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FOREWORD

Safe operation of nuclear power plants is achieved by good design and prudent
operational practice. Both these aspects should be considered in the safety assessment of a
nuclear power plant. A plant specific probabilistic safety assessment (PSA) models a plant
by addressing both design and operation and, in addition, takes account of operating
experience.

PSA can be used to quantify the safety of a nuclear power plant and it has become a
widely used tool for the safety assessment of nuclear plants. Although its methodology is
fairly standard, the complexity of the full scope plant specific PSA is such that guidance is
still needed to ensure its completeness. Within the framework of its programme on the
international promotion of PSA, the IAEA has issued numerous documents on topics ranging
from guidelines on how to perform PSAs to specific case studies and generic reliability
databases.

The PSA model is structured so as to permit consideration of a spectrum of possible
disturbances to a plant’s normal operation (in PSA terminology, initiating events), the
availability of systems designed to cope with a particular disturbance and operator actions in
the course of the event. One of the areas where the level of completeness and the accuracy
of the analysis could greatly influence a PSA model is the selection of the initiating events
(IEs). The IAEA has developed this document in order to summarize and explain the
different approaches to the selection of IEs. It is based on examples taken from several PSA
studies.

This document is primarily directed towards technical staff involved in the performance
or review of plant specific PSAs. It highlights different approaches and provides typical
examples useful for defining the IEs. The document also includes the generic initiating event
database, containing about 300 records taken from about 30 plant specific PSAs. In addition
to its usefulness during the actual performance of a PSA, the generic IE database is of the
utmost importance for peer reviews of PSAs, such as the IAEA’s International Peer Review
Service (IPERS) where reference to studies on similar NPPs is needed.

In the preparation of this document, the IAEA received support from several Member
States in the form of material to be included. The main author of the document was
D. Ilberg from Israel, assisted by B. Linquist from Sweden and J. Pereq from Israel.
A. Bareith from Hungary wrote the section on WWER reactors. The document was
reviewed by specialists from France, Germany, Hungary and the United Kingdom and by
IAEA staff. The IAEA project officer responsible for this report was B. Tomic from the
Safety Assessment Section of the Division of Nuclear Safety.



EDITORIAL NOTE

In preparing this document for press, staff of the IAEA have made up the pages from the
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1. INTRODUCTION

Several reports have been prepared [1] within the framework of the IAEA’s programme
to provide Comprehensive Guidelines for Conducting Probabilistic Safety Assessment (PSA).
The selection, grouping and frequency evaluation of initiating events (IEs) is one of the most
important tasks to be accomplished during a PSA Level 1 study, and this document is
intended to provide additional guidance on this issue.

The importance of the determination of IEs has been shown by performing uncertainty
and sensitivity analyses of past PSAs and by some peer reviews of PSA studies. The
inclusion of additional relevant IEs for completeness or revision of the estimates of their
frequencies may change the results of a PSA study.

This document is intended to aid in the conduct and review of PSAs in Member States
by providing reference information that can help the specialist in defining IEs. It provides
guidance by describing available methods and providing tables that compare approaches used
in various past PSAs and a database of IE lists and frequencies taken from many PSAs which
are available in the open literature.

1.1. PURPOSE OF THE REPORT

The determination of initiating events is an important part of a PSA. IEs directly affect
the core damage frequency in PSAs. They are also a class of operating occurrences reported
at nuclear power plants worldwide. Processing of these occurrence reports on a plant
specific basis provides information on the actual operating experience of that plant. Thus,
the information provided in this document allows comparisons of plant specific operating
experience with ranges and frequencies of IEs considered in PSA studies of similar types of
plant.

This report is intended to provide the reader with a comprehensive overview of
different approaches to defining IEs which have been taken in a number of PSA studies. It
does not recommend the use of any specific approach. It is left to those performing the PSA
to select the approach which is the most appropriate for their particular application, and then,
if necessary, to acquire more information from relevant literature listed in the references.

1.1.1. Purpose of defining the initiating events

An IE is a postulated event that could occur in a nuclear power plant. It is an
occurrence that creates a disturbance in a plant and has the potential to lead to core damage,
depending on the successful operation or failure of the various mitigating systems in the
plant.

The performance of PSAs to develop a comprehensive plant model requires as
complete a list of IEs as possible. This list determines the points of departure of the accident
sequences that would be studied in the search for the dominant sequences that may lead to
core damage. Thus the frequency of IEs has a direct impact on the results for core damage
frequency, as well as on the spectrum of importance of individual components or actions.

The consequences of ill defined IEs are various. A missing IE in a PSA means that
the core damage frequency would be underestimated by the value of the IE frequency
multiplied by the conditional probability of safety system failure given the occurrence of the



IE. A larger list of IEs than necessary (for example, due to inappropriate grouping) would
result in waste of resources because of the analyses of additional unnecessary accident
sequences. An IE list that is incomplete or is insufficiently precise in its frequency
determination would generally result in an incorrect estimation of the core damage
frequencies.

1.1.2. Using this document for the evaluation of operational occurrences
This document can assist in evaluating operational occurrences in three ways:

(a) It describes approaches used for identifying occurrences and assigning them to known
or new basic initiating events, or broader categories of initiating events.

(b) It describes methods for evaluating IE frequencies from experiences of operating
occurrences in a specific plant over a defined period of time and provides examples of
the application of these methods. It can be used for selecting generic prior distribution
for Bayesian updating of plant specific experience.

() It provides an extensive database of data from other power plants to help put the plant
specific experience in perspective.

1.2. SCOPE OF THE REPORT

This report covers the topics of defining IEs for nuclear power plants with PWR and
BWR type reactors (including WWERs). It does not cover CANDU type reactors or older
types or types of relatively limited distribution.

The "Procedures for Conducting PSAs of Nuclear Power Plants" [1] classify the IEs
into internal IEs and hazards' (internal and external hazards). Internal IEs are hardware
failures in the plant or maloperation of plant hardware through human errors or due to
man-machine interface problems.

External hazards (often called external events) are events originating outside the NPP
that create extreme environments common to several plant systems. Internal hazards, which
are originated within the station boundaries, create similar extreme environments, and include
internal flooding, fire and missiles. Loss of connection to the grid (complete or partial) is
considered here as an internal IE. The scope of the document is confined to internal events.
However, an introductory section on hazards is given in Section 8.

1.3. STRUCTURE OF THE REPORT
The report is organized as follows:
Section 2 gives the historical background for defining IEs by considering various

approaches that have been used in previous PSAs. It covers the methods that form the basis
for approaches described in Sections 3-5.

! “Hazards’ is the term used in this report for all types of ‘external events’ such as fires, floods (inside and
outside the plant), earthquakes, etc.




Section 3 provides a review of selected approaches in some recent PSAs and describes
the main methods used to ensure completeness in IE selection. A discussion of completeness
of the IE list is given and tables of several lists that have been used in the past are provided.

Section 4 similarly deals with the approaches to IE grouping. A review of several
grouping structures is provided by comparing several recent PSA approaches for BWRs and
PWRs. Lists of IE groupings are combined from some of these PSAs to provide the PSA
specialist with ‘maximal’ and ‘minimal’ lists to compare. The relative importance of some
of the IE groups used in various PSAs is shown for BWRs and PWRs respectively.

Section 5 covers the determination of IE frequencies. The various methods are
described and some examples are given. Several sources of data for the evaluation of IE
frequencies are outlined.

Section 6 provides examples of derivations of the frequency of initiators taken from
several PSAs. It includes examples of estimations of the frequency of:

- LOCA initiators;

- transients;

- special common cause initiators;
- ATWS initiators.

An example of the treatment of initiators for non-power operating modes is also
provided in Section 6.

Section 7 is entirely devoted to WWER reactors. These reactors are treated separately
because the level of development of definition, grouping and frequency determination is, for
the time being, somewhat lower than for PWR reactors operated in other countries mentioned
in this report.

A brief introduction to the treatment of internal and external hazards is provided in
Section 8.

Section 9 covers the initiating event database. It describes the structure, the record
format and the data sources used for the database.

The Appendix provides the printout of the database of initiating events compiled by the
IAEA.



2. HISTORICAL BACKGROUND

The concept of initiating events (IEs) was introduced in the United States Nuclear
Regulatory Commission’s Reactor Safety Study (RSS) in 1975 [2] together with the event tree
methodology. Twenty transient IE categories and four LOCA related categories were selected
for BWRs. Twenty-three transient and six LOCA related categories were selected for PWRs.
The basis for the selection of the LOCA IEs was the plant response (based on systems/trains
which are required to work and/or estimated timing of the accident). Consistent with plant
response three sizes of LOCAs were selected:

- Large LOCA: 6 inches (15.2 cm) up to double ended largest pipe diameter — denoted
"A";

— Small LOCA: 2-6 inches (5.1-15.2 ¢cm) equivalent diameter — denoted S1;

- Very small LOCA: 1/2-2 inches (1.2-5.1 ¢m) equivalent diameter — denoted S2.

In addition, reactor pressure vessel (RPV) rupture was considered for both PWRs and
BWRs.

For PWRs two additional LOCA related IEs were selected:

- Interfacing LOCA (known as the RSS ‘event V’);
- Steam generator (SG) tube rupture.

The definition for the various LOCA categories was used in the event tree analysis
without further grouping. Not so for the transients. A general division into anticipated and
unanticipated transients was made. Almost all anticipated transients were modelled as one
group in both PWR and BWR event trees. Similarly, unanticipated transients were modelled
as a second group. An additional special initiating event was considered, namely the loss of
off-site power for more than 30 minutes.

2.1. DEVELOPMENT OF DATA ON TRANSIENT INITIATING EVENTS

Following the use of operating experience in the RSS, the Electric Power Research
Institute (EPRI) published in 1978 its first study of anticipated transients [3] referred to as
NP-801. NP-801 includes a compilation of operational occurrences from 12 BWRs and 30
PWRs. For BWRs it reported 459 events in 37 selected categories of different transient IEs
(compared to 20 in the RSS) and for PWRs it reported 1000 events categorized in 41 different
IEs (an expansion of the 23 found in the RSS). The data in the NP-801 covered NPP
experience up to 1978, which was the equivalent of 41 and 131 plant-years for BWRs and
PWRs respectively. The NP-801 data was used extensively in probabilistic risk assessment
(PRA) performed in the period 1978-1983 when the update of the NP-801 report, the
NP-2230 [4], became available.

The NP-801 has many drawbacks that the NP-2230 has treated partially and the later
update of transients event data by EG&G [5] further improved:

(a) NP-801 used an ‘effective in-service date’ as supplied by the utilities. NP-2230
uniformly used the first day of commercial operation as the starting point for reporting
plant anticipated transients. Because of this change, 137 events of NP-801 were

excluded from the NP-2230 update.
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(b) NP-801 reports 191 events within 37 plant-years that occurred in the years subsequent
to the first year of plant operation (less than half the total number of events). NP-2230
reports 647 events in 85.5 plant-years (70% of the total).

It is clear that the NP-801 included very early periods of plant operation, i.e. from
criticality to commercial operation, whereas the NP-2230 included events that occurred only
after commercial operation was initiated. In general this is about half a year later. Table 2.1
gives a comparison of the evaluation of selected initiator frequencies based on these two data
sources [6].

The NP-2230 reported 903 events for BWRs and 2093 events for PWRs under the same
IE categories as in NP-801. The number of plants covered increased to 16 BWRs and 36
PWRs with 101.5 plant-years and 213 plant-years for BWRs and PWRs respectively. This
data was used in PRAs after 1983.

The EG&G study [S] updated further the transient IE database for BWR and PWR
plants. It included for the same IE categories 251 BWR plant-years with 1832 events and 423
PWR plant-years with 3574 events. There most of the events come from the years following
the first two years of plant operation. This database was selectively used in the NUREG-1150
[7] type PRAs performed in the period 1986-1989.

The first four columns of Table 2.1 show original BWR-PRA estimates, based on NP-
801 [3]. The next four columns represent results obtained from applying the same
methodology to the more recent data source (NP-2230). The two last columns present results
using the updated source and the two stage Bayesian methodology [8]. It can be seen that
most of the increase in the BNL initiator frequencies derives from the updated experience of
BWR related events, rather than from the use of the Bayesian methodology.

The BWR-PRA [12] differentiated between the impact of failures during the first year
of plant operation and failures occurring in later years. However, in the review [6] it was
argued that the database used in NP-801 was not sufficiently refined for this purpose. The
later update, given in NP-2230, showed that the impact of ignoring the first year of plant
operating experience causes a reduction of about 20% in initiator frequencies (see last two
columns of Table 2.1). The ‘weighted average’ approach utilized in the BWR-PRA weighted
the data from the first year as (1/35) and the data from subsequent years as (34/35) (this
approach does not consider ageing).

Table 2.1 shows that the number of shutdowns due to anticipated transients is higher
than that experienced in recent years. This is apparently because the NP-2230 database
extends to 1981 only. The updated review of the experimental data [6] published in 1985
may show a reduction in the frequencies of IEs. The trend of reduction in transient IE
frequency continues today in many power plants, and therefore the latest data sources should

be utilized whenever possible.

The EPRI reports were made available as part of the EPRI programme on anticipated
transients without scram (ATWS). For this purpose they include a section for IEs that occur
at a power level above 25% of full power. This is done because transients that occur at a
lower power level do not challenge the reactor shutdown system. This is further discussed in
an example in Section 5.1 which treats frequency determination for ATWS.

11
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TABLE 2.1. COMPARISON OF SELECTED INITIATOR FREQUENCIES AND SOURCES OF DIFFERENCES

SNPS-PRA [12] BNL Review: [6] BNL Review: [6]
EPRI-NP-801 Data EPRI-NP-2230 Data Two-Stage
Bayesian
Transient Ist Subseq. All SNPS-PRA 1st Subseq.  All Weighted Subseq.  All
Year Years Years Weighted Year Years Years Average  Years Years**
Average Average* Average
Loss of 1.6 0.38 0.67 0.41 1.0 0.38 0.47 0.40 0.40 0.50
Condenser
Vacuum (2,4,8)
Turbine Trip 16.9 4.14 7.3 4.46 13.4 6.39 7.39 6.59 6.85 7.89
MSIV Closure (5) 2.2 0.19 0.67 0.24 1.67 0.27 0.47 0.31 0.29 0.57
Loss of FW (22) 0.6 0.16 0.27 01.8 0.27 0.11 0.13 0.12 0.11 0.13
LOOP (31) 0.4 0.11 0.16 0.08* 0.13 0.12 0.12 0.08* 0.12 0.15**
IORV (11) 0.7 0.08 0.20 0.09 0.53 0.15 0.21 0.16 0.19 0.25
- CRW (27,28) 0.1 0.03 0.04 0.03 0.13 0.10 0.11 0.10 0.11 0.12
TOTAL 225 5.09 9.3 5.49 17.1 7.52 8.9 7.76 8.07 9.65

Numbers in parentheses correspond to EPRI NP-801 [3] categories
+ Based on SNPS grid data * Used in the PRA
++ Based on NSAC-80 report [10] ** Used in the BNL review



The validity of the NP-2230 [4] data was reviewed in two cases:

(a) In the Oconee PRA [9] the data of NP-2230 was checked against the licensee event
report (LER) data of the Duke Power Co., the owner of the plant. It was found that
in most of the cases a good agreement exists. Only in the division between ‘partial loss
of MFW” and ‘turbine trips’, significant differences were found. Many more events
were categorized as turbine trips in the Oconee PRA than as the partial loss of MFW.
This was based on the in-plant data records, which was considered more accurate than
the EPRI data.

(b) A thorough comparison was performed in the EG&G study [5] of the NP-2230 database
and the ‘NRC Gray Book’ [11] database for 11 plants which were selected for the
comparison. For each plant selected, the events that occurred during the third and
eighth year of operation were carefully compared. It was found that 66 (27%) events
were categorized differently based on the event description in each of the two sources
compared. However, about one third of the discrepancies were because the Gray Book
event description contained less information than the NP-2230 description. The final
conclusion was that on the whole the NP-2230 data was found to be valid and is
indicative of US commercial NPP experience. This is because the deviations were
small and, in general, did not cross ‘borders’ of the broad groups of transients used in
the PRA studies. Another important conclusion was that a sufficient amount of details
in the event descriptions, provided by the plants, is crucial for a correct categorization.

2.2. DEVELOPMENT OF DATA ON LOCA INITIATING EVENTS

Unlike transients, the categorization of LOCA IE categories has not much changed since
the original RSS definitions. The main changes in definitions were the inclusion, in most of
the newer PSAs, of the SG tube rupture (rather than the SG rupture in the RSS which was
not further analysed there) and a group of very small LOCAs at various locations (rather than
control rod drive (CRD) pump leakage in the RSS). Table 2.2 compares several frequencies
used in PSA for the same LOCA IE category. It should be noted that break size definitions
of various size LOCAs are not uniform in PSAs and different for PWRs and BWRs in
particular.

The Reactor Safety Study (RSS) estimated LOCA frequencies by inference from generic
data from pipe breaks in the non-nuclear industries. This is the basis for the mean values
shown in Table 2.2 for the RSS. The reactor pressure vessel (RPV) rupture probability was
also based on non-nuclear vessel experience. While the frequency of the latter did not change
much in newer PRAs (most of them still use the RSS value), the LOCA frequencies have
been reevaluated in the newer PRAs (e.g. the Midland PRA [13]).

Oconee [9] and Seabrook [14] PRAs used experiential data for the evaluation of part
of the LOCA frequencies rather than the pipe break data used in the RSS. The Oconee PRA
considered the following events in a population of 35 plants:

- Large LOCA (A): No event occurred;

- Small LOCA (S): One event that occurred at Zion Unit 1 in 1975;

- SG rupture (R): Three events of SG tube ruptures with leakage rates
greater than 100 gpm occurred: Surry Unit 2 (Nov.
1972), Point Beach Unit 1 (Feb. 1975), and Prairie
Island Unit 1 (Oct. 1979).

13



A two-stage Bayesian analysis was applied to the above generic data and
to the Oconee plant specific experience which reflects none of the above
events in any of the three units on-site. A review of the Oconee PRA [15]
added another relevant event:

Very small LOCA (VS): One event that occurred at H.R. Robinson Unit 2
(May 1975).

This has added a frequency of 3 x 107 (see Table 2.2). The B/W owner group
[17] based their estimate of ‘VS’ on the precursor study [55] which introduced the ‘Robinson
event’ mentioned above.

To summarize, the development of frequency evaluation for RPV and large LOCA has
not changed significantly since the RSS was made. On the other hand, very small LOCAs
and interfacing LOCAs received additional attention and some new studies have been made
which are discussed further in Sections 5.1.4 and 6.3 which provide examples of the treatment
of the frequency of LOCA type IEs.

2.3. DEVELOPMENT OF DATA ON COMMON CAUSE INITIATORS

The RSS has already treated some 1Es as special common cause initiators (CCIs). Two
examples are the loss of off-site power for more than 30 minutes and the ‘V’ event. The
PSAs that followed the RSS have added more CCls, and in general the CClIs are of a plant
specific nature. Some of the CCIs treated in PSAs are:

- Loss of instrument air;

- Loss of DC power bus;

- Loss of service water or component cooling water system;
- Loss of AC power bus(es);

-~ Steam line break;

- Reactor water level instrument line failure.

This section describes the treatment of one specific CCI common to all PSAs, namely
the loss of off-site power initiator. Other approaches to CCI evaluation are covered in
Sections 5.1.5 and 6.2.

Loss of off-site power (LOOP) experiential data have been reviewed in four studies
since 1980:

(1) Scholl [24] reviewed the data received from licensees following a June 1980 NRC
request to submit licensee experience with LOOP events. This review includes a list
of 109 occurrences of LOOP events.

(2) The results of a LOOP study were summarized in EPRI-NP-2301 [25] which uses data
collected from 47 nuclear power plant sites. The report presents frequency and duration
of LOOPs based on 45 occurrences through April 1981, representing 375 plant-years
of experience.

(3) A NSAC/ORNL study was reported in NSAC-80 [10] which covered 52 nuclear power

plant sites, for the period prior to December 1983. It summarizes 47 LOOP events in
530 plant-years.
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TABLE 2.2. A COMPARISON OF LOCA FREQUENCIES IN VARIOUS PRAs [16]

LOCA Type Very Small Small Medium large RPV Interfacing SG Tube
Initiator (*) LOCA LOCA (*%) LOCA 10CA Rupture LOCA Rupture
(<0.5 or 1") (0.5/1" to 2/3") (2/3" to 6'") (>6")

PRA Vs S M A RPV ISLOCA R
ARKANSAS 0.020 6.9E-4 1.6E-4 8.7E-5 — — —_—
IREP [181
MIDLAND 5.0E-3 3.3E-3 4.7E=4 2.0E~-4 — 7.7E-7 0.014
PRA {13]
B/W Owner 8.3E-3 4.0E-4 —_— - — —_— 0.017
Group.  [171
OCONEE — 3.0E-3 — 9.3E-4 1.1E-6 1.4E-7 8.6E-3
PRA _[91
NUREG-4550 0.020 1.0E-3 1.0E-3 5.0E-4 1.0E-8 1.0E-6 _—
PWR _[40]
NUREG-4550 0.030 3.0E-3 3.0E-4 1.0E-4 1.0E-8 <3.0E-7 —-—
BWR _[361
LIMERICK — 0.010 2.0E-3 4 ,0E-4 — -— _—
PRA 201
SHOREHAM —-— 8.0E-3 3.0E-3 7.0E-4 3.0E-7 1.8E-7 —
PRA_[121
BWR-6 — 1.2E-3 6.7E~4 2.1E-4 - 1.7E-7 —
[21]
SEABROOK — 0.017 4.7-4 2.0E-4 2.7E=7 1.8E-6 0.014
PRA_ (141
RSS-PWR — 2.7E-3 8.1E-4 2.7E-4 1.0E-6 1.1E-5 —
[21
RSS-BWR CRD Pump 2.7E-3 8.1E-4 2.7E-4 1.0E-6 - -
{21
PALUEL 1300 — 2.0E-3 3.0E-4 1E-4 - 8.6E-3
psA_ [231
German Risgk 2.8E-3 1.4E-4 7.5E-5 <E-7 —_— <E-7 6.5E-3/1E~5
Study [22]

* VSt Very Small - less than 1.5 inch diameter break; S:Small LOCA - less than 3 inch diameter break; L:Large LOCA -
Greater than 3 inch diameter if '"Medium" is not considered, otherwise greater than 6 inch diameter size. It should be
noted that the values of break sizes can vary from PWRs to BWRs and among different PSAs, and are given here for
§2neral indication only.

Note: 2/3 should read 2 or 3" diameter break,




(4) An USNRC study [26] for the resolution of the ‘Station Blackout’ issue was reported
in NUREG-1032. The study covered 52 NPPs (all the US NPP sites of December 1983
excluding three with one off-site power connection). It summarizes 55 events in 533
plant-years.

The review of the data sources has resulted in several findings:

(a) The Scholl database is rather conservative and needs additional evaluations prior to its
utilization in PRAs.

(b) The NP-2301 database is more realistic. A few events are apparently missing from this
source. Its recovery probability information is relatively conservative for use in PRAs.

(¢) The NSAC-80 database appears to be suitable for realistic PRA analyses. It
recommends exclusion of several total LOOP occurrences during shutdown which it
judges to be ‘impossible’ during operation. It can however be assumed that these are
inadvertent human errors that should be included in LOOP frequency evaluation for
completeness. The later NUREG-1032 considered them in its statistics.

The above three studies reported the LOOP events by plant and per geographical
regions having similar weather conditions and an interconnection agreement with respect to
keeping a reliable electric supply in that region. Another approach was proposed by a later
study:

(d) The NUREG-1032 data [26] are based on almost the same database as the NSAC-80.
It includes the ‘shutdown’ events as well. The main improvement of this study is that
it provides a breakdown of all the LOOP events into well defined causes which allows
tailoring of the LOOP frequency of a new plant according to its design and also allows
for evaluating the improvement that may be expected by a design change in an older
plant (see Section 5.1.7 for more details on this approach).

All these data sources and approaches have been used by PSAs in the USA. The LOOP
is considered a CCI when the conditions of no electric power are continuing for a long time
period (no recovery of off-site power). When off-site power is recovered within a short time,
it is considered a transient similar to loss of condenser, because condenser cooling would be
lost in this case. Therefore, also data on recovery times of LOOP are part of the information
needed for quantification of its CCI frequency. The data for recovery times in the USA have
also been developed in parallel to the LOOP event data discussed above. NUREG/CR-5032
[27] is the more recent one for the USA.

One of the first works providing LOOP recovery data was the EPRI study [25]. The
NSAC/ORNL study [10] provided more precise recovery information on events in the USA
until December 1983. The NUREG-1032 [26] study divided the NSAC/ORNL [10] data (with
small modifications) into three subgroups.

- Severe weather type LOOP;

- Grid related LOOP;
— Plant centred (hardware failure related) LOOP.
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For each of these subgroups the study provides a frequency of occurrence versus
duration plot. The plant centred LOOP occurrences are the most frequent cases but most of
them are recovered within half an hour [27]. Therefore, they may be treated like internal
events. The grid and weather related LOOP have lower frequency and larger duration and
are therefore treated more like the special CCI group of IEs.
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3. SELECTION OF INITIATORS

3.1. DEFINITION OF INITIATING EVENTS

An initiating event (IE) is one that creates a disturbance in the plant and has the
potential to lead to core damage, considering successful operation or not of the various
mitigating systems in the plant. The following definition of IE has been taken from Refs [1]
and [28].

"An initiating event is an incident that requires an automatic or operator initiated
action to bring the plant into a safe and steady-state condition, where in the
absence of such action the core damage states of concern can result in severe core
damage. Initiating events are usually categorized in divisions of internal and
external initiators reflecting the origin of the events".

This section deals only with internal events. Internal hazards (such as internal floods)
and external hazards (such as seismic events) are covered in Section 7. The initiating events
considered here are only those normally resulting in an automatic or manual scram and
occurring above a certain power level (usually 5 to 25%).

3.2. MAIN CATEGORIES OF INITIATING EVENTS
The internal initiating events may be looked upon as consisting of three main categories:

(A) LOCAs;
(B) Transients;
(C) Special common cause initiating events (common cause initiators (CCIs)).

Some of the recent PSAs (for example the Paluel PSA [23]) devoted substantial effort
to the events during plant shutdown. A brief introduction to these specific events is provided
in Section 6.5.

(A) LOCAs

The loss of coolant accident (LOCA) initiators include primary system breaks resulting
in loss of primary coolant. Pipe breaks and ruptures of different sizes, inadvertent opening
and failures to re-close (stuck open) of valves are being considered in this category.

(B) Transients

The transient initiating events are those which introduce the disturbance in normal plant
operation, without loss of primary coolant and which require an automatic or manual
shutdown of the reactor. Typical examples of transient initiators include disturbance in
feedwater flow, turbine/condenser, reactivity control, reactor recirculation, etc. Certain
disturbances in some of the support systems will also fall into this category.

(C) Special common cause initiating events
Special initiating events are events which, in addition to requiring reactor shutdown,

simultaneously disable one or more of the mitigating systems required to control the plant
status following the initiator. Typically, they are unique to the plant being analysed.
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Initiating events which are common to most plants and have a typical CCI character are
events such as:

— Loss of off-site power;

- Loss of DC power;

— Spurious containment isolation;
- Loss of instrument air;

- Loss of component cooling.

Even though some of the LOCAs may have CCI character (damage to equipment due
to pipe whip, environmental influence (e.g. high temperature or humidity) on safety systems),
LOCAs are not normally looked upon as CCls.

3.3 METHODOLOGY FOR THE IDENTIFICATION OF INITIATING EVENTS
3.3.1. Identification of LOCAs

Loss of coolant accidents (LOCAs) are usually identified by studying the primary and
secondary system equipment, piping and valve arrangement. Due to the different sizes of
piping and valves as well as different mitigating systems available, a number of LOCAs break
sizes are normally assumed. The specific boundaries of the LOCA event categories for each
plant are established on the bases of overall mitigating system performance requirements (or
safety system success criteria) for various cases of LOCAs break sizes.

The mitigating systems usually provide protection for different sizes of steam versus
liquid breaks. Therefore, different boundaries may be used for small and medium LOCAs of
liquid and steam line breaks (for BWRs).

In general the categories used for LOCA initiators in PSA reflect small variation among
past PSAs. There are in use between three to five basic size categories taken from the
following list:

- Very very small LOCA (e.g. less than 1 inch equivalent inside diameter);
- Very small LOCA (e.g. 1-2 inches equivalent inside diameter);

— Small LOCA (e.g. 2-3 inches equivalent inside diameter);

— Medium LOCA (e.g. 3—6 inches equivalent inside diameter);

- Large LOCA (e.g. greater than 6 inches equivalent inside diameter).

Differentiation between hot leg and cold leg break locations are generally ignored in
PSA studies.

In addition, the following LOCA initiators are also being considered in most PSAs:

— Reactor pressure vessel rupture;

- LOCA outside containment (loss of coolant accident via the interface of low pressure
system with RCS. In this case, in addition to unrecoverable loss of coolant, the
containment is bypassed);

— Steam generator tube rupture (PWRs only).

In several cases of steam generator tube rupture only one tube rupture is considered.
Even though this is a very small LOCA the plant response is in general different from the
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very small LOCA case (due to filling of affected SG and eventually overpressurizing it) and,
in addition, a path to bypass containment is created in this case, which makes this initiator
unique.

