17). 

Apparently most of the applications belonging to this group concern 
optimization of Technical Specifications on the basis of PSA results. 
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Table 4 

Plant 

Swedish experience of PSA-based safety improveme'nts 

Description of Finding/Improvement Status of 
Improvement. 

01 Independent actuation of electromechanical 
control rod insertion system; core damage 
frequency.reduced by a factor of 10. 
Interlock of a breaker precludes inter
connection of two AC-buses (given inadvertent 
switch on); dominant accident sequence 
eliminated. 
Generator breaker modification 
Separation of electrical equipment, new 
auxiliary feedwater system added (based 
on KS01 - the first PSA for 01) 
Motor-operated valve added in shutdown 
cooling system (external pipe break analysis) 
Modification of the pressure relief system 
Improvements of seismic capacity 

Implemented 

Implemented 
Implemented 

TJmplemented 

Implemented 
Implemented 
Proposed 

02 independent. actuation of electromechanical 
control rod insertion system 
Motor-operated valve added in shutdown 
cooling system (external pipe break analysis) 
Modification, of the pressure relief system 
Improvements of seismic capacity 

Implemented 

Implemented 
Implemented 
Discussed 

03 Improvements of isolation valves 
Automatical depressurization 

Implemented 
Discussed 

Rl Motor-operated valve added in shutdown cooling 
system (external pipe break analysis) 
Improved procedures and instrumentation for 
back-flush function 
Improved separation of the drainage system 
for pumps in ECCS and in CVSS 
Implementation of an additional makeup 
water system with independent power supply 
Elimination of a dominant common cause 
initiator in RPS -? two-out-of-three water 
level sensors fed from the same bus 
Functional separation of common overcurrent 
protection switches; contribution of internal 
flooding to core damage frequency iowered by 
a factor of 30. 
Introduction of diversified shutdown signal 
logic at low reactor water level 
Modification of a control valve in the 
secondary cooling system 
ECCS signal logic modification 
Unmotivated presence of combustible materials 
Improvements of seismic capacity 

Implemented 

Implemented 

Implemented 

Implemented 

Implemented 

Implemented 

Implemented 

Implemented 
Implemented 
Implemented 
Discussed 
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Table 4 (continued) 

Sweetish -experience of PSA-based safety improvements 

Plant Description of Finding/Improvement Status of 
Improvement 

R2 Separat ion of charging pumps and. embaking 
of the f loor under RCP in the containment 
In t roduc t ion o f Teed and bleed procédure 
Automatical pump s top i n s a l t water system 
given l a r g e leak 
Inadver ten t openings between "separated" 
compartments i d e n t i f i e d 
Improvements of d i scharge openings and 
runoff ways 
Improvements of seismic capacity 

Implemented 
Implemented 

Proposed 

Proposed 

Proposed 
Discussed 

Fl/2 Isolation limited only to the affected, 
train of the feedwater system 
Automatical depressurization 

Implemented 
Discussed 

F3 Automatical depressurization Discussed 

B1/B2 Motor-operated valve added in shutdown 
cooling system (external pipe break analysis) 
Signal logic deficiency in shutdown cooling 
system 
Improved procedures and instrumentation for 
back-flush function 
•Possibility to use the shutdown coo,ling 
system at full pressure and temperature in 
the reactor 
Separation and protection of critical cables 
(fire analysis) 
Improvements of seismic capacity 

Implemented 

Implemented 

Implemented 

Implemented 

Proposed 
Discussed 

1. 
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PSA Based Plant Modifications and Backfits in Swiss NPPs 

Introduction 

At the end of 1986, HSK required the performance of a full scope (including external events) Level-1 
and Level-2 plant-specific PSA for all Swiss NPPs. At the end of 1990, HSK required an extension of 
these studies to include the startup, shutdown and outage phases. The current status of the PSA 
studies is summarized in Table I. 

Table I: Status of PSAs in Switzerland at end of 1994 

PLANT AND 
TYPE 

Beznau 
Westinghouse 
2 Loop PWR 

Mûhieberg 
GE BWR/4, 
Mark-I 

Gôsgen 
Siemens-KWU 
3 Loops PWR 

Leibstadt 
GE BWR/6, 
Mark-Ill 

CONTRACTOR ORGANIZATION AND DATE OF 
COMPLETION 

Level-1 

PLG/ 
1990 

PLG/ 
1990 

PLG/ 
1994 

EWE/RELCON 
1994/95 

Level-2 

Westinghouse/ 
1991 

PLG & RMA 
1990 

PLG+Stone& 
Webster 1994 

EWE/ 
1994/95 

Shut-down 

KKB & ?/ 
1995 

KKM & Risk 
and Safety 
Engineering/ 
1995 

KKG & PLG/ 
1994 

KKL & EWE/ 
1995/96 

OBJECTIVES/ 
APPLICATIONS 

Full power study 
needed for final 
operating permit. 
Used as Living PSA. 

Full power study 
needed for final 
operating permit. 
Effect of power uprate 
on risk. 
Used as Living-PSA. 

Used as Living PSA. 

Effect of power uprate 
on risk. 
Used as Living-PSA. 

PSA-based modifications and backfits have been introduced or are under discussion in all Swiss 
NPPs, but because the study for Leibstadt is not yet in its final form, examples for this plant cannot yet 
be given. The examples given for Mûhieberg and Beznau have been reviewed and accepted by the 
authority, the examples for Gôsgen are based on the insights from the utility and its PSA-consultant, 
but have not yet been reviewed by the authority. 
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Beznau plant: 

Plant information: 

Two Westinghouse PWR's, rated ai 350 MWe net output each, in commercial operation since 1969 
and 1971, respectively. 

The original design consisted of two trains safety systems with relatively poor physical separation and 
seismic qualification. 

Backfits performed based on PSA results: 

- Automation of the switch in secondary side steam relief control from T-average-mode to SG-
pressure-mode. 

- Installation of new electrical transformers and improvement of the anchorage of existing 
transformers in the electric power system. 

- Change of some cooling water pumps and of other equipment, such as pressurizer heaters, 
from operational electrical buses to emergency buses. 

- Installation of a new instrument air compressor. 

- Reinforcement of some electrical cabinet anchorage to the floor for seismic events. 

- Reinforcement of a brick wall in the area of the main control room for seismic events. 

- Reinforcement of cable trays for seismic events. 

- Installation of a feed path from a third, existing battery, which is separated from the two existing 
paths, to the plant DC buses. 

- Several changes in the plant emergency operational procedures, for example to include in 
larger detail considering system dependencies. 

By these cost effective measures the core damage frequency of the plant could be reduced by more 
than one order of magnitude. 

Optimization of a large backfitting project in using PSA results: 

During the late 1970, the Swiss licensing authorities (HSK) required that the Beznau plant be 
upgraded to more recent safety standards. The aim of the backfit called NANO (Nachrusten 
Notstandsysteme) was to upgrade the safety systems of the plant with respect to redundancy, 
separation, qualification and protection against external events (bunkered decay heat removal 
system). 

In using the Beznau PSA model, the reductions to the core damage frequency of the following two 
configurations of NANO were analyzed: 

- a simple single train system, consisting of one train of SG feed and one of RCP seal injection, 
one ECCS low pressure injection pump, single train support systems and the rebuilding of the 
RWST so that it would be protected against external events. 

- an expensive two trains system, consisting of two trains of SG feed and of additional component 
cooling water, one train of ECCS recirculation, one ECCS high head and two ECCS low 
pressure injection pumps, one charging pump, two trains of support systems and the rebuilding 
of the RWST so that it would be protected against externa! events. 
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As a resuit of this PSA investigation, the simple single train system was found more cost effective than 
the expensive two trains system. 

