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The use of probabilistic safety analysis in design and operation —
Lessons learned from Sizewell B
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Abstract. Probabilistic Safety Assessments (PSAs) have been used extensively in the design and licensing of
Sizewell B. This paper outlines the role of PSA in the UK licensing process and describes how it has been
applied to Sizewell B during both the pre-construction and pre-operational phases. From this experience a
"Living PSA" has been formulated which continues be used to support operation. The application of PSA to
Sizewell B has demonstrated that it is a powerful tool with potential for future use. Its strengths and limitations
as a tool need to recognised by both users and regulators. It is not a fully mechanistic means of ensuring design
safety, but is an important aid to decision making. It also has the potential to allow risk judgements to be taken in
conjunction with commercial and environmental issues.

1. INTRODUCTION

The use of risk assessment in support of nuclear power plant safety has been common practice
in the UK for some time. Indeed risk assessment is a fundamental feature of safety
management in the UK (see for example Ref. [1]). Legislation places the responsibility for
safety upon the owner and operator of any enterprise. They are legally required to reduce the
risk posed to both the public and employees to a level that is "as low as is reasonably
practicable" (the ALARP principle). "Reasonably practicable" is not defined in legislation,
but has been established in the courts as a result of cases brought under health and safety law.
Although the fundamental requirements are based on risk, quantitative risk assessment is not
always required. Many risk assessments are qualitative and deterministic criteria have been
developed as a means of assuring safety. However, such criteria are, in principle, surrogates
for risk criteria.

Probabilistic Safety Assessment (PSA) is now a well-recognised and established technique,
which has been put to a range of uses. It started as a technique to quantify the "residual risk",
beyond the design basis (and was more commonly referred to as Probabilistic Risk
Assessment). As such it was seen as being complementary to the deterministic design basis
approach. The implicit assumption was that the deterministic approach leads to an acceptable
risk within the design basis envelope so the only question was what fell outside this. The most
famous early example of a comprehensive PRA was the Reactor Safety Study (Ref. [2]) -
WASH1400. This provided a level 3 PSA for two "typical" LWRs. Although much of the
early work was aimed at a full quantification of the risk to members of the public it was
recognised that the intermediate results (core damage frequencies and containment failure
frequency) were in themselves useful measures of system performance, though care had to be
exercised since the sequences which dominate one measure may not always dominate others.
WASH 1400 (Ref. [2]) had illustrated this demonstrating the importance of the interfacing
systems LOCA to overall risk even though it was not a particularly important contributor to
the core damage frequency.

Workers in the UK were involved in PSA work from the start and one of the earliest attempts
to define an "acceptable" risk profile was the so-called "Farmer criterion" (Ref. [3]), which is
still used in various forms today. Analysis of the Windscale fire in the UK lead to the
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development of codes to quantify accident consequences which has lead to tendency to use
level 3 PSAs to a greater extent than is common elsewhere.

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) (Ref. [4]) and Safety Assessment Principles (SAPs) (Ref. [5])
in the late 1970s this marks, not the start of the use of such criteria but their formalisation.
Probabilistic techniques and targets were used in the system design of the Advanced Gas
Cooled Reactors (AGR) from the early 1970s. By the time the Sizewell 'B' project was
started the use of such techniques was widespread having been extensively applied to the later
AGRs. However even during this project the role of PSA has developed, and its use in the
operational phase has continued, so it provides a useful case study.

2. UK LICENSING APPROACH FOR NEW PLANTS

To build and operate a nuclear power plant (NPP) in the UK requires a single licence, which
covers construction, operation and decommissioning. The nuclear site licence is a standard
one that requires arrangements to be in place, at all stages, to comply with the (36) licence
conditions. "Hold points" during construction and commissioning, are defined and agreed,
between the regulator and the licensee, which provide a formal means of control during these
early stages. Controls through the lifetime of the plant are exercised by means of routine
auditing and monitoring, restart consents following outages and periodic safety reviews,
backed up by the ability to issue licensing instruments and directions at any time. The
licensing approach is non-prescriptive but the Nil's powers are wide-ranging and extensive.