Some PSAs consider specifically the following initiators:

- Reactor coolant pump seal leakage or failure (in PWRs);
— Control rod drive system leakage or failure (in BWRs).

In other PSAs they are a part of the ‘very small LOCA’ initiator presented above.
3.3.2. Identification of transients and special initiating events

In order to obtain a comprehensive list of transients and special IEs, a number of
methods and approaches have been used in PSAs. An overview of the methods utilized is
provided in Tables 3.1 (BWR) and 3.2 (PWR). The tables include the following main
methods:

(A) Engineering evaluation or technical study of plant;

(B) Reference to previous PSAs;

(C) EPRI list of IEs (such as EPRI-NP-2230 or NUREG/CR 3862);
(D) Logical classification: MLD, energy balance, barrier analysis;
(E) Plant energy balance fault tree;

(F) Analysis of operating experience for actual plant;

(G) Failure mode and effect analysis;

(H) Other methods.

These methods are described below.
(A) Engineering evaluation or technical study of plant

In this approach, the plant systems (operational as well as safety) and major
components are systematically reviewed to see whether any of the failure modes (e.g. failure
to operate, spurious operation, disruption, collapse) could lead directly, or in combination with
other failures, to significant disturbances of plant operation, requiring operation of mitigating
systems. Partial failures of systems should also be considered since, although they are
generally less severe than complete failure, they are of higher frequency and are often less
readily detected. This is, in principle, similar to a classical engineering approach taken during
the plant’s design aimed towards providing safety systems to cope with the spectrum of design
basis accidents. For PSA purposes, the initiators which are beyond design basis (for example,
due to their low frequency of occurrence) are also taken into account.

In order to aid the engineering evaluation it may be helpful to structurize the initiating
events by means of categorization trees, as has been done in the Swedish project
SUPER-ASAR [29]. The basis for this structurization is the availability of main functions
such as the primary system integrity, off-site power, feedwater and condensation in the main
condenser.

This approach was at least partially utilized in many PSAs, and it is an indispensable
method in identifying special, common cause 1Es which are unique to a particular plant.
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TABLE 3.1 APPROACHES USED FOR THE SELECTION OF IEs IN VARIOUS PSAs (BWRs)

Method for Engineering

Qther

Reference EPRI List Analysis of
NPP Identifying Evaluation to previous of IEs Clagsification: Operating Identifi~
PSA 1Es: or Technical PSAs (such as MLD, Energy Experience cation
Study of Plant EPRI-NP-2230) Balance, Barrier for Actual Methods
Plant
Peach Bottom, [19] GE-NEDO 24708A
Unit 2(-89) ASEP List

Grand Gulf, [36]
Unit 1(-89)

Ringhals 1 {29]
Barsebaeck 1 [29]
Oskarshamn 1 [29]
Oskarshann 2 [29]
Forsmark 3 [29]
Forsmark 1/2 [29]
Shoreham [12]

Browns Ferry [30]
1(-82)

Limerick 1 [20]

Big Rock Point[46]

GE-NEDQ 24708A
ASEP List

The Swedish Energy Comm.
F3 - Study

FSAR

* TFor CCI only



[44

TABLE 3.2. APPROACHES USED FOR THE SELECTION OF IEs IN VARIOUS PSAs (PWRs)

Method for Engineering Reference EPRI List Logical Analygis of Other
NPP Identifying Evaluation to previous of IEs Classification: Operating Identifi-
PSA IEs: or Technical PSAs (such as MLD, Energy Experience cation
Study of Plant EPRI-NP-2230) Balance, Barrier for Actual Methods
Analysis Plant
Ringhals 2 [29] + +
Oconee NSAC [9] + + +
Seabrook (-83)[14] + + FMEA
FSAR
Midland [13] +

Surry, Unit 1 (-86) [40]

Calvert Cliffs (~84) [41]
Arkansas 1(-82)[18]
Sizewell B(-82) +
{50]

German Risk [35]

Study (Phase A)

German Risk [22]
Study (Phase B)

List of Subtle
Interactions (SNL)
ASEP list

FMEA

FMEA

FSAR
RESAR

Zion (44] + + + FSAR & Industry
Experience

Maine Yankee [45} + + + FMEA

Yankee Rowe {31} + + + +

Connecticut Yankee + + FMEA

(56)

* For CCI



(B) Reference to previous PSAs

A large number of PSAs as well as PSA reviews are available today. It is very useful
to refer to the lists of IEs presented in these PSAs, especially those for similar reactors.
Reference to available IE lists may serve as the starting point in compiling a list of plant
specific IEs. This approach was utilized in many PSAs.

(C) EPRI list of IEs

The lists of IE categories for BWRs and PWRs provided in EPRI-NP-2230 [4] and
NUREG/CR-3862 [5] was used as the starting point for IE selection in a large number of
PSAs. The lists are derived by analyzing operating experience of a few hundred reactor-years
in the USA. Therefore, the lists can be considered as one of the best sources for providing
a generic IE list for PSA of a new plant of similar design and reasonably similar operating
practice.

(D) Master logic diagram

The so-called master logic diagram (MLD) is similar to a fault tree. It presents a model
of a plant in terms of individual events and their combinations. A typical top event may be
the ‘significant release of radioactive material’. It develops into a plant level logic structure
whose basic input events are the initiating events. One example of an MLD is shown in
Fig. 3.1 taken from Ref [7]. The initiating events are the lowest level of the tree.

The particular advantage of the MLD method is that the issue of completeness is put
into a more tangible perspective compared to other methods. However, in the cumbersome
task of listing the specific causes of initiating events, the possibility of incompleteness still
exists. Examples of the use of MLD for selection of IEs can be found in Seabrook and
Yankee Rowe PSAs [14, 31].

(E) Plant energy balance fault tree (EBFT)

A transient condition in a nuclear reactor implies an imbalance in the state of
equilibrium in the transfer of thermal energy from the reactor core to the environment.
Therefore, a fault tree analysis of the plant energy balance (sometimes referred to as heat
balance) is a valuable tool for deriving initiating events. The energy imbalance fault tree
analysis may be carried out for any degradation in thermal equilibrium including those from
full power, partial power, hot standby and cold shutdown. The typical top event is ‘imbalance
in energy transfer causing a plant’s IE to occur’. One example of an energy balance fault tree
is shown in Fig. 3.2. As for the MLD, the basic input events derived from the analysis are
the initiating events at the equipment level.

Relative to the MLD it is unnecessary to include additional system failures in this type
of fault tree. There is no need to introduce associated simplifications in the logic and, hence,
the deductive power of fault tree analysis need not to be diminished.

(F) Analysis of operating experience for actual plant

In this approach the operational history of the plant in question and of similar plants
is reviewed to search for any events which should be added to the list of IEs. This approach
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is to be looked upon as supplementary and would not, of course, be expected to reveal low
frequency events but could show common cause initiating events of higher frequency. Such
an approach is used also in precursor studies [32] to identify the IEs and to estimate the
corresponding frequency.

(G) Failure mode and effect analysis

Failure mode and effect analysis (FMEA) is a powerful technique used extensively by
the aerospace industry to reveal component failures that can impose critical effects on system
performance. Dealing at the component level it becomes very detailed and laborious.
Therefore, it is not commonly used in PSA.

Some PSAs have used this methodology to identity IEs within the plant control systems
that have the potential to fail a mitigating system due to dependencies [31].

(H) Other methods

The most commonly used methods or approaches to selecting IEs were covered in the
previous subsections. In special cases some other plant specific methods were used. One of
these is the NUREG-1150 approach that has created a generic list of IEs in a special study
and this IE list (ASEP list) was used as a generic list of IEs in all "1150" PSAs [33].

Another special approach is the Swedish SUPER-ASAR [29] project approach which
is presented in Section 3.4.2.

3.4. EXAMPLES OF INITIATING EVENT LISTS

Section 3.3.2 presented several methods for identifying transient and special IEs. Two
of the methods referred to give lists of IEs from other studies. This Section provides
examples of the EPRI lists (see Section 3.3.2.C) and three specific lists that were used in
previous PSAs (two for PWRs and one for BWRs):

For PWRs:
(A) The EPRI list (considers transients only);
(B) The Oconee list;
(C) The German Risk Study (Phase B) list.
For BWRs:

(A) The EPRI list (considers transients only);
(B) The Grand Gulf list.

As stated before, the EPRI lists for PWRs and BWRs are well known and are referred
to by a number of PSAs, especially US studies.

The PSAs for Oconee and Grand Gulf provide IE lists that are partly based on the EPRI

list, but in addition considerable work has been done using a few of the other methods
discussed in Section 3.3.2 in order to find any additional IE which should be considered.
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3.4.1. Initiating event lists for PWRs
(A) The EPRI list

The EPRI list of transient initiating events [4] is an expansion of the list presented in
the RSS. The expansion is based on US reactor operating experience data. The data for
PWRs includes 2023 events occurring over 213 plant-years at 36 plants. The EPRI PWR list
is given in Table 3.3. The number associated with each initiator is referred to in Section 4.

(B) The Oconee list

The selection of the IEs used in the Oconee PSA [9] was performed in several steps.
Initially, candidate IEs were proposed, and engineering evaluation performed for each IE.
The IE list generated from those two activities was compared to IE lists available from EPRI,
RSS, and the RSSMAP study for the Oconee NPP [34]. The LOCA events and their
respective sizes were selected on the basis of mitigating system requirements. Finally, plant
systems were reviewed to determine relevant special common cause initiators.

The resulting list of initiating events for Oconee is given in Tables 3.4-3.6. Table 3.6
shows the categorizations of the Oconee initiators and includes comments from the initiator
selection process, which should clarify how a particular initiator has been treated. Table 3.6
indicates the final category (based on mitigation requirements) under which a particular
initiator has been considered in an initiating event broad group that was further treated in an
event tree analysis.

(C) The German Risk Study list

The German Risk Study (GRS) transient [Es [22, 35] are treated in two frequency
classes: anticipated transients that are derived from operating experience and unlikely
transients. The unlikely transients mainly include cases of steam line related events which
have large effects on the plant systems. In comparison to these effects, the reactivity type
transients inflict very small impact on the plant systems, and, therefore, they are not
considered in phase B of the GRS. The list of transient initiators in the GRS are shown in
Table 3.7. It should be noted that in many cases the anticipated transients considered in the
GRS lead to the opening of the pressurizer relief valve and, in the case of its failure to close,
a LOCA event occurs. These cases of LOCA are treated within the LOCA initiating events.

LOCA type IEs are covered in the GRS in great detail as shown in Table 3.8. It
includes LOCAs of various sizes in the primary cooling system, in the pressurizer, LOCAs
in the annulus between the circular containment liner and containment shielding (because they
can impact on important additional systems by flooding) and steam generator tube ruptures.

For cases of failure of the reactor scram, ATWS events are also treated in the GRS.

Text cont. on p. 40.
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TABLE 3.3. LIST OF PWR TRANSIENT INITIATING EVENTS

1. Loss of RCS flow (one loop)

2. Uncontrolled rod withdrawal

3.  Problems with control-rod drive mechanism and/or rod drop
4, Leakage from control rods

5. Leakage in primary system

6. Low pressurizer pressure

7. Pressurizer leakage

8. High pressurizer pressure

9. Inadvertent safety injection signal

10. Containment pressure problems

11.  CVCS malfunction—boron dilution

12.  Pressure, temperature, power imbalance—rod-position error
13.  Startup of inactive coolant pump

14. Total loss of RCS flow

15. Loss or reduction in feedwater flow (one loop)
16. Total loss of feedwater flow (all loops)

17.  Full or partial closure of MSIV (one loop)

18. Closure of all MSIVs

19. Increase in feedwater flow (one loop)

20. Increase in feedwater flow (all loops)

21. Feedwater flow instability—operator error

22. Feedwater flow instability—miscellaneous mechanical causes
23. Loss of condensate pumps (one loop)

24. Loss of condensate pumps (all loops)

25. Loss of condenser vacuum

26. Steam-generator leakage

27. Condenser leakage

28. Miscellaneous leakage in secondary system
29.  Sudden opening of steam relief valves

30. Loss of circulating water

31. Loss of component cooling

32. Loss of service-water system

33. Turbine trip, throttle valve closure, EHC problems
34. Generator trip or generator-caused faults

35. Loss of all off-site power

36. Pressurizer spray failure

37. Loss of power to necessary plant systems

38. Spurious trips—cause unknown

39. Automatic trip—no transient condition

40. Manual trip-no transient condition

41.  Fire within plant
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TABLE 3.4. LOCA INITIATORS INCLUDED IN THE OCONEE PRA

Event

Description

1. Small-break LOCA

2. Large LOCA

3. Interfacing-system LOCA

4. RPV rupture

5. Steam generator tube
rupture

A break or leak 1/2 to 4 inches in effective diameter.
These are spontaneous events: induced LOCAs were
treated directly.

A break or rupture greater than 4 inches in effective
diameter except those noted below.

A large loss of coolant through the valves acting as a
boundary between high and low RCS pressure,

A loss of reactor-vessel integrity precluding the ability to
maintain coolant inventory.

A rupture of a steam generator tube
resulting in an RCS leak greater than 100 gpm.

TABLE 3.5. SPECIAL INITIATORS INCLUDED IN THE OCONEE PRA

Event

Description

1. Loss of instrument—air
System

2. Loss of service—water
system

3. Loss of integrated and
auxiliary control systems

4. Loss of DC power system

The system may cause a reactor trip and a
failure of instrumentation and equipment that may be
needed for a successful response to the trip.

The system may fail by a pipe break or pump
failure and in addition prevent other safety system
operation that depend on service water cooling supply.

The Integrated Central System (ICS) is
controlling feedwater, pressurizer heaters etc., and may
cause a transient with loss of a protecting system.

Bus 3TC failure during power operation may result in
failure to supply power to a number of pumps in train A
supplying several mitigating systems.
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TABLE 3.6. CATEGORIZATION OF THE OCONEE INITIATING EVENTS INTO
TRANSIENTS AND LOCAs

Potential
initiating event

Treatment in refinement
process

Final category

1. Rod drop

2. Inadvertent

rod withdrawal

3. Rod ejection

4. Inadvertent
boration or
dilution

5. Reactor trip

If shutdown is required, the con-
ditions after the trip are the
same as those for the reactor trip
category.

It was determined that the reason
for rod withdrawal would not
affect the other reactor systems.
ICS failures are treated elsewhere.
Conditions after the trip are the
same as for the reactor-trip cate-
gory since the additional reactivity
before the trip would not signifi-
cantly change boundary conditions.

Detailed analysis not performed.
Probabilistic consideration is
included in the frequency of non-
mitigatable vessel ruptures.

Boration would force the reactor
toward shutdown. Credible
dilutions would result in reacti-
vity effects judged to be insigni-
ficant with respect to mitigation.
Dilutions resulting in substantial
reactivity were judged to be of
small probability due to the time
required and the amount of nonbor-
ated water required. Core melt due

to a dilution accident was judged to
be dominated by more frequent transients.

Reactor/turbine trip

Reactor/turbine trip

Event frequency
judged to be very
low. Consequences
limited to brief RCS
overpressure.

Vessel rupture

Reactor/turbine trip

Reactor/turbine trip
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

6. Cold-water
addition

7. RCP trip

8. RCP seizure

9. Flow-channel
blockage

10. Loss of main
feedwater

11. Excess
feedwater

The conditions at shutdown are
not significantly different
from those of a reactor trip.

Four-pump trip assumed to be
dominated by the loss of off-
site power or the loss of ser-
vice water.

Only four-pump seizure was judged
to be significant with respect to
reactor conditions. Simultaneous
four-pump seizure was judged to be
of low probability and therefore
would not result in dominant
accident sequences.

The potential for blockage was exa-
mined and found to be small due to

the presence of internals at the bottom

of the vessel which would

prevent large objects from block-
ing flow channels. Smaller block-
ages were judged to not affect
dominant core-melt risks.

Due to its gross effects on heat
removal through the secondary
side, this was treated as an
initiator.

Excessive feedwater that results
in overcooling transients were
treated as a transient category.
Other excessive feedwater events
that result in a loss of main
feedwater as the cause of trip
were included in the loss of
main feedwater category.

Reactor/turbine trip

Loss of off-site
power, loss of
service water

Loss of main
feedwater

Excessive
feedwater
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TABLE 3.6. (cont.)

Potential Treatment in refinement Final category
initiating event process
12. Loss of Treated separately due to its Loss of condenser
condenser long-term affects on main- vacuum
vacuum feedwater availability and

because it changes the avail-
ability of the condenser as a
heat sink whereas the loss of
main feedwater does not.

13. Inadequate Some trips result from feedwater Reactor/turbine
main instabilities that do not de- trip and partial
feedwater grade the reliability of feed- loss of main

water after the trip. These are feedwater

included in the reactor-trip
category. Another category was
defined, partial loss of main
feedwater, which describes the
situation when the operability
of the main feedwater system is
degraded but not lost (e.g.,
one-pump trip or condensate-

pump trip).
14. Feedwater or  Treated as an initiating event Feedwater line
condensate due to the effects on the break
line breaks availability of condensate to

the main and emergency feed-
water systems.

15. Steam line Kept as a separate category due Steam line break
breaks to its effects on both the pri-
mary and secondary systems in-
cluding overcooling and loss
of steam-dump capability. Sub-categories
were used to differentiate the responses
to breaks inside or outside the
reactor building.
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

16.

17.

18.

19.

20.

21.

Turbine and
control valve
malfunctions

Turbine-bypass
valve inad-
vertent

opening

Turbine
malfunction

Loss of con-
denser cir-
culating
water

Small RCS
pipe breaks

Large RCS
pipe breaks

No significant effects on re-
sponding plant systems.

The inadvertent opening was in-
cluded in the steamline break
category.

The only turbine malfunction
singled out for special study
was turbine-missile generation

Effects of the transient were
found to be included in the
loss of condenser vacuum.

Grouped in one category based on
an analysis of the response
required. Breaks less than

4 inches in diameter were in-
cluded in the small-LOCA-category

All breaks greater than 4-inch
diameter were grouped into one
category based on required res-
ponse and success criteria.

Special locations for these LOCAs
were reviewed, but the effects
were judged not to be important
when compared to the important
mitigation system failure modes.

Reactor/turbine trip

Steam line break

Reactor/turbine trip

Loss of condenser
vacuum

Small LOCA

Large LOCA
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

22.

23.

24.

25.

26.

27.

28.

Inadvertent
PORYV or
safety-valve
opening

Reactor cool-
ant pump seal
failure

Control rod
drive seal
leakage

Interfacing
system loss
of coolant

Reactor vessel
rupture

Steam genera-
tor tube
leak/rupture

Charging
exceeds
letdown

Included in the small LOCA cate-
gory. It should be noted that

PORYV or safety-valve LOCAs resulting
from other transients are modelled
explicitly in the event tree.

Included in the small LOCA cate-
gory if the seal failure is a
spontaneous initiating event.

Seal failures resulting from
inadequate protection after a

trip are modelled explicitly.

This event would have no signifi-
cant differences from the
small LOCA initiating event.

Treated in a special study due to
the specificity of the event
and its effects

Treated as a separate initiating
event. The separate category is
defined to include ruptures that
cannot be mitigated

The event is defined as its own
category due to unique operator
actions and different
radiological considerations
from small LOCAs

Inadvertent HPI operation was
judged to be the most restric-
tive case and is treated as an
initiating-event category.
Other possibilities are

treated as subsets.

Small LOCA

Small LOCA

Small LOCA

Interfacing systems
LOCA

Reactor vessel
rupture

Steam generator
tube rupture

Spurious engineered
safeguards signal
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

29. Letdown
exceeds
charging

30. Inadvertent
high pressure
injection

31. Failure on or
off of
pressurizer
heaters

32. Failure on or
off of
pressurizer

spray

33. Loss of off-
site power

This transient was judged to be
a subset of the small LOCA
category.

Treated as a separate initiat-

ing events category due to dif- engineered

ferent boundary conditions
created by the event.

A review of the ICS

identified the potential for fail-
ure causing heaters to fail on
and the PORYV to fail closed.
This event was treated as a
separate initiating event.

Sprays failing off would result in
a high pressure trip, but condi-
tions after trip should not be
greatly different from those of

a reactor trip. Sprays failing

on would have effects similar

to those of event 26.

Treated as a category due to its
effects on nearly all event-tree
top events. The event was sub-
divided into switchyard faults
and grid loss due to a differ-
ence in the availability of the
Keowee overhead for the two
cases and because of the differ-
ent recovery potentials.

Small LOCA

Spurious

safeguards signal

Spurious low
pressurizer
pressure signal

Reactor/turbine trip

Loss of substation
switchyard and
loss of grid or
feeders
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

34.

35.

36.

37.

38.

Loss of power
to necessary
systems

Loss of power
to control
systems

Loss of
service water

Loss of
component
cooling

Loss of instru-
ment air

Because of the large number of po-

tential initiating events in this
category, a special study was
conducted to determine the most
significant events with respect
to their effects on plant sys-
tems (see Table 3.5).

These events were examined as
subsets of event 29 and event 1
of Table 3.5.

This category was analysed for
specific effects.

The service-water system at
Oconee provides the most impor-
tant needs. Component cooling
requires service water for the
heat exchangers. The loss of
component cooling results from
the loss of service water and
was treated in that category.

Loss of the instrument air system
affects a number of top events air
significantly and also changes

the availability of control-

room indications to the operator.
The air system was reviewed and
the loss of system pressure was
judged to be bounding case over
less severe malfunctions.
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TABLE 3.6. (cont.)

Potential
initiating event

Treatment in refinement
process

Final category

39. Integrated
control
system power

40. Fires affect-
ing necessary
systems

41. Internal flood-
ing affecting
necessary
systems

42. Generator
faults

43. QGrid distur-
bances

44. Administrative
shutdowns

45. MSIV closure
(1 or all)

46. ATWS

The ICS analysed in great detail
both as a support system and an
event initiator.

See Section 6 on internal/external
hazards.

The potential for internal plant
flooding was recognized and re-
viewed. See Section 6 on internal/
external hazards.

Does not affect systems required
for adequate response.

Grid disturbances that result in
generator trip do not change
plant response. Other grid
faults were assigned to the
grid-failure initiating event.

These shutdowns were included in
the reactor-trip frequency if
during the shutdown a trip was
required. Shutdowns that pro-
ceed orderly and do not require

a trip are considered successful
responses.

Not relevant to the Oconee plants.

Treated separately (see Section 6.1).

ICS initiators

Reactor/turbine trip

Reactor/turbine trip

Reactor/turbine trip
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TABLE 3.7. TRANSIENT INITIATING EVENTS AND THEIR ESTIMATED
FREQUENCY OF OCCURRENCE IN THE GERMAN RISK STUDY (PWR)

Transient initiating events GRS phase B GRS phase A
[22] [35]
(D) Operational transients (anticipated transients):
14. Loss of emergency power 0.13 0.1
15. Loss of main feedwater without
loss of heat sink 0.15 0.8
16. Loss of main feedwater and
loss of heat sink 0.29 0.3
17. Loss of heat sink with
main feedwater on-line 0.36 —
(E) Steam line break transients (unlikely transients):
18. Large leakage in steam line
inside containment 1.6 x 107 -
19. Large leakage in steam line
outside containment 4.8 x 10 -
20. Intermediate leakage in steam line
inside containment 2.7 x 107 —
21. Intermediate leakage in steam line
outside containment 1.1 x 107
) ATWS
22. ATWS by loss of main feedwater 47 % 107 4x10°
23. ATWS by loss of emergency power 3.4 x10°°
24. ATWS by loss of circulating water 7.5 x 107 2.5%x107°
25. ATWS by other transients 2.3 x 107
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TABLE 3.8. LOCA INITIATING EVENTS AND THEIR ESTIMATED FREQUENCY OF
OCCURRENCE IN THE GERMAN RISK STUDY (PWR)

LOCA initiating events

GRS phase B

[22]

GRS phase A
[33]

(A) Leakage in the primary cooling system piping:

1a.

1b. Intermediate LOCA

2.

3
4.
5.
6

®)

10.

11.

Large LOCA

Small LOCA 1
Small LOCA 2
Small LOCA 3
Small LOCA 4
Small LOCA 5

Pressurizer leakages following transients:

(>10")
(4-10"
(1.6-4")
(1-1.6"
(0.5-1
(0.25-0.5")
(0.04-0.25")

Small leakage from pressurizer
(0.4 following loss of main

feedwater

Small leakage from pressurizer
(0.4™) following loss of heat sink

Small leakage from pressurizer
(0.4") following other transients

Small leakage from pressurizer
(0.8") by failure-open of safety valve

Leakage in the primary system in the

round-space (‘ring-space’)

(C) Steam generator tube leakage:

12. Steam generator tube leakage

(0.12-0.25")

13. Steam generator tube leakage

(0.02-0.12")

<107/year
<107

9x 10°
7.5 x 107
7.5 % 107
1.4 x 10™
2.8 x 107

3.2 x 107

3.3 x 107°

1.2 x10™

8.5x 107

<107

1 x107°

6.5 x 107

2.7 x 10™/year

8 x 10™

2.7 x 1073

1.3 x 1073

3x 1078
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3.4.2. Initiating event lists for BWRs
(A) The EPRI list

Since there is a considerable difference between IEs in PWR and BWR plants, EPRI
developed a separate IE list based on operating experience of plants with BWRs. The data
for BWRs include 903 events occurring over 101 reactor years. The EPRI BWR list is given
in Table 3.9. As for the PWR list, the number associated with each initiator is given in
Section 4.

(B) The Grand Gulf list [36]

This list was obtained by making use of the IE lists in about 10 available PSAs for US
reactors. Generally, the initiators identified in these studies incorporate all events that had

occurred in US nuclear power plants by 1980. A summary of these actual transient events
is reported in EPRI-NP-801 [3] and its update EPRI-NP-2230 [4].

The above information was supplemented with actual plant trip data for Grand Gulf for
a period of about 2 years of operation.

A review of the Grand Gulf design for special initiators was also undertaken.

The loss of coolant events were categorized into break size ranges, based on success
criteria for the safety injection systems. The resulting list of initiating events for Grand Gulf
is given in Tables 3.10 and 3.11.

3.5. COMPLETENESS OF IE LISTS

The first step in order to get a list of initiating events as complete as possible is to use
several of the methods presented in Section 3.3. As an obvious minimum, one should include
the following methods:

— Engineering evaluation;

— Reference to previous PSAs and other available IE lists (e.g. EPRI list);
- Reference to operating experience (if any relevant is available);

- Logical evaluation (MLD or EBFT).

Each approach examines potential IEs from a different perspective yielding a high
degree of confidence that all risk significant IEs have been identified.

The more frequent IEs should, in general, be based on collected operating experience.
This group of IEs is therefore considered to be relatively well covered.

The problem of completeness arises mainly with respect to the low frequency IEs. Low
frequency IEs may be considered in three areas: pipe breaks or ruptures, other component
failures and rare human errors. Pipe breaks and ruptures are considered to be relatively well
covered if a proper engineering evaluation of the plant is performed. An important point is
to examine piping outside the containment which has connections to the primary system, in
order to reveal possible interfacing LOCA initiators. In that respect, the reliability of isolation

1 has to be adequately considered.
valves fas to be 4 v Text cont. on p. 49.
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TABLE 3.9. LIST OF BWR TRANSIENT INITIATING EVENTS

1. Electric load rejection

2. Electric load rejection with turbine bypass valve failure
3. Turbine trip

4. Turbine trip with turbine bypass valve failure

5. Main steam isolation valve (MSIV) closure

6.  Inadvertent closure of one MSIV

7. Partial MSIV closure

8. Loss of normal condenser vacuum

9. Pressure regulator fails open

10.  Pressure regulator fails closed

11. Inadvertent opening of a safety/relief valve (stuck)
12.  Turbine bypass fails open

13.  Turbine bypass or control valves cause increase in pressure (closed)
14. Recirculation control failure--increasing flow

15.  Recirculation control failure--decreasing flow

16. Trip of one recirculation pump

17.  Trip of all recirculation pumps

18. Abnormal startup of idle recirculation pump

19. Recirculation pump seizure

20. Feedwater--increasing flow at power

21. Loss of feedwater heater

22. Loss of all feedwater flow

23.  Trip of one feedwater pump (or condensate pump)
24, Feedwater low flow

25. Low feedwater flow during startup or shutdown
26. High feedwater flow during startup or shutdown
27. Rod withdrawal at power

28. High flux due to rod withdrawal at startup

29. Inadvertent insertion of control rod or rods

30. Detected fault in reactor protection system

31. Loss of off-site power

32. Loss of auxiliary power (loss of auxiliary transformer)
33. Inadvertent startup of HPCI/HPCS

34. Scram due to plant occurrences

35. Spurious trip via instrumentation, RPS fault

36. Manual scram; no out-of-tolerance condition

37. Cause unknown
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TABLE 3.10. LOCAs AND SPECIAL INITIATORS INCLUDED IN THE GRAND GULF

PRA [36]

LOCA SIZE

A (large LOCA)

S1 (intermediate LOCA)

S2 (small LOCA)

S3

SPECIAL INITIATOR

Loss of instrument-air

Loss of emergency AC
or DC vital bus

Steam  >0.4 sq.ft. (370 cm?)
Liquid >0.4 sq.ft.

Steam 0.13-0.4 sq.ft.
Liquid 0.007-0.4 sq.ft.