The configuration of NANO as finally realized was a combination of these two systems and included 
the following modifications per unit: 

Front Hne systems: 

- adding one train of emergency SG feedwater and one of emergency RCP seal injection 

- adding one train of ECCS recirculation 

- adding two accumulators to the ECCS system 

- replacing one ECCS safety injection pump by a new one in the NANO bunker 

- rebuilding the RWST protected against external events 

- replacing the pressurizer safety and relief valves by three new tandems of combined safety and 
relief valves 

- seismic requalification of the primary circuit and of some other components and structures 

Support systems: 

- adding one emergency diesel generator and one emergency cooling water pump, each with a 
crossconnection to the other unit 

- adding a control system and a separate emergency control room for all NANO systems. 

All systems added are located in a new and separate bunker protected against external events. 

As a result, the reduction to the core damage frequency obtained by the NANO upgrade is about a 
factor of 30. 

Muhleberg plant: 

Plant information: 

KKM is a 1*097 MWth BWR/4 Mark-I with the NSSS built by General Electric. It started commercial 
operation in November 1972 and produced up to date electricity equal to the annual electricity 
consumption of Switzerland. < 

A major upgrading of plant redundancy and safety was done during the years 1985 -1989, when an 
additional and independent two train safety system was added, called SUSAN (System zur 
unabhângigen und sicheren Nachwarmeabfuhr). 

SUSAN was declared "ready for service" in September 1989 and consists of the following equipment: 

• a bunkered, sabotage, airplane crash, earthquake and flooding resistant building containing: 

• an emergency control room which has a priority logic overriding any commands from the main 
control room 

• two specially separated 800 kVA diesel generators 

• associated cooling equipment including independent river water intake 
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• filtered air ventilation equipment which can be operated to guarantee SUSAN-building 
habitability even during hypothetical core melt accidents and subsequent massive radioactivity 
release. 

In the reactor building, which acts, as in all Swiss NPP, as a secondary containment, the following 
equipment has been made part of the SUSAN-ECCS: 

• two low pressure ECCS-pump trains delivering 150 t/h each at about 17 bars (ALPS) 

• two high pressure steam turbine driven ECCS-pumps delivering 50 t/h each at primary system 
operating pressure (RCIC) 

• two 100 % RHR-systems providing cooling to the pressure suppression chamber water (TCS) 

• associated l+C hardware. 

In the containment, the most remarkable addition belonging to the SUSAN system are two electric 
motor driven pressure relieve valves (PRV), each of which is capable of discharging 50 t/h live steam 
into the pressure suppression chamber. This in addition to the standard ADS-function, which was also 
made part of SUSAN. 

Last, but not least, a totally independent SCRAM-function using SUSAN l+C has been added. 

SUSAN is designed as a totally independent system to shut down and assure RHR automatically, i.e. 
not requiring any operator interference. And, most remarkably, this very cost effective safety system 
backfit has been planned and realized without making reference to any PSA analysis, which did not 
exist at that time. A full scale level-1 and Ievel-2 PSA for KKM, called MUSA (Muehleberg Safety 
Analysis) was started in the second half of 1988 and has been submitted to the Swiss Nuclear Safety 
Authorities (HSK) in 1990. The bottom line of this study was, that the plant, taking full credit of 
SUSAN, displays a risk profile which is comparable or even better than that of new plants, that safety 
goals set by the USNRC are met and that no further backfitting measures would be required. 

Nevertheless, two modifications were made to the plant, which can be considered a direct result of the 
PSA results: 

• a depressurisation logic and hardware was added which is triggered by low RPV water level 
only.(The original automatic depressurisation system, ADS, is activated by a low RPV level and 
high drywell pressure signal.) This backfit was the result of an accident sequence identified by 
MUSA, which starts with an RPV isolation, followed by the failure of both high pressure injection 
systems and an operator error by failing to manually depressurize the primary system. (Note 
that automatic depressurisation would not have functioned because of lack of the high drywell 
pressure signal.) 

Transient analysis done for this sequence showed that the PRV's would depressurize the 
primary system after a 30 minute delay time but that the low pressure injection system would 
deliver too late to prevent massive fuel overheating and damage, though the RPV would most 
likely have remained intact. 

It was decided that this accident sequence is highly undesirable and that this fairly simple 
extension to the existing depressuration logic would eliminate it. 

• During the analysis of ATWS success criteria to be used in the PSA, it was realized that the 120 
sec delay reset for automatic depressuration might interfere in an undesirable way with the very 
high capabilities of the plant to ride out an ATWS. Therefore it was decided to add an "ATWS 
switch" which will, in this very rare case, eliminate any possibility to omit the repeated reset of 
the 120 sec delay. 
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The MUSA did not yet take credit for additional systems, which have been added and which will 
significantly modify level-2 results. These are a filtered drywell depressurisation system (CDS) using 
multiventury scrubbers to retain effectively radioactive aerosols and fission products which will be 
generated during a hypothetical core melt accident, and a dryweli spray and flooding system (DSFS) 
which would be used, together with the CDS, as a severe accident management and consequence 
mitigation system. 

Gôsgen plant 

Plant information: 

Gôsgen is a three-loop pressurized water reactor built by Siemens-Kraftwerk Union AG (KWU). The 
design is four train safety and an additional two train special emergency systems with strict physical 
separation and seismic qualification. The plant began commercial operation in November 1979 and, 
since then, has operated with an average availability factor of 88%. The nominal reactor power is 3002 
MWth; the containment is a leak-tight, spherical, 32-mm thick steel shell with a diameter of 52 m, 
surrounded by reinforced concrete confinement structure. The containment design overpressure is 
4.89 bar. 

PSA-based backfits: 

Based on the PSA results the utility has performed a number of changes and taken courses of action 
to address the principal contributors to risk. They include: 

Based on full power PSA results: 

- Addition of seismic restraints for electronic cabinets on double floors in the electrical and special 
emergency buildings (Notstand buildings). 

- Modifications to reduce service water intake blockage vulnerability and new Technical 
Specifications to restrict Notstand (special emergency system) and 220-kV systems 
maintenance during periods of high debris content in river. 

- Larger diameter emergency diesel generator heat exchanger tubes to reduce vulnerability to 
debris plugging. 

- New accident management procedures and documentation for RCS injection via Notstand 
equipment, for steam generator feed via external sources and for active steam generator 
cooldown on loss of Notstand buses. 

- A change to keep containment sump lines isolated during normal operation except during 
controlled sump drain. 

- Dedicated search for ways to enhance special emergency diesel reliability. 

Based on low power and shutdown PSA results: 

- By current technical specifications the plant could enter the outage state and go on RHR cooling 
even if only one RHR cooling train were available during a revision on the other RHR cooling 
train. There is an additional situation that is exacerbated by the current technical specifications 
in which a two-train equipment outage may lead to an enforced plant shutdown and a need to 
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go on RHR cooling when the RHR and/or support systems are seriously degraded. Plant 
practice and technical specifications should be revised to ensure that there is no initial 
degradation of the RHR cooling function at the beginning of an outage involving cold shutdown. 
Such practice wouid justify significant reductions in fuel damage frequency. 

- In addition, the implementation of minor modifications to take better advantage of the high level 
of equipment redundancies installed for full-power conditions to make them also available 
during shutdown conditions, so that at least two cooling trains are available at all times. Another 
way to facilitate substantia] risk reductions is to incorporate new emergency procedures and 
contingency actions to increase the confidence that recovery actions would be successful in 
response to the particular accidents sequences that were found to be most likely to challenge 
fuel element integrity. 

All the above mentioned improvements in procedures will be implemented in the near future. 
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PSA Based Plant Modifications and Backfits 

Magnox stations 

The Magnox stations have, over the past few years, each undergone a Long Term 
Safety Review.(LTSR). This review has the objectivé of comparing the safety of the 
station against modern standards and making worthwhile and reasonable plant 
improvements. As part of the review a PSA was required. 
Unfortunately, the standard of the LTSR PSA's was not, in all cases, a modern 
standard and further work in now nearing completion to provide such studies as part 
of further Life Extension (LÊ ) Reviews. 

In general terms, the LTSR and LE reviews have led to a significant number of plant 
improvements. Although the PSA's support the need for these plant improvements, 
it is not always clear to what extent, the PSA can be claimed as the analysis route 
through which the need for plant modifications were identified. 
However, it would be reasonable, to make significant claim on the part played by 
PSA in the following plant modifications. 