To obtain a license to construct and operate a NPP, three submissions are generally required.
These are:

i) A Preliminary Safety Report (PSR), which demonstrates the feasibility, in principle,
of the design;

ii) A Pre-construction Safety Report (PCSR). This report provides the basis on which the
Nuclear Site Licence is granted. As such the Nil require it to contain sufficient detail
for them to be confident that there will be no significant design changes required, for
safety reasons in the design development phase. The level of detail required is
therefore more equivalent to that required for final design certification in the US
rather than that required for a construction licence;

iii) A Pre-Operational Safety Report (POSR). This provides the justification for the
operation of the plant and builds on the PCSR. In the case of Sizewell B this had to
submitted to Nil 1 year before fuel load. (It should be noted that Nil did not formally
approve the POSR, they simply gave consent to load fuel - after a very thorough
review of the safety case.) Following the completion of commissioning, the results of
the commissioning and start-up tests are fed back into the POSR, which then becomes
the Station Safety Report (SSR). For Sizewell B this is maintained as a living
document and is updated to reflect modifications as they are implemented and is
subjected to a wide-ranging "Periodic Safety Review" every 10 years.

In the case of Sizewell B a specific PSR was not produced. A wide ranging review, sponsored
by the government and involving CEGB, Nil and UK industry, was carried out to determine
the future thermal reactor build. This Thermal Reactor Study, which led to selection of a
PWR, was deemed to fulfil all the requirements of a PSR.
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3. USE OF PSA IN THE DESIGN & CONSTRUCTION PHASES

During the Sizewell 'B' project PSA has been used in design, licensing and during the Public
Inquiry process. During the project major PSA studies have been produced on three
occasions:

i) a level 1 PSA for a range of internal initiators at power - during the design phase
which forms part of the Pre-Construction Safety Report (PCSR);

ii) a level 3 PSA for a range of internal initiators at power, which formed part of the
evidence, presented to the Public Inquiry;

iii) a comprehensive level 3 PSA for all initiators at all power levels (including shutdown)
which formed part of the Pre-Operational Safety Report (POSR).

The Sizewell B licensing process and Public Inquiry led to the development both of the use of
PSA and to refinement of the criteria against which such studies and the plant to which they
relate are judged. The Sizewell 'B' Public Inquiry discussed both the DSCs and SAPs, and the
underlying high-level criteria on which they were based, at length. Subsequently following
the recommendation of the Public Inquiry Inspector the Health and Safety Executive (HSE)
produced a discussion document (Ref. [6]) 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 Nil of revised Safety Assessment
Principles for Nuclear Plants (Ref. [7]).

3.1. Pre-construction design phase

Both the CEGB DSCs and the Nil SAPs were 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 and British Energy safety principles. They
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 underlying
criterion on which the CEGB limits were based was that an increase in risk of fatality of
106/yr. was considered to be broadly acceptable. 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 targets
correspond to the Basic Safety Objective (BSO) of the new SAPs i.e. the bottom end of the
ALARP region as defined by the Tolerability of Risk (TOR) paper.

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 offsite 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 (<10"6/yr). For the purposes of the design and assessment a large
uncontrolled release is taken to be a release that exceeds the whole body lower limit ERL
(lOOmSv). Using this definition, the DSC levels can be directly compared with those of the
SAPs (Ref. [7]) as is shown in Figure 1.
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FIG. 1. Comparison between SAP and DSC criteria for Radiological Releases.

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 meet 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.

The probabilistic targets in the DSCs were applied in the design phase in two stages. As far as
the design of systems was concerned, the most important of the probabilistic target was the
one that sets the frequency target for uncontrolled releases for single accidents. This criterion
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 generally applied at the design phase for systems with active components is 10"4 per
demand. This leads to the requirement that for frequent faults (i.e. frequencies _>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
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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 for internal initiators at power was carried out to confirm the adequacy of the
design. This analysis was reported in the Preconstruction Safety Report (PCSR) (Ref. [8]) and
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.

3.2. Use of PSA to support the Public Inquiry

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 (WCAP 9991 (Ref.
[9])) was based on the same initiating fault groups used in PCSR 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.