Steam  <0.13 sq.ft. (100 cm?)
Liquid <0.007 sq.ft.(6.5cm?)

An S3 LOCA is a recirculation pump seal break and is
isolable.

If the operator does not recognize the break and fails to
isolate, it is categorized as an S2 LOCA.

Vessel rupture.

Interfacing system LOCA.

DESCRIPTION

The IE is included because a loss of instrument-air
results in a plant trip and degrades one or more of the
systems required to respond to the initiator.

The IE is included because a loss of any AC or DC bus
results in a plant trip and degrades one or more safety
systems. In most BWRs, the drywell coolers are a
non-safety system, but are powered by the safety buses.
Loss of one safety bus may eventually lead to high
drywell pressure trip and loss of a safety system
powered by that bus.
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TABLE 3.11. TRANSIENT INITIATORS IN THE GRAND GULF PRA

INITIATING
EVENT GROUP

E€PR1 TRANSIENT
CATEGORY

RATIONALE FOR INCLUSION

Ti
(Transients that
cause LOSP)

12
{Transients with
loss of PCS*)

31

32

A loss of the offsite grid will result in a reactor scram and loss
of normal AC power The on-site emergency diesel generators are
required to start to supply AC loads.

Loss of the normal and preferred station transformers result 1n a
reactor scram and loss of normal AC power The on-site emergency
diesel generators are required to start and supply AC loads.

A generator load rejectron results in fast closure of the turbine
control valves which in turn scrams the reactor A subsequent
failure of the turbine bypass valves to open results tn complete
isolation from the condenser.

A turbine trip results 1n closure of the matn turbine stop valves
which 1n turn scrams the reactor. A subsequent failure of the
turbine bypass valves to open results 1n complete 150lation from
the condenser.

MS1V closure results 1n a reactor scram and complete isolation
from the condenser.

Closure of one MSIV may result in & high steam line flow signal
that isolates the main steam lines from the condenser by closing
the remafning MSIVs. MSIV closure scrams the reactor

Loss of PCS, that is,

reactor isolation from main condenser




TABLE 3.11. (cont.)

INITIATING
EVENT GROUP

EPRI TRANSIENT
CATEGORY

RATIDNALE FOR INCLUSION

T2
(Transients with
loss of PCS*}
{Concluded)

10

12

13

37

Partial closure of one MSIV may result in a high steam line flow
s-gnal that isolates the main steam lines from the condenser by
closing the remaining M51Vs. MSIV closure scrams the reactor.

A loss of condenser vacuum causes a closure of the main turbine
stop valves, MSIVs, and turbine bypass valves. The turbine trip
initiates reactor scram.

A pressure regulator failure in the open position will cause the
main turbine control valves and bypass valves to completely open
resulting in a low turbine inlet pressure isolation of the MSIVs.
MS1V closure initiates reactor scram,

A pressure requlator failure in the closed direction will result
in closure of the main turbine control valves and inhibit opening
of the turbine bypass valves. A high neutron flux signal will
scram the reactor,

An inadvertent or excessive opening of a turbine bypass valve will
decrease the main steam line pressure resulting in a low turbine
inlet pressure closure of the MSIVs. MSIV closure initiates reactor

scram.

Failure of the turbine control valves and bypass valves in the
c¢losed position will isolate the reactor from the main condenser.
Zlosure of the turbine stop valves initiate reactor scram.

A1l transients with unknown causes are assumed to result in
isolation of the reactor vessel from the main condenser.

*Loss of PCS, that is, reactor isolattion from main condenser.
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TABLE 3.11. (cont.)

INITIATING EPRT TRANSTENT
EVENT GROUP CATEGORY RATIONALE FOR INCLUSION
T3A 1 A generator load rejection causes a fast closure of the turbine

(Transient with
PCS available)

14

control valves that in turn causes a reactor scram. The MSIVs
will remain open and the turbine bypass valves will allow steam
flow to the condenser.

A turbine trip results in closure of the main turbine stop valves
which in turn causes a reactor scram. The MSIVs will remain open
and the turbine bypass valves will allow steam flow to the
condenser.

A failure of the recirculation flow control which increases
recircuiation flow results in a high neutron flux scram of the
reactor. The turbine control valves will close upon decreasing
turbine pressure. The MSiVs remain open and the turbine bypass
valves will allow steam flow to the condenser

A failure of the recirculation flow control which decreases
recirculation flow will result in a vessel level swell to the
Level 8 set point for scram and turbine trip. The MSIVs remain
open and the turbine trip initiates bypass valve operation.

The trip of on recirculation pump will not result 1n reactor
scram. However if an additional failure occurs, it is assumed
that the other recirculation pump trips. A level swell will
occur causing 8 Level 8 reactor scram and turbine trip. The
MSIVs remain open and the turbine trip initiate bypass valve
operation.




9%

TABLE 3.11. (cont.)

INITIATING
EVENT GROUP

EPRI TRANSIENT
CATEGORY

RATIONALE FOR INCLUSION

T34
(Transient with
PCS available)

(Continued)

17

18

18

20

21

27

A trip of 2all the recirculation pumps will result in a vessel
level swell to the Lesel 8 setpoint for scram and turbine trip
The MS]Vs remain open and the turbine trip 1nitiates bypass valve
operation

Attempts to startup & recirculation pump at high power levels
will result 1n a reactor scram on high flux level The MSIVs
remain open and the turbine hypass valves open following turbine
trip

A recirculation pump seizure will result 1n a level swell
causing a Level 8 reactor scram and turbine trip  The MSIVs
remain open and the turbine trip 1nitiates bypass valve operation

A feedwater controller failure resulting in maximum flow to the
vessel will result 1n & Level 8 scram and turbine trip The MSiVs
remain open and the turbine trip will ymitrate bypass valve opening

A loss of feedwater heating can result in a3 high neutron flux scram,
of the reactor. The MS1Vs remain open and the turbine bypass valves
will allow steam flow to the condenser

A rod withdrawa) at power was shown 1n the FSAR not to result i1n a
reactor scram since the rod withdrawal limiter mode of the Rod
Contro! and Information System {RCIS) 1imits the withdrawal Even
though the RCIS 1s single failure proof 1t 1s assumed that a control
rod withdrawal will cause a high neutron flux scram of the reactor
The MS1Vs remain open following turbine trip
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TABLE 3.11. (cont.)

INITIATING EPRI TRANSIENT
EVENT GROUP CATEGORY RATIONALE FOR INCLUSTON
T3A 29 Insertion of more than one contro) rod with failure of the RCIS
(Transient with assumed results 1n a turbine trip on low steam flow. The MSIVs
PCS available) remain open and the turbine bypass valves open.
(Concluded)

30 A fault in the reactor protection system can result 1n a reactor
scram. The MS]Vs remain open and the turhine bypass valves open
following the turbine trip.

33 An inadvertent startup of the HPCS can result i1n a reactor scram
1f the feedwater controller fails to respond correctly. A Levei 3
or 8 signal 1s assumed to result in reactor scram. The MS]Vs
w11} remain open and the turbine trip 1m1trates bypass valve
operation.

34 Scrams from plant occurrences are assumed not to cause MSIV
closures or turbine bypass failure.

35 A spurious trip via reactor protection system instrumentation
does not cause MSIV closure or failure of the turbine bypass
valves.

36 A manual scram will not cause MSIV closure or failure of the
turbine bypass valves.

138 22 A loss of all feedwater flow will result 1n a Level 3 trip of

(Loss of FW transient)

the reactor. The level will decrease to Level 2 actuating HPCS

and RCIC. Operation of HPCS and RCIC will depressurize the plant
to below the low pressure isplation of the MSIVs but closure of the
MSIVs w11l not occur since the operator 15 expected to turn the
reactor mode switch to SHUTDOWN thus i1nhibiting the low pressure
MSIV closure signal.
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TABLE 3.11. (cont.)

INITIATING
EVENT GROUP

EPR] TRANSIENT
CATEGORY

RATIONALE FOR INCLUS!ON

138
{Loss of FW transient)
{Concluded)

T3C
(10RV transient)

23

24

11

A trip of one feedwater or condensate pump may not result 1n a
reactor scram if the feedwater control system compensates for the
reduced flow. However an additional failure is assumed to occur
resulting 1n a Level 3 reactor scram The MSIVs will remain open
and the turbine bypass valves operate following turbine trip A
complete loss of feedwater flow 1s consequently assumed.

A transient resulting i1n low feedwater flow below the capabilityes
of the feedwater control system will result in a Level 3 reactor
scram. The MSIVs will remain open and the turbine bypass valves
operate following turbine trip. A complete loss of feedwater flow
ts conservatively assumed

An inadvertent open Safety Reliref Valve (SRV) will cause the suppres-
sion pool temperature to i1ncrease above lOSOF 1f the SRY can not be
closed {assumed in this category) A reactor scram 1s reguired by
procedures.

Note that suppression pool cooling will not prevent the suppression
pool temperature from increasing during this type imitiator,




Among the other two groups of initiators, it is possible that those IEs were not
specifically considered in previous PSAs. Since those IEs, besides causing a disturbance in
the reactor operation, also affect the function of some mitigating systems (low frequency
CCls), they should carefully be searched for. Naturally, such events that cause multiple
effects are more dangerous than single failures events. In a number of cases such initiating
events have been identified during the performance of other PSA tasks (e.g. fault tree analysis
(FTA)). These initiators are most often plant specific and the engineering evaluation is the
most suitable approach for their identification. Another support for the completeness of IE
lists is obtained from the large size of the IE lists. Most full scope PSAs use a list of over
40 IEs that cover LOCAs of all sizes, transients and CCls of all relevant support systems.
These IEs are then grouped into broad categories which are therefore less sensitive to the
failure to include a particular IE.
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4. GROUPING OF INITIATING EVENTS

For each of the initiating events defined, an event tree, depicting the spectrum of plant
responses (accidents and successes) should be made. Some of the initiating events would
induce the same or a reasonably similar plant response. In that respect, the different IEs are
grouped in order to decrease the amount of analyses required for PSA.

4.1. GENERAL PRINCIPLES FOR GROUPING

The grouping of initiating events shall be made in such a way that all events in the
group impose essentially the same success criteria on the frontline systems as well as the same
special conditions (challenges to plant operators, or to automatic plant responses) and shall
result in the same core damage state. Thus the grouped events can be modelled using the
same event/fault tree analysis.

Sometimes the amount of subsequent analysis needed may be further reduced by
grouping together IEs that evoke the same type of plant response but for which the frontline
system success criteria are not identical. The success criteria applied to that group of events
would then be the most demanding (in terms of required systems) for any member of the
group. The savings in effort must be weighed against the conservatism which this approach
introduces.

Since there are some distinctive features for grouping each LOCA, transients or CCls,
each set is convened separately, for BWR and PWR type NPPs.

4.2. GROUPING OF INITIATING EVENTS FOR PWRs

4.2.1. LOCAs

As the plant response and success criteria is substantially different for LOCAs inside
and outside containment, these two categories are separated. The inside containment division
includes different break size LOCAs where the grouping is made according to a particular set
of success criteria, i.e. different sets of mitigating systems are required for various pipe break
sizes. The most common division of LOCAs caused by piping break, leakage or rupture is:

- Large LOCA (e.g. break size > 6 inch diameter, equivalent to > 300 cm? leak area);

- Medium LOCA (e.g. break size > 3 inch diameter, equivalent to 150-300 cm?® leak
area);

- Small LOCA (e.g. break size < 3, equivalent to < 150 cm? leak area).

These are very general divisions and they vary from one plant to the other. They are
typical to liquid type LOCAs and may differ for steam side breaks.

In some cases, the small LOCA category is further subdivided. Sometimes plant
response requires also a different set of equipment to mitigate the very small size LOCA, such
as encountered when a RCP seal fails. Another reason to include a very small size LOCA
is that it may affect the containment system response in another way than a small LOCA, e.g.
a larger time period is needed for detection and other sensors are required to detect this kind
of event.
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In addition, the rupture or large leak of a reactor pressure vessel (RPV) is considered
in most PSAs as a separate group. It is a case in which all available plant mitigating systems
are considered ineffective.

The loss of coolant events ‘outside containment’ are interfacing LOCA and the steam
generator tube rupture initiators. Although the coolant leaks for those events are comparable
to some of the LOCAs inside containment, there are two principal differences between the two
groups. A LOCA outside containment would, in addition to bypassing the containment and
consequently creating the path for possible release of radioactivity to the environment, involve
an unrecoverable loss of cooling water which becomes critical for the long term cooling.

Two examples of LOCA IE groups are given in Tables 3.4 and 3.8.
4.2.2. Transients

Grouping of transient initiators is not only plant specific, it also depends heavily on the
purpose and scope of a PSA study. To illustrate possible approaches, Tables 4.1 and 4.2
compare the groupings chosen in several plant specific PSA studies with the EPRI list of
transients for PWRs [4] grouped in ‘Functions’ as in NUREG/CR-3862 [5]. It can be seen that
there are some substantial differences in groupings.

There are several reasons for these differences. The most important ones are:

— Different design operation features that affect plant response and success criteria;
— Different level of detail in PSA;
- Progress made in the PSA modelling in order to obtain more realistic results.

As a general rule, the amount of analysis (and cost) need to be weighted against the
increase in modelling detail and in more realistic results. The approaches taken would vary
from rather coarse grouping, where due to scoping analysis a lot of conservatism is involved,
to precise specific grouping, in order to achieve best estimate results.

The minimal grouping would include:

- Transients with main feedwater (MFW) initially available (turbine/reactor trips);
- Transients with loss of MFW;
- Loss off-site power.

When more precise grouping is preferred, the following subgrouping would fit in the
above indicated broad groups:

Transients with MFW
available

- Reactor trip
- Turbine trip
- Partial loss of MFW
- Excessive FW flow

R N
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- Total loss of MFW

- Loss of condenser vacuum
- Closure of one MSIV

- Closure of all MSIVs

— Core power excursion

Transients with
loss of MFW

— Loss of primary flow ) Loss of off-site power
— Loss of off-site power )

The increased details allow to take into account, in addition to the hardware
configuration changes with respect to the mitigation of the sequence, the recovery times which
may differ for each of the transient initiators (e.g. condenser recovery is longer than feedwater
pumps recovery). Therefore, final sequences and associated probabilities are much more
realistic.

4.2.3. Special common cause initiators

This broad group of initiators includes relatively low frequency IEs that in addition to
initiating fault cause failures of mitigating systems. They are very much plant specific. The
most common initiators of this group are:

— Loss of vital AC power bus;

- Loss of service water system;

- Loss of component cooling;

- Loss of a DC bus;

- Loss of instrument air;

— Loss of core level measuring instrument;

- Loss of ventilation system;

- Loss of room coolers;

— Steam line break in locations where it causes additional effects or containment isolation.

The loss of off-site power initiator is somewhat specific. Normally it is included in the
transient group which implies that the diesel generators are available or the off-site power is
being restored within 30 minutes. Otherwise it is called ‘plant blackout’ and becomes a more
serious transient which has similar characteristics to a common cause initiator. Therefore it
is sometimes treated under the CCI category. An example is the RSS [2] in which LOOP
longer than 30 minutes were treated as a CCI. Several examples also exist of plant specific
initiators such as the loss of a particular AC bus in a plant that causes a transient with loss
of a part or severe degradation of the mitigating systems.

Since common cause initiators are rather specific as far as exact plant response is
concerned, they are, in principle, treated individually, e.g. there is no grouping and an event
tree is created for each initiator separately. In some cases, several such initiators, having
similar plant response, would be grouped together (a typical example is loss of service
water/loss of component cooling at some plants). An event tree will be constructed for the
initiators with the most difficult plant response. The treatment of CCls is in principle similar
for BWR and PWR type plants.
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TABLE 4.1. A COMPARISON OF EPRI PWR TRANSIENT CATEGORIES WITH SEVERAL PSA GROUPING SCHEMES (EXAMPLE 1)

Function IE Category OCONEE SEABROOK GERMAN RISK SURRY INDIAN ZION
(From [5]) (From [4]) [9] [14] STUDY [35] [40] P([)IN']I‘ 3 [44]
42
Main turbine/ 33 Turbine trip,throttle valve 1,2,3,6, + 1,2,3,4,5,6,7 + +
generator closure, EHC problems 10,11,12,13 8,9,10,11,12,
14,27,28,29 13,14,15,19,201
33,34,36,38 23,33,34,36,
34 Generator trip or generator 39 + + 38,39,40 + +
caused faults
Condenser vacuum 25 Loss of condenser vacuum 25 + + +
27 Condenser leakage * 18 17,18
30 Loss of circulating water 30 +
Condensate 23 Loss of condensate pump * *
(One loop)
24 Loss of condensate pumps
{all loops) * + +
Feedwater 16 Total loss of feedwater flow 16,24 + + + + +
(a1l loops)
19 Increase in feedwater flow 19 + *
(1 loop)
20 Increase in feedwater flow 20 + *
(all loops)
15 Loss or reduction in + * + +
feedwater flow (1 loop)
21 Feedwater flow instability- + +
operator error
22 Feedwater flow instability- 15,21, + +
miscellaneous mechanical 22,23
causes
28 Miscellaneous leakage in * + +

secondary system
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TABLE 4.1. (cont.)

Function IE Category OCONEE SEABROOK GERMAN RISK SURRY INDIAN ZION
STUDY POINT 3
Reactor system flow 1 Loss of RCS flow (1 loop) * * + +
13 Startup of inactive coolant * * + +
pump
14 Total loss of RCS flow * + * + +
Reactor system 6 Low pressurizer pressure * *
pressure control 8 High pressurizer pressure *
36 Pressurizer spray failure * *
Reactivity control 2 Uncontrolled rod with~ * core power * core
drawal excursion * power
3 CRDM problems and/or rod * increase
drop
11 CVGS  malfunction-boron * *
dilutions
12 Pressure/temperature/power * *
imbalance-rod position error
Steam 17 Full or partial closure of + * +
MSIV (1 loop) + +
18 Closure of all MSIV + * *
29 Sudden opening of steam * +
relief valves
Safety injection 9 Inadvertent safety injection + + * +
signal
10 Containment pressure problems ¥ *
Electrical power 35 Loss of all offaite powsr + + + + + +
37 Loss of power to necessary + Loss of
AC Busg

plant systems
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TABLE 4.1. (cont.)

Function IE Category OCONEE SEABROOK GERMAN RISK SURRY INDIAN  ZION
STUDY POINT 3
Reactor integrity 4 leakage from control rods not Incl. in Incl. in *
5 Leakage in primary system included the LOCA the LOCA *
7 Pressurizer leakage in PSA categories categories *
26 Steam generator leakage * *
- Rod ejection +
Miscellaneous 31 Loss of component cooling + + + + +
32 Loss of service water + + + + +
systems
41 Fire within plant * * +
Spurious trips 38 Spurious trips - * *
cause unknown
39 Auto trips - no * *
trangient condition
40 Manual trip - no *
transient condition
(planned shutdown)
Non EPRI ~ Integrated Control System +
List Categories Failures
~ Loss of Instrument Air +
Spurious low Pressurizer
Presgsure signal +
Non EPRI -~ Feedwater condensate line +
List Categories break
-~ Steam line break - large + + + + +
~ medium +
- Loss of DC Bus + +

Notes: "+" taken into account in the same group
"%" taken into account but in a different group
"Blanks" indicate that the category was not consgidered in that PSA (in several cases the basis for the omission
is provided in the PSAs)



TABLE 4.2. A COMPARISON OF EPRI PWR TRANSIENT CATEGORIES WITH SEVERAL PSA GROUPING SCHEMES (EXAMPLE 2)

Function IE Category SIZEWELL RING- ANO~1 CALVERT
(From [51) (From { 41) B HALS~2 CLIFFS 1
__[501] [291 1181 [41]
Main turbine/ 33 Turbine trip,throttle valve FC4 CAT,2 + +, 37
geuerator closure, EHC problems
34 Generator trip or generator FC4 CAT.2 1,2,3,6,8-10, +
caused faults 13,14,15,17,
23,34
Condenser vacuum 25 Loss of condenser vacuum FC4 CAT.2 * *
27 Condenser leakage * CAT.2
30 Loss of circulating water FC4 CAT,2 * *
Condensate 23 Loss of condensate pump FC4 CAT.2 * *
{one loop)
24 Loss of condensate pumps ¥C4 CAT,.3A had *
(all loops)
Feedwater 16 Total logss of feedwater flow FC& CAT.3A +,24,25,29, +, 18, 24,25
(all loops) 30,17,18 30
19 Increase in feedwater flow FC3 CAT.3B *
(1 loop)
20 Increase in feedwater flow FC3 CAT.3B + *
{all loops)
15 Loss or reduction in FC4 CAT.2 *
feedwater flow (1 loop)
21 Feedwater flow instability-~ FC3 CAT.3B + +
operastor error
22 Feedwater flow instability- FQ3 CAT,. 3B + +
miscellaneous mechanical
causes
28 Miscellaneous leakage in * CAT. 2, *
secondary system 9,18,24,

32
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TABLE 4.2. (cont.)

Rod ejection

Function IE Category SIZEWELL RINGHALS-2  ANO-1 Calvert
B Cliffs-1
Reactor system flow 1 Loss of RCS flow (1 loop) FC6 CAT.2 * +,3,9,11,12
13 Startup of inactive coolant CAT.2 15,17,19,20,23,27
pump
14 Total loss of RCS flow FGé CAT.1 * +28,29,38,
39,40
Reactor system 6 Low pressurizer pressure FC-11 CAT.2 * +
pressure control 8 High pressurizer pressure CAT.1 * +
36 Pressurizer spray failure CAT.1 +
Reactivity control 2 Uncontrolled rod with- FC~7 CAT.1 *
drawal
3 CRDM problems and/or rod FC-7 CAT.2 * *
drop
11 CVCS malfunction-boron FC-7 CAT.1 *
diluticus
12 Pressure/temperature/power * CAT,2 *
imbalance-rod position error
Steam 17 Full or partial closure of FC-4 CAT.2 * *
MSIV (1 loop)
18 Closure of all MSIV FC—4 CAT, 3B * *
29 Sudden opening of steam FC-3 CAT.2 * *
relief valves
Safety injection 9 Inadvertent safety injection FC-8 CAT,3b * #
signal
10 Containment pressure problems CAT.2 *
Electrical power 35 Loss of all offsite power FC-5 CAT.4 + +
37 Loss of power to necessary FC-5 CAT/2 loss of AC
plant systems Bus *
Reactor integrity 4 Leakage from control rods FC-9 CAT.3 incl,
5 Leakage in primary system FC-9 CAT.2 in the
7 Pressurizer leakage FC-9 CAT.2 LOCA
26 Steam generator leakage FC-9 CAT.2 categories
- *
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TABLE 4.2 (cont.)

Function IE Category SIZEWELL RING-~ ANO-1 Calvert
B HALS~2 Cliffa-1
Migcellaneous 31 Loss of component cooling FC~-11 CAT.2 + +
32 Loss of service water FC~11 CAT.3C + +
systems
41 Fire within plant FC-13
Spurious trips 38 Spurious trips - FC~-2 CAT.2 * *
cause unknown *
39 Auto trips - mo CAT.2 *
transient condition
40 Manual trip - no CAT.2 *
transient condition
{planned shutdown)
Non—-EPRI ~ Integrated control system
Ligt Categories failure
- BSpurious low pressurizer
pressure signal
~ Loss of Instrumeunt Air
-~ Loss of core cooling CAT.0
during steam-gen. inspec.
- Feed water condensate
line break FC~4 CAT.3A
— Steam Line Break ~Large ¥C~3 CAT.3A
~-Medium
+ +

Loss of DC Bus
Cold overpressurization FC-8

Notes: '"+" taken into account in the same group

"4 taken into account but in a different PSA IE group
"Blanks" indicate that the category was not considered in that PSA (in several cases the basis for the omission

is provided in the PSAs)
"FC'"- Fault Category

CAT.Q:

Not regular (faulty) reactor shutdown conditions

Transients challenging RCS integrity

Translents that do not challenge RCS integrity or anxiliary core cooling systems
Transients challenging auxiliary core cooling systems with offsite power available

Losep



4.3. GROUPING OF INITIATING EVENTS FOR BWRs

4.3.1. LOCAs

As mentioned in Section 4.2.1 LOCAs are grouped in different break size categories
according to the different success criteria for the safety injection system. A typical division
would correspond to the following [36]:

A Large LOCA Automatic depressurization of primary system is not required.

S, Medium LOCA  Automatic depressurization necessary in order to make it
possible for low pressure ECCS injection

S,  Small LOCA Low pressure ECCS injection not required.

In addition to the above, some of the PSAs also define a small-small LOCA (S,). The
initiator behind that definition is a recirculation pump seal leak or pipe leak of similar size.
Such leaks have occurred in power plants, primarily from the wearing out of these pump seals
during normal operation. Sometimes the control rod drive (CRD) system leakage is
considered in the small-scale LOCA category. As in the case of PWRs, interfacing LOCA is
considered as a separate category. The same is true for reactor vessel rupture. In BWRs steam
is generated directly in the reactor vessel, and LOCA events may be on steam and water
piping. Since the loss of coolant rate will depend on rupture being either on the steam or
water side, actual break sizes (or equivalent flow areas) for the steam and water side will be
different for each of the LOCA groups. Again the need for depressurization and success
criteria for low pressure safety injection will determine actual grouping. Table 3.9 provides
an example of LOCA grouping used for the Grand Gulf PSA.

4.3.2. Transients

As for PWRs, grouping of initiating events depends on the plant response and scope of
the PSA study. Table 4.3 compares grouping in PSA studies for Shoreham, Grand Gulf,
Forsmark and Browns Ferry NPPs with EPRI Generic IE categories [4] and functions from
NUREG/CR-3862 [5].

Table 4.3 shows that there are some major differences in grouping done in plant specific
PSA study. One obvious reason is differences in design and logics of these NPPs. Another
reason is that considerations regarding the severity of the individual initiators did influence
the chosen grouping scheme. Decisions to utilize many IE groups mean that increased effort
to obtain more realistic modelling was judged to be cost effective.

In the Reactor Safety Study (WASH-1400) [2] the BWR transients were originally
grouped into three major categories:

T1: Transients involving loss of off-site power;

T2: Transients involving loss of the power conversion system (PCS) (MSIV closure, loss
of condenser vacuum, etc.);

T3: Transients with the PCS initially available (turbine trip, etc.).
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TABLE 4.3. A COMPARISON OF EPRI BWR TRANSIENT CATEGORIES WITH SEVERAL PSA GROUPING SCHEMES

Function IE Category SHOREEAM GRAND GULF FORSMARK 3  BROWNS FERRY
{121 1361 [29] [301
Main turbine/ 1 Electric load rejection 1 35,36,37(T¢) 1 (T34), 14-21 17T, Ty
generator 2 Electric load rejection with * 32,33,34 2 (T9), 4-10, 2 (Ty) To
turbine bypass valve failure 27,28,29,30 12, 13, 37
3 Turbine trip 3 24,25,26(T,) 3 (T34),27,29,30 3 (75},
33-36 6, 13
4  Turbine trip with turbine * 19,20,21,23 & (Ty) 4(Ty) Ty
bypass valve failure 14,15,16,17 12,5
18,6,7,9,10 7,8,9,10
12,13 (T¢) 39,40
Condenser vacuum 8 Loss of normal vacuum 8 (T,) * *(Ty ) Ty
Condensate -
Feedwater 20 Feedwater-increasing flow * * * T
at power
21 Loss of feedwater heater * * * -
22 Loss of all feedwater flow 22 (T) 22 (T3B) 22 (T¢) Ty
23 Trip of one feedwater pump * 23 (T3B) 23 (T¢) -
(or condensate pump)
24 Feedwater-low flow * 24 (T3B) * -
25 Low feedwater flow during * - - -
stdrtup or shutdown
26 High feedwater flow during * - - -
startup or shutdown
Reactor system flow 14 Recirculation comtrol * * * Ty
failure-increasing flow
15 Recirculation control * * * -
failure-decreasing flow
16 Trip of one recirculation * * * -
pump
17 Trip of all recirculation * * * -
pumps
18 Abnormal startup of idle * * * -
recirculation pump
19 Recirculation pump seizure % * * -
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TABLE 4.3. (cont.)

Function IE Category SHOREHAM GRAND GULF FORSMARK 3  BROWNS FERRY
Reactor system 9 Pressure regulator fails * * * (T¢) To
pressure control open
10 Pressure regulator fails * * * (Ty) -
closed
12 Turbine bypass fails open * * * (T.) -
13 Turbine bypass or control * * * (Tg) Tp

valves cause increased
pressure (closed)

Reactivity control 27 Rod withdrawal at power * * * -
28 High flux due to rod with— % - - -
drawal at startup
29 Inadvertent insertion of * * * -
rod or rods
Steam 5 Main steam isolation valve 5 (Ty) * * (Ty¢) Ty
6 Inadvertent closure of ome ® # * {Tg) Tg
MSIV (rest open)
7 Partial MSIV closure * * * -
11 Inadvertent opening of a 11 (Ty) 11 (T3C) Small LOCA -~
safety/relief valve (stuck)
Safety injection 33 Inadvertent startup of * ” * - -
HPCI/HPCS
Electrical power 31 Loss of offsite power 31 (1) 31 (1) 31 (Te) T3
32 Loss of auxiliary power * 32 (19) 32 (T¢) Ty
Miscellaneous 34 Scram due to plant * * * (Tg) -
occurrences
30 Detected fault in reactor * * 30 16,17,18 -
Protection gystem 19,27,29,20,
21,22,23,24,
14,15 (Tg)
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TABLE 4.3. (cont.)