1. The provision of a diverse guardline for the reactor protection system 

2. The- provision of a diverse short term reactivity control system. The steel vessel 
magnox stations now have an automatically .initiated Boron Ball Shutdown system , 
which is diverse from the pre-existing control rod system. The BBSD is initiated from 
the diverse guardline. 

3. The provision of a third feedwater system. Prior to the Reviews, each station had 
a main feedwater system and an automatically initiated emergency feedwater 
system. The reliability of these combined systems was judged insufficient and 
particularly susceptible to hazards in the turbine hall building, where both systems 
are located. A third ( Tertiary) feed system is now provided at each station/The 
Tertiary feed system comprises a number of self supporting diesel generator pumps. 
Connection to the boiler feed ring is either via fixed pipework or via flexible hoses, 
that are manually connected when required. 

4. The development of Symptom Based Emergency Response Guidelines ( 
SBERGS) to supplement the existing event based procedures would have taken 
place irrespective of the PSA. However, the claims made for emergency operator 
action within the PSA has added impetus to this development and much of the detail 
within the SBERG's can be attributed to the PSA. 
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5. The Human Factors analyses within the PSA has a considerable influence upon 
the nature of the safety case. To support the human factor analyses considerable 
Task Analyses has been undertaken to support the quantification approach. A 
considerable number of relatively modest plant improvements and procedure 
improvements have resulted from these studies. * 

. A typical example might be the provision of a 
level indicator on a fuel tank or the the incorporation of an additional check of a 
measurement in the working procedures of the station. 
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Sizewell B - the use of probabilistic safety assessment 
in design and licensing 

ÏT^BUTTERY, MA, DPhil, AMlnstP 
PWR Project Group, Nuclear Electric pic, Knutsford, Cheshire 

SYNOPSIS 

Sizewell 'B' has used PSA techniques in both design and licensing of the plant. The paper outlines the use of 
PSA throughout the design cycle and reviews some of the lessons learned. It concludes that PSA is a valuable 
tool particularly when used with realistic data and assumptions. 

1. INTRODUCTION 

The usefulness of Probabilistic Safety Assessments 
(PSA) in support of the licensing and operation of 
Nuclear Power Stations is now widely accepted. 
Although this acceptance may be regarded as an 
example of developing international harmonisation, 
this hides a widespread disparity in terms of the 
overall approach to PSA and its application. The 
Sizewell *B* plant is probably the first LWR to use 
PSA both during its design and licensing phases. 
This paper will review the lessons learnt during this 
process. The use of PSA during the design and 
licensing process has both demonstrated the strengths 
of the approach and the potential difficulties, 
particularly when it is used m a. regulatory arena. 

The intended use of the PSA will in general dictate 
both the approach adopted and the scope of the PSA. 
There is no universally accepted PSA methodology. 
Guidance has been developed both in the US (e.g. 
Ref. 1) and elsewhere (e.g. Ref. 2) on the overall 
approach to PSA but these still allow the analyst a 
great deal of freedom in terms of the way in which he 
formulates his PSA. Two themes tend to predominate: 
PSA's should be "best estimate" and given the 
uncertainties inherent in low probability accident 
sequences, PSAs must account for uncertainties. 
Whilst no one would disagree with such statements of 
principles, the practice is often not as straight 
forward. To start with one man's "best estimate1' is 
another's "conservative" approach. Accounting for 
uncertainties can range from trying to ensure that 
conclusions drawn are not invalidated by potential 
uncertainties to a rigorous propagation of uncertainties 
through the analysis to give uncertainty bands whose 
interpretation still has to be argued about. 

The approach adopted to support the Sizewell 
project has been a very practical one. PSA is a 
tool, a means to an end, not an end in itself. It 
must be défendable as a valid approach but the 
emphasis must always be on the value of the 
conclusions which can be drawn, and the cost 
effectiveness of the approach. 

Section 2 outlines the probabilistic elements of the 
design safety criteria applied to the Sizewell 'B' 
design. Section 3 discusses the PSAs carried out 
during the design development phase and their 
influence on this. Section 4 outlines the probabilistic 
analysis carried out in support of the Pre
operational Safety Report (POSR). Section 5 
discusses the lessons learned and outlines the 
intended use of PSA to support the operation of the 
plant. 

2. PROBABILISTIC DESIGN SAFETY 
CRITERIA APPLIED TO SIZEWELL >B' 

The use of probabilistic targets as part of design 
safety criteria has developed in the UK over a long 
period of time. Indeed there is a sense in which the 
public documentation of this has tended to lag 
behind actual practice. So that when the, then, 
CEGB and Nil set down their Design Safety Criteria 
(DSCs) (3) and Safety Assessment Principles 
(SAPs) (4) in the late 1970s this marks, not the start 
of the use of such criteria but their formalisation. 

The Sizewell *B* Public Inquiry discussed the DSCs 
and SAPs at length and revealed the underlying high 
level criteria on which they were based. 
Subsequently following the recommendation of the 
Public Inquiry Inspector the Health and Safety 
Executive (HSE) produced a discussion 
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document (5) which set out to "formulate and publish 
guidelines on the tolerable levels of individual and 
social risk to workers and the public from nuclear 
power stations'*. This in turn led to the publication 
by NH of revised Safety Assessment Principles for 
Nuclear Plants (6). 

Sizewell *B* was designed against the DSCs and was 
assessed against the original SAPs. These are both 
based on fundamental principles derived from the 
recommendations of the International Commission on 
Radiological Protection. These principles still form 
the basis of the current Nil SAPs and underpin the 
implementation of Nuclear Electric's Health and 
Safety Policy. They are: 

1. No person shall receive doses of ionising 
radiation in excess of statutory dose limits as 
a result of normal operation. 

2. The exposure of any person to radiation shall 
be kept as low as is reasonably practicable. 

3. The collective effective dose to operators and 
to the general public as a result of operation 
of the nuclear installation shall be kept as low 
as is reasonably practicable. 

4. All reasonably practicable steps shall be taken 
to prevent accidents. 

5. All reasonably practicable steps shall be taken 
to minimise the radiological consequences of 
any accident. 

These embody the requirements both to satisfy the 
statutory dose limits and the ALARP principle (i.e. 
the risk must be reduced to a level which is as low as 
reasonably practicable (ALARP). 

The Design Safety Criteria and Guidelines against 
which Sizewell *B* was designed were formulated to 
ensure that these fundamental principles were 
satisfied. The probabilistic "criteria" were set as 
targets and were deliberately set at levels which would 
be challenging to achieve to ensure that the design 
was ALARP. In general, where there is 
comparability, the DSC (3) targets correspond to the 
Basic Safety Objective (BSO) of the new SAPs (6) i.e. 
the bottom end of the ALARP region as defined by 
the Tolerability of Risk (TOR) paper (5). 

Probabilistic targets were set both for small releases 
within the design basis and for "uncontrolled" 
releases. These were originally defined in terms of 
the lower limits of the Emergency Reference Level 
(ERL) for evacuation, since it was also the design 

intent that there should be no requirement for ofïsite 
evacuation for any design basis fault. In addition to 
the targets for small releases the DSC sets frequency 
targets for "uncontrolled releases" for both single 
accidents which could give rise to a large 
uncontrolled release (< 10~7/yr) and for the sum of 
all such accidents (< lO^/yr). For the purposes of 
the design and assessment a large uncontrolled 
release is taken to be a release which exceeds the 
whole body lower limit ERL (lOOmSv). Using this 
definition the DSC levels can be directly compared 
with those of the SAPs (6). 

Whole Body Dose 
Equivalent 

mSr 

0 . 1 - 1 
1 - 1 0 

10-100 
100- 1000 

>1000 

DSC 
Target 

10-2 

1 0 ' 
lo-4 

i o - 6 * 
io-6 

SAPs 

BSO 

10-2 
1 0 ' 
IO-4 

IO-* 
.10 s 

BSL 

10° 
io-1 

lu-2 

10 ' 
io-< 

* DSC target is > 100 mSv. 