Although not intended to influence the design the review of the results did lead to some
design changes. The results showed that the risk of death was dominated by the V-sequence
and additional isolation valves were put into the RHR suction lines to reduce the V sequence
frequency. The analysis of containment response concluded that the presence of water in the
reactor vessel cavity at the time of RPV melt-through was beneficial from the point of view of
providing protection against basemat failure. As a consequence, changes were made to the
final design to engineer in passive features, which would ensure that this was the case. In
addition to increase the reliability of containment safeguards the specification of one of the
backup containment cooling systems was changed to cover severe accident conditions,

The presentation and discussion of the PSA at the Public Inquiry was extensive and formed
the basis for the exploration of plant related issues, accident progression phenomenology,
fission product behaviour and off-site consequences. The PSA was valuable as a means of
putting these issues into context. The use of numbers was also seen as valuable in the context
of a forum with included non-technical as well as technical assessors. The use of "engineering
judgement" to assess the adequacy of a case is valid but by definition is only open to those
with the requisite engineering knowledge. PSA numbers in principle give the non-engineer a

207



yardstick but the interpretation of that yardstick is important; particularly where it involves
such small numbers. In general in seeking to demonstrate low numbers the designer is seeking
assurance that the sequence will not occur but in doing so is using a technique that will not
rule it out absolutely.

3.3. The use of PSA during the pre-operational phase

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

(i) to provide evidence that the design has conformed to the ALARP principle;
(ii) 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 <10~ /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 internal and external hazards;
- consideration of all power states of the reactor including shutdown;
- more detailed treatment of human factors including operator errors of commission.

PSAs in general have not formed part of the formal 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, hi
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 requirements to a manageable level.

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) of
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.
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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 (Ref. [111) presents an example of
this where a group of sequences with frequency of about 3 x 10 7yr is characterised by a
BLDBF with an extremely low frequency.

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 (Ref. [12]) and CEGB (Ref.
[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 were seen to
be useful.

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. 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. All the fault groups 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
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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. This was
revisited in the production of the "Living PSA" (see section 4).

3.4. Sizewell 'B' Fault Analysis Results

The total predicted frequency of conditions, which potentially lead to a dose of > 100 mSv to
someone at the site fence, from all initiators at all power states is about 10"5/yr (Ref. [14]).
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 I,
based on the POSR indicative analysis (i.e. the revised pessimistic analysis, discussed above).

TABLE I. CONTRIBUTIONS TO THE POSR INDICATIVE ANALYSIS

Contributor

Internal Initiators at Power
Internal Initiators at shutdown
Hazards at Power
Hazards at Shutdown
BDBIFs at Power
BDBIFs at Shutdown
Operator Error
Ex-reactor faults
Design Capability Faults
Total faults at Power
Total faults at Shutdown

% Contribution

Individual
Risk

9.5
12.8
2.4
6.7
13.9
14.6
2.1

<0.1
38.0

56
43

to

Core Damage
Frequency
26.9
31.9
2.5

21.6
4.8
5.4
6.9

-
-

40
60

Large Release
Frequency
11.5
40.6
5.0

32.8
5.0
4.0
0.7
0.2

-
22
78

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 (Ref. [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 ' POSR analysis also showed the importance of the shutdown states also appeared to apply
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 give the
largest single contribution to 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 generally the dose to the thyroid. However, in evaluating the individual risk
they are conservatively associated with the release that would give the equivalent whole body

210



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 (Ref. [5]) sets the broadly acceptable
level for individual risk at the 10" /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 10~6/yr 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.

hi addition to providing an input into the design and safety substantiation of the plant the PSA
was used to assist in the development of the Technical Specifications for the plant. These
were based on the draft MERITS (Methodically Engineered, Revised and Improved Tech.
Specs.) Tech Specs (Ref. [16]). However, Sizewell B had equipment, which was not found in
other plants and a safety case, which was more extensive in its coverage. The safety case was
used as the starting point, and sensitivity studies, using the PSA model, were used to
determine, on a risk informed basis, both whether new plant should be included in Tech Specs
or lower level documentation and to refine the action times to control both average and point
in time risk. This did not include, at this stage, a review of whether some of the items
included in standard Tech Specs on deterministic grounds could be justified on a risk basis.