Function IE Category SHOREHAM GRAND GULF FORSMARK 3  BROWNS FERRY
Spurious trips 35 Spurious trip by way of * * 35 (Tg) -
ingtrumentation, RPS fault
36 Manual scram-no out-of- * * 36 (Tg) -
tolerance condition
37 Cause unknown * * 37,34 (15) -
Not included in - Planned shutdown + + (Tg) -
EPRI List ~ Loss of DC bus + + -
~ loss of instrument air + + - -
Notes: "+" taken into account in the same group

k" taken into account but in a different category

"Blanks" indicate that the category was not considered in that PSA (in several cases

is provided in the PSAs)

Tr — Turbine trip; Tg — Loss of condenser; Tp -~ LOSP;
Ty — MSIV closure; Ty — Inadvertent open relief wvalve;
Tr - Loss of feedwater flow.

(Ty, Ty, T3 - same as in WASH-1400),

the basis for the omigssgion



In some later PSAs, the number of categories was expanded. However, in the more
recent PSAs for Peach Bottom and Grand Gulf, a review was conducted on the interim ASEP
[33] IE list, in order to determine whether expansion of these categories was necessary. In
addition, the actual operating history for Grand Gulf and Peach Bottom was reviewed (as
given in post-trip analysis reports which summarize, among other things, the causes for plant
shutdowns). This information was combined into the list of transient initiators. In general,
it was found that transient events listed in EPRI NP-2230 [4] could remain grouped into the
three main WASH-1400 [2] transient categories, but with a small modification: in the Peach
Bottom and Grand Gulf PSAs, the T3 events category (transients with PCS available) is
further grouped into three subcategories:

T3B: Loss of feedwater;
T3C: Inadvertent open relief valve;
T3A: All other T3 events.

The categorization used for Peach Bottom and Grand Gulf is also in general agreement
with the categorization principles developed especially for the Swedish SUPER-ASAR project
[29], where the categorization of transients is primarily based on the availability of the main
functions: (1) off-site power, (2) feedwater, (3) the main condenser. The intention is that the
IEs within each group should be similar with respect to affected process parameters and
countermeasures. The following main groups are considered:

(1) Planned shutdown;

(2) Scram due to small disturbances;

(3) Loss of main condenser;

(4) Loss of feedwater;

(5) Loss of feedwater and main condenser;
(6) Loss of 400 KV outer grid;

(7) Pipe break of different sizes and locations.

The logic of this categorization is shown in Fig. 4.1.

The main groups are then further subdivided with respect to availability of (battery)
supplied grid and the status of all systems covered by technical specifications (main group 2),
availability of primary system decay heat removal (groups 3 and 5), partial or total loss of
feedwater (group 4) and the availability of off-site grid and generator house load operation

(group 6).
The Shoreham PSA [12] considers the following groups:

(1) Transients that result in turbine trip (T);

(2) Transients caused by main steam isolation valve (MSIV) closure which lead to isolation
of the reactor vessel from the main condenser (Ty);

(3) Transients following loss of feed water flow (T));

(4) Transients resulting from loss of condenser (T,);

(5) Transient resulting from loss of off-site power (Tg);

(6) Transients resulting from inadvertent open relief valve (IORV);

(7)  Orderly and controlled manual shutdown (T)).
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FIG. 4.1. Initiating event classification tree.

Compared to earlier PSAs, the Shoreham list has been expanded. The explanation is
that the Shoreham PSA considers the severity of the different initiating events in more detail
in order to achieve more realistic risk spectra. For example, event T (loss of condenser) and
event Ty, (closure of MSIV) are identical in the early stage of the event, and were treated as
one group in some PSAs. Since the recovery time for loss of condenser is considered to be
substantially larger than the necessary recovery time after MSIV closure, separating these
initiators in two groups means getting more realistic results.

These examples are intended to give some guidance for grouping. But it has to be
remembered that plant specific design or logics may necessitate different approaches. And,
as mentioned earlier, the effects of the increased amount of work and the possible realism or
conservatism in the result, have to be weighted against each other.

4.3.3. Special common cause initiators

Special common cause initiators such as loss of DC power, loss of instrument air or loss
of component cooling influence the plant in different ways. For that reason they are normally
not grouped. The discussion in Section 4.2.3 applies here too.

4.4. IMPACT OF VARIOUS TRANSIENTS ON CORE DAMAGE FREQUENCY

The impact of initiating events on core damage frequencies of the power plant can be
measured by recording the conditional probability of core damage given a certain IE.
Table 4.4 provides one example for a BWR plant taken from the Shoreham PSA [12] and its
review [6]. Table 4.5 provides another example for a PWR plant taken from the German Risk
Study, phase B [22].



TABLE 4.4. IMPACT OF TRANSIENT IEs ON THE SHOREHAM CDFs [12]

Initiating Core damage
Conditional event frequency

Transient probability of frequency contribution
initiator core damage (per year) (per year)
Turbine trip 5.5 E-6 6.85 3.8 E-5
Loss of condenser 9.7 E-6 0.7 6.8 E-6

and MSIV
Loss of FW 4.4 E-6 0.1 4.4 E-7
Loss of off-site 9.6 E-6 0.15 1.4 E-6

power
Inadvertent open 4.8 E-6 0.2 9.6 E-7

of relief valve

TOTAL - 8.0° 4.8 E-5*

2 Does not include all contributions.

TABLE 4.5. IMPACT OF TRANSIENT IEs ON THE GERMAN RISK STUDY CDFs [22]

Initiating Core damage
Conditional event frequency

Transient probability of frequency contribution
initiator core damage (per year) (per year)
Loss of emergency 1.7 E-5 0.13 2.2 E-6

power
Loss of FW without

loss of heat sink 2.1 E-5 0.15 3.2 E-6
Loss of FW with

loss of heat sink 23 E-5 0.29 6.7 E-6
Loss of heat sink

without loss of FW 8.0 E-6 0.36 2.9 E-6
Large steam line

break outside

containment 2.1E3 5 X E4 1.0 E-6
SG tube leakage

(1-6 cm? area) 1.5 E4 6.5 E-3 1.0 E-6
TOTAL - 0.95% 1.7 E-5°

? Does not include all contributions.
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5. DETERMINATION OF THE FREQUENCY OF INITIATORS

Several methods for the quantification of IE frequencies were employed in past PSAs.
Each of the methods has its own advantages and disadvantages and is to be used in specific
cases.

5.1. APPROACHES TO QUANTIFICATION
It is possible to distinguish between two extreme cases of PSA application:

(1) New plants for which no plant specific operating experience exists.

(2) Old plants for which a number of reactor-years of operating experience exist and
occurrences have been experienced in a few IE categories. If the time period of plant
operation is long enough, cases in which no occurrence has been recorded in a certain
category may also be of significance for the quantification of the IE.

Different quantification approaches may be used for different groups of initiators. The
example of division into IE groups for which different approaches may be used is as follows:

(1) General transients initiators;

(2) Large LOCAs, large steam line breaks (in containment), RPV failures;

(3) Small break LOCAs, small steam line breaks (in containment), interfacing LOCAs;
(4) SG tube rupture;

(5) Common cause initiators;

(6) ATWS initiators;

(7)  Loss of off-site power.

The quantification approaches covered in this document are based on various PSAs and
their reviews [9, 12, 14, 20, 29, 36]. These approaches are delineated in the following
sections. For convenience they are listed here:

(1) One stage Bayesian methodology using generic experience data;

(2) Two stage Bayesian methodology using both generic and plant specific data;

(3) Mean frequencies from large operating experience data gathered over a long period;

(4) Expert opinion on rare events;

(5) Failure rates and mission time (valves, pumps, expansion joints);

(6) Failure rate per pipe length and for different pipe categories of quality (standard),
diameter and environmental conditions;

(7)  Fault tree analysis for special rare events such as common cause initiators. The top
event being the occurrence frequency of this initiator;

(8)  Use of similar plants’ experience, other PSAs or generic studies such as the EPRI [4]
and EG&G [5] studies;

(9) Special plant attributes and characteristics of the geographic location of the power
plant.

Table 5.1 provides information on the initiator types for which the various approaches
have been applied in the past.

66



L9

TABLE 5.1. APPROACHES TO IE FREQUENCY DETERMINATION USED FOR VARIOUS TYPES OF IE CATEGORIES

Quantification Approach

IE One Stage Two Stage  Mean  Failure Failure Fault Expert Similar Special
Bayesian Bayesian Frequ- rates & rates &  Tree Opinion  experience plant and
encies  mission piping from other location
times length plants attributes

Frequent Transient IE:

new plants + +

old plants + + +

Non Frequent Transients:

old plants + +

Large LOCAs

Large SLB + +

RPV failure
Small LOCAs

Small SLB
Interfacing LOCAs + + +
SG Tube Rupture + + +

Common Cause
Initiators + + +
ATWS Initiators:

new plants + + +

old plants + +
Loss of Offsite Powers:

new plants + +

old plants + ot +




5.1.1. One and two stage Bayesian updating analyses

The Bayesian method has been used in several PSAs for evaluating the frequency of
IEs. Two of the available references on the methodology are Appendix B of the Oconee PRA
[9] and Chapter 5 of the PRA Procedures Guide [28]. When only generic data is available
and plant specific information is not (e.g. a new plant) a one stage Bayesian analysis is
performed. In this analysis the number of failures and the duration of time in which the
failures occurred are the input evidence used to update a log-uniform or other type of prior
distribution. The resulting posterior distribution is a generic distribution of the number of
failures that can be expected for a population of plants of which the ‘new plant’ is a member.

When plant specific data on a number of failures and duration of time in which they
were recorded is available (‘old plant’) a two stage Bayesian analysis can be made. The
distribution of the population of plants obtained before is now taken to be the prior generic
distributing and the plant specific data is the new evidence used to update the generic
distribution in order to obtain a plant specific distribution of the failure frequencies. The
Oconee PRA [9], the Indian Point-3 PRA [42] and other PRAs used this methodology to
obtain plant specific IE frequencies of all events for which substantial plant specific
occurrences were available.

5.1.2. Mean frequencies of frequent operational occurrences

This is a common approach used for quantification of anticipated transients and manual
shutdowns. Limerick and Shoreham PSAs are examples were this approach was used rather
than the previously described Bayesian approach. For the cases of large amount of data and
when uncertainty bounds are not required, this approach may be effective.

In this approach the event records for a particular plant are searched for all relevant
events that occurred during a given time period.

5.1.3. Expert opinion on rare events

Expert opinion may be used to obtain an estimate on the frequency of a rare event that
has not been observed in nuclear power plant experience. A case in which expert opinion was
used in the past is in the evaluation of seismic hazard to nuclear power plants in eastern
USA. This was done because some of the data needed could not be obtained otherwise.

The frequency of RPV failure is also based in part on expert opinion. In this case the
experts had to evaluate to what extent nuclear power plants are more reliable than the piping
used by the non-nuclear industry, in which failure statistics could be obtained and evaluated.
Similarly, the large LOCA frequency was obtained in the RSS.

The PRA Procedures Guide [28] provides some additional information on the treatment
of expert opinion. A word of caution is always in place, that large uncertainties can be
associated with expert opinion, so that the use of this approach requires careful planning and
documentations to allow peer review.

5.1.4. Frequency estimation by evaluation of failure rates and mission times

This is an approach frequently used in PSA to evaluate various plant specific initiating
events. The cases of valve and pipe breaks or leakages such as interfacing LOCA, a steam
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line break in a certain plant location and internal flooding [9, 15] are examples. In all these
cases sources of valves and pipe failure rates are searched for the applicable values for the
particular plant, based on piping/valve quality, type and size. Table 5.2 provides a
comparison of the motor operated valve (MOV) failure rates taken from various sources,
including PSA applications and other special studies.

For an interfacing LOCA frequency determination, additional information is needed
on valve failure by rupture or leakage. Table 5.3 provides a comparison of several sources
on valve failure, rupture and leakage rates as used in several PRAs and other special
probabilistic studies. While the RSS used data from non-nuclear sources, NUREG/CR-1363
[37] uses LERs from many plants, most of them including small as well as very small
leakages (technical specifications exceedance). The last two sources in Table 5.3 [38, 39]
use more recent LERs. The data provided in the tables is used to estimate interfacing LOCA
frequencies according to the number of valves available in every leak path identified in the
particular plant under review, and on the basis of the testing intervals (e.g. relevant mission
time to be applied to the failure rates) used on each leak path’s through valves.

5.1.5. Fault tree analysis for special rare events

If a plant never experienced an initiating event, its frequency can be estimated using
a fault tree approach. A fault tree is then constructed to include all equipment (and possibly
human errors) contributing to an initiating event. Using plant design information and plant
specific failure data, the frequency of IEs will be generated. A few examples taken from
PSAs are given in Section 6.2.

5.1.6. Use of experience from other plants

This approach is used for plants having a similar design or vendor. In the case of new
plants from the same vendor, the studies that are available can be applied to a group of plants
of the same design. This group can be used as a source of data for the new plant. The
approach is used in PSA performed for new plants of a design similar to those plants that
have been in operation for some time.

Another utilization of this approach is for comparison or for obtaining a range of
values to estimate the frequency of an initiating event. This is especially important when an
IE is considered for exclusion from a specific PSA (for example, because the particular plant
under consideration has several mitigating systems to render any accident sequence of this
IE).

5.1.7. Special attributes of plant and location

For obtaining loss of off-site power (LOOP) frequencies a specific approach has been
developed. An extensive study of factors contributing to the frequency of LOOP in nuclear
power plants was performed in the USA with respect to the power plant blackout study. In
the study the relation between LOOP frequency and plant specific station switchyard design
features were investigated. Similarly, the correlation between LOOP frequency and number
of off-site lines connected to the station switchyard were established. The impact of weather
conditions in various locations on the LOOP frequency, as well as some additional factors
were studied.
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The NUREG-1032 report [26] is a manual to determine a frequency of LOOP for a
certain plant out of plant specific information and its general attributes.

This approach is particularly suitable for new plants. For the older plants that have
accumulated specific evidence of LOOP in their area, the two stage Bayesian approach using
the NSAC-80 [10] could also be a suitable approach.

TABLE 5.2. MOTOR OPERATED VALVES FAILURE RATES

Source Failure mode Assessed range Mean value

RSS [2] Failure to operate 3E-4 to 3E-3/d 1.3E-3/d
(include command)

NUREG/ Failure to operate — 8E-3/d

CR-1363 (include command)

(for BWRs) [37]

NUREG/ Failure to operate — 6E-3/d

CR-1363 (w/o command)

(for BWRs) [37]

Command failure Failure of inboard — 2E-3/d

of both MOVs and outboard MOVs

(inboard and

outboard)

NUREG/ Failure to operate 1E-3 to 9E-3/d 3E-3/d

CR-4050 (include command)

Generic data [6]

SNPS-PRA MOV spurious — 1.6E-/h

[12] App. A.2? opening

CHU-1987 [39] MOV Spurious — 9.2E-8/h
opening

CHU-1987 [39] Failure to — 3.9E-6/d
close

CHU-1987 [39] Inadvertent — 1.2E-3/d
opening

2 Based on GE evaluation.
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TABLE 5.3. CHECK AND MOTOR OPER\TED VALVE RUPTURE OR EXCESSIVE
LEAKAGE RATES

Source Failure mode Assessed range Mean value
[h] [h]
RSS [2] Internal leakage 1E-6-1E-7 2.8 E-7
(severe)
SEABROOK Internal leakage 1E.9
PRA [38] (severe) 5E-8-1E-10
(all sizes) 5E-6-5E-8 5E-7
NUREG/ Internal leakage - 1E-6
CR/1363 [37] (all sizes)
CHU-1987 [39] Internal leakage - 3.4E-7
(all sizes)
RSS (2] Rupture 1E-7-1E-9 2.7E-8
NUREG/ External - 7E-8
CR-1363 [37] leakage/rupture
SEABROOK Rupture - < SE-9°
PRA [38]
CHU-1987 [39] Disk separation - 1.4E-7

* Never occurred in more than 10 000 valve-years.

5.2. SOME EXAMPLES OF IE FREQUEN CIES IN PSA

The Appendix provides a database print >ut which includes IE lists and their frequencies

from a large number of published PSAs. Ir this section several examples of such IE lists
with frequencies of occurrence are given and irovide cross-reference to additional lists of this
type given in previous sections.

Table 2.1 provides the Shoreham (BWR) tra isient IE frequencies.

Table 2.2 provides several PSA LOCA Freq iencies for BWR and PWR plants.
Table 3.7 provides the German Risk Study (°WR) IE frequencies.

Table 5.4 provides the Grand Guif (BWR) 1!} frequencies.

Table 5.5 provides the Big Rock Point (BWI.) IE frequencies.

Table 6.1 provides average B/W (PWR) frec uencies for ATWS IEs.
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TABLE 5.4. GRAND GULF [36] INITIATING EVENT GROUPS* AND FREQUENCIES

Initiator Description Mean
nomenclature Frequency
(per year)
T1 Loss of off-site power (LOOP) transient 0.11
T2 Transients with loss of power 1.62
Conversion system (PCS)
T3A Transients with PCS initially available 4.51
T3B Transients involving loss of feedwater 0.76
(LOFW) but with the steam side of the
PCS initially available
T3C Transient caused by an inadvertent open 0.14
relief valve (IORV) on the reactor
vessel
TIAS Transient caused by loss of instrument 8.1E4
air
A Large loss of coolant accident (LOCA) 1.0E-4
S1 Intermediate LOCA 3.0E-4
S2 Small LOCA 3.0E-3
S3 Small-small LOCA (recirculation pump 3.0E-2

seal LOCA)

® For the distribution of the individual transient initiating events over the groups of transients given above, see

Section 3.4.2 (Table 3.11).
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TABLE 5.5. INITIATING EVENTS FOR BRRP PRA [46] FOR WHICH EVENT TREES

WERE DEVELOPED
Initiating event Frequency
(per year)

Turbine trip 1.4
Loss of main condenser 6.0E-2
Spurious closure of MSIV 6.0E-2
Loss of feedwater 1.6E-1
Loss of off-site power 1.3E-1
Loss of instrument air 6.0E-2
Spurious opening of turbine
Bypass valve 1.0E-1
Spurious opening of RDS
Isolation valve 1.2E-3
Spurious closure of both

recirculation line valves 1.7E-2
Stuck-open safety valve 2.6E-4
Interfacing LOCA 2.0E-3
High energy line break in

recirculation pump room 3.9E-7
High energy line break in pipe tunnel 3.8E-6
Small LOCA 1.0E-3
Medium LOCA 1.0E-4
Large LOCA 1.0E-5
Small steam line break

inside containment 1.0E-3
Medium steam line break

inside containment 1.0E-4
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6. EXAMPLES OF FREQUENCY DETERMINATION

This Section gives several selected examples of how some of the approaches discussed
in Section 5 have been used in past PSAs and in the evaluation of operating experience.

6.1. EXAMPLE OF THE USE OF THE MEAN FREQUENCIES APPROACH

Anticipated transient without scram (ATWS) events are sometimes modelled as a
separate class of initiating events [9, 12, 20, 22]. One of the reasons for their treatment as
a separate IE (rather than branching out from transient IEs) is the fact that not all transients
can lead to an ATWS. Transients that start at a low power level in the core would in most
cases be controlled (because of negative reactivity coefficient feedback) at a power level
which is within the cooling capabilities of the core cooling systems. Only transients starting
at a high power level have a high chance of threatening the core integrity.

The EPRI and EG&G reports [4, 5] include separate tables on transients experienced
at power levels of 25 to 110% of full power. Estimation of ATWS IE frequency can proceed
using those tables as the source for operating experience. For Oconee (a PWR plant) 41
different IEs are reported in the EPRI tables. They should be reduced into a smaller group
of transient initiators.

The Oconee PRA [9] starts with the data for B/W plants rather than the total PWR
database in Ref [4]. The B/W plants have a relatively higher frequency of shutdowns and
many more cases of loss of main feedwater than other types of PWR. The EPRI report
includes 500 events in 48 plant-years for eight B/W plants. This data for 41 IEs was
condensed into 12 transient categories. Out of these 12 categories, eight have been discarded
for the following reasons:

- MSIV closure and RCS loop startup: Not applicable to Oconee-3.

- Load increase and excessive cooldown: Insignificant contributors
because of their low frequency
and comparable consequences to the
other.

- Control rod withdrawal and boron dilution: Bounded in their consequences by
other more frequent transients.

- Loss of RCS flow and RCS depressurization: Bounded by LOOP discussed later
and small LOCA without scram.
The latter is a less severe ATWS

case.
The four ATWS categories retained were: 0-110% 25-110% power
- Loss of condenser vacuum 0.2/year 0.1/year
- Turbine trip 5.7/year 3.9/year
- Loss of main feedwater 0.7/year 0.2/year
- Loss of off-site Power 0.2/year 0.1/year
Total 6.8/year 4.3/year
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In deriving the above frequencies the EPLI data was used and average frequencies were
obtained from using the number of events that occurred in each category and the time
duration in which these occurrences happened.

Table 6.1 is a summary of the collap:e scheme of the 41 transients into the 12
transients considered first (four of them retained for the ATWS analysis). The table displays
the frequencies evaluated in the Oconee PRA for the ATWS initiators based on data for B/W
plants taken from the EPRI data [4].

6.2. EXAMPLES OF DETERMINATION OF THE FREQUENCY OF COMMON CAUSE
INITIATORS

Common cause initiators (CCIs) are events which, in addition to plant trip, result in
the degradation of one or more mitigation syste ms. A list of CCIs evaluated in various PSAs
was given in Section 4.2.3. Here several examples of CCI frequency determination are
summarized.

(a) Loss of 480 V bus (Surry-NPP [40])

Here the failure rate of the transformer is used (10°%h) with a mission time of 8760
hours to calculate a mean frequency of I¢ ss of 480 V bus which is al to 9 X 107%/year.
The transformer failure rate was evaluate 1 by reviewing several sources [9, 14, 41, 42,
44] to obtain a range of data. The median of this range was chosen. Since the
transformer failure rate was significantly larger than the bus failure rate, the latter was
neglected. Similar analysis was perforined in the Oconee PRA where a value of
5.4 X 107%/year was found for IE ‘loss of power to 4-KV switchgear 3TC’.

(b) Loss of charging pump cooling (Surry-I[PP [40])

The charging pump cooling depends (n component cooling/service water system
operation. The frequency of the event ‘vas derived by comparing generic data from
Ref. [5] with Surry plant specific data f om an LLER search.

(¢) Loss of instrument air system (Oconee 1'RA [9])

In this case a fault tree for the top event ‘instrument air system failure’ was
constructed. Failure rates for all basic events were generated and the top event
frequency determined. Loss of instrumer t air event is a combination of several causes;
the frequency is given below:

Contamination: 1.7 X 107%/h

Pipe rupture: 8.3 x 10%h

Loss of station air and one

instrument-air compressor: 1.1 X 10%h

Other combination of station

and instrument-air failures: 9.1 X 107/h

Total: 2.7 x 107%/h or about 0.2/year.
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TABLE 6.1. COLLAPSE OF 41 PWR IE CATEGORIES INTO 12 ATWS GROUPS USED IN OPRA [9, 15]

Transient Category Group EPRI Imitiating Event Number and Frequency of Occurrences in

Categories Type B/W Plants for Second Year and Later

(numbers correspond

to events in table 4.1) 0.110% 25-110% Frequency  Frequency

power* power** 0-110% 25-110%
Loss of Condenser Vacuum 25, 27, 30 8 3 0.20 0.10
Turbine Trip 3, 8, 12, 15, 19, 23, 28, 314 104 7.90 3.61
33, 34, 36, 38, 39, 40

Loss of main feedwater 16, 22, 24 30 7 0.75 0.24
Loss of offsite power 35 4 1 0.16 0.03
Load increase 21, 26, 29 5 0 0.13 <0.01
Loss of RCS Flow 1, 14 13 5 0.33 0.17
Control rod withdrawal 2 3 2 0.08 0.07
RCS depressurization 4, 5,7 2 2 0.05 0.07
Boron dilution 11 0 0 <0.01 <0.01
Excessive cooldown 6, 9, 20 0 0 <0.01 <0.01
MSIV closure 17, 18 0 0 N.A. N.A
Inactive-RCS-loop 13 0 0 <0.01 <0.01
startup
TOTAL 379 124 9.54 4.29

* Number of events (0 to 110% power) for the second year of operation and later on (until 1982 - 39.8 year of operation)
** Number of events (25 - 110% power) for the second year of operation and later on (until 1982 - 28.8 years of operation)




(d) Steam line break (Oconee PRA [9])

This event was evaluated on the basis of operating experience and two stage Bayesian
updates: one event in 205 reactor-yea's was assumed as prior and no event in 19
reactor years as updating evidence This resulted in an estimated frequency of
3 X 10?/years for this IE in Oconee. ‘"he same approach was used to determine the
frequency of the ‘steam generator tube rupture initiator’.

6.3. EXAMPLES OF DETERMINATION CF THE FREQUENCY OF LOCAs

Table 5.1 lists several approaches to the determination of LOCA frequencies. Section
5.2 discusses these approaches further. In thi following we present several examples taken
from actual studies:

6.3.1. Maine Yankee PSA [45]

The approach applied for the Maine Y:nkee PSA was to use similar experience from
other plants. It used the WASH-1400 gencric frequency for medium and large LOCAs
(8.0E-4, 3.0E-4 respectively). For small LO(C As (three different subgroups) and for rupture
of single SG tube, it utilized a combination ¢ f generic and plant specific data as follows:

(a) Small LOCAs can be the results of small pipe breaks from failure of reactor coolant
pump seals [52] or can be induced by 1 transient event that challenges the PORV or
other safety valves. Based on previous PSAs a generic value of 7 X 1073 per year
total was used. Based on plant specifi: information, a further breakdown was made

as follows:

- Very, very small LOCA 5.107%/year;

— Very small LOCA 1 X 107%/year;
— Small LOCA 1 x 107%/year.

all of them have a range factor (uncertiinty factor) of 5.

(b) Steam generator tube rupture is a ver, very small LOCA that has the potential to
bypass containment and is therefore treated separately. The frequency of this IE was
calculated as follows:

Maine Yankee has 17 100 tubes of which 70 are plugged. A generic frequency of
1.4 x 107 per tube-gear was adopted from a previous PWR PSA which results in a

SG tube rupture initiator probability of:
1.4 X 1078 x 17030 = 2.4 X 107%/year.

6.3.2. Interfacing LOCA frequency based on pipe and valve rupture/leakage failure
rates

The interface (or intersystem) LOCA i+ defined as a leak from RCS due to rupture of
low pressure piping connected to the primay system as a result of overpressurization which
is due to loss of isolation between low and high pressure piping. An estimate of the
frequency of interfacing LOCA may be deterr 1ined based on the actual length of low pressure
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piping and the number of pipe sections between the valves. In such an evaluation the detail
of the length of all piping paths from the RCS to the area outside containment is listed. For
each path the pipe sections and associated valves are identified. Data on valve
rupture/leakage rates such as in Tables 5.2 and 5.3 are used. Table 6.2 summarizes various
paths to outside containment including their estimated frequencies (from Ref. [48]).

6.4. EXAMPLES OF DETERMINATION OF THE FREQUENCY OF TRANSIENTS
6.4.1. Maine Yankee PSA [45]

Maine Yankee is a PWR type plant which has been in operation since 1972. Therefore,
the approach used for determining transient frequency is relying on the plant’s own operating
experience (i.e. ‘old plant approach’).

Three data sources were reviewed in the process of determining the transient
frequencies:

(a) Outage and load reduction information (1/1/73 to 3/28/87);
(b)  Scram database (for a similar period);
(c) The NUREG/CR-3862 [5] transient occurrences for Maine Yankee.

List (a) was used from the second year of operation (1/1/74). It correlates well with
the other two sources in most cases. In general the in-plant records were the main source
used in the frequency determination of the more frequent transient IEs. The list of plant trips
was reviewed to identify events that occurred at a power level greater than 15% and were
unscheduled. Over the thirteen years considered in the PSA, a relatively constant average
frequency of nine events per year was observed.

Based on a review of plant response to transient initiators, it was concluded that three
types of event should be considered in the Maine Yankee PSA:

(a) Normal plant trip (do not fail any additional equipment);
(b) Closure of all flow check valves or loss of condenser vacuum;
(c) Loss of all condensate pumps.

The frequency of IE (a) was determined for plant records as discussed above. The
frequency of IE (b) was determined based on NUREG/CR-3862 [5] data for Maine Yankee
which indicated a mean value of 0.04 per year for the closure of the check valves. The
frequency that the NUREG/CR-3862 indicated for Maine Yankee on loss of condenser
vacuum was too high compared to actual plant specific experience. Therefore the same
frequency was used for both contributors in that category. It resulted in the total frequency
of 0.08 per year for this class of IEs. The frequency of case (c) was determined to be 0.02
per year based on NUREG/CR-3862 data but modified to a somewhat higher value according
to engineering judgement of the uncertainty involved in this event.