The bases for the DSC targets was discussed at the 
Sizewell *B* Public Inquiry. As a result of 
considering various studies on the acceptability of 
different levels of risk it was concluded by CEGB 
that a risk of death to an individual of less than 
lO^/yr would be tolerable. (This is also reflected m 
HSE's tolerability of risk document (5)). This was 
adopted as the underlying principle in formulating 
the DSC targets. 

The next section discusses how these targets 
influenced the design. 

3. APPLICATION OF PSA IN THE 
DESIGN PHASE 

Sizewell *B' is based on the US Standardised 
Nuclear Power Plant System (SNUPPS), two 
examples of which are successfully operating at 
Wolf Creek and Callaway. Changes to the design 
were necessary to enable it to be built in the UK. 
Some related to the use of a coastal site, grid 
frequency differences and the desire to use local 
manufacturing capability. Others related to the need 
to meet UK Operator Dose Limits and UK safety 
requirements. Many of these are deterministic 
rather than probabilistic in nature: 'for instance the 
application of the single failure criterion to hazards 
leads to a requirement for four way segregation at 
power and hot shutdown. However, 
probabilistic/reliability targets had a strong influence 
on the design, which will be briefly reviewed here. 
Aspects of this are also discussed in Reference 7. 
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The probabilistic targets in the DSCs were applied in 
the design phase in a two stage process. As far as the 
design of systems was concerned, the most important 
of the probabilistic target was the one which sets the 
frequency target for uncontrolled releases for single 
accidents. This criteria sets the level of protection 
required for any given fault since the product of the 
initiating fault frequency and the probability of failure 
to control the accident should be less than 10"7 per 
reactor year. In order to limit the reliance which the 
designer puts on redundancy to achieve the reliability 
of protection required, the DSCs put limits on the 
reliability which can be claimed for a redundant 
system due to the possibility of common cause failures 
(CCF). The limit specified in the DSCs was 10"5 per 
demand but in general at the design phase for systems 
with active components a limit of 10"4 per demand 
was generally used. 

This leads to the requirement that for frequent faults 
(i.e. frequencies S: 10"3/yr) two diverse means of 
protection are required. The application of this to the 
SNUPPS design led to the provision of the following 
additional diverse safety features. 

• a diverse secondary protection system (SPS) 

• a diverse fast acting shutdown system - the 
emergency boration system (EBS). 

• diverse and redundant auxiliary feed water 
systems 

• steam turbine driven emergency charging 
system (ECS). 

In addition to these changes to introduce diversity 
other changes were made to improve the performance 
and reliability of the ECCS and other systems. Some 
of these were a result of the application of the "30 
minute rule" (i.e. no operator action should be 
necessary for at least 30 minutes for all faults within 
the design basis) as well as the probabilistic targets. 
These changes included » 

• use of larger accumulators 

• 4 larger capacity high head pumps capable of 
taking direct suction from the recirculation 
sumps 

• automatic changeover to recirculation 

• 4 100% essential diesels feeding 4 separate 
boards 

• use of Pilot operated safety relief valves 
(SEBIM) to replace PORVs. 

• secondary containment 

• 4 Essential Service Water Pumps 

Having considered the impact of the probabilistic 
targets at the single sequence/system level a Level 1 
PSA was carried out to confirm the adequacy of the 
design. This considered a range of internal initiators 
at power and allowed the more important systems 
interactions to be accounted for. In the initial 
analysis, 11 fault groups were considered but during 
the Nil review process, the number of faults 
considered was extended. For the purposes of this 
analysis it was assumed that exceeding the design 
basis would lead to an uncontrolled release so the 
probability of either core melt or containment 
function failure were evaluated and the sum of these 
was taken to be the uncontrolled release frequency. 
This analysis was reported in the Preconstruction 
Safety Report (PCSR) (8). 

This analysis identified further design refinements 
which included: 

• Provision of two Battery Charging Diesels 
to give long term d.c. power for control and 
instrumentation in the case of extended loss 
of all a.c. 

• Additional, diverse, isolation provisions for 
the containment mini-purge isolation system. 

In parallel with the PCSR analysis, a preliminary 
Level 3 PSA was undertaken. This was carried out 
by Westinghouse and the National Radiological 
Protection Board and was presented as part of the 
CEGB's evidence to the Public Inquiry. This PSA 
(often referred to as the WCAP 9991 (9) PSA) was 
based on the same 11 initiating fault groups but also 
considered two beyond design basis initiating faults 
(BDBIFs): reactor pressure vessel (RPV) failure 
and the Interfacing Systems LOCA (V-sequence). 
The PSA evaluated not only the core damage 
frequency but also a range of measures of individual 
and societal risk. This showed that the risk of death 
was dominated by the V-sequenee and additional 
isolation valves were put into the RHR suction lines 
to reduce the V sequence, frequency. 

3.1 Lessons Learned from the Design Phase 
PSAs 

The PCSR PSA broadly confirmed the adequacy of 
the design and the design process. On the basis of 
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the preliminary analysis, the small release targets 
were met, but the "uncontrolled release" frequency 
target was exceeded on the assumption that all core 
damage sequences would lead to uncontrolled 
releases- This virtually ignored the benefits afforded 
by the containment. It was therefore judged that the 
overall situation was satisfactory. 

Comparison between the PCSR and WCAP 9991 
results showed a reasonable degree of agreement. 
The core damage frequency predicted by the PCSR 
was about three times that predicted by WCAP 9991, 
Sensitivity studies (10) were carried out to establish 
the origin of the differences. This was primarily 
attributed to the PCSR success criteria being more 
conservative than those used in WCAP 9991. 
Comparisons between the Sizewell 'B* results and 
other PSAs carried out at about the same time showed 
that the predicted Sizewell *B' core damage frequency 
was between one and two orders of magnitude lower 
than that for US LWRs. 

During the regulatory review process, the need for 
completeness and full justification of all assumptions 
was emphasised. The PCSR analysis concentrated on 
internal initiators at power which was the normal 
scope for PSAs at that time. Nuclear Electric 
undertook to extend the analysis to include all internal 
initiators and internal and external hazards at all 
power states including shutdown. The PCSR (8) 
included an estimate of the possible contribution from 
these other contributors. This indicated a total 
frequency of exceeding the design basis of about 
7E-6. 

It was therefore agreed (8) that if the full analysis to 
be carried out for the Pre-Operational Safety Report 
(POSR) did not demonstrate compliance with the 
numerical targets of the DSCs the analysis would be 
continued to calculate the risk to the public to show 
that the underlying criterion was satisfied i.e. that the 
risk of death to any individual is less than 10^/yr. 
Since the WCAP 9991 (9) analysis had shown the 
potential importance of BDBIFs with respect to risk, 
this reinforced the need for completeness in the 
coverage of such events. 

4. THE USE OF PSA DURING THE PRE
OPERATIONAL PHASE 

The probabilistic analyses carried out to support the 
POSR was seen as having a number of functions. 
The main objectives were -

(i) to provide evidence that the design has 
conformed to the ALARP principle 

(u) to demonstrate that the fundamental aim on 
which the DSC were based is met i.e. risk 
of death to any individual member of the 
public is < iO^/yr. 

In addition to providing confirmation of the 
adequacy of the final design the analysis was 
expected to provide a number of other benefits 
including -

• an input into the optimisation of operating 
and accident management procedures 

• an input into the optimisation of Technical 
Specifications. 

In clearing the PCSR a number of commitments 
were made with regard to the scope of the POSR 
fault analysis. These included: 

• a comprehensive treatment of all initiating 
faults including those outside the design 
basis. 

• detailed modelling of support systems 

• extension of the analysis to include interna! 
and external hazards 

• consideration of all power states of the 
reactor including shutdown 

• more detailed treatment of human factors 
including operator error. 