4. USE OF PSA DURING OPERATION

A great deal of effort went into production of the licensing PSA and its use in both cost
benefit/ALARP justifications as well as in the refinement of Tech Specs indicated that it had a
potentially valuable role in the support of operation, hi particular it could have a role in:

- Plant Modification assessment
- Technical Specification modification
- Procedure modification
- Safety assessments
- Maintenance optimisation.

The POSR PSA analysis was undertaken using an all fault tree approach (i.e. functional fault
trees and system fault trees). Event tree analysis was used primarily to identify initiating
faults for the analysis of 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. 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. The all fault tree approach was
adopted as one that could handle the detailed modelling of support system dependencies. The
platform used was capable of handling the very large fault trees but was relatively slow
running.
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The decision was therefore taken to produce a living PSA model by both, re-platforming the
model, and reducing the levels of conservatism in some aspects of the modelling (e.g. the
definition of some of the success criteria). This later aspect sought to provide a more rigorous
justification of the work done to produce the POSR "Indicative" analysis. After reviewing the
alternatives a modern linked event tree, fault tree package was selected. The use of such a
package, as well as providing rigorous analysis was also seen to be advantageous in
presenting results to non-specialists. It had been found at the public inquiry that event trees
were regarded as being more intuitively understandable than fault trees.

The Living PSA (LPSA) model has been produced and approved for use in support of a range
of operational activities. It also supersedes the PSA analysis in the Station Safety Report.
Figure 2 shows a comparison between the POSR Pessimistic, Indicative and LPSA results.
This confirms that the POSR pessimistic results did indeed distort the balance between faults
at power and those at shutdown. The judgements made in the indicative analysis were a better
reflection of the balance (though the more detailed analysis identified an increase in the
contribution from faults at shutdown rather than a decrease). In addition the LPSA analysis
showed that the POSR analysis overestimated the importance of hazards at shutdown. In the
LPSA analysis it is hazards at power that dominate. The LPSA analysis also showed that even
more of the operator error contributions could be incorporated into the fault trees so the direct
estimate contribution is significantly reduced.

1.00E-04 -

1.00E-05
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1.00E-07

1.00E-08
Faults at Power Faults at Shutdown Hazards BDBIFs Operator Error TOTAL

EIPOSR Pessimistic OPOSR Indicative BLPSA

5.

FIG. 2. Comparison between analyses.

LESSONS LEARNED FROM THE APPLICATION OF PSA TO SIZE WELL 'B'

The Sizewell 'B ' probabilistic analysis has been very extensive and has been applied in a
number of areas. Some of the lessons learned are briefly discussed below.

5.1. The Use of PSA as a Design 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.
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The PSAs have also been used as a means of confirming or "validating" the design. 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. The use of a "standard" PSA specification help this process,
but the main benefit to be gained is generally from an understanding of your own design.

The POSR fault analysis has been used to examine whether the design improvements
incorporated into Sizewell 'B ' were worthwhile. The effect on the core damage frequency of
removing some of these features from the design has been estimated. The removal of three
systems was considered:

- Secondary Protection System
- Emergency B oration 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 results of earlier PSAs, performed on US plant. However, the size of the benefit is very
sensitive to the data and assumptions used.

One question, which is often asked, is to what degree was the PSA responsible for the
increase in complexity of the Sizewell B plant? This is rather difficult to answer directly.
Generally the extra plant added to the Sizewell B design were the result of deterministic
rather than probabilistic requirements. However, some of the deterministic requirements had
a probabilistic basis. The PSA was also used to justify not adding systems. For instance the
PSA was used to demonstrate that, having already upgraded the containment overpressure
protection, the addition of a filtered venting system would not be ALARP.

5.2. The Use of PSA in a Regulatory Arena

In principle, all the benefits that 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; US utilities expressed similar concerns with respect to the
regulatory use of the individual Plant Examinations (Ref. [17]). 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
SAPs (Ref. [6]) where Nil have attempted to separate the requirements for design basis and
PSA analysis. However this was not the case for the POSR 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). This is clearly illustrated by the
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differences in balance between faults at power and shutdown seen in the pessimistic versus
the indicative and LPSA analysis.