In addition to the above mentioned four categories of IEs additional special plant
specific IEs considered in the Maine Yankee PSA include:

(a) Loss of service water 2.0 X 10*/year;
(b) Loss of secondary component cooling 2.3 X 10¥year;
(¢) Loss of primary component cooling 2.3 X 107?%/year;
(d) Loss of control air 3.2 X 10 year.
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TABLE 6.2. ESTIMATED FREQUENCIES OF BREAKS OUTSIDE CONTAINMENT

NUMBER OF: INITIAL
BREAK} L Sty ISOLATION VALVES BREAK ESTIMATED DESCRIPTION OF THE CASE ANALYZED
BREAK LOCATION SIZE | 1 E|A ASSUMED FLOW: FREQUENCY
N C | L | VALVES FAILURE STEAM OF BREAK
CASE E T { V | DESIGNATORS PROBABILITY{ OR LIQUID{ OCCURRENCE
S 11E
01]S
N [(*)
S
Reactor Core
Isolation Cooling{ 1 4" 111] 17§ 1E51-MOV04l 1.0 steam 2.1E-6 Break exclusion section and valve between Reactor
(RCIC) Steam Line Building penetration and the outboard MOV 042,
(Elevation 87).
11 3" 116 6] IE510MOV04l 1.0 steam 5,8E-6 Non break exclusion sections and valves from out-
and MOV042 board isolation valve up to RCIC turbine. Four
openings per year of valve -042 are assumed (A1l
elevation below elevation 87 down to elevation 8).
111 1 1 | 14} 14} 1ES51-MOV048 1.0 steam 1.2€-3 Non break exclusion section and valves from Reac-
and tor Building Penetration up o the 1-1/¢ hRPCIy
1;31‘5’!0'\3"; R;l; ul a:n FIUIT LU LUHIUCTIDCH » I\Ullllu:l., vpcn
(Elevation 87 down to Elevation 8).
RCIC/HPCI Steam 1E51/1E41 Section between HPCI and RCIC drain lines connec-
Drain Line 1 1-1/2 1§71} 01} AOV-081 or 1,0 steam 5.E-5 tion and the penetration to the main steam tunnel.
AOV-082 (Between elevation 11 and 70),
Reactor Water MOV033 (FOO1) First section in Reactor Building, It is break
Cleanup System 1 6" 1] 1] 1} and MOVF102 1.0 Liquid 2.1E-6 exclusion and normal operating. (Elevation 112)
(RWCU) Supply and MOVF100
Line F106
11 6" 111 0} The above and| 1.0 Liquid 7.5E-6 Section from outboard isolation valve to the 6x3"
1633-M0V034 reducer. Non break exclusion (Elevation 112).
or(F004)
H1 3" 2| 3] 3] same as above] 1.0 Liquid 5.4E-4 Section and valves from reducer up to RWCU pumps.
(Elevation 112)




The frequency of these events was estimated using special plant specific models such
as fault trees.

6.4.2. German Risk Study (GRS) PSA phase B [22]

The German PSA (phase B) included two main types of transient initiators:

(a) Anticipated transient

- Loss of AC power 0.18/year
- Loss of main feedwater w/o loss of heat sink 0.1/year
- Loss of main feedwater with loss of heat sink 0.29/year
- Loss of main heat sink w/o loss of FW 0.36/year
Total: 0.93/year

(b)  Unlikely transients

- Large leakage in steam line within containment -1.6 X 10™/year
- Large leakage in steam line outside containment -4.8 X 10™/year
- Medium leakage in steam line within containment -2.7 X 107%/year
- Medium leakage in steam line outside containment -1.1 x 10™*/year

Total: 7.8 X 10™/year

(c) ATWS (various transient sources)

The frequency of case (a) were calculated using the two stage Bayesian updating with
plant specific data. The plant data was based on the Biblis B experience since it was
connected to the grid in 1977. Some modifications in the system design that were
made in Biblis were taken into account. The prior distribution was assumed to be non-
informative (uniform). The update was made using Gama distribution. The frequency
of loss of AC power was calculated based on a database larger than the Biblis B
database.

6.5. EVENTS IN SHUTDOWN

Traditionally, PSAs have been modelling plants assuming full power operation. Several
incidents involving loss of decay heat removal capability during shutdown pointed out the
vulnerability of the plant in the shutdown mode, and eventually prompted the performance
of PSA studies for other operating modes than full power.

Two of the PSA studies for French 900 and 1300 MW(e) reactors performed
respectively by the Commissariat & I’énergie atomique (CEA) and Electricité de France
(EDF) indicated that a high percentage of the total risk is actually coming from the shutdown
state. Similar events are currently being studied elsewhere.

Although loosing decay heat removal is the major event to be analysed in shutdown,
if the analyses covers other non power states, additional events should be considered. In the
CEA study of French 900 MW(e) reactors [49] the following non-power states were
considered:

- period while the reactor is shut down, with temperature below 280°C and pressure
below 133 bars, but above residual heat removal (RHR) system parameter;
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primary circuit full of water, RHR conrected and in operation;
primary circuit partially drained;
refuelling, with reactor vessel head opeit and pond above reactor vessel full.

The list of initiators considered for som: non-power states in this study includes:

loss of primary coolant;

SG tube rupture;

LOCA outside containment;
loss of electric power supply;
dilution accident;

loss of RHR.

In a recent study [47] performed at the /;andia National Laboratories, USA, initiating

events for the operating modes other than full power operation for a BWR plant have been
determined. The operating modes considered 'vere:

low power operation (less than 15% potver);
startup;

hot shutdown;

cold shutdown;

refuelling.

The general criteria for determining the i1itiators were: (1) any disruption from normal

operation requiring rapid shutdown and challer ging safety systems to remove decay heat (for
modes 1 and 2); and (2) any event which requires an automatic or manual action to prevent
core damage (modes 3, 4 and 5).

(1
2
3)
@
&)

The initiating events identified were div ded into five major groups:

Transients;

LOCAs;

Decay heat removal (DHR) challenge e ents;
Special events;

Hazards.

The first step in identification of initiating events was the evaluation of applicability

of initiators considered in full power mode fo1 each of the non-power modes. Additionally,
initiators unique to modes other than full power were postulated. New types of initiators have
been identified in shutdown modes (modes 3, 4 and 5) and were basically due to changing
plant states (equipment out of service, etc.) ard increased human activities in those modes.
Table 6.3 summarizes potential initiating eents identified for each of the non-power
operating modes.
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TABLE 6.3. POTENTIAL INITIATING EVENTS AND OPERATING MODES
TO WHICH THEY APPLY

INITIATING EVENTS

MODE 1L

MODE 2

MODE 3

MODE 4

MODE 5

T1:
T2:

T3A:
T3B:
T3C:

LOSS

TRANSTENTS

Loss of Off-Site Power

Loss of Power Conversion Sys
Power Conversion Sys. Avail.
Loss of Feedwater
Inadvertent Open Relief Vlv.

OF COOLANT ACCIDENTS (I.OCAs)

A:
S1:
S$2:
s3:
Hl:
H2:
J:
K:

Loss
TSA:
TSB:
T5C:
TIAS: Loss of Instrument Air Sys,
TEP:

Large LOCA

Intermediate LOCA

Small LOCA

Small-Small LOCA

Diversion to Suppression Pool
Diversion to Condenser

LOCA in Connected System
Test/Maintenance-Induced LOCA

DHR CHALLENGE INITIATORS
ElA:
E1B:
ElC:
E1D:
ElE:
E2A:
E2B:
E2C:
E2D:
E2E:

Loss of Condensate (DHR)
Loss of RHR-Shutdown Cooling
Loss of RWCU (DHR)

Loss of Alternate DHR System
Loss of RCIC

Isolation of Condensate

Iso. of RHR-Shutdown Cooling
Isolation of RWCU (DHR)

Iso. of Alternate DHR System
Isolation of RCIC

SPECIAL EVENTS

Criticality Events:
T4A:
T4B:

Rod Withdrawal Error
Refueling Accident

of Support Systems:

Loss of Standby Serv. Water
Loss of Turb Bldg Cool Water
Loss of Plant Service Water

Loss of electric power

Other Events:
TORV: Inadvertent Open Relief

Valve-Shutdown

TIOP: Inadvertent

Overpressurization

Internal Fire
Internal Flooding

I
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7. INITIATING EVENT! FOR WWER PLANTS

Most of the eastern European countrics operating WWER units have now their own
PSA programme. Two ILevel 1 PSA studies 1ave been completed to date: the Greifswald
NPP PSA, Germany, and the Loviisa NPP PS4, Finland. In addition to these analyses, a so-
called ‘Top Level Risk Study’ has been performed recently in Bulgaria for the Kozloduy
NPP, Units 1 to 4 [60],which involves limitec scope PSA as well. The other ongoing PSA
analyses for WWER plants show variety with -espect to the status of completion: some are
‘semi-finished” and some are in a preliminary state. While the other examples of PWR IEs
appearing in this document are taken from coinpleted studies, the information given in this
Section represents the current status of selec ion, grouping and quantification of IEs for
WWERs.

The collective term ‘WWER’ covers three types of PWR with different design
characteristics:

(1)  WWER-440/230;
(2) WWER-440/213;
(3) WWER-1000/320.

Due to the fact that at present PSA of "WWER-440 type reactors is better developed
than the WWER-1000 analyses, qualitative information and quantitative data provided in this
Section primarily relate to WWER-440 reactor types, except for some references to WWER-
1000 data, such as the accumulated operaiing experience for WWER-1000 plants in
Section 7.3.

The 230 and 213 models represent two generations of the WWER-440 type reactors
having distinctive safety features. The main differences in safety characteristics of the basic
230 and 213 models are briefly described belc w.

The maximum design basis accident is : LOCA with break size 100 mm for the 230
reactors and large LOCA with break size 50C mm (equivalent to the diameter of the main
primary coolant pipeline) for the 213 reactors. The primary cooling circuit equipment and
components of the 213 model are housed in a leaktight containment to cope with 0.15 MPa
overpressure. No real containment but a press ire resistant confinement exists for the W230
type. The 213 type plants are equipped with « ore flooding hydroaccumulators as well as a
bubbling condenser-vacuum system, while tl e 230 plants are not. The emergency core
cooling system of the basic 230 model have a redundancy of 2 X 100%, designed to cope
with the 100 mm LOCA. The emergency core cooling system of the 213 type consists of the
high and low pressure systems, both with rediindancy of 3 X 100% designed to cope with
the 500 mm LOCA.

In the following sections the 213 and 230 types of WWER-440 reactors are treated
together in order to cover the issue of IE defiiiition for both models. Therefore the WWER
initiating list (definition and grouping) and the associated frequencies should be handled with
care to avoid misinterpretation of the inform: tion, e.g. use of an IE irrelevant to a given
WWER type plant.
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Within the framework of an IAEA project set up to help PSA activities of WWER
owners and to promote the exchange of information among them, a specific workshop was
held in ReZ, Czechoslovakia, in February 1992. At that workshop a section was devoted to
the definition, grouping and frequency determination of IEs for WWER type reactors.
Sections 7.1 to 7.3 summarize the achievements of that common effort, reflecting also the
contributions from the participating countries (Bulgaria, Czechoslovakia, Germany, Hungary,
Poland and Russia). Regarding the determination of IE frequencies, some additional data is
provided in Section 7.3 taken from the Kola-1 PSA study and from the ‘Top Level Risk
Study for Kozloduy’ [60] besides the IE frequencies made available during the ReZ
workshop.

7.1. SELECTION OF WWER INITIATING EVENTS

The WWER operators had developed their own initiating event lists. At ReZ the
selection methodologies used by the participating teams were discussed in detail. The selection
techniques followed by them are given below.

(A) Approach used for Kozloduy NPP, Bulgaria

In the identification of IEs for the Kozloduy NPP, the actual plant operating experience
was used as much as possible. However, the major procedural steps were as follows:

(1)  Generic IE lists and the experience gained throughout the world helped to form
an initial cut of IEs and their sub-events.

(2) Plant specific information from the operating history was then used to modify this
list.

(3) A list of IEs was derived as a result of steps (1) and (2) above.
(B) Approach used for Dukovany PSA, Czechoslovakia
(1)  Selection of IEs (sources):
(a) Accident analysis in CSFR safety analysis reports.
(2)  Selection criteria:

(a) IE must cause reactor scram; and/or
(b) A selected IE must cover several individual similar IEs.

(3) Based on the above methodology a list of 14 IEs was derived.

(C) Approach used in Greifswald PSA, Germany
(1) Reference to previous PSAs (especially to the German Risk Study (GRS) [22]).
(2) Use of the EPRI list of IEs [4].

(3)  Use of the draft of German PSA guidelines.
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(D)

(E)

(4) Engineering evaluation; technical study of the plant.

(5) Analysis of the plant specific ope ating experience.

(6) Performing a limited scope PSA, which excludes many of the initiating events.
Approach used for Paks PSA, Hungary

(1) As a first step a generic list was zathered from publicly available PWR PSAs.
This step considered the followin:; sources:

(a) EPRI-NP-2230, Interim Rejrort (1982) [4];

(b) Results of the German Risk Study, Phase B [22];

(¢) Studvik SUPER-ASAR Reyort, 1987 [29];

(d) Oconee PRA-NSAC-60, 1934 [9];

(e) Zion PRA, 1981 [44];

(f)  Seabrook station PRA, PLC-0300, 1983 {14],

(g) IAEA Initiating Events Dat ibase, 1988;

(h) A list of IEs especially made for WWER type reactors by the Soviet
specialists for the former C VIEA programmes.

(2) As asecond step, the above sourc s were used to construct a comprehensive IE
list of 96 IEs.

(3)  The list was then discussed in an sxpert group consisting of specialists in PSA,
thermohydraulic analysts, systent analysts and experts from the operating
personnel. As a result of this caretf al selection process a list of IEs was generated
consisting of 66 different initiators.

(4) A further step was taken, of engir eering evaluation, using master logic diagram
(MLD) methodology, operating « xperience and comparison with results from
other PSA studies.

(5) Further reduction of the IE ist will be carried out on the basis of
thermohydraulic analyses as they become available. '

Zarnowiec approach

(1) Several generic PSA studies, de'roted to IEs, and several plant specific PSA
reports were reviewed in order to identify candidates for WWER plant specific
IEs. These sources included:

(a) EPRI categorization schem« as described in NUREG/CR-3862 [5];

(b) IAEA IE database (Status I)ec. 1988);

(¢) PRAs for NPPs with PWR type reactors such as Oconee PRA [9], Surry
[40], Borselle;

(d)  Available information on P3A results for WWER-440 power plants such
as Loviisa, Kola, Dukovany.

(2)  The information from all the abov:: sources was carefully evaluated, and a generic
type list of IEs was generated.
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(F) Approach used for WWER IE selection, Russia

(1) In general, the approach is based on IAEA and NRC PSA procedure guides.
(2) As a first step a comprehensive list of possible IEs is composed by using:

(a) A detailed analysis of the plant;

(b) Operating experience from similar PSAs or NPPs;

(c) Environmental studies;

(d) Results from probabilistic assessment of equipment rupture possibilities;
(e) Generic databases (IAEA and others);

() The list of design basis accidents;

(g) Supervision organization (licensing authorities) requirement.

(3) All the above information is evaluated taking into account:

(a) Isthe IE suggested a simple or a complex IE including several dependent
or independent events?

(b) Where does the IE occur (reactor, spent fuel storage pool, etc.)?

(c) Duration of the IE. This applies to loss of off-site power and spurious
opening of valves.

(d) The size of the failed device.

(e) The state of the NPP when the IE took place (power operation, refuelling,
startup after refuelling, shutdown).

(f)  Isthe IE within the design basis? If it is, the plant response is known from
safety analysis. If not a design basis IE then the plant response needs first
of all to be understood, in order to facilitate evaluation of the suggested IE.

(g) Only IEs requiring a safety function performance are included in the
Russian list of IEs.

As a result of the individual activities in the field of IE selection, the following sources
were used to develop a generic IE list for Level 1 PSA of WWER-440 type reactors:

- List of 1Es for Kozloduy PSA activities, Bulgaria;

- List of IEs selected for the preliminary NPP Dukovany PSA Study, Czechoslovakia;
— List of IEs used for Greifswald PSA, Germany;

- List of IEs for Level 1 PSA of Paks NPP, Unit 3, Hungary;

- Generic list of IEs, Poland;

- List of IEs for WWER-440 reactors, Russia.

The IE lists mentioned above were compared and evaluated in order to create as
complete as possible a WWER-440 initiating event list. The IE list derived from this process
is provided in Table 7.1 for LOCAs and in Table 7.2 for transients and CCls, both taken from
Ref. [59]. The list covers 80 internal initiators during full power operation. External and
internal hazards as well as events during shutdown or low power operation are not included.
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TABLE 7.1. CLASSIFICATION OF LOCA: FOR PSA OF WWER-440 PLANTS

Initiating event

Rationale for inclusion

1. GROSS
RUPTURE

2. LARGE LOSS OF COOLANT
ACCIDENTS (OVER DN 200 mm)

2.1. Large LOCA: loops 2, 3 and 5
cold leg

2.2. Large LOCA: loops 2, 3 and 5
hot leg

2.3. Large LOCA: loop 4 cold leg

REACTOR VESSEL

It causes an immediate loss of all
cooling water in the reactor vessel. The
mitigating systems are considered to be
ineffective. Note: in case of smaller
reactor vessel damage the low pressure
injection can be effective.

The break location affects the
effectiveness of the high pressure
emergency core cooling system due to
the fact that the high pressure ECCS
lines are connected to the cold leg of
loops 2, 3 and 5 respectively. Both

hydroaccumulators feeding to the
downcomer are thought to be
ineffective.

In this case the water fed by the
hydroaccumulators connected to the
upper plenum is lost. With respect to the
core flooding system only the other two
hydroaccumulators can mitigate the
consequences of the initiating event. The
effectiveness of high pressure injection
is not affected as much as in the case of
breaks on the cold leg of loops 2, 3, 5.

One train of the low pressure ECCS is
connected to loop 4, therefore this low
pressure line is considered to be
ineffective in addition to the hydro-
accumulators feeding to the downcomer.
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TABLE 7.1. (cont.)

Initiating event

Rationale for inclusion

2.4.

2.5.

2.6.

2.7.

2.8.

Large LOCA: loop 4 hot leg

Large LOCA: loops 1 and 6
cold leg

Large LOCA: loops 1 and 6 hot
leg

Rupture of connection line of
hydroaccumulator feeding down-
comer

Rupture of connection line of
hydroaccumulator feeding upper
plenum

Similarly to the break on the cold leg of
loop 4, one low pressure pump is almost
lost in the case of this initiating event.
On the other hand, the
hydroaccumulators feeding to the upper
plenum cannot be effective.

No mitigating system line is connected
to loops 1 and 6. Thus, this break
location reduces the effectiveness of
only the hydroaccumulators connected to
the downcomer.

The mitigation provided by the hydro-
accumulators that are connected to the
upper plenum is degraded by this
initiating event. The effectiveness of the
other mitigating systems are not affected
by the location of the break itself.

One low pressure ECCS line is
connected to this hydroaccumulator line.
Thus, one low pressure pump is lost in
addition to the two ‘lower’ hydro-
accumulators if this event occurs.

Concerning the effectiveness of the
mitigating systems the initiating event
implies the same consequences as the
other hydroaccumulator line break (see
IE 2.8). The only difference is that the
other two hydroaccumulators are lost in
this case.
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TABLE 7.1. (cont.)

Initiating event

Rationale for inclusion

3. MEDIUM LOSS OF COOLANT
ACCIDENTS (DN 32-200 mm)

3.1. Medium LOCA not affecting
emergency core coding system
operation

3.2. Medium LOCA affecting high
pressure ECCS operation

3.3. Medium LOCA affecting low
pressure ECCS operation

3.4. Medium LOCA affecting both
high and low pressure ECCS
operation

4. SMALL LOSS OF COOLANT
ACCIDENTS

4.1. Small LOCA initiating ECCS
operation

4.2. Inadvertent opening of
pressurizer relief valve
(DN<25mm)

No degradation is considered in the
mitigating systems owing to the location
of the break.

Some portion of the cooling water fed
by one of the high pressure pumps
immediately leaks through the break, so
that pump cannot perform its function.

This initiating event causes degradation
in the redundancy of the low pressure
ECCS.

There are certain pipelines in the
primary system the rupture of which
reduces the effectiveness of both high
and low pressure injection.

Compared to IE No. 4.3 the break size
in this case is such that it requires
ECCS operation regardless of the power
rate of the make-up water pumps

The stuck open relief valve on the
highest point of the primary circuit
results in a specific non-isolable LOCA
situation that should be handled as a
separate IE.

89



TABLE 7.1. (cont.)

Initiating event

Rationale for inclusion

4.3. Small LOCA, that can be
compensated by make-up water
(DN<13mm)

5. LOSS OF COOLANT
ACCIDENTS OUTSIDE
CONTAINMENT
5.1.a. Steam generator tube

rupture (ca. 5 cm?)

5.1.b. Several steam generator

tubes leakages

5.2. Steam generator collector
rupture

The make-up water system is sufficient
to keep the balance of coolant loss and
coolant addition giving a wide time
window to the operator to take
corrective actions.

The main difference why the single
steam generator tube rupture is handled
separately from other more extensive
leakages between the primary and the
secondary circuit is that in this case the
operation of the ECCS is not required or
can be prevented by correct operator
actions.

In addition to the ECCS operation this
initiating event results in greater
radioactivity release to the secondary
circuit/environment than IE No. 5.1.a.

The loss of coolant caused by this IE is
considered to be equivalent to the loss
in case of a medium LOCA in spite of
the fact that the break size corresponds
to a large LOCA (DN 400 mm),
because the primary coolant goes
directly to the secondary side and not to
a low pressure space (i.e. the
containment) in this case.
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TABLE 7.1. (cont.)

Initiating event Rationale for inclusion
5.3. Interfacing-system The basis for the distinction between
LOCA towards high initiating events Nos 5.3 and 5.4 are the
pressure ECCS different rates of flow bypassing the

containment (DN 111 mm).

5.4. Interfacing-system The loss of primary system flow is
LOCA towards low much higher than in the case of IE 5.3.
pressure ECCS There is a factor of about 2 between the

relevant nominal pipeline diameters for
the two cases.

7.1.1. Selection of LOCAs

The LOCA type IEs on the WWER lisi are broken down into three main categories
based on the break size. The categories are as follows:

- Large LOCA;
- Medium LOCA;
— Small LOCA.

It should be noted that the break sizes appearing in Table 7.1 reflect the state of
classification as of February 1992. Verification and finalization of the various break size
boundaries are still going on as discussed in S:ction 7.2.1.

The large LOCA events are further subcivided according to the location of the break.
Hot leg and cold leg locations are treated s.parately in addition to other specific break
locations. The reason for this detailed classificalion is the fact that breaks at different locations
of the primary circuit can impact on the effeciiveness of the mitigating systems differently.
The medium size LOCAs are categorized likewise. The differentiation between IEs 4.1 and
4.3 within the small LOCA category does not necessarily indicate different break locations
but implies different break sizes. The approximate small LOCA break sizes are given in
Table 7.1.

In addition, three main LOCA categories outside the containment, including ruptures

within the steam generator and other inter{icing system LOCAs, are also covered in
Table 7.1. Reactor vessel rupture is treated as a separate IE.
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7.1.2. Selection of transients and common cause initiators

The WWER initiating event list of transients and CCIs (given in Table 7.2) is
subdivided into nine major groups as follows:

Reduction in primary system coolant flow;

Loss or reduction in feedwater flow;

Reduction in steam flow;

Loss of steam;

Transients causing turbine(s) trip;

Failure in electric power supply and 1&C systems;
Failure of auxiliary systems;

Unplanned reactor trip;

Reactivity transients.

Sl S ol e

The above classification follows the technological plant features. Thus, these categories
do not agree totally with PSA needs and do not imply final grouping of transients and CCIs
for WWER plants.

Group 1

Initiating events 1.1-1.4 do not require reactor shutdown if additional malfunctions do
not occur, because the primary circuit is equipped with six loops. Even the simultaneous loss
of three reactor coolant pumps — which is the strongest transient of those mentioned above
— requires only the reduction of reactor power down to 50%. Due to the structure of the
primary circuit these transients have moderate effects and are not likely to endanger core
integrity. The simultaneous loss of all reactor coolant pumps is the only event in group 1 by
which reactor shutdown is needed.

Group 2

The transients listed in group 2 include events causing partial or total loss of feedwater
flow (see IEs 2.1 and 2.2), feedwater line ruptures (see IEs 2.2-2.10) and other events
introducing disturbances in feedwater flow (see IEs 2.10-2.15). Loss of one feedwater pump
initiating event does not require reactor shutdown. This initiating event usually creates little
disturbance in the normal operation of the plant because the feedwater system has five
feedwater pumps (with four of them normally operating).

The feedwater line ruptures are categorized according to break size and location. This
grouping has been done by detailed investigation of the feedwater system piping arrangement.
The primary basis for the classification is the degree of degradation in the secondary side
cooling caused by the various feedwater line ruptures. This degradation strongly affects the
availability of the main and/or emergency feedwater systems.

The initiating events 2.12 to 2.15 affect the feedwater availability only in the long term.

However, these events to some extent affect the availability of the condenser(s) as a heat sink
as well.
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TABLE 7.2. LIST OF TRANSIENT AND 'ZOMMON CAUSE INITIATING EVENTS
FOR LEVEL 1 PROBABILISTIC SAFETY ASSESSMENT OF WWER-440 PLANTS

1. REDUCTION IN PRIMARY SYSTEM COOLANT FLOW

1.1.
1.2,
1.3.
1.4.
1.5.

Trip of one or two reactor coolant pumps
Simultaneous trip of three reactor coolant pumps (230)
Inadvertent closure of main gate salve (primary circuit)
Reactor coolant pump seizure

Total loss of reactor coolant flow

2. LOSS OR REDUCTION IN FEEDWATER FLOW

2.1.
2.2,
2.3.
2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.

Loss of one feedwater pump

Loss of all feedwater pumps (mo ‘e than 50 %)

Feedwater collector rupture

Feedwater line rupture that can b isolated by separation of one steam
generator and compensated by st: rtup of reserve feedwater pump
Feedwater line rupture that can b: isolated by separation of one steam
generator and cannot be compensated by startup of reserve feedwater pump
Feedwater line rupture that can b isolated by separation of one half of
feedwater collector and compens: ted by startup of reserve feedwater pump
Feedwater line rupture that can b: isolated by separation of one half of
feedwater collector and cannot b¢ compensated by startup of reserve feedwater
pump

Rupture of feedwater pump discharge line (before check valve)

Rupture of feedwater pump suction line

Feedwater line rupture inside containment

Feedwater flow instability

Loss of condenser pump (one)

Loss of condenser pumps (all)

Loss of condenser vacuum

Loss of circulating water

3. REDUCTION IN STEAM FLOW

3.1.
3.2.

Inadvertent closure of main stean isolation valve
Miscellaneous leakages in secondary system

4. LOSS OF STEAM

4.1.
4.2a.
4.2b.
4.3.
4.4,
4.5,
4.6.

Inadvertent opening of steam gererator relief valve
Inadvertent opening of steam dur1p valve (bypass)
Inadvertent opening of steam durip valve (to the atmosphere)
Steam line rupture inside contain nent

Steam line rupture outside contai iment

Rupture of main steam collector

Turbine control valve malfunctio 1
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TABLE 7.2. (cont.)

TRANSIENTS CAUSING TURBINE IS TRIP
5.1.  Turbine trip (one turbine)

5.2.  Turbine tripe (both turbines)

5.3. Total loss of electric load

5.4. Generator faults/trip

FAILURES IN ELECTRIC POWER SUPPLY AND 1&C SYSTEMS

6.1. Loss of off-site power

6.2. Loss of all 6 kV bus-bars

6.3. Loss of one 6 kV bus-bar

6.4. Loss of bus-bar EV (non-interruptible AC power)

6.5. Spurious ‘P, > 1.1 bar’ signal

6.6. Spurious ‘large LOCA’ signal (213) or spurious ‘low pressure in the
primary circuit’ signal (230)

6.7. Spurious ‘main steam collector rupture’ signal (213) or spurious ‘low pressure
on the steam header’ signal (230)

6.8. Loss of normal grid connection

FAILURES OF AUXILIARY SYSTEMS

7.1.  Loss of service water system

7.2.  Loss of intermediate cooling to reactor coolant pumps

7.3. Loss of intermediate cooling to control rods

7.4. Loss of ventilation systems

7.5.  Loss of high pressure air

7.6. Loss of room cooling in a vital instrumentation compartment
7.7. Primary system purification system fault

UNPLANNED REACTOR TRIP

8.1. Spurious reactor trip

8.2. Reactor trip due to administrative procedure such as simultaneous unavailability
of two safety systems

REACTIVITY TRANSIENTS

9.1. Uncontrolled single control rod withdrawal

9.2.  Uncontrolled control rod group withdrawal

9.3. Inadvertent boron dilution

9.4. Control rod ejection with reactor vessel damage

9.5. Anticipated transient without scram (ATWS)

9.6. Control rod drop (single rod)

9.7. Control rod ejection without reactor vessel damage

9.8. Restart of isolated primary system loop (opening of main gate valve) with low
boron concentration
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Groups 3 and 4

The initiating events grouped under ca egories ‘reduction in steam flow’ and ‘loss of
steam’ are in accordance with IE groups vs:d in most PSAs. These events include valve
malfunctions and steam line breaks. The piping and valve arrangement on the steam side of
the secondary circuit is necessarily reflected in groups 3 and 4. Steam line breaks inside and
outside the containment are treated separa e y. In addition, the main steam line break is
distinguished from the main steam collector rupture due to different sizes. Various valve
openings leading to inadvertent steam dumy/ielease are identified as separate IEs.