PSAs in general have not formed part of the formai 
safety analysis report for nuclear plants. For the 
Sizewell 'B* POSR this is not the case. As a result 
of this with the attendant requirements for the 
analysis to be complete and fully justified, the 
"PSA" has been driven away from being a "best 
estimate". The scope of the analysis has been far 
wider than any other PSA and the need to fully 
justify the analysis has led to the use of bounding 
assumptions rather than best estimates. For this 
reason the analysis is generally referred to in the 
POSR as a probabilistic "Fault Analysis" to 
distinguish it from a "standard" best estimate PSA. 

Conservatisms have been introduced into the PSA in 
a number of different ways. In particular, in many 
areas bounding assumptions and conservative biases 
have been used. In part, this has been the approach 
adopted to fully justify the assumptions (noting that 
in a regulatory arena the emphasis on justification 
tends to be on showing that you have not been 
optimistic) and partly to reduce the analysis 
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requirements to a manageable level. 4.1 Sizewell 'B' Fault Analysis 

The transient analysis carried out for the POSR 
exemplifies this. A comprehensive event tree analysis 
was carried out to identify all sequences which could 
lead to radiological releases (both within and outside 
the design limits). This identified a very large 
number (—5000) 5f design basis faults (DBFs) which 
were bounded in a two stage process to produce about 
90 Bounding Limiting Design Basis Faults (BLDBFs) 
which were analysed. These faults then/in effect, set 
the PSA success criteria. Conservatism was 
introduced in two ways. 

Firstly, the BLDBFs which characterised a group and 
therefore set the success criteria for it involved 
multiple failures whereas the most frequent faults in 
the group would only involve single failures and could 
be coped with more easily. Ross (11) presents an 
example of this where a group of sequences with 
frequency of about 3 x lO^/yr is characterised by a 
BLDBF with a frequency of < 10"15/yr. 

The second way in which conservatism is introduced 
is in the analysis itself. Since the BLDBFs provide a 
comprehensive bounding of the design basis, they are 
also used in the POSR as part of the demonstration of 
the robustness of the design in much the same way as 
far less complex faults are used in Chapter 15 of US 
Safety Analysis Reports. The analysis has therefore 
been carried out with traditional design basis 
assumptions. These include conservative boundary 
conditions and data which extends to the use, in some 
cases, of unphysical combinations of parameters such 
as start of life pellet-clad gap combined with end of 
life decay heat. 

Although transient analysis has been used as an 
example here, the use of bounding assumptions and 
pessimistic parameters permeates safety analysis 
reports produced in a regulatory arena and has had a 
strong influence on the Fault Analysis for 
Sizewell *B\ 

The adoption of a conservatively biased approach had 
a strong influence on the approach to uncertainties. 
At the Sizewell 'B' Public Inquiry there had been 
evidence presented by a number of parties on the 
treatment of uncertainties. Both Nil (12) and CEGB 
(13) argued that quantitative statistical uncertainty 
analysis was inappropriate where the analysis was 
conservatively biased. However, the identification of 
key uncertainties and the use of sensitivity studies to 
establish the sensitivity of the overall results to these 
was seen to be useful. 

The quantification of the frequency of beyond design 
basis conditions carried out for the POSR was 
undertaken using an all fault tree approach (i.e. 
functional fault trees and system fault trees). The 
event tree analysis is there primarily to analyse 
initiating faults to quantify within design basis faults. 
The choice of the fault tree approach was influenced 
by a number of factors but one important one was 
associated with the recognition of the need to model 
support state dependencies. Simple event tree -
nodal fault tree approaches as was used in 
WCAP 9991 (9) handle dependencies by evaluating 
the event trees a number of times for all support 
start combinations. WCAP 9991 only considered 
AC power and component cooling water which 
generated 27 support states. More comprehensive 
treatments of support system dependencies generate 
literally thousands of support states. At the time 
that the decision was being taken on the analysis 
approach (early to mid 80s) event tree - fault tree 
packages with true, fault tree linking were less 
readily available than they are now, so the all fault 
tree approach was adopted as one that could handle 
the detailed modelling of support system 
dependencies. 

In addition, by using fault tree analysis methods 
importance functions can be readily generated. 
Although Nuclear Electric was not aiming tc 
establish quantitative uncertainty bands, since all 
judgements and comparisons with targets were being 
done on the basis of a conservatively biased point 
estimate, it was considered to be important to 
identify which items of data or assumptions we were 
most sensitive to, in order to ensure that any 
conclusions drawn would not be invalidated by 
uncertainties in these items. The importance 
measures allowed this to be done and can also be 
used to help identify whether additional attention 
should be focused during the operational phase on. 
particular items of equipment or procedures. 

The commitment to include greater detail in the PSA 
led to an extensive fault schedule (more than 180 
initiating faults were considered) and safeguard 
schedule. This, allied with the requirement for 
more detailed support system modelling and the 
need to address all operating states has led to a very 
extensive and detailed fault tree analysis. Although 
faults have been bounded to reduce the amount of 
analysis required there were still some 61 functional 
fault trees to be analysed with 58 systems modelled 
in the fault trees. Typically, each fault tree consists 
of 1500 components with 900 gates. Gut off 
frequencies are set at very low levels so each tree 
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generates many thousands of cut sets. 

In addition to the comprehensive coverage of initiating 
faults the analysis has covered about 80 BDBIFs 
which include the incredible initiating faults such as 
RPV and steam generator failures. This should be 
compared with "typical" PSAs which consider 2 such 
faults: RPV failure and the V sequence. The 
analysis of Internal and External hazards started from 
a comprehensive list of about 60 possible hazards. 
Some of these were eliminated by screening or 
bounding, the remainder were quantified. 

AH the fault grouping discussed above were quantified 
at all power states and at shutdown. Contributions 
were also included from non-reactor core sources of 
radioactivity. These included contributions from the 
radwaste plant and the fuel route. 

One of the commitments made at the PCSR stage was 
to include human error in the analysis. Human error 
is already implicit in the failure data from which the 
initiating fault frequencies and component reliabilities 
have been derived. Operator error has also been 
modelled in, the fault and event trees but it was 
recognised that there may be (albeit a few) 
contributions which could not be modelled in this 
way. A further "direct estimation" route extends the 
normal fault tree analysis average. This is largely 
based on reviews of Operating Instructions to look for 
the potential for operator error to lead to plant 
damage not already covered in the analysis. 

As the analysis proceeded it became apparent that the 
many bounding assumptions were tending to grossly 
pessimise the results. Since it would probably be a 
totally intractable task to carry out a best estimate 
analysis, from first principles, with the level of detail 
required, an iterative approach was adopted in which 
the results of the analysis using bounding assumptions 
were reviewed to identify the worst of the 
pessimisms. Where necessary, additional analysis 
was then undertaken to underwrite the reduction in the 
degree of pessimism and the overall results were 
modified accordingly,, However, the analysis is still 
significantly more conservative than would be normal 
for a "standard" PSA. 

4.2 Sizewell 'B' Fault Analysis Results 

The details of the Sizewell 'B* Fault Analysis will be 
presented elsewhere (14) but a few key points will be 
summarised in order to illustrate the discussion of 
lessons learnt. 

The total predicted frequency of plant damage 

conditions (i.e. faults which potentially exceed 
100 mSv) from all initiators at all power states is 
about 10"5/yr. This includes non-core damage 
sequences so the core damage frequency is less than 
10"5/yr even based on the conservative assumptions 
used in the fault analysis. The contribution to the 
maximum individual risk of death from all accidents 
is about 10"7/yr. The relative contributions to 
individual risk and core damage frequency are 
shown in Table 1. 