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. In particular the PSA is a useful tool to examine compliance with the ALARP
principle. The PSA can be used to identify the principle contributors to the various measures
of risk both in terms of the failure sequences and the most significant plant failures. This
particular feature was used to refine Technical Specifications and Operating Procedures, as
discussed above.

5.3. The use of PSA to refine Operating Instructions and Accident Management

The POSR fault analysis made relatively few claims for "accident management" actions, but
as part of the ALARP reviews the potential role of operator recovery actions was identified. A
comprehensive set of Station Operating Instructions (SOIs) had been produced and in most
cases these had already covered the required recovery actions. However a number of
additional actions were identified. Review of the level 2 PSA results identified a number of
potential severe accident Management measures (Ref. [18]), which have now been
incorporated into the SOIs (which cover severe accidents as well as design basis sequences).

5.4. Some thoughts on the use of PSA in support of performance optimisation

This is an area that is starting to be pursued in response to the changing climate NPPs are
finding themselves operating in. The focus on safety remains unchanged. However most
plants now find themselves operating in an increasingly aggressive commercial climate. The
consumer wants cheap energy, safe production and shows an increasing regard for
environmental protection. Politicians tend to promise all three, but the means of achieving this
is not clear, and the emphasis varies with time. PSA offers the potential for performing
optimisations of safety, performance and environmental impact, in that it should be possible
to arrive at a situation in which all are simultaneously treated. This will, however, always tend
to result in a balance being struck. There are a number of factors, which need to be taken into
account in establishing a correct balance.

5.4.1. How to establish a level playing field

To arrive at a correct balance requires all the elements to be compared on a like for like basis.
This is possible in principle and is most commonly achieved by using cost as the common
currency. It is possible, in principle, to ascribe costs to safety detriments and to adverse
environmental impacts. However this gives rise to presentational difficulties in that it is
perceived that you are allowing "commercial issues" to compromise safety. The use of a
quantitative approach allows you to explicitly deal with such issues; the relative weightings
can be adjusted to reflect public concerns. (The ToR document (Ref. [6]) applies very large
risk aversion factors in setting the targets for nuclear plants relative to major conventional
plant risks.) However, this strength is also a potential weakness, in that people often seem to
prefer that such decisions are implicit. In addition different "regulators" have responsibility
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for each aspect of the problem and they are mainly charged with optimising that aspect. The
need for a balanced approach is recognised in principle by the Health and Safety Executive in
a recent discussion document (Ref. [19]).

5.4.2. Completeness and Human Factors modelling

There has always been a strong emphasis on completeness in formulating the Sizewell B
PSA. This partly arose from the fact that we were using a "bottom line" demonstration of
individual risk as the most fundamental criterion. This led to the requirement to include
beyond design basis initiating faults, operator errors of commission etc. However one aspect
relating to operator error is probably not modelled very well and that is the beneficial human
performance. We model the operator as a source of error, the maintainer as a source of
common mode failure but rarely, except in the long term, model the operator as a robust line
of protection. Indeed the intention in the design was wherever possible to provide automatic
protection rather than rely on the operator. On the other hand, plants invest a great deal of
time and money in improving human performance by for instance adopting and implementing
the INPO/WANO Performance Objectives and Criteria. It is not clear that the PSAs reflect
the benefits to be accrued from this approach. This would seem to limit efforts on safety
improvement to plant design features, which does not seem reasonable.

5.4.3. The role of Deterministic Criteria

As was noted above, deterministic criteria are generally needed to simplify both design and
analysis. They are, (or should be), surrogates for risk criteria but in the past there has been a
reluctance to use risk based analysis to modify or simplify them. The more widespread use of
risk informed methods should help here but it does need to recognised that PSAs do have
limitations, which need to be accounted for in their application.

6. CONCLUSIONS

The application of PSA to Sizewell B has demonstrated that it is a powerful tool with
potential for future use. Its strengths and limitations as a tool need to recognised by both users
and regulators. It is not a fully mechanistic means of ensuring design safety, but is an
important aid to decision making. It also has the potential to allow risk judgements to be taken
in conjunction with commercial and environmental issues.
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