Group 5

Transients listed in group 5 are events r:sulting in turbine trip. A unique feature of this
category is that it includes trip of one turbin: and trip of two turbines. Trip of one turbine
does not require reactor shutdown but reduced power (50%) operation.

Groups 6 and 7

The initiating events of groups 6 and 7 .ire mostly common cause initiating events and,
apart from a few exceptions such as ‘loss of o f-site power’, ‘loss of normal grid connection’
and ‘loss of service water system’ which are generic IEs, they are specific to WWERSs.

As an example of how these events affe ct several systems/components simultaneously,
the consequences of two CCls resulting from bus-bar failures are described below.

(a) Loss of one 6 kV bus-bar

There are four vital 6 kV AC buses in the power supply system. Depending on which bus
is lost, the initiating event can cause the lnss of electric power supply to a make-up water
pump, reactor coolant pump(s), feedwater pump(s) and condense pumps at the same time.
In addition, the three safety bus-bars are also connected to the 6 kV buses.

(b) Loss of bus-bar EV (non-interruptible A Z power)

The initiating event causes substantia'! loss of information in the control room. If it
occurs, the state indicator lamps of the 12actor coolant and feedwater pumps disappear
together with the indicators of the 6 kV « ircuit breakers. Most of the controls cannot be
operated from the control room. Some of the control circuits and interlocks on the
secondary side are disabled too.

Group 6 also includes three initiators 1e1med ‘spurious signal’. These three events are
also well supported by WWER operating exp« rience. Loss of the component cooling system
is broken down to two events, namely the 13ss of intermediate cooling to reactor coolant
pumps and the loss of intermediate cooling (o control rods. The failures of other auxiliary
systems such as the ventilation systems are n >t further subdivided in the list.

Group 8
Two reactor trip categories are defined. The first category, the spurious reactor trip,

includes both manual and automatic trips. The other category covers reactor trips required by
the technical specifications.
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Group 9

The last group of the WWER initiating event list covers the reactivity transients. Most
of the initiating events in this category result in core power distribution asymmetry through
reactor power increase (IEs 9.1, 9.2, 9.3, 9.4, 9.7, 9.8). The control rod drop IE has just
opposite effects on the core. The control rod ejection with reactor vessel damage initiating
event (9.4) causes substantial loss of primary coolant, i.e., a LOCA situation in addition to
the reactivity transient. Anticipated transient without scram (ATWS) events are also included
in group 9. Those transients by which the ATWS events should be taken into account are not
identified in the list.

7.2. GROUPING OF WWER INITIATING EVENTS
7.2.1. Grouping of LOCAs

In the WWER initiating event list the division of LOCAs is based on the following
break size boundaries:

- Large LOCA: break size > 200 mm DN,
- Medium LOCA: 32 mm DN < break size < 200 mm DN;
- Small LOCA: break size < 32 mm DN.

As regards large LOCAs, some additional thermalhydraulic analyses are still under way
to investigate the break size limits with respect to plant response and mitigating system
requirements. Grouping of large LOCAs based on break location, e.g. breaks on hot and cold
legs, etc. are not fully justified by thermal hydraulic calculations either.

The medium LOCAs may have to be further subdivided. The latest calculations suggest
that the broad spectrum of 32—200 mm should be split into 2-3 subcategories. However, these
results are not reflected in the current WWER list because some more plant response analyses
are needed to finalize the break size boundaries. The location of the medium LOCAs affects
the availability of the emergency core cooling systems; they are therefore differentiated
according to break location as well.

Within the small LOCA category a very small LOCA with break size < 13 mm DN is
identified besides the pressurizer valve malfunction. The latter is a specific LOCA situation
(see Table 7.1).

The break size boundaries related to the subcategories in the small LOCA group should
also be verified by plant response analysis.

The loss of coolant accidents outside containment includes three steam generator failures
(tube(s) or collector rupture) and two additional interfacing system LOCAs. These events are
handled as separate groups from other LOCAs because they require specific operator actions.
Moreover, the unrecoverable primary coolant released to the environment can have substantial
radiological effects in the case of steam generator failures.

Rupture of a reactor vessel is treated as a separate group on the WWER IE list as
described in Table 7.1.



To demonstrate the efforts being made i1 this area, Table 7.3 shows the results of some
plant response analyses for WWER-440/213 1 /e reactors. The categorization of LOCAs given
in Table 7.3 is based on thermalhydraulic ane1 'ses performed in Czechoslovakia, the Russian
Federation, Poland and on engineering judge r ent. The rationale of this classification and the
mitigating system requirements for the varions LOCA categories are briefly described below
(based on Ref. [63]).

TABLE 7.3. SYSTEM SUCCESS CRITERIA FOR LOCAs CLASSIFIED
ACCORDING TO BREAK SIZE RANGE (BASED ON REF. [63])

LOCA Break size range System Success Criteria
category (mm) HP |HPR | LPI | LPR | CFS | EFS | SCS
] 1 1 | pm
L1 10 <D <20 1 1 PM
1 1 04| 1 |HR
] ]
L2 20 < D < (50-70) ] 1
1 1 o4 1 |HR
. (50-70) < D < L1
(120-150) | )
1 1
L4 (120-150) < D < 200 1 1
1 1 1+1®
1 1
LS5 200 <D <300 —
1 1 1+1®
L6 300 <D <500 1 1 1+1°

HPI
HPR
LPI
LPR
CFS
EFS
SCS
PM
HR

— High pressure injection system.
- High pressure recirculation system.
- Low pressure injection system.
- Low pressure recirculation system.

— Core flooding system (hydroaccumulator ).

- Emergency/auxiliary feedwater system
- Secondary pressure control system.
Pressure maintenance mode.

— Heat removal mode (30 K/h).

a Availability of CES affects timing requirements for secondary side cooling initiation and related
probability of operator error.

® 1 out of 2 hydroaccumulators connected to upnec plenum and 1 out of 2 hydroaccumulators connected to

downcomer are required to operate,
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LOCA group L1

Breaks of size 10-20 mm DN are considered as the smallest LOCA category. The lower
boundary is estimated as the highest break size that can be compensated by normal
makeup water system. For this category energy removed by coolant flow through the
break is insufficient to ensure depressurization if secondary side cooling is not provided.

Regarding the mitigating system requirements the high pressure injection/recirculation
system (HPI/HPR) is required to operate for the initial phase of the accident and the
low pressure recirculation system (LPR) can provide long term cooling. If LPR fails
HPR can be used for long term cooling too. In both cases secondary side cooling is
necessary besides ECCS.

If HPS is operable but secondary side cooling is not provided, primary feed-and-bleed
is the only way of accident mitigation.

If HPS fails in the early phase of the accident, secondary feed-and-bleed and LPS
should provide RCS depressurization and long term cooling respectively. In this case
the availability of core flooding hydroaccumulators (CFS) has substantial effect on the
time window for the operator to initiate depressurization.

LOCA group L2

The lower break size boundary (~20 mm DN) is based on requirements against
secondary side cooling. To mitigate LOCAs of size larger than this lower limit only
HPS is required even if secondary side cooling is not provided.

Upper boundary (~50-70 mm DN) of this category is considered to be the break size
by which sufficient time margin is available for correct plant state diagnosis and for
manual alignment of secondary side cooling. Accident mitigation related to this category
is similar to that of group L1 except that secondary side cooling is not needed if HPS
does not fail.

LOCA group L3

The estimation of upper boundary for this category (~120-150 mm DN) is based on
engineering judgement.

As regards the mitigation system requirements HPS is the only system that can establish
stable core cooling in the initial phase and RCS depressurization down to LPS
operational pressure limit. Secondary feed-and-bleed is considered to be unachievable
because of timing requirements. Accident mitigation related to this category is similar
to that of group L2 except that in the case of HPS failure secondary feed-and-bleed
with subsequent use of LPS is not taken into account.

LOCA group L4

The upper break size boundary (200 mm DN) is estimated on the basis of existing
thermal hydraulic evidence.



For LOCAs of this category the operatis 1 of CFS and LPS provides an alternative way
of successful accident mitigation beside the mitigation measures described for group
L3.

- LOCA group L5

The upper break size boundary (300 mm DN) is estimated on the basis of existing
thermal hydraulic evidence.

For LOCAs of this category the operatio 1 of CFS and LPS is needed in the early phase
of the accident while LPR is required fo; long term cooling. In contrast to group L4 in
this case the HPS alone is insufficient for successful accident mitigation.

- LOCA group L6
This category covers all break sizes larg er than 300 mm DN.

For LOCAs of this category the operatio 1 of CFS and LPS is the only measure that can
provide successful accident mitigation

7.2.2. Grouping of transients and comman cause initiators

The breakdown of 69 WWER transients and CCIs to nine main categories represents
a classification primarily based on engineering judgement. A master logic diagram type
scheme was the basis for the categorization.

All the disturbances that could potentially lead to loss of core cooling without primary
coolant boundary failure or to an increase in core power were taken into account by
identifying their main causes. These causes ani the investigation of plant specific potentials
for CCIs then formed the basis for the nine groups listed in Table 7.2. Within each category
those events requiring different plant response i.e. different event tree models according to
the plant response analyses and engineering k 1owledge, were treated separately.

This approach appeared to be an effectiv:: means for both establishing a comprehensive
list of WWER IEs and performing an initial g 'ouping of transients and CCIs. Nevertheless,
since the transient list is rather complex, comprising a large number of initiators, the current
grouping on a judgemental basis can only be regarded as a preliminary categorization that
needs improvement/finalization to be suppor.ed by thermal hydraulic analysis and event
tree/fault tree modelling as well. The refinemne 1t of the initial grouping is in a rather different
state in the individual WWER PSAs, thereio e no further categorization of transients and
CCls is given here in addition to the one sugg ested by Table 7.2.

7.3. DETERMINATION OF THE FREQUENMCY OF INITIATORS FOR WWER PLANTS
At present the IE frequencies used 1n the individual PSAs in countries operating

WWER type units are mainly based on their c wn operating experience and, for rare events,
on generic data not specifically developed fcr WWER plants. However, for the majority of
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IEs listed in Table 7.2 and for some events of Table 7.1 a substantial amount of operating
experience has been accumulated in the last twenty years, i.e.:

(A) 190 reactor-years of type WWER-440 (both 230 and 213) and of type WWER-1000
in the former USSR and in its successor countries;

(B) 50 reactor-years of type WWER-440 (230) in Kozloduy, Bulgaria;
(C) 50 reactor-years of type WWER-440 (230) in Greifswald, Germany;
(D) About 30 reactor-years of type WWER-440 (213) in Paks, Hungary;

(E) Similar experience of type WWER-440 (both 230 and 213) and of type WWER-1000,
in Czechoslovakia.

The ongoing elaboration of this experience and the exchange of information among
WWER operators aim to facilitate the development of a generic WWER IE frequency list.
Most of the transients (‘likely’ transients) and some LOCAs, such as very small LOCAs or
PORVs stuck open, can also be quantified on the basis of the existing operating experience.

A list of IE frequencies prepared in the manner described above massively supports the
use of a variety of approaches, mainly the Bayesian updating techniques and the mean
frequency concept to determination of IE intensities for the individual plants.

Concerning rare events, especially LOCAs, the frequencies that have been used for
PSAs of WWERs are mostly based on generic data. However, some fracture mechanic
studies have recently been carried out in Russia to determine LOCA frequencies. According
to these calculations, the LOCA frequencies are as follows:

- Large LOCA (break size > 150 mm DN) 4.0 X 107%/year;
- Medium LOCA (50mm DN < break size < 150 mm DN) 4.2 X 10%/year;
- Small LOCA (break size < 50 mm DN) 3.0 X 107%/year.

In addition to fracture mechanics, engineering judgement is needed to assess to what
extent generic nuclear IE data or even non-nuclear data can be used for WWER plants. The
results of these analyses provide frequency of rare events figuring in the WWER IE list.

The fault tree analysis is undertaken in parallel with the event tree/fault tree
developments in the individual PSAs for those plant specific CCIs that occur due to
system/subsystem failures (e.g. loss of intermediate cooling to reactor coolant pumps) and
for which the observed failure data is scarce.

Table 7.4 summarizes the IE event data made available at the ReZ workshop (data
columns 1 to 5), supplemented by the IE frequencies used for the Level 1 PSA of Kola-1
NPP and also by the IE frequencies used in the top level risk study for Kozloduy Units 1 to
4 [60] (last two data columns of Table 7.4). The first two data columns of the table contain
the IE that was used in the two completed WWER PSAs, in the Greifswald and Loviisa PSAs
respectively.
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TABLE 7.4. FREQUENCY OF INITIATING EVENTS FOR PSA OF WWER REACTORS

Initiating Event

Data Source

lconfinement

Greifswald | Loviisa PSA | Bulgarian [Polish Generid| Russian Data | Kola-1 PSA® | “Top Level | Comments
PSA Oper. exp. Data Risk Study for
and Gen, Data; Kozloduy¥?
(1/year) (1/year) (1/year) (1/year) (1/year) (1/year) (1/year)
Reactor pressure vessel rupture [1.0x10-5 5.5x10°%9 1.0x104® < 1.0x10°° (1) Based on
embrittiement
Large LOCA 1.Ox10°4® 5.3x10" 1.0x10%? 2.0x10°% 4.0x10°4 1.0x10° (2) Based on
fracture.
Medium LOCA 1.2x10™* 5.3x10 1.0x10°%? 7.5%10°% 4.2%10"%% 1.0x10* mechanics
(3) Based on
Small LOCA 5.0%10° 4.0x10° 3.6x10°%9 3.0x10% 37x10% «32mm)  |1.OX10H1.0x10%P | operating
expenence
2.8%107(32 10 60 mm) (4) 17 events
occurred in 50
_ 1.3x10°* (60 t0 100 mm) T. y1s.
! i i 1 i i 1 L O
[ [Very small LOCA 2.0%10°%2 3.5%10°0 2.4x10? 3.4x10" " information (no{
from WWERS
(O |Hydroaccumulator LOCA 3.1x10°% (6) Includes PTS
considerations
Clsingle S wbe rupuure 1.OX107 1.8x10° 1.0x10 1.0x107 5.0x10" (leakage) [17) Experienced bu
A not quantified
1.0x107? (rupture) yet
S 3 (8) Based on
Several SG tubes leakages 1.0x10" 5.3%10™ ) operating
experience and
SG collector break 3.0x10°* ‘?;g:ts:;
SG header cover rupture 7.1x10" (9) Units 1, 2/3, 4
(10) Based on
LOCA outside containment 1.0x10° 2.3%10° operating
experience and
Inadvertent opening of 3.4x10° 3.0x10° 1.6x10° ;: glr;;mz
[POR V/pressurizer valve leakage
Steam line rupture inside 4.8x10
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TABLE 7.4. (cont.)

Reactor trip

2.1

1.0 (spurious trip)

Initiating Event Data Source
Greifswald | Loviisa PSA | Bulgarian [Polish Generic| Russian Data | Kola-1 PSA® | “Top Level | Comments
PSA Oper. exp. Data Risk Study for
and Gen. Data Kozloduy
(1/year) (1/year) (1/year) (1/year) (/year) (1/year) (1/year)
otal loss of RCS flow 1.0x10° (1) Based on
embrittlerment
Partial loss of RCS flow 5.0¢10°1 (2) Based on
T fracture
R RCP failure (incl. RCP shaft 3.8x107? mechanics
preak) (3) Based on
¥ 1% operating
Alcore flow blockage 1.0x10/1.0%10 experience
N Total loss of main feedwater  }1.5%10° 2.8%10° 1.0x102-1.0x10 42 1.0x10% 4) 17 events
s occurred in 50
Partial loss of main feedwater 2.3x10° 17x10" 1.ox10* Ty
I (5) Generic |
Feedwater line rupture 7.1x10°2 15.0x10°? information (no
E from WWERS)
Feedwater header rupture 7.1x10° 15.0x10° 6) Includes PTS
N considerations
Main steam line break 1.0x10” 1.0x10°-1.0x1042,5x10°%® 4.4x10™ 1.0x10° .
T . 7) Expenenc%d cllsut[
S Main steam header break 1.0x10° ;ce:: quantifie
Inadvertent opening of SG relief] 1.6x102 1.0x10°2 (8) Based on
valve operating
experience and
& . 3 2 Bayesian
Inadvertent opening of steam 7.5%10 15.0x10 updating
ump valve to atmosphere
9) Units 1,2/3,4
(C [nadvertent opening of steam S 0x10?
10) Based on
c kdump valve to condenser operaling 4
Tusbine trip (one fisbine) 17107 8.5x10 10 enpmecring
I judgement
S Turbine trip (both turbines) 3.0x10°! 1010
iGenerator trip B.5x 10
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TABLE 7.4. (cont.)

Initiating Event Data Source
. . . . Comments
Greifswald | Loviisa PSA | Bulgarian [Polish Generic] Russian Data| Kola-1 PSA® | “Top Level
PSA Oper. exp. Data Risk Study for
and Gen. Data Kozloduy*?
(1/year) (1/year) (1/year) (1/year) (1/year) (1/year) (1/year)
[Control rod withdrawal (bank) 1.0x10°2 (1) Based on
embrittlement
T IControl rod withdrawal 1.0x10 /1.0x10%% |(2) ?astt:;lr on
fect racture
R (ejection) mechanics
A Inadvertent boron dilution 1.0x10° (3) Based on
operating
N[Single control rod drop or 6.0x10 2 1.0x10"! expenence
insertion (4) 17 events
S occurred in 50
ATWS 8.0x10"* L. yrs.
L S _ _ i J _ | S Fomi m_ -
Reconnection of idle loop 1.0x10™ information (nof
E from
NInadvenent high pressure safety 1.0x10 (6) Includes PTS
- considerations
T injection
b 7 1
Loss of off-site power for more [1.0x107 2.5%10 3.0¢10° 8.0x10 2 1.0x107 % ,’%g{’f;;:gggig“
S than 2 Hrs yet
Loss of normal grid connection 1.0x10™ (8) Based on
operating
& experience and
Total loss of DC 1.0x10°Y1.0x104? Bayesian
updating
() [Loss of AC/DC bus 1.0x10°® 7.0x107 9.0x107 (9) Units 1,273, 4
(10) Based on
; “ s 2 operatin,
C Loss of component/service wates 1.2¢10 3.2¢10 9.0x10 experiengce and
I cooling engineering
judgement
Loss of instrumentation room 14,0104
S kcooling
[RCS purification fault - 15.0x10"




Data provided by the Bulgarian team for Kozloduy is a mixture of generic IE
frequencies and data derived from the quantification of the operating experience. The latter
is mainly related to ‘likely transients’ while LOCA frequencies are based on generic data
except very small LOCA.

The Polish data originates from a collection of generic IE frequencies for LOCAs.

Frequencies given in the Russian data represent the results of the fracture mechanic
studies for rare LOCAs. The vast operating experience is not represented in that data
column. However, the Kola PSA data is mainly based on operating experience from the
WWER type of NPPs.

In the Kola PSA initiating event frequencies were estimated by the use of Bayesian
updating. For the calculations both WWER and non-WWER sources (primarily the German
Risk Study, Phase B [22]) were taken as prior distributions. The updating was done on the
basis of in-country operating experience mainly for WWER-440 and in some cases for
WWER-1000 type plants. Feedwater line ruptures (two of them are analysed in the study),
however, were estimated by using Loviisa NPP data.

The top level risk study data for Kozloduy was determined by considering generic
western PWR frequencies and by muodification of those using applicable site specific
operating experience provided by the plant and engineering judgement as well. Engineering
judgement was also considered essential to determine the applicability of western PWR
frequencies.
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8. HAZARDS

When estimating the risks of nuclear power plants, contributions from both internal
initiating events and external initiators (or hazirds) need to be considered. While early PSAs
had mainly been addressing internal initiators, the current practice worldwide is to include
hazards into full scope PSAs. Some of the P5A studies which include hazards have shown
that these have a larger potential risk for th: snvironment than internal initiators [53, 54].

8.1. MAIN CATEGORIES OF HAZARDS
Hazards are usually classified under two main categories: internal and external hazards.

The list of hazards is quite established 1:1d most PSAs include a sublist of the following
hazards:

Internal hazards:

- Fires;
- Internal floods;
- Turbine missiles.

External hazards:

- Forest fires;

- External floods, high waters;

- Airplane crash;

- Seismic events;

- Extreme winds and/or tornados;
- Release of chemical or toxic gas.

Some of the hazards have subcategoriz. or an entire magnitude frequency distribution
of initiating events.

Internal and external hazards may als> be divided according to their origin:

- Natural (floods, seismic, tornados, et: );
- Human (turbine missiles, airplane creshes, chemical release, etc.).

8.2. EVALUATION OF HAZARD FREQ JENCIES
8.2.1. Seismic analysis

Unlike internal IEs, the occurrence of the seismic initiator is completely independent
from the plant. The seismic hazard at a jiven power plant is characterized by a hazard
function which gives the probability of excezlance (per year) of a ground motion parameter,
such as peak ground acceleration. Figure 8.1 shows a representative hazard curve for a plant
site (nominal with upper and lower uncerta nty bounds). The curves are derived from a
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CUMULATIVE NUMBER OF EARTHQUAKES PER YEAR
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FIG. 8 1 Example of seismic hazard curve

combination of recorded seismic data, estimates of the magnitudes of the known events,
geological information and use of expert opinions.

In addition, the frequency characteristics of the earthquakes is required in order to
generate artificial acceleration time histories for two horizontal and one vertical component.
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8.2.2.

Fire analysis
Fire analysis consists of the following main steps:

Identification of critical locations susce ptible to fire;

Estimations of the potential frequency of fire in these locations;

Analysis of fire propagation, taking ir o account mitigating systems like fire alarms
and fire suppression;

Identification of the potential for causing LOCAs or transients and the continuation
from that point to core damage using the common PSA methodologies.

When fires are treated as initiating ever ts, then the first two steps are performed. Fire

analysis is different from seismic hazard anilysis but similar to internal flood analysis (see
Section 8.2.3). The main fire locations that v.ere considered in past PSAs are given in Table
8.1. For these locations it is also possible t> use historical data from generic nuclear power
plant fire experience (LERSs).

ways:

(2)

(®)

8.2.3.

The determination of the frequency cf fires in a chosen location can proceed in two
Using the generic operating experience in nuclear power plants. This is a relative
rough estimation of the frequency of f r s, that does not include plant specific features.
Considering the plant specific amow t of combustible material in each location and
using probability of fire ignition basecl on the amount of combustible material and the
design of the area with respect to existing fire ignition sources.

Table 8.1 provides examples of fire {r quencies used in several PSA studies.

Flood analysis

Flood analysis consists of the followi ; main steps (for internal floods):

Identification of critical locations susc¢ ptible to floods;

Estimation of the potential frequency ¢ f floods in the critical location, from internal
floods;

Identification of floods flow rates ir hese locations based on pipe and value size
characteristics;

Determination of the critical water leve heights at which plant safety systems will fail
to perform their functions;

Computation of time required to reac1 the critical levels;

Determination of corrective action ani time available to their successful performance
(and success probability based on this 'ime periods);
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TABLE 8.1. HAZARD FREQUENCIES IN SEVERAL PSAs

Hazard Frequency of Occurrence (per year):

Oconee Zion German Midland Seabrook Big Rock Indian Limerick

Risk Study Point Point

(9] [43] [22] [13] [14] [46] [42] [20]
Earthquake:
- Intensity 1 7.0E-4 1.5E-4 1.0E-6 1.0E-3
- Intensity 2 9.5E-5 2.0E-5 8.2E-7 1.0E-4
- Intensity 3 5.0E-6 6.6E-7 3.6E-4 1.0E-5
- Intensity 4 3.9E-8 1.1E-4
- Intensity 5 4.3E-5
- Intensity 6 2.0E-5
- Intensity 7 2.0E-5
- Intensity 8 2.5E-6
High Wind/Tornado 3.5E-3 1.0E-3 - 7.8E-5 - 1.0E-4 2.3E-4
Airplane Crash:
- On containment 6.3E-7 1.2E-8
- On Control room 1.4E-7
- On Aux. Building 2.0E.7
External Flood:
- In Building 2.3E-5 --- 3.0E-3
- Loss of Heat Sink 1.6E-6
Internal Flood:
(Containment) 9.0E-7 - -

4.0E-6

(Turbine Building) - 3.2E4
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TABLE 8.1. (cont.)

Hazard Frequency of Occurrence (per year):
Oconee Zion German Midland Seabrook Big Rock Indian Limerick
Risk Study Point Point
(9] [43] [22] (13] [14] [46] [42] [20]
Fires:
- Vital Bus or Panel -
- Cable Spreading Room 5.0E-4 4.2E-3
- Turbine Building 6.4E-4 .
- Control Room 1.3E-5 1.0E-4
- Containment Penetration 1.8E-3
- Aux. Building 4,0E-3
Turbine Missiles - 74E-8
Hazardous Chemicals --- 6.0E-3 --- e



- Performing flood event tree analyses of the various flood sequences that may lead to
core damage;

- Identification of the critical sequences, their consequence in term of core damage
category and their probability. Summarizing impact on core damage frequency.

The frequency of the flood IEs may be determined by calculating the frequency of pipe
break and maintenance errors probabilities (e.g. improper isolation following maintenance).
This is done for any building (turbine, auxiliary or containment building). Table 8.2
provides an example of flood frequencies reported in the Oconee PSA review [15, 51].
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TABLE 8.2. FLOOD INITIATOR FREQUENCIES AND THEIR CONTRIBUTION TO CORE DAMADE FREQUENCY [15, 51]

Flood Flood Type of Total Contribution Frequency of
Initiators Flow Rate Isolation Conditional of Flood Initiator Flood Initiator

(1000 gpm) Possible Probability of to Core Damage (Yy-1)

Core Damage Frequency (Yy-1)

FVLIN 350 non isolable 0.24 24E-6 1.0E-5
FVL1ll 350 isolable inlet 0.014 2.5E-6 1.8E-4
FVL1IO 350 isolable outlet 0.012 2.3E-6 1.9E-4
FVL2N 170-349 non isolable 0.19 3.4E-5 1.8E-4
FVL2II 170-349 isolable inlet 0.010 1.8E-7 1.8E-5
EVI 210 170240 ienlabla antlat
FLIN 120-169 non isolable 0.080 3.0E-6 3.8E-5
FL1II 120-169 isolable inlet 8.3E-4 43E-7 5.3E-4
FL1IO 120-169 isolable outlet 1.6E-3 8.8E-7 S.SE-4
FI.2N 60-119 non isolable 0.016 6.6E-6 4.1E-4
FL2I1 60-119 isolable inlet 1.2E-3 6.5E-6 5.4E-3
FL2I0 60-119 isolable outlet 3.3E-4 1.7E-6 5.1E-3
FMN 12-59 non isolable 44E-3 1.1E-5 2. 7E-3
FMII 12-59 isolable inlet 6.6E-4 5.3E-6 8.0E-3
FMIO 12-59 isolable outlet 1.0E-4 1.1E-6 1.1E-2
TOTAL 24E-3 7.8E-5 34E-2




9. DESCRIPTION OF THE DATABASE OF INITIATING EVENTS

9.1. GENERAL DEFINITIONS

For the purpose of providing examples of IE selection, grouping and frequency
determination, the Appendix summarizes IE data from a number of PSAs. This IE data
allows the user of the report to implement the methodology of the use of past experience in
determining the IEs for his study. To ease the use of the database, two printouts have been
provided: (1) database sorted in accordance to data source, and (2) database sorted in
accordance to initiating event category.

The format of the data and the contents of each of the database field in the Appendix

is as follows:

No:

PLANT TYPE:

IE SET:

IE CATEGORY:

INITIATORS:

FREQ DESC:

FREQ:

RANGE VAR:

UPPER BND:

LOWER BND:

SOURCE:

112

The sequential number of a record. More than 270 entries are given for
25 different studies.

Reactor type (BWR or PWR only).

Basic general category to which the IE belongs (LOCA, transient or
common cause initiator).

Specific category where an initiator belongs. It provides the grouping of
the IE which was used in the PSA study (the individual event tree is, in
principle, developed for specific IE category listed here).

Basic initiating event considered before the grouping (for transients) and
the defined break size range (for LOCAs).

Frequency descriptor or units used (mean event per reactor-year, or point
estimate events per reactor-year, or median events per reactor-year.

Frequency of the initiating event or of a group of initiators.
Range of variation in IE frequency. An error factor (EF 10 means error
factor of 10) or a range of variation (5% to 95% confidence level) is

provided.

Upper bound of the frequency distribution. In most cases this is the 95%
upper bound. In case EF is used, this field remains blank.

Lower bound of the frequency distribution. In most cases this is the 5%
lower bound. In case EF is used, this field remains blank.

Provides the name of the data source. It also provides in some cases the
exact table in which the data appears in the source.



ULT SOURCE:

Ultimate source that was us=d to generate the specific data for a particular
PSA study. The differens :ases include:

Generic data: data or ginating elsewhere (calculation of operating
experience, expert opir ion) and generally representative of a spectrum
of different plants;

Generic data updated vith plant operating experience: generic data
used as a prior, and pl nt specific data used in Bayesian updating, to
generate IE frequency;

Plant operating experi¢nce: plant data gathered from events reported
during plant life;

Engineering evaluatior.: expert opinion of individuals familiar with
plant design and operalion;

System analysis usinz fault tree model: one of the methodologies
described in this manu 1l for determination of CCI frequency.