TABLE 1 

Contributor 

Internal Initiators nt Power 
Internal Initiators at Shutdown 
Hazards at Power 
Hazards at Shutdown 
BDBIFs at Power 
BDBIFs at Shutdown 
Operator Error 
Ex-Reactor Faults 
Design Capability Fault3 

Total Faults at Power 
Total Faults at Shutdown 

% Contribution to 

Individual 
Bisk 

9.5 
12.8 ". 
2.4.* 
6.7 
13.9 
14.6 
2.1 

<0.1 
38.0 

56 
43 

Core Damage 
Frequency 

26.9 
31.9 
2.5 
21.6 
4.S 
5.4 
6.9 

40 
60 

The first point to note is that the analysis is 
generally pointing to the importance of faults at 
shutdown. Indeed this is consistent with what was 
observed from the studies of internal initiators at 
power and shutdown for French plants (15). In 
going from the French three loop 900 MW plants to 
the four loop 1300 MW plants and then to 
Sizewell *B' ones sees both reductions in the 
predicted core damage frequencies for the more 
modern plants and a tendency for faults at shutdown 
to become relatively more important. However, the 
Sizewell 'B' study shows that the importance of the 
shutdown states also applies to hazards. The 
shutdown analysis results have led to the definition 
of Technical Specifications to cover shutdown states 
for Sizewell'B'. 

In terms of individual risk the analysis seems to 
indicate that it is those faults within the design 
capability of the plant (i.e. those not associated with 
core damage) which dominate the risk. These 
success states are not normally included in PSAs. 
Although this conclusion may well be true it needs 
to be treated with some caution since these design 
basis faults have been treated even more 
conservatively than the others. For instance they 
have been identified in terms of the limiting ERL for 
evacuation (as specified by the DSCs) which is 
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generally the dose to the thyroid. However, in 
evaluating the individual risk they are conservatively 
associated with the release which would give the 
equivalent whole body ERL. In general this alone 
will result in an over-estimate in the risk from these 
faults by at least a factor of 3. 

This illustrates a general problem associated with the 
comparison of different aspects of the overall 
assessment. The Tolerability of Risk Report (5) sets 
the broadly acceptable level for individual risk at the 
lO"*/yr level (as does Nuclear Electric) but interprets 
this as covering normal as well as fault operation. 
For Sizewell *B' the contribution from normal 
operation can be estimated from the dose to the 
"critical group" and does give a total below the 
lO"Vyr level. However, the normal operation 
estimate is, again, extremely conservative, both 
because of conservatisms in the analysis of the 
possible levels of routine discharges and also because 
the critical individual whose risk is estimated does not 
actually exist. He is himself a result of bounding 
possible behaviours some of which may involve being 
in two places at the same time. 

Despite the conservatisms in the analysis the 
Sizewell *B* fault analysis confirms the very low level 
of risk associated with the plant. 

5. LESSONS LEARNED FROM THE USE 
OF PSA FOR SIZEWELL >B> 

The Sizewell 'B* probabilistic analysis has been very 
extensive and the discussions here have only touched 
on a few aspects of the Level 1 analysis. In terms of 
lessons learnt only two which have some relevance to 
international harmonisation will be dealt with here -
namely: the use of PSA as a design and design 
validation tool and the use of PSA in a regulatory 
arena. 

5.1 The Use of PSA as a Design and Design 
Validation Tool 

Sizewell 'B' has, we believe, successfully 
demonstrated the use of PSA as a design tool. It 
offers a comprehensive and systematic way of 
reviewing the design. From the point of view of the 
initial design process, probabilistic targets usefully 
complement deterministic design rules. 

PSAs can also be regarded as a means of "validating" 
the design and there is sometimes a desire to use PSA 
results to compare different designs. A detailed 
comparison on a similar basis may be useful since the 
PSAs should aid the understanding of the individual 
designs. Differences in scope and assumptions-make 

simple comparisons of "bottom line" numbers 
potentially misleading. In section 3.1 it was it was 
noted that the initial Sizewell *B' PSA (9) yielded a 
core melt frequency between one and two orders of 
magnitude lower than were being predicted for US 
LWRs at the time. A comparison with, say, the 4 
loop PWRs included in NUREG 1150 (16) would 
lead to a similar conclusion. However, although the 
initial PSA was probably comparable with those 
being done at the time, the POSR fault analysis is 
different from the NUREG 1150 analysis both in its 
scope and the level of conservatism in the base case. 

To answer the question as to whether the design 
improvements incorporated into Sizewell *B' were 
worthwhile, the results of the POSR analysis have 
been used to estimate the effect on the core damage 
frequency of removing some of these features from 
the design. The removal of three systems was 
considered: 

• Secondary Protection System 

• Emergency Boration System 

• Emergency Charging System 

If these were not present using the POSR data and 
assumptions the core damage frequency would 
increase by a factor of about 40 which is roughly 
consistent with the comparisons with the other 
PSAs. 

However, it must be recognised that the use of PSA 
to refine operational procedures and the subsequent 
modelling of this can have a significant effect on the 
predicted core damage frequencies. The 
Sizewell 'B' PSA models and results have been used 
to refine both Tech. Specs and accident management 
procedures. The impact of some of these 
refinements are yet to be fed back into the PSA 
results. Studies of the Zion plant (17) have shown 
that the effect of these can be very significant in 
terms of reduction in core damage frequency etc. 
Although the effects on the Sizewell 'B* analysis 
will be beneficial it is unlikely that the relative gains 
will be this large because of the already very low 
core damage frequency. This is consistent with the 
belief that accident management will have less of an 
impact on an advanced design like Sizewell *B\ 

One of the main benefits arising from the PSA 
modelling is the increased and very detailed 
understanding of the plant, its behaviour and its 
interactions. As a result, the PSA has proved an 
extremely useful tool in the design and assessment 
of Sizewell 'B \ Given that this has involved a 
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considerable investment in time and effort we see 
great value in maintaining the PSA as a tool which 
can be used during the operational life of the station. 
To this end, PPG are in the process of consolidating 
the lessons learned to produce a "better estimate" 
PSA, reflecting the final POSR case, to run on a 
modern user friendly analysis package. This will then 
provide station staff with the means to update the PSA 
to reflect, for instance, operational experience, plant 
and procedural modifications throughout the life of 
the station. 

5.2 The Use of PSA in a Regulatory Arena 

In principle, all the benefits which can be derived 
from the use of PSA in the design process, in terms 
of an improved understanding of the plant, should be 
applicable in the licensing process. However, this is 
not always as simple to achieve once the PSA 
becomes integrated into the formal safety case unless 
its particular "best estimate" role is recognised. In 
the Sizewell *B' case there has been a tendency for 
the needs of the probabilistic analysis to complicate 
the design basis analysis and for the use of bounding 
licensing assumptions in support of the design basis 
analysis to make the PSA overly conservative. 

This is not a unique problem; at a recent seminar in 
the USA representatives of US utilities expressed 
similar concerns with respect to the regulatory use of 
the Individual Plant Examinations (18). The problem, 
real or imagined, is associated with the application of 
the very cautious "licensing" assumptions to what is 
intended to be a best estimate analysis. This seems to 
have been recognised in the new S APs where different 
assumptions are specified for design basis and PSA 
analysis. 

From a utilities point of view the benefits of a PSA 
are that it gives a much greater understanding of the 
types of failure sequence that can lead to a significant 
release and hence how to guard against it. It is 
important that this understanding should be based on 
realism rather than be distorted by unnecessary 
conservatisms (though some conservatisms will 
inevitably be needed to make the analysis 
manageable). 

The detail present in the model does allow the role of 
systems to be put in the overall context of their 
impact on the safety of the plant. For instance, the 
PSA has been used to examine the dependence on the 
Primary Protection System (PPS) reliability. This has 
demonstrated that because of the provision of a 
Secondary Protection System the risk from the plant 
is not unduly sensitive to the PPS reliability. This 

ability to put "safety issues" into a risk perspective 
is valuable in the context of plant licensing. 

6. CONCLUSIONS 

PSA techniques have proved to be valuable tools in 
the design and licensing of Sizewell *B\ A PSA 
provides a systematic framework for the analysis of 
a plant. To derive the full benefits from a PSA it is 
important to recognise and allow for the levels of 
conservatism included in the analysis. Ideally a 
"best estimate" approach should be used but in 
practice this is easier said than done. 
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CHANGES TO PLANT DESIGN AND OPERATIONAL PRACTICES UNDER CONSIDERATION 
AS A RESULT OF THE INDIVIDUAL PLANT EXAMINATION PROCESS 

Beaver Valley Units 1 and 2 

* Cross-tie Beaver Valley Units 1 and 2 with a 4160 V bus to use the 
emergency diesel generators of the other unit. 

o Procedure changes being considered: 

Depressurize the intact steam generators during a SGTR event in 
which HHSI fails. 