The references of the various sources :u1 2 as follows (in the order of appearance in the

Appendix):
Reference

German Risk Study [35]
IREP ANO-1 [18]
Limeric PRA [20]
NUREG/CR 4550 [7, 19]
Oconee PRA [9]
Sequoyah NPP RSSMAP [34]
Shoreham PRA [12]
WASH-1400 2]
IREP Calvert Cliffs 1 [41]
IREP Browns Ferry 1 [30]
Barseback 1 & 2 [29]
Forsmark 3 [29]
Oskarshamn 1, 2 & 3 [29]
Ringhals 1 & 2 [29]
Zion NPP PSS [44]
Angra NPP PSA [58]
Caorso NPP PSS [57]

9.2. SUMMARY OF DATABASE STATU

INTERFACING LOCA

Number of records: 11
Highest value: 4.6E-6/year
Lowest value: 1.0E-8/year
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LARGE LOCA

Number of records: 26
Highest value: 9.4E-4/year
Lowest value: 1.0E-7/year

MEDIUM LOCA

Number of records: 24
Highest value: 3.0E-3/year
Lowest value: 1.0E-6/year

REACTOR VESSEL RUPTURE

Number of records: 7
Highest value: 1.1E-6/year
Lowest value: 1.0E-7/year

SMALL LOCA

Number of records: 26
Highest value: 2.3E-2/year
Lowest value: 1.8E-3/year

SMALL SMALL LOCA

Number of records: 7
Highest value: 3.0E-2/year
Lowest value: 1.3E-3/year

STEAM GENERATOR TUBE RUPTURE

Number of records: 4
Highest value: 2.4E-2/year
Lowest value: 8.2E-3/year

TRANSIENT CAUSED BY INADVERTENT OPENING OF RELIEF VALVE

Number of records: 5
Highest value: 1.4E-1/year
Lowest value: 1.3E-2/year

TRANSIENT CAUSED BY INADVERTENT SAFETY INJECTION
Number of records: 2

Highest value: 1.2E-O/year
Lowest value: 1.0E-2/year
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TRANSIENT CAUSED BY ISOLATION E'/ENTS

Number of records: 13
Highest value: 2.3E-O/year
Lowest value: 1.5E-1/year

TRANSIENT CAUSED BY LOSS OF AC EUS

Number of records: 6
Highest value: 3.5E-2/year
Lowest value: 9.0E-4/year

TRANSIENT CAUSED BY LOSS OF DC EUS

Number of records: 7
Highest value: 3.2E-1/year
Lowest value: 9.0E-4/year

TRANSIENT CAUSED BY LOSS OF FEEI'WATER

Number of records: 15
Highest value: 5.2E-O/year
Lowest value: 1.7E-1/year

TRANSIENT CAUSED BY LOSS OF OFl' SITE POWER

Number of records: 23
Highest value: 3.2E-1/year
Lowest value: 2.0E-2/year

TRANSIENT CAUSED BY LOSS OF POWER CONVERSION SYSTEM

Number of records: 7
Highest value: 1.5E-O/year
Lowest value: 1.3E-1/year

TRANSIENT CAUSED BY LOSS OF SERVICE WATER

Number of records: 4
Highest value: 4.0E-3/year
Lowest value: 2.4E-5/year

TRANSIENT CAUSED BY STEAM LINE BREAK

Number of records: 8
Highest value: 3.9E-2/year
Lowest value: 3.8E-8/year
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TRANSIENT CAUSED BY TURBINE OR REACTOR TRIP OR WITH FRONT LINE
SYSTEMS AVAILABLE

Number of records: 23
Highest value: 10.0E-O/year
Lowest value: 9.2E-1/year
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Apoendix

PRINTOUT OF THE DATABASE ON
GENERIC INITIATING EVENTS
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3 ANT. PYPRG IR SER A NITIATORS REQ:
1 PWR LOCA _ larpe LOCA bresk with equ.ares greater than 400 £q.cm mean_eventryr. 27EAfyr
2 PWR LOCA medium LOCA break with equ.area 80 to 400 sq.cm mean _evenir.yvr, 3.0E-divr
3 PWR 1LOCA small LOCA break with cau.area 2. 10 80 sg.cm MCAN _eveniir.vr. 2 7E-3h7
3 PWR LOCA small leak on pressurizer stuck onen relief or safety valve medN evenyr.yr, 1.3E-3Rr
5 PWR 1OCA __large LOCA beeak with cqu.size gresser than 13.5 inches MEAN Evenyr.yr. 7.5B-Shr
6 PWR LOCA __larpe LOCA break with equ.size 101t 13.5 inches Mean_ eventi.vr. 12E-5fvr
7 PWR LOCA dium LOCA beeak with cau size 4 to 10 inches mean_eventhr.yr, L.6E4fvr
8 PWR LOCA small LOCA break with oqu.size 1.66 10 4 inches mean_eveniy.yr. 3BE4hr
) PWR LOCA small LOCA break with equ_size 1.2 1o 1.66 inches mean eventiryr. 31E4hr

stuck open prerx safety valve
10 PWR 1LOCA small small LOCA break with cquivalent size 38 10 1.2 inches mean evenifyr. 20FE-Uyr

stk open redief valve

RCP seal failure
11 BWR LOCA large LOCA break with equ size grester than 4 inches mean eventhryr. SO0EAhT
12 BWR LOCA medium LOCA break with equ.size 1 to 4 inches mean _eventiryr. 20E-wr
13 BWR LOCA smal] LOCA break with equsze upto | inch mean_evemfr.yr. 1.0E-2ve
14 PWR LOCA larpe LOCA Dreak with equivaient size > 6 inches Mean &ventfrvr. 5.0E4hr
15 BWR LOCA __large LOCA break with equivaient area >.1-.3 sq fr. mesn_eventfryr. 1.0E-8hr
16 PWR LOCA- medium LOCA break with equivabent size 2to 6 inches mean_eventlr.yr. 1.0E-3hr
17 BWR LOCA medim LOCA reak with equivalent area 004-.3 sgft{lin) .i-.3sqfi(steam) mesn_eventsyr. 3.0B4hr
18 PWR LOCA small LOCA bresk with equivalent size 5-2 inches mean_eventAyr, 1.0E-3hv
19 BWR LOCA small LOCA break with equivalent ares <003 sqfi(liq) or <1 snfi{steam) mesn avenefr yt. 0B Yye
20 PWR LOCA small small LOCA break with equ.sizs >-5 inch or flow 50-100 gpm mean oventk.yr. 2. 0E-2/yr
21 BWR LOCA small small LOCA break with flow 50 to 100 gpm M eventk.yT. 3.06-2/y
n PWR LOCA large LOCA break with equivalient size 6 1o 29 inches mesn eventk.yr, 5.0B-SMr
23 PWR LCCA medivm LOCA breaic with equivalent sire 2 to 6 inches mesnt eventk.yr. LOB-3yr
24 PWR LOCA small LOCA break with equivalent size 1/2 1o 2 inches mesn_eventfr.yr. LOB-3fyr
25 PWR LOCA smail small LOCA break with equivalent size <5 inches nesn eventh yr, 2.0E- 2y
25 PWR LOCA intersystem LOCA mean eventk.yr. 1.0E-6hr
27 BWR LOCA _large LOCA beeak with equivalent area >.1 5gft mean eventjr.yr. 2IE-dNyr
28 BWR LOCA medinm LOCA bresk with equivatent area 00X -1 sqft RN eventk yr. 30847t
29 BWR LOCA small LOCA break with equivalent area < (004 sqfi(liq) or. 01 sqfifsteamn} mean_evemiyr. L7BMyr
o BWR LOCA small small LOCA leaks with 50-100 ypm flow (recirculation pump seal) mesn evemp yr. 27B-20vr
3i BWR LOCA miersysiem LOCA MeAn eventir.yr. 1.OE-8hyr

| 2 BWR LOCA __ large LOCA break with equivalent size >3 sq ft memy Cventh.yT. I0B-4hw

33 BWR LOCA medivm LOCA break with equivalent ares 005-3 sqfi{lio) and .1- 3egfifsteam) mes _eventhr.yr. 8.0E-4fyr
34 BWR LOCA small LOCA break with, oquivalent area <005 sqft{Liq) and <.l sgfifrteam) @A cventiLyr. 3083
35 BWR LOCA small small LOCA lerks with 50 to 100 gom flow (recirculation purnp sesl) Meal_eventir.yr. 0B 2
36 BWR LOCA, intersystem LOCA mesn eventk.vr, 1.0E Bjyr
37 PWR LOCA h.r!e‘_LOCA break with cffective diameder > 4 inches mexn cventhryr, 9.3B4Mr
38 PWR LOCA reactor vessed rupsure Mesn _event/r.yr. 1.1E-6/yr
3 PWR LOCA smali LOCA eeak with aquivalent siza 1/2 10 4 inches mesn evest/ryr, 3.0E-3yt

inadvertant PORV or safety valve opening

RCP sza) faiture

controf rod drive seal leakage
40 PWR LOoCA Sleam gencrator be ruptre twhe rupture with leak greater than 100 gpm mesn_eventk.yr. 8.6E-Myr
41 FWR LOCA _ tarpe LOCA breslk with equivalent size >6 inches mesn_eventr.yr. 47BN
42 FWR LOCA medum LIOCA brexk with equivalent sixe 2-6 inches mesn _eventiryr. 9BE-4Ahyr
43 PWR LOCA small LOCA break with equivaleot size 5-2 inches mean_eventir.yr. 1.8E-3hr
4 PWR LOCA | Y LOCA mesn eventiy.yr. 4 6B-6ive
45 PWR LOCA reactor vessel rup mesn eventryr. 1.08-Myr
46 BWR LOCA Iarge LOCA break with equivalent size >4 inches point &St event/r.yr. 1.0E4hr
a7 BWR LOCA medivza LOCA break with equivalent size 14 inches point est. event/r.yr. 3.0B-3hr
43 BWR LOCA snall LOCA beeak with oquivakat size <! inch polnt o5l even/r.yT. 8.0B-3/yr
49 BWR LOCA reactor vessed ropaure point ssL eventfr.yr. 3.0E-Thr
0 BWR LOCA intersystem LOCA point esL event/r.yr. 12E-Thr
51 PWRABWR LOCA reactor vestel rupnire median, event/reactor yr. 1.06-7
52 PWR & BWR LOCA hrgm break with equivalent sixe > 6 inches madimgvmv/_’rmoryr. 1.06-4fyr
53 BWR LOCA medim LOCA break with equivalent size 2.5-8.5 in (lig) and 4.7-6 is {seam) median, eventshreacior 1 3.064hr
54 PWR LOCA modium LOCA bresk with equivaleot size 2-6 inches median, eventsirenctor yr 3.05-4M7
s BWR LOCA smail LOCA, break with equivalent size 0.6-2.6 in (lig) and 1 0-4.7in (steam) median, eventyiresctoe y;_1L.OB-3yr
56 PWR LOCA small LOCA break with equivalent sizs 1/2-2 inches . p ve 1.0B3yr
57 PWR LOCA intersystern LOCA median, event/reactor yr. 4.0F-6f
3 PWR LOCA Inrme LOCA breok with, equivalent size >4.3 inches mean eventk.yr, 2354fr
5 PWR LOCA medita LOCA break with equivalent size 1.9 10 4.3 inches measn evemk.yr 2AE 4R
@ PWR LOCA small LOCA break with equivaleat size .3 to 1.9 inches meen eventk.yr. 21E2yr

resctor coolant pump seal quptore
61 BWR LOCA _large LOCA (D) break with ecoivaleni aren 3 10 4.3 s fi ligquid suction side Mean Vet yr. 9.9E-8hyr
62 BWR LOCA Iarge LOCA (2) bresk with squivalent azes 3 10 4.3 sg fi liquid discharge side mesn  eventh.yr. 3.98-Shyr
&3 BWR LOCA largs LOCA (D) break with equivaleat area 1.4 10 4.1 sq fi sieam mean _eventh.yr. S2E-Shr
64 BWR LOCA medium LOCA (1) break with aquivalent sizn .12 10 3 sq fi liquid mesn_eventjryr 9.0F-Styr
&5 BWR LOCA medium LOCA (2) bezak with equivalentaren 1210 1.4 og ft_steam mean_ eventALyr. 21E 4fyr
66 BWR LOCA small LOCA break with equivalent area <. 12 sq R mean_eventk.yr. 1.0E-3hr
&7 PWR LOCA _large LOCA mean  evenlur.yr, 20E-d/yr
63 PWR LOCA medmm LOCA mean evenlsnyr. 4.6E-4dfyr
& PWR LOCA small LOCA {pooisolable} mean _evenlsr.yr. A0E-3vr
0 PWR LOCA Small LOCA (isolable) mean _evenlsi.yr. 2.38-24r
71 PWR LOCA stes generator tube mapture mean _eventsir.yr. 82E 3y
7 BWR LOCA large LOCA Break with equivalent flow 2000 kefs mean_eventhyr. 3.0644r
73 BWR LOCA mediom LOCA Break with equiveient-flow 30 10 2000 kpis mexn eventér.vr. 9.0E-&fyr
74 BWR LOCA small LOCA break with equivalent flow 10 to 30 kgfs mean eventfyr. 1.0E 347
73 BWR LOCA reactor vessed ruprure mea THERRKEYT. LIE Tt
76 AWR LOCA large LOCA bresk with equivalent sgea >450 s cm mean cvemtfryT. 1.0E-4fvr
7 8WR LOCA dium L.LOCA break with eguivalent area 8010 450 s cm mean  eventror. 3.064hr
n BWR LOCA smail EOCA break with eguivalent arex <30 sq cm mean _evenUrry. LOE-3hr




RAMGE YAR UPPER BNDX LOWER BND SOURCR ¥ _ BLT SOURCE . .
EF% nia nfa German Risk Study, table F1, 4-5 - genenc datz sources
EF 10 n/a na German Risk Study table F1. 4.5 _ sentenc dais sources
EF 10 sfa njs German Risk Study, 12hle F1, 1S _ aenenc dais
EF 6 nia nf German Risk Siudy, 1able F1, L5 - o exoenence and enpinsening analviu
n nfa M IREP-ANOL tadle 4-7 . RSS 4sts combmed vath ANC-| break ranges
nfa ola ni TREP-ANOI tbie 4.7 _ RSS data combmed wath ANO-1 break ranpes
ofa n/e o IREP-ANO! ubdle 4-7 _ RSS dats comduned wath ANC-) break ranpes
nfa nfa na TREP-ANOI tabie 4-7 _ RSS datx combated with ANO-1 break ranges
o2 nia na IREP-ANOI tabic 4-7 RSS data coabmaed with ANC-1 break ranges
o Y] o IREP-ANOI able 4-7 RSS daa combmed with ANC-1 break ranges
nja /a nfa Lumenc PRA, uble A1 6 _ engmeenng evaluaton and different data sources
na n/a n/x Limenc PRA, abla A1 6 - engmeenng evakiaton and different data sources
na n/a nfa Limenc PRA, uble A.1 & - eagmeenng 1oq and different data sources.
EF 3 n/n nh NUREG/CR 4550, Vol.1, Methodology.. :a le VIH 1-1 average of past PRAs
EF3 /8 nfa NUREG/CR 4350, Voll, Methodology... @ le vt 1-1 RSS valoe
EF3 2/ oA NUREGICR 4550, VoL, Methodology. ta le VI 1-1 aversze 0 past PRAs
EF3 /s 2 NUREG/CR 4550, Vol.1 Methodologywu le VIT 1-1 d from mdustnal and other data sources
EF3 n/a oA NUREG/CR 4550, Vol.1, Methodology.—. 1 +le VEL1-1 average of past PRAS
EF3 o A NUREG/CR 4550, Vol.1, Methodotogy_.. ta le VIIL1-1 assestd form nuclesr, ndustral and other dats Sources
EF3 /a /s NUREG/CR 4550, Yol.1, Methodology.... 1 le VOL-1 NPP opersting expenence
EF3 2/ it NUREG/CR 4550, VoL1, Methodology... 12 *le VIIL-1 review of peit PRAS
ni s -7, ) NUREG/CR 4550, Yol3, Surry Unat 1., atisIV.2-1 Based on NURBEG/CR -4550 Vol. 1
o/ nja o NUREG/CR 4550, Yol.3, Surry Umat 1..., abiz IV.3-1 Based on NUREG/CR - 4550 Vol 1
n/a nfa A NUREG/CR 4550, Vol.3, Surry Unit 1., atia[V.3-1 Based on NURBEG/CR - 4550 Yol 1
nfa a nfa NUREG/CR 4350, Yol3, Surry Unit 1..., at!s[V.3-1 Based on NUREG/CR - 4550 Vol 1
nfa n/a na NUREG/CR 4550, Vol.3, Sury Unit 1., ata IV.3-1 RSS data
v nis oA NUREG/CR 4550, Vol4, Peach Bottomn.. , 1 ble V3.1 past PRAs and ather sources
M R o NUREG/CR-4550, VolA, Peach Bottom.. ., 11 ble 1V.3.1 pest PRAs and other sources
nfa na na RUREGAR-4550, Vol A, Peach Bottom... ., 1 ble 1V.3-1 past PRAs and ather sources
o/ nz DA NUREG/CR-4350, Yol 4, Peach Bottom._ . ' ble [V3-1 pest PRAs and other sources
B nfa oL NUREG/CR-4550, Vo4, Peach Bottern... ., 1 ble [V3-1 matyas of the system interfaces usmy yenenc failure dsta
nfa s DA NUREG/CR-4550, Vol.6, Gexod Gulf 1... t2 Je IV.3-1
o nix ni NUREG/CR-4550, Vol .6, Crand Cutf 1... 12 #1V.3-1
o/ afa i NUREG/CR4550, Vol.6, Geand Culf )... ta 6 IV.3-1
b3 afa o NUREG/CR-4550, Vol.6, Grand Guif 1. tr JeIV.3-]
e a/x nfs NUREG/CR-4550, Yol.6, Grand Galf 1... ts JeIV.3-1 Analysis of the system userfaces ukng geners fumkoce data
05%. 5% 28E-3 9AE-7fyr  Oconce PRA, table 59 _ geaenc proc updaed with plant specdfic operating expenence
5%.5% 4.1E-6/ye &OE-8fr  Ocopes PRA, tsble 5.9 - VANOUS SOUrCes
95%, 5% 12E-2yr 10E-8fyr  Oconee PRA, table 5.9 update of genenc pnor
5%, 5% 2782/t 2.6E-5yr_ Oconee PRA, table 5 8 - genenc daia updaied with plant specific operatmg expenence
nfa nfa o/t Sequovah NPP RSSMAP, able 74 - engmeenng evaluation using genenc data
nh 2/a nAa Sequoyah NPP RSSMAP, table 7-4 _ engmeenng evakiation using penenc data
o/ a/a A Sequoyah NPP RSSMAP, tabls 74 _ engmeenny evajuation usng genenc data
nf nfs nA Sequoysh NPP RSSMAP, table 7-4 _ cngmoertng cvakiation vEng genenc data
o f nA Soquoyah NPP RSSMAP, table 74 penenc dagk
EF 10 am zhA Shoreham PRA, Appendix A1 _ geaenc deta besed on collection of opersting expenences
EF3 aa o Skoreham PRA, Appendix A1 _ geoene 4z besed on actoal reactor OPErRUAE EADENLDCE
EF3 as nix Shoreham PRA, Appendix A1 _ genenc 4323 bA3ad ON TeaciOr OPETALINR EXpEnAncs
EF 10 fn n/a Shoreham PRA, Appendiz A1 _ penenc data sources.
na nfa nfa Shoreham PRA, Appendix A.1 - system eveh
90% lognomal distr 1086/ 10E8Hyr  WASH 1400, R Safety Study, Appd 2611 V, chepter 4 5 besed on noa-suclosr exp
90% logpormal distr ___LOE3hr LOE Shr  WASH-1400, Reactor Safety Study, Appr od1x L table 1 6.9 based om umbedmklmmdnddbadmw
90% logoormal dsst. __ 30E-3yr 3.06-5fy__ WASH. 1400, Reactor Safery Study, Apps od 1 IIL table I 6-9 clear, mduatral and other data sources
90% diszr 308 3.0B-5 WASH-1400, Resctor Safety S gum.uucmw wg clexr industrial acd other data sources
50% logrormal disr 1 0B 2%y 1OE4}yr  WASH 1400, Reactor Safety Stady, Appt od 1[I, table il 6-9 yocs cut besed on guckear, mdustnal aod otber daia
0% logrommal disy 10BNy 10B4fyr _ WASH. 1400, Reacior Safety Study, App: pé1x [N, tabla 1 6.9 __asaesed based or nclear mdusirial and other dats sources
EF 10 WASH-1400, Rercior Sxfe !;xvlchqu:m‘ aslyss of the zysiem wmieeface using penenc failore rates
nh z/ i Caivert Chffy Unk | IREP, ubled2 gemenc deta
nh 2 ke Calvent Cliffs Une 1 IREP, ubled2 generic data
th afx oA Caivert CIiffs Unx 1 IREP, able 42 generc data
na o/ oA Browas Ferry Unst | TREP, table § _ penerc data
nfa n/x nia Browns Ferry Unit | IREP, table § _ pgenenc data
oh nix .7, Browns Ferry Umt | IRED, table § _ _peoenc data
na n/n njx Browns Ferry Unrt | IREP, ble § _ genenc data
nis s ni Browns Ferry Umit 1 TREP, tble § _ penenc data
nfk n/a nia Browns Ferry Unit | JREP, table § _ generc data
05%; 5% of dmnbution _ S2EAfyr 78E6/yr __ Old PWR 3 Generc data updated with plast speafic operating exp
95%, S% of disnbtion  12E-3Ar 23E-Shr  Oid PWR _ Genent daa updsted wiih planl specific 2
95%, 5% of distnbution  14E-2hr 12E4hr QI3 PWR - Genenc data updated wah plant soetafic operating expeiedics
95%. §% of distnbution  SOE-2hwr 3.3E-3vr  Old PWR - Genenc data updaied with plant specafic operating expenence
95%, 5% of dstnbuton  2.1E-2hyr 3.AE4hr  OldPWR _ Genenc data updsied with plant fic operatmg
nA nfL nf Barseback | &2 NPP genenc sources
o n/s ok Barseback | & 2 NPP _ ! sources
nf2 na ah Barseback | & 2 NPP _ Itersiure data
b} ni nA Forsmark 3 NPP _ literature sources
nfe nja nh Forsmark 3 NPP _ hiterature sources
Vva nfa nfaa Forsmark 3 NPP _ inerature sources
~fa /2 nh Forsmark 3 NPP nersture sources
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SSE INFYTATORS:

79 LOCA break with equivalent flow 600 to 2000ke/s OB-Ttvr
80 LOCA medium LOCA break with oquivalent flow 35 1o 600 ks mean 1.1E-5hvr
31 LOCA smsll LOCA break with equivaient flow <35 ke/fs mean 1.1E-2ivr
32 LOCA Intersystern LCCA mean 1O0E-7hr
8 LOCA larpe LOCA break with equivaient flow > 2000 ke/s mean 1.0E-7Hr
M LOCA medium LOCA break with equivalent flow 30 10 2000 kg/s mean 1.OE-6fvr
85 LOCA small LOCA break with equivalent flow 1010 30 kg/s mean 1OE-2iyr
3 LOCA __tarps LOCA break with equivabent flow >XX0 kyfs mesn 1.0B-4/vr
37 LOCA. medinm LOCA mesn S5.0Bdivr
8 BWR LOCA smail LOCA mesn 1.0E-3hyr
39 BWR LOCA __larps LOCA break with cquivalent flow >1200 kxfs mean 30Eiyr
o) BWR LOCA medium LOCA break with equivalent flow 35 10 1200 kp/s mesa SOEdiwr
91 BWR LOCA small LOCA break with squivalent flow S 1o 35 kg/s mesn I0E3Ar
92 BWR LOCA Intersystem LOCA mean 1.9EThyr
pic] BWR LOCA pressure vessel rupture mesn 21674t
94 PWR, LOCA large LOCA break with equivalent di greater tas IS am mesn 4. 0B84
95 PWR LOCA dium LOCA break with equivalent di b Snad 15 cm mesn 8.1 E4nvr
96 PWR LOCA small LOCA : mesa L1E-2hwr
91 PWR LOCA Teacior vessel rupture mesn L1ETr
b PWR LOCA Intersystem LOCA mesn A2ESHT
99 PWR LCCA steam generator wbe mapture mean 9.TE3Nr
100 PWR LOCA nrge LOCA Break with equivalent dimmeter greater than 6 inches mean SABAlyr

RPV failure
101 PWR LCCA medivm LOCA Break with equivalant sizes batween 2 and 6 inches mesa QAB4fyr

Mukipie pressorizer safeky end relief valve failurs
m PWR LCCA small LOCA Break with equivalent diatneter ssnaller than 2 inches mean 35620

Pressurizer safety and relicf valve failure

CRDM failures

RCP seal failure
103 PWR LCCA stexm gencrsior tube rup mean _eveat/r.yr. 2452/
104 PWR LOCA small LOCA mean eventfryr. ASB25r
105 PWR LOCA Sewm generator tube rup mean event/r.yr. 3.7 8-2_115_
106 PWR LOCA modium LOCA mean _eventfryr. S454ANr

107 PWR LOCA _ large LOCA mean _eveath.yr. 9.4B4hr

108 PWR LOCA intersystem LOCA mean  eventh.yr. 405 Thr
109 BWR LOCA targe LOCA inside drywell break size greater than .3 sq fi mexn eventiyr. _2TBAr
110 EWR LOCA _largs LOCA outside dryweil break size greater than 3 sq f mean _eventh.yr. 1.OE 4y
i1t BWR LOCA medium LOCA break sizes betweea .1 and 3 sq fisteam}and 004 and 2(liquid) mean _eventk.yr. 2.7E-3Nyr
112 BWR LOCA szoail LOCA break size up 10 .1sq ft (s2exm) or 004 % i {licuid) mean eventk.yr. 2.7E2Nr
113 BWR LOCA B systemn LOCA-LPCT beeak mean _eventiryr. 7365-84r
114 BWR LOCA __mtersystem LOCA-CS break mean__eventh.yr. 23Br
115 BWR LOCA ECCS breaks mean eventr.yr. 1.35-5Ar
116 BWR LOCA reactor vessel raprure mean eveatir.yr. 3.05-Thr
117 PWR. transiest Joss of feedwater(FW) component failures in FW system et eventfr.yr. 8.0E- 1y
113 PWR ’ Joss of off sits power(LOOP) loss of voitage on more than | power bus mena _eventir.yr. LOB-1hr
119 PWR trans loss of off site power IMean eventir.yr. 325 I
120 PWR transiont loss of power conversion sysiem (PCS) Teat lows of FW flow i mean eventh.yr. LOB+Ofyr

Full or partial closure of MSEV {1 loop)

Closure of all MISV-5

Increase in FW flow

FW flow imstability (operstoc ervor)

FW flow insisbility (miscelineous mechanical causes)

Loss of condensate pomps (all)

Lotz of condenser vacoum (toead)

Opeaing of steam relisf valves

Loss of circulating water (CW)
121 PWR rangieat ather tan loes of PCS (tucbine trip) Lass of RCP flow (1 kop) mean oventfryr. TIE+Olyr

Uscoatrotled rod withdrawai

CRDM problems andfoe rod drop

High oc low prsar preswre

Contai pressure probl

Full or partia] closure of MSIV

Turbine trip, throstie valve closure, EHC problens

G trip and g caused problems

Spurious =10 trip

Mnual wip due to false signals
122 BWR ransiont. oktion of reacior from coodenser Closure of all MSIV mean cventh.yr. L1E+Ohyr

Loss of condenser
123 BWR transiomt. trbine trip Partial closure of MSIV mean eventiryr. 4. O0F+Oryr

Turbine trip with bypess

Surwp of idle recirc loop

Pressure regulation faikire

Inadvertant opening of bypass

Rod withdrawal ’