Close and gag a stuck-open steam generator safety valve during a 
SGTR event. 

o Future potential improvements under evaluation: 

Incorporate modifications to reduce the frequency of RCP seal 
LOCA. 

Review alarm response procedures for loss of emergency swltchgear 
HVAC to provide prompt operator actions. 

Prepare explicit procedure and provide training on repair of 
breaker on failure of 4160 V bus fast transfer. 

D.efeat the 100% load rejection capability to avoid PORV from 
sticking open on demands. 

Enhance procedures on shedding loads or using portable battery 
chargers for loss of all AC power scenarios. 

Add the capability for the operators to remove power to the 
control rods in the event of reactor trip breaker failure. 

\}SQ diesel-driven fire pump to add water to the reactor cavity, 

Depressurize the primary system in station blackout sequences. 

Throttle the quench spray pumps to conserve RWST water for core 
injection. 
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Improve the guidance to the operators regarding the "LOCA Outside 
Containment" procedures so that the operators would know which key 
isolation valves need to be closed. . 

Browns Ferry Unit 2 

• No modifications made or under consideration as a result of the 
-PRA. 

Catawba Units 1 and 2 

• Enhanced plant hardware, procedures, and operator actions: . 

Eliminated the high-high containment pressure .interlock of auto-
swap from its normal suction source of the NSW to the standby NSW 
pond* The system will swap only if the normal suction source is 
not available. 

Modification of procedures to establish a backup RCP seal cooling 
source using the SM pump, 

. Modification of emergency procedures to stop the RHR pumps if 
mini-flow valves fail to open upon initiation of safety injection. 

Modification of an station blackout. procedure to isolate manually 
containment isolation valves. 

Modification of emergency procedures for the power-operated relief 
valves (PORVs) and accumulators. 

PRA-based simulator training for operators. 

Potential improvements under consideration: 

Hydrogen igniter power supply. . 

Enhanced administrative guidelines to prevent simultaneous allowed 
outage times (AOTs). ->,-••> 

Development of an operator training module covering PRA/IPE 
insights. • . 

Diablo Canyon Units 1 and 2 

• Enhanced plant hardware, procedures, and operator actions: 

Diesel generator fuel-transfer system. 
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Charging pump backup cooling from fire water. 

Substation, spare parts for seismic events. 

Overcurrent relay remote reset. 

Valve control switch replacement. 

• Other completed, ongoing, or potential improvements: 

Addition of the sixth diesel generator. 

Installation of westinghouse ATWS mitigation system (AMSAC). 

Implementation of digital feedwater control. 

Boron injection tank elimination. 

Addition of RHR check valves. 

Modification of 480 V switchgear ventilation. 

Modification of the reactor coolant drain tank door. 

Fermi Unit 2 

• Potential improvements under evaluation: 

Modifications to procedures dealing with loss of a single division 
of offsite power are being considered. 

A training program.will be initiated to communicate IPE insights 
to plant operations and technical staff. 

Procedures dealinig with alignment of standby safety systems will 
be- reviewed. 

The PRA model will be used to assess outage risk^Tmpacts for test 
and maintenance work. 

FitzPatrick 

• Improvements stemming from IPE study: 

Increasing the RCIC turbine exhaust set points. 

Repowering the RCIC enclosure exhaust fans from AC to DC. 



Fire Protection System modifications to provide emergency dièse! 
generator jacket water cooling directly or through the emergency 
servtce water system. 

• Potential improvements under évaluation: 

Administrative-changes to minimize reactor pressure transmitter 
mi sealioration. 

Increased nitrogen pressure for SRV. [ ' ' 

Modify the HPCI logic on the auto transfer. 

Limitation of a maximum reactor water level. - *•&' 

Procedural modification control rod drive (CRD) injection flow, 
and modification of the CRD flow control valve to fail safe or as-
is on loss of instrument air. 

Modification of procedures on fire protection system for ='* 
containment heat removal. 

Providing portable generator of charging the 125 VOC batteries.. 

Procedural change on HPCI.and RCIC trip. 

Revise station blackout procedure. 

Providing protection of HPCI and RCIC from floods. 

Haddam Neck 

• Potential improvements under evaluation: 

Addition of tornado, protected air-cooled diesel generator. 

Provision of tornado protection for Terry turbine building and 
provision for direct; auxiliary feed water (AFW) feed to SGsC? 

Provision of tornado protected borated water supply. 

Addition of new motor-driven AFW pump. 

Transferring more loads from MCC-5 to MCC-12. 

Tripping LPSI pumps early.during the transfer to containment sump 
recirculation; this would afford the operators moire time to 
perform the switch-over to recirculation. 
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Installation of additional positive displacement charging pump off 
tornado hardened load center. 

Provision of pressure interlocks on core deluge motor-operated 
valves (MOVs). 

Limerjck. . • 

• Enhanced procedures, hardware, and operator actions: 

Relax restrictions on Drywell Spray Initiation Curve, 

Create procedure to crosstie 4 KV electrical buses. 

Create procedure to power C & D ESW Punips from Unit 1, Division 3 
& 4 respectively. 

Create cross connection between diesel driven fire protection 
system pump and the RHR system. 

McGuire Units 1 and 2 

• Completed Enhancements: 

Plant procedures enhanced for loss of NSW and Ipss of all AC 
power; 

Metal collar added to the expansion joints in the NSW piping in 
the AFW pump room to limit the leak rate. 

• Proposed Enhancements: 

A lOrminute success criterion for activation of the SSF on loss of 
AC power. 

Procedural guidance to permit RCP startup only when the steam 
generator tubes are covered with a mixture level. 

Periodic exercising of the NSW cross-connect valves. 

Additional scheduled maintenance tasks, condition-monitoring 
tasks, and revised schedules for existing tasks for DGs... 

Increase the RWST instrumentation sensor test frequency. 
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Millstone 1 S t* 

Potential improvements under evaluation: 

Increase of the drywell head bolts's preload from 54 kips to 
resist the design pressure of 62 psig. 

Monticello 

• Enhanced procedures, hardware, and operator actions: 

Operator training was conducted covering such items as shedding DC 
loads, operating HPCI and RCIC to minimize battery drain, and 
plant response for at least four hours. 

Procedure changes were drafted to upgrade the steps to load-shed 
the station batteries after a SAO to extend battery life if the 
diesels are not available, which would provide 2 extra hours of 
capacity, • , •''-..• .; 

Recommendations made to supply station battery chargers with an AC 
independent power supply to extend battery life* 

Plant was modified to.allow the diesel fire putrop to be. aligned to 
RHR as a reactor vessel injection source, 

A recommendation was considered for development of procédures for 
the use of low pressure backup injection systems such as RHRSW 
through LPCÎ,condensate service water, service water to the 
hotwell. 

Operators trained on operation of RHR and core spray pumps under 
certain operating conditions such as when cavitation is possible. 

Recommendations being considered: 

Operator training on recovery of failed RHR system and failed 
condenser with degraded or failed support^systems• 

Elimination of locked open condition for discharge valves for air 
receiver tanks to allow isolation to prevent loss of air. 

Writing a procedure for the replenishment of the water in the 
condensate storage tanks. 

Operator training was conducted on the significant insights 
regarding ATWS. 
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Actions for mechanically bound CRDs were move8 to a contingency 
procedure in the Emergency Operating Procedures (EOPs), so that 
thre operator will focus on reactor shutdown with the standby 
liquid control system (SIX). 

Modifications are under consideration to supply power to the 
bottled nitrogen supply for the solenoid valves from an instrument 
panel that can 4>e powered by an essential power supply or 
batteries. 

Nine Mile Point Unit 2 

• Enhanced procedures, hardware, and operator actions: 

Modification of standby gas treatment system. 

Procedures for containment venting. 

Procedure for auxiliary bay pump room cooling. 

Station blackout procedures. 

Internal flood analysis and procedural guidance. 

Procedural precautions for ISLOCA test arid maintenance. 

Oconee Units 1, 2, and 3 

• Plant actions and modifications being considered: 

A task analysis to identify changes to procedures, hardware, 
and operator training for providing backup seal cooling to 
the reactor coolant pumps (RCPs) during an station blackout 
event. 

': .A change in procedure to isolate the high pressure service 
water (HPSW) to the condenser circulating water (CCW) pumps 
«in order to preserve the inventory of:"t?Bé elevated water 
storage tank (EWST) during a turbine flooding event. 

A change in procedure, hardware, operator training, and 
simulator upgrades to provide backup AC power from the 4.16 
KV main feeder bus of Unit 2 tp the safe shutdown facility 
(SSF) components such as the auxiliary service water (ASW) 
system during a turbine flooding event. 
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Identification of a strategy to enhance the reliability of 
the long term high pressure injection (HPI) cooling during* a" 
large turbine building flooding event. 

A change in procedure to deal with the problems related to 
simultaneous failure-to-open of both of the HPI suction 
valves from the borated water storage tank (BWST) that could 
result in HPI pump damage. 

Oyster Creek 

• Modifications: 

Interconnection to the combustion turbine generators at the 
adjacent Forked River Site. 

Hard piped containment vent system. 

Operator training for manual initiation of the containment spray 
system. 

• Potential improvements under evaluation: 

Integrated loss of offsite power and station blackout procedure 
which includes cross-tieing buses and alignment of the alternate 
AC capability. 

-- Loss of * all DC power procedure and a portable power generator for 
the essential loads. 

Training in the containment spray system and changes in the 
preventive maintenance on thé containment spray and emergency / 
service water,. 

Post trip reactor feedwater control (Reactor Overfill Protection 
System (ROPS)). 

Alternate containment heat removal capability to maintain minimal 
NPSH (as part of Accident Management). 

Alternate water supply for drywell sprays (as part of Accident 
Management). 

Palo Verde Units 1,2, and 3 ... 

• Enhanced plant hardware, procedures, and operator actions: 

137 



Configuration for the 125 V DC channel A load distribution was 
modified to provide power for the main steam and feedwater 
isolation valve logic. 

Train A downcomer isolation valves were modified to fail open upon 
loss of channel A DC power. 

The nonessential AFW pump will have a manual transfer switch to 
permit supply of DC control-power directly from the channel A 
battery charger should the DC bus fail. 

All four class DC equipment rooms have high temperature alarms 
that indicate an HVAC problem. 

Installation of two gas-powered turbine generators. 

• Potential improvements under evaluation: 

Zone boundaries features be regularly inspected including the 
floor drain check valves, sump room level detection equipment and 
associated alarm circuits. The integrity of walls, ceilings, and 
piping penetration seals also would be scrutinized to ensure the 
integrity. 

Implementation of procedure changes to improve the reliability of 
the downcomer valves and feedwater isolation and. control valves 
following events involving loss of instrument air: manual 

, isolation of the high pressure from the low pressure nitrogen upon 
loss of instrument air. 

Expanding the scope of shutdown risk evaluation. 

Modification of procedure forrefilling the refueling water tank. 

Providing operator guidance for recovery of failed containment 
sprays. 

Implementation of alternate containment spray capability. 

Perry Unit 1 

• Plant modifications implemented or under way: 

Loss of offsite power procedure improvement for retention of RCÏC 
isolation bypass for high steam tunnel temperature. 

Loss of offsite power procedure improvement for cross-tying Unit 1 
and Unit 2 batteries, and recovering offsite power to HPCS and 
alternate injection system buses. 
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Procedural improvements for responding to flooding scenarios. 

Maintenance improvements for reducing out-of-service time for 
certain critical components. , 

"Fast firewater" tie between Fire Protection and HPCS for 
alternate emergency cooling injection. 

Permanent Division 3 to Division 2 "quick* crosstie. 

Modifications under evaluation: 

ADS automatic initiation (other than ATWS). 

Passive Containment Vent. 

ATWS/ADS automatic inhibit. 

ATWS/Feedwater run-back between MSCWL and the Level 2 MS.IV 
isolation bypass. 

Alternate Boron Injection. 

. B Robinson Unit 2 ~ 

Plant improvements implemented or under evaluation: 

Current procedures have been revised and a new procedure for 
coping with flooding events has.been written. 

An investigation for operation of the steam-driven auxiliary 
feedwater pump in the self-cooling mode is currently underway. 

Modification of the plant safety related batteries to upgrade the 
battery capacity from 1 to 4 hours is currently being reevaluated. 

An extensive preventative maintenance program for the dedicated 
shutdown diesel to improve its reliability has been in place since 
October of 1992. 

A new procedure for the 51 and CV Spray System Valve Test 
procedure has been written and has been approved for use at HBR2. 

Tests of the HVAC requirements for thè E1/E2 bus room has been 
performed to verify that loss of HVAC to these rooms will not 
impact plant operation or safe shutdown of the plant. 
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Changes^to the existing procedures to preclude induced steam 
generator tube rupture involve a change in emergency response 
guidelines for mitigation of a severe accident. This item is 
befng reviewed by the Westinghouse Owner's Group for possible 
action in the severe accident management guidance development. 

Walk-through of the long-term ECCS recirculation procedure was 
performed arid improvements for labeling equipment and better 
distribution of the work load were identified, . 

Charging Pumps Self-Cooling Modification. An evaluation to 
determine the most cost-effective method of providing self-cooling 
is.currently scheduled for completion by the end of 1993-

Sequoyah . 

• Enhanced plant hardware, procedures, and operator actions: 

RCP pump trip on loss of CCS train A to minimize the potential for 
RCP seal damage due to pump bearing failure. 

In the event of a total loss of CCS, continued usé of the charging 
pumps to cool the mechanical seals. 

Additional operations training on loss of CCS initiators* 

Potential improvements under evaluation; 

Various improvements in procedures. 

Surry Units 1 and 2 

• Plant modifications based on PSA considerations: 

Improvement of sump pump reliability program to ensure high 
availability of at least 7 out of the 9 pumps. 

Development of inspection program for service water and 
circulating water.expansion joints, service life replacement 
program, and valve inspection program. 

Procedure and training revisions to prevent or mitigate flooding. 

Installation of backflow prevention devices and plans to install 
submersible valve operators. 
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Turkey Point Unit 3 

. Service water hose connections were added to provide backup 
cooling to charging pumps A and C. -

The following list of items will be evaluated in the licensee's 
accident management program: ; 

(a) RWST replenishment 
(b) Primary System Depressurization 
(c) AC Power Recovery 
(d) Component Cooling Water Cross-connection 
* (e) Manual Actuation of Containment Spray 

(cavity flooding). 

Watts Bar Unit 1 

• Enhanced plant hardware, procedures, and operator actions: 

RCP pump trip on loss of CCWS train A to minimize the potential' 
for RCP seal damage. 

. Procedures for cooling down the RCS in the event of a total Toss 
of CCWS. 

In the event of a loss of offsite power followed by thé failure of 
both shutdown boards on one unit, align the fifth diesel generator 
to one of the shutdown buses not powered in the accident sequence « 
due to the loss of a normally aligned diesel generator. 

Job Performance Measure (JPM) implementation to ensure that the 
pi ant, operators are trained and familiar with various events for 
alternative measures* 

New procedure for placing one train of the containment spray.in 
standby prior to establishing high pressure recirculation. 

New procedure to providé direction for cross-tying the 500 KV 
offsite power to the 6.9 KV shutdown boards of Unit -1 in the event 
of the Toss of the primary 161 KV offsite power supply. 

Zion Units 1 and 2 

• Enhanced Procedures, Hardware, and Operator Actions: 

As a result of a previous PRA (NUREG-1150), CECo has made changes 
to procedures and provided equipment (April 1989) to.provide an 
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alternate source of water to-utbe charging pump oil coolers from 
the fire protection system. 

• Proposed Enhancements: 

Improved RWST refill procedure. 
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