Disturbance of FW

Electric Joad rej
124 BWR 3 inadvertant open relief vaive M mean_eventtr.yr. 6.0E-2/vy
125 BWR t loss of feed o1a] losg of feedwater mean evestr.yr. TOE-ilyr
126 RWR Unsiest Toss of off site power mean eventhyr. SIAL 2
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* - RANGE - ¥AR UPPERBNE LOWER BND SODURCR: % -~ ULY SOURCE
na n/a n/a Oskarsh 1 NPP Itesrure sou (aoni of LBB cruena)
a nfa na Oslarshamp ) NPP Incraure sources
n/a i nfa Oskarshamn ) NPP lRearture sources
na o/% nia Oskarshamn | NPP literature sources
n/a /% n/s Oskarsh 2 NPP 1 sources
na o/e n/a Oskarshuns 2 NPP Iterature sources
nfa n/m :%; 3 Oskarshamn 2 NPP literatore sources
) n/n na Oslcarsh 3 NPF € SOMTCES
nfa o/a o/ Oskarshams 3 NPP Iterature sources
n/a n/a n/a Oskarshamn 3 NPP Itersture sourced
o2 nfa n/a Runghats | NPP _ Inesstnre sovrces
/A nfa n/a Ringhals | NPP - terature sources
o/a /2 na Ringhals ]} NPP _ Interature sources
o nja na Runghaly | NPP - 1
/a nia nfa Ringhais | NPP _ 1 e data
95% 12E-3/yr nia Riunphals 2 NPP _ Iitersture sources
95% 3.0E-3/yr n/z Ringhals 2 NPP _ literaluire sources
95% 2. SE-2hyr Wz Ringhals 2 NPP - literature sources
95% 1.0E-6iyr nfz Runghals 2 NPP _ Isterature sources
nfa ofe ofz Ringhals 2 NPP _
5% 20E-2hr nja Ringhals 2 NPP - Inearure sources
25%, 5% 36E-3hr 33E6-S/yr  Zin NPPPSSuble]1.1-2 Iiterature sources and plant operating expenence
%%, 5% 36E-3yr 33BS/yr Zica NPPPSStable 1112 - Iiterature sources #5d plant oporating expenence
95%,5% TIE2Uyr 13B2fyr  Zioo NPP PSS able | 1.1.2 Iteratura sourcee and piant operaiing expersence
5%, 5% 772yt 2.3E-3yr  Zicn NPPPSS table 1.1.1-2 _ literature sources and plant operaing experience
ofk nfx nfa Angra NPP PSA, Summary repart _ Iiterature soarces
o _ /2 1] Angra NPP PSA, Suomary repat. | L sources
nfa nf2 nja Angra NPP PSA, Summery repart Isteratuye sources
o o/t oA Angra NPP PSA, Summary report - literature sources
o nfa n/a Angra NPP PSA, Semmary report - literature sources
nfa nfa o/ Caorso NPP PSS table A-2 _ I#ersture soarces
nia niz nfx Cacrso NPP PSS tabls A2 _ Ireratune soorces
nfa hii] n/a Cacrso NPP PSS tsble A2 - iterature sources
[ n/a o/ Cacrzo NPP PSS table A-2 _ 1
oz n/s nfx Caorso NPP PSS toble A-2 - inersture dats
o/ n/a o Caorso NPP PSS uble A-2 _ X
i n/a p:1: ] Caorso NPP PSS wubls A-2 - idersture sources
nx n/a n/a Caceso NPP PSS tebls 1.5 - Iterahure sources
EF3 n/a nfa German Risk Stody, tadle Fl, 4-5 _ german operaliig expenence
EF3 n/r o/ German Risk Study, table F1,4-5 _ system saalvas
n/a bfa nfa IREP-ANC1 table 4-7 _ EPRI NP-801 and data from the vtdhty
na nfa nfa IREP-ANO] table 4-7 EPRI NP-80! ssd plnt specific wnfo
o nia oA IREP-ANO! Lable 4-7 EPRI NP-801 and plamt specafic mfo
o/z n/a oA Limenc PRA, tabls A.13 BWR operatitig exXpenence
o/a ofa nfa Limenc PRA. tabie A.13 BWR operaling expenence
na na na Lumenc PRA tablo A.13 - BWR operating expenence 121
/2 s nfa Lumenc PRA, table A.L.3 _ BWR coeranng expenence
nfa 2 nféa Limenc PRA table A 62 _ regionai gnd data




PLANT TYDE, ¥R SET

~ 1B CATEGORY

INFTIATORS s - FRELY DS

FBEQ

127 PWR transsent

loss of PCS

Total loss of FW Now (hsted 1a DESCR.Gield)
FW flow ality-op e ch 1 causes
Full or partial closure of MSTV{oae loop)
Closure of ali MSIV-s

Loss of condensate pumps (all loops)

Loss of condenser vacium

Coandenser Jeskage

3G leaiage

Opening of steam relsef vaive

M k [ i S’ on d: ytﬂﬂ
Loss of CW

Lossof CC

Loss of SW

mean eventr yr

1 4E+0hT

128 BWR

losz of power conyernion system

Electnic Joad resection with bypess failure
Tuwbine trip with bypess faikure

Full MSIV closure

Partial MSTV closure

Loss of condenser vacutm

Pressure regulstor fals open

Pressure regulator fails closed

Turbine bypass fails open
Turtine bypass fails closs

Turbine bypass or control valve mcreass peessure

mean evenlr yr

129 PWRA&BWR trzsswst

Joss of a DC bus

mesn eventfr yr

S OB-3yr

120 PWR

other then Joss of PCS

Loss of RCS flow(onse loop); Totsi loss of RCS flow
Uncontroled rod withdrawal:CVCS pwoblems-boroa diluton
CRDM mechanical problems or rod drop

Leakags from: control rod, prunary system, pressunzer
Pressunzer pressurs: low or ngh; Pressarmmer speay fashure
Inadvertam SI ngnat

G eat pressure prob
Spurious tnp; sute or manual tnp(do transient cond tions)
P D power ynbabance rod emvor
Startup of mactive RCS loop

Loss or reducticn of FW flow{(cee loop)

Increass m FW flow:one ioop;zll Joops

Loss of condensate pumps:ons loogs all loops

Turbine tnp, penerstor tnpthrotie vaive closure;EHC peoblems

mean eveat)r yr

1

Do

| 4

68E+Ofyr

131 BWR

lces of FW (steam side PCS available)

loss of 21l FW flow
FW low flow

mean evenlfk yr

SGE-1jyr

132 BWR

okher than Joss of PCS

Turbine tnp .clecinic joad reyecnon
Recirculation cootrof falure: decreasing flow, mcreasing flow
Recirculation pump trip- one, all

Startup of 1dle recircuiation pump
Recirculation pump sexure

FW mcreanng flow; loss of FW header

Trp of one FW or condensate pamp

Rod withdrawal madvertant meertion of rods
Inadvertant stertup of HPCI/HPCS
Spunous tp via mstramentanm

RPS faak

SCRAM due w0 other plsal occurances
Manual SCRAM-00 transent condtion
SCRAM canss vnknown

mean evenls yr

4 SE+Ofyr

loss of off sute power

loss of all offsile power mesn eventkr yr
loss of power 0 neccessary plant system

10E-ifyr

134 BWR

loes of off sits power

Joss of off site power mean evenld yr
Joss of awaliary power (ransformer)

1.0E-1/yr

135 BWR

madvartant openmg of relwef valve

14E-1yr

wrbme tnp with MFW svmlable

nebmne trp; resctor tnp mesn eventf yr
loss of Joad

MSIV closure

loss of urbme coetrol

73E+Ofyr

loes of mam feedwater

falure of mam FW mean eventfr yr
high SG water level
madvertnt ST sgpal

9 4Bt

loss of charging pump cooling

o3 of charging pump CC mean eventfr yr
loss of charpng pump SW

30E-2hr

loss of off site power

fahure of offsile power gnd mean eventfr yr
loss of sTalion reserve power
Joss of power 10 the switchyard

70E-2hr

140 BWR I

loes of PCS

mean eventh yr

1 SE+Ofyr

141 BWR

other thas loss of PCS

madvertant open relief vaive m pomary system mean evenlfr yr
joss of FW but steam side of PCS mitually available

other In1tztocs with same conseqences

2 BE+Olyr

1482 BWR t

loss of off sile power

mean evenur yr

7O0E-2hr

143 BWR

mean evenur vr

! SE+ht

loss of PCS

144 BWR t

loss of FW and steam side PCS avalable

mean evenur v

TO0E 20

145 BWR 4

other than loss of PCS

mean evenur vr

SAF 1O/ r




" RANGE ¥AR __ UPPERBND LOWER BND BOURCE- 2 ULT SOURCE
EF3 njs nfa NUREG/CR 4550, Vol.1, Methodology..., table VI 1-1 Based on NUREG/CR 3862
EF3 '™ nfa NUREG/CR 4550, Vol.1, Methodology..., table VII 1-1 Based oo NUREG/CR 3862
EF3 aa o NUREGICR 4550, Voi.1, Methodology._., table VIH 1.1 DC power supply study, NUREG 0666
EF3 ofa na NUREG/CR 4550, Vol 1, Methodology ..., table VI 1-1 Based oo NUREG/CR 3862
EF3 oia aa NUREG/CR 4550, Vol.1, Methodology..., table VIII | | Baged on NUREG/CR 3862
EF3 7.3 T} NUREG/CR 4550, Vol.1, Methodology ., table VIIL.1-1
EF3 na ch NUREG/CR 4550, Vol.1, Methodology ., table VI 1-1 plant blackout analyss NUREG 1032
EF3 n/a na NUREGACR 4550, VoL 1, Metbodology .., table VIHL]-1 Plant biackout snalyse NUREG 1032
EF3 fa ™ NUREG/CR 4550, Vol.1, Methodology-.., table VIL1 1 Based oo NUREG/CR 3862
nfa o/a nfa NUREG/CR 4550, Vol3, Surry Umt 1., table IV.3-1 plant specafic operatmg exp
nfa 17} n/s NUREG/CR 4550, Vol.3, Sumy Unat | __, table IV 3.1 plant specafic operatng expenence
na NUREG/CR 4550, Vol3, Sury Usat 1., table [V.3-1 Companison of NUREG/CR 3862 and operatng expenence
/s NUREG/CR 4350, Vol.3, Swry Umt |, table IV 3-1 NUREG 1032
n/a /s nfa NUREG/CR-4550, Vol 4, Peach Bottom.. , table IV 3-1 and plant op 18
n/a nfa n/a NUREGICR-4550, Yol 4, Pesch Bottom....., table IV 3-} nuclear sources and plant operating experience
n/a 2/ nfa NUREBCGNCR-4550, Vol 4 Peach Bottom.__, table IV 3-1 & xnd plant operaling expenence
nfa Al nfa NUREG/CR4550. Vol 6, Grand Gulf | ,uableIV 3 1 different muck and plant oocrating cxoenencs
R " nfa NUREG/CR-4550, Vol.§, Grand Guif | ,table IV 3 1 different sLclear sources and plant coeraling expenence
nsa ~/a nfa NUREG/CR-4530. Vol 6, Grand Guif | table {1V 3 ] dufferent nuclear sovrces and plant voeraung exoenence

123




EXTEGOR

T0E2Uwm

Loss of condenser vacunm

Inpdvertant MSIV closure

Loss of main FW; Joss of main CW; loss of condeasae pumps
Insdvertant openig of SG PORV-s

Increase in MFW flow . L

Opening of 1] bypass valves(steam dump)

Uncoatroled rod withdrawal; control assembly drop
Boron dilution (CYCS malfunction)

Startap of inactive RCS Joop

Opening of pressurizer SRV o RV

Lass of RCS coolant fTow; siezure of all RCP-s

Rupture of FW piping or main steam lines; ruptire of SG
Rupture of CRDM housing )

146 toas of off site power
147 BWR nadvertant ovening of relief valve mean eventr.yr. 14E-livr
148 PWR furbine trip Rod drop mean evenyr.yr. 4.9E+0y1

Inadvertant rod withdrawal

Insdvertant boration or dilution

Reactor trip

Cold water addition

Inadequate main FW

Turbine and cootrol valve malfunction

Presecrizer spray faibire

Turbine trip

Generator faults -

Grid distrurbances

Admmistrative shutdowns
149 PWR spurious 51 signal HPL flow mesn_eventh.yr. 1.0E-2/yr
150 PWR siesen lino break steam line rupturs mesn event/r yr. 3083y

terbine bypass valve inadvertant opening
151 PWR lous of condenser loes of condenser vacuem mean event/r.yr. 21E-yr

loss of condenser circulating water
152 PWR FW line break (larpe) mean eventfr.yr 93BN
153 PWR Joss of main FW mean eventfr.yr. 6AB.1/yr
154 PWR partial loss of main FW mesn_evenifr yr. S5E-Lyr
155 PWR Soss of off site power faikere of grid mean eventfyr. 4062y

frilure of feeders
156 PWR Joss of off site power (sabstation faults) mesn eventfryr. 13B-1ie
157 PWR excessive feedwater mean_eventfr.yr, 92824t
158 PWR spurious low pressarizer signal mesn eventiryr. 4AB 2y
159 PWR Loas of off sits power mesn eventhyr. 2.0B-1jyr
160 PWR Joss of main FW mesm eventyryr. 3.0+
161 PWR transient with main FW available MeaR EVenuy.yr. 4 DE+Ofyr
162 BWR Toss of condenser loss of normal condenser vaquum mean evendfryr. 41Bliyr

tarbine trip with bypass valve failure

electric load rejection with bypass valve faiture
163 BWR MSIV closure mesn_eventiryr. 24E- e
164 BWR Jost of feedwater mesn eventiryr. 1BE-lhr
165 BWR Joss of off site power mean evenur.yr, B0E- 241
165 BWR tpadvermnt opeaing of relied valve mean_eventhyr. 9.05 2w
167 BWR control rod withdrawal mean eventkyr. 3052w
168 BWR rbina trip Electric load rejection mem eventfryr. 4 SE+Yyr

Turbine trip

Inadvertant closure of one MSIV; partial MSIV closure

Pressure reguistor fails: open; closed

Torbine bypass fails open

Turbine bypass or coatrol valve canse increase pressure

Recirculation flow failurecdecressing increasing

Trip of recirculation pumpx one; all

Abnormal startup of idla recirculatics pump

Recirculation pump seimure

Loas of FW heater

Trip of ons FW or cond: pump
168 BWR main steam hoe break POInt eST evenir.yr. 33584
170 BWR feedwater line break point est. event/r.yr. 27694
171 BWR HPCI/RCIC line bresiks point est. event/r.yr. 1.4E-8/yr
172 BWR 1xpid shutdown Rod withdrawsl s power median, svent/rescior yr. LOE+1/r

FW controler frilure; Joes of FW flow

Recircubation flow control failire-decreasing incressing

Startup of idle recirculation pump

Loss of FW heating

Insdverisnt HPCT start

Lods of auxiliary power

Turbine trip{turbine valve closure);load rejection(siop valve ol

MSIV closure

Recirculation pump trip (one pump)

Recircualtion pump se: P two pumps

T-G pressure regubator failure-rapid opening

Rod ejection; rod drop accident

Startap of idla recire.pump with simull turbine trip
173 PWR transieat rapid shutdown Turbine trip; loss of main generntor; LOOP media, eventsfreactor y1 LOE+1fye
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o RANGE VAR LPPERBND LOWERBND BBORCR:, - oo o v oo %

2 HET SOURCE. - . N s s

o NUREGICR-A4550, Vol6, Grand Gulf 1 .4 ble [V.31

aa 0/a of different nuclear sources
nfa iz nia NUREG/CR-4550. Vol6, Gand Gulf 1 .t ple IV 3-1 duifferent nuclear sources and plant opersing expenence
95%, 5% 5.7E+0fyr 31E+0/r  Oconece PRA, 1able 5 9 genenc data updated with plant specific opersung
95%, 5% 43E24yr 78E S/ Oconee PRA, table 5 9 C genenc data updated with plant specafs "
5%, 5% 12E-2fyr 10E5-6/yr  Oconce PRA, iable 5.9 genenc data updaied with plant specific op g exp
5%, 5% 33E+0fyr 83E2yr  Oconce PRA, lable 5.9 - genenc data updated with plank spocfic Oparaiang exp
38E-1pyr BNL Review, table 4.3 -~ Ieul made by the reviewers ~
95%, 5% 2.8E-3r 89571 Oconce PRA, 1able 5.9 _ Renenc data updated with plant specific operating exp
95%, 5% 92E-1yr 36E-1fyr __ Ocomce PRA, table 5.9 _ _genenc dua updated with plaat specfic operatmg, expenence
95%, 3% 9.7B-15yr 40E-ljyr _ Ocomes PRA, table 5.9 _ genenc data updmed with plant specific operstmg
95%, 5% 9.7E-2yc T.1E-3yr  Ocoove PRA, table 5.9 genenc data updated with plant specafic op g exp
95%, 5% 30E-1fyr 22E-2yr _ Oconee PRA, table 5.9 - Benenic data updated with phnt specafic opersting
5%, 5% 2.1E-Liyr 18E24yr  Oconoe PRA, tabls 5 9 _ genenc data updsted with plant spocfic operdmg exepers
95%, 5% 17E-1hr 1.7E-3/yr  Oconee PRA, tsbie 5.9 sysiem analyss
o oja i Sequoysh NPP RSSMAP, able 7-4
o/ n/a o/a Sequoysh NPP RSSMAP, uble 74
n/s n/a nf Sequoysh NPP RSSMAP, table 7-4
EF3 o/a n/a Shorcham PRA, Appendix A, table A, genenc data besed on nuclear operating expeirence
taken from EPRI NP-801
EF3 o o/ Shorcham PRA, Apperdix A, tsble A1~ _ genenc dats based on pucleac g exp ac.
EF3 /2 o/ Shoreham PRA, Appendix A iable A 1- genenc data based on nuclear AR eAD ac
EF3 nfx nia____Shoreham PRA, Appendm A, lable A I- _ uulty specific dsta
EF3 /1 nA Shorcham PRA, Appendix A, table A 1- genenc dais and engmeenag evah
na z na Shoceham PRA, Appendix A, table A.1- _ genenc data based on nuclear op g XD ac.
EF3 nfa n Shoreham PRA, Appendix A, table A.1- genenc data based oo puclear Operating expsrence eic.
/A o/s o/a Shoreham PRA, Appendix A.1 - apmeerng evalation
nfa 1L ] nia Shoreham PRA, Appendix A.1 _ pmeenny
nja n/a oi Shoreham PRA, Appendix A.1 _ engmneenny evaluation
EF2 WASH-1400, Reactor Safety Study, Apg en 1x V, chapter 4.3 NPP operatng exp g g
& Appeadix I, Table I-4.12
EF?2 WASH-1400, Reactor Safety Study, Apt ex 1x V, chapter 43 NPP op g exp gineenng

& Appendx [, Table1-4 9
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-+ PLANT TYPE IR SEY - 1R CATEGORY s INIHATORS - - > FREQ DESC FREQ
174 FWR transwent logs of off site power mexn evenuf yr 1 3E-1AY
175 PWR transaent total interupuon of PCS Total boss of FW flow mean eventsryr 80E-1r

Clasuce of all MSIVs
FW flow msabulsty
Loss of all condensate pumps
Lass of condenser vacuum
Logs of CW
176 PWR trantest transtent requnng RCS pressure selief Tarbme g or throttle valve closure mean eventk yr | SE+OfHr
generator thp o generator caused fauis
Joss of o ket
177 PWR trsndseet trannient which do nol affect front line systems Loss of RCS fow (one loop); towd Joss of RCS flow mesn eventk yr 6.3E+0fyr
CRDM problems, rod drop
Presswrizer pressure: lowrhigh
Esadvertant 51 sigzal
CVCS maifunction- boroa dik
Prossurepempreracurefpower wmbal
Loss o reductson @ maun FW (1 Joop)
Full or partzal closure of ooe MSTV
Increess in FW fiew: ooc loop; all loops
Loss of condensate pumnp
Condeaser lkage; Lekage m secondary sy
Sudden openmy of rebief vaive
Pressurzec sprvy failore
Spunrous g Mamual tripuauts thp-No ¢ dtions
178 BWR transsrst loss of PCS MSIV closure mean event/r yr 1 TE+Ofyr
Loss of normnal condenser vacium
Pressure regulstor fails open
Loss of feedwater flow
Loas of off sie power
Loaz of saxfisry power
Incressed flow ot power
179 BWR ADSEnt other than loss of PCS Elocanic load rejecnon mean eveath yr. L7E+Oiyr
Electne load regection with bypass failure
Turbios tp
Turbina tnp with bypass failure
Insdvertant opening of MSIV
Pressure regualor fails closed
BypestA ] valve 1ng pressure increase
R ! control farls cauning incressed flow
180 PWR transscat turbne tr mean  ewventsit yr. 1 OE-Ofyr
181 PWR transyent Joss of maxn FW (total loss) mean  events/ yr 33E-1Ar
182 PWR transwest loss of mmn FW {(partial) mean evenlsfr yr 4.9E-1)yr
183 PWR transwest excessive FW flow mesn _eventsfryr 31E-1jyr
184 PWR t kst of condenser vacuum mean  eventyr yr. 8.16-2fyr
185 PWR transwest closure of one MSIV mean eveats/t yr 12E-2hr
186 PWR - cl of 3ll MSIVs mean /T yr 2.0B-3/yr
187 PWR core power mean yr 13B-2}yr
188 PWR tranment steam line break (mnde 5ty MEAn  eVnLyT YT, 4.66-4/vr
| 189 PWR Lyaifont steam Line break (outtide contamment) mean  eventsir yr. 42E-3Mr
190 PWR main steam rehef valve openmes mean  cventsiryr. 1 6By
191 PWR transwet inadvertant ST mean _eventsir yr. 63E2hr
162 PWR trantieat toxal loss of reactor coolmnt flow mesn  evenltir yr S9E-24yr
193 PWR transieat loss of off-gits power mesn  evenisr yr. 49824y
194 BWR sient with froat ling systems availsble mesn event/r yr 2.0E+Ofyw
193 BWR Joss of d mean eventhr ¥ 336-1fyr
196 BWR [ Joss of FW (total loss) mesn eventir.yr L6B-1hr
197 BWR trancuemt loss of FW and condenser mesn  eventy yT. 1314
198 BWR transaeat Loss of off-ute power mexn_eventh yr. 1 8B-1/yr
199 BWR tr with front line sysiems avaslable mean_eventh yr. L7E-14r
200 BWR transwent Sost of condenser mean  evenlir.yr. LIE+Oyr
201 BWR transseat loss of FW mesn_eventh yr 1 7E- 1y
22 BWR transiont Joss of FW and cond mesn_eventd yT 1781y
203 BWR loss of off-xite power mean eventlr Y1 1 3E-1/yr
204 BWR tr wath front Ims systems avaisble mean  eventyr yr 1.9E+0hy
208 BWR trRnTWuE loes of cond mean  eveath ¥r. 32E-1hr
206 BWR tanneet loss of FW and condenser mean ovent/r yr 32E- 14
200 BWR transeest loss of off-sits power mean _eventf yr 32E-ifyr
208 BWR transseat transient with front bme 3 zvailable mean eventkr yr 1 6E+Ohr
200 BWR trnest loss of cond mean aventfr yr 7 3E-1r
210 BWR loss of FW mexn events YT 78B- 1y
211 BWR transyesl loss of off-site power mean cyenti yr. 20E-2yr
212 BWR [ tratsient wath front line svstems available mean  eventf V7. 9 SE-INT
213 BWR Joss of cond mean _eventh yr 1 6B-1hyr
214 BWR loss of FW and condenser mesn eventlr yr 93B-Yyr
215 BWR Joss of off site power mean  evenli Yr 1L.6E-lhr
216 BWR transient with froat line systems avaiable mean  evealit.yr. 92E-1ivr
20 BWR transiest Joss of cond mean _ eventr yr 2 OE+Olyr
218 BWR loas of FW & condenser mesn  eventy yr 3761y
219 BWR loas of off site power mean  evenlr YT 1 BE-14yr
20 PWR with PCS isolaton mean  evenlr ¥ L3E-1Nyr
prii PWR el wansient with front line systems available mean  evenur.yr 6 OE+Ovr
223 PWR transsem Joss of off sile power mean _eventr yr T0E-1hr
3 PWR ransient wansient reouinng RCS pressure relef Mean__cvenlr ¥t 40E-1ht
224 PWR transyem msdvertant safety injecuon mean _cventy vr | 2E+AT
223 PWR transvem. steam line break mesn  evenlT v 4 4Edfvr




Calvm Cliffs Unit § IREP, table 4.8 EPRI NP-2230
n/z n/z Calvert Cliffs Unit § IREP, table 4.8 EPRI NP-2230
nfa nfa o/a Calvert Cliffs Unit 1 IREP, table 4.8 EPRI NP-2230
nfa o/a a Calvert Cliffs Unkt | IREP, table 48 EPRI NP-2230
ofa ofa o/ Browns Ferry Unit | IREP, able 6 plant specific data
nfa nfa o/ Browns Ferry Unit 1 IREP, table § piant specific data
95%: 5% of disribution  L4E-Oiyr 7.1E-1r O PWR Generic datz updated with plant specific opersting experience
95%: 5% of distribution  4.9E-1yr 17E-Iiyr  Old PWR Genersc data updated with plant specific m@mm
93%:; 5% of diswribution  6.5E-l/iyr 29E-ljyr Ol PWR Generic data updated with plant specific operaling exp
95%; 5% of disribution  4.9E-1fyr 14E-Ifyr  Old PWR Generic data updated with piant specific operating experience
95%; 3% of distribazion 1.5E-lfyr 1.BE-2/yr Old PWR Generic data updated with plam mﬁc wlw
95%; 5% of dis 1.5BE-l#yr 1BE2/yr Old PWR Generic data updated with plant sp o g eXp
95%:; 5% of distribation  S.7E-34yr 39B-5hyr Ol PWR Genenc data updated with plant specific operating experience
‘%%;S'Loldiﬂ:imim 3.6E-2iyr 6. 7E-4lyr  Old PWR MMWMWMW
95%:; 5% of diswibotion  1.2E-3)yr 23E-Siyr  Old PWR Generic dana mu with plare specific op g experiencs
95%: 5% of disribution L3E-2Avr 1.1E4/yr Oid PWR Generic data up ith pisnot specific operating sxperience
95%; 5% of distrik 4AE-2hvr 57E4iyr  Old PWR Generic data ,‘ d with plact specific operating experience
05%;: 5% of diswit 13B-liyr 14E-2/yr  Old PWR Generic dats updatad with plant specific opersting experience
95%; 5% of distribution _ 1.5E-1hr 1BE-2iyr _ Old PWR Generic datx updated with plant specific opersting experience
95%:; 5% of distribution.  1.1E-thr 7.1E-3r  Old PWR Generic data updated with plant specific operating experience
oA 7.3 o Barschack 1 NPP plant cperating experience (8.11 years)
B /e n/x B i | NPP plam specific operating experi (8.11 years)
nfa ofa o Barseback 1 NPP plart specific operating experience (8.11 years)
n'a afa oM Barsebeck 1 NPP plant specific operating expericoce (8.11 years)
o2 ofa nia Barsebacic 1 NPP plant specific operating experience
ofa nfs nh Oskarghamn 1 NPP plamt operating experience (5.7 years)
nfa Y] oA Oskzrshamn 1 NPP plant operating experience (5.7 vears)
n/a n/a n/a Oskarshamn 1 NPP plamt specific operaling experience (5.7 years)
o/a nfa n/a Onkarshamn 1 NPP plast specific opersting experience(5.7 years)
n/ nfa ah Oxkarshamn 1 NPP plant specific opersting experience (5.7 years)
ofa nfa ofa Osirshamn 2 NPP plant operaing expericnce (6.2 years)
nfa nfa nfa Oskarsh 2 NPP plant specific operating experience (6.2 years)
na ofa nfa Oskarshamn 2 NPP plak specific operating experience (6.2 years}
ala nfa o/ Oxkzrshamn 2 NPP plast specific experience
nfa afa nia Oskarshamn 3 NPP plant specific operniing experence {6.4 years}
a/a nfa nfa Oskarshamn 3 NPP piant specific operating expercince (6.4 vears)
n/a nfa nh Oskarshamn 3 NPP plant specific operating experience (6.4 years)
nfa nfa o Onkarshamn 3 NPP. literature sources
nfa afa afa Barseback 2 NPP planz specific operating experience
nfa nf o/ Barseback 2 NPP plamt specific operating experience
nfa nfa n/a Barseback 2 NPP plant specific operating experience
o/s n/z ofa Barseback 2 NPP phant specific operating experience
na nfx n/s Ringhals | NPP plant specific opermting expenence {5.44 vears)
a i nfa Ringhals 1 NPP plam specific operating experience (5.44 vears)
n/a n/a n/s Ringhals | NPP plant specific operating experience
na nja nf Ringhals | NPP plant specific opernting experience (5.44 vears)
95% 4.0E-1/yr a2/ Ringhsis 2 NPP plant specific opersting experience
5% 9.6E+Divr nfa Ringhais 2 NPP plam soecific opcrumg LXDeriencs
25% 1.2E+0Ht afa Ringhals 2 NPP plam soecific mg experience
5% &6E-1ivr am Ringhals 2 NPP olant specitic operating expenence
95% 2.0E+)/vr nfz Ringhals 2 NPP plant speciiic operating experience
5% 12E-3hr afa Ringhsls 2 NPP Literature sources
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PLANT TYPE IK SET-

IR CAYEGORY ~

INITIATORS

FREG DESC

FREQ

226

PWR

boy

I occurrmy afier shutdown

mean

1 OE+OMvr

evenlr yr

1)

PWR

{ransieat

loss of RCS flow

mean

eventr vr

36E-lyr

us

FPWR

ransient

loss of fcedwater flow

FW pipe rupiure outside contanment mean
Loss / reduction of FW flow m one 5G

Loss of FW flow w0 all SG

FW flow mstsbilly - operator erroc

FW flow msiabihity - mechanical causes

Loss of one condenssis pump

Loss of all condensate pumps

Condenser lesicags

Other dary leakage

eventfr yr

S2E+Ofyr

pertial loss of stemr: flow

MSIV Closure mesn
Full closure of MSIVY

Partal closure of MSTY

Other losses of stexn [low

eventk yr

255 1yr

Closure of atl MSIV-s mean
Incresse of FW flow m one SG

Loss of condenser vacuum

Loss of CW

Throitie valve closure/Electrobydrauhic control problem

Geperstor tnp / geoerator caused fauks

Turbeae tnp due to over spoed

Othier turbme trrps

eventk yr

loss of off sie

mean

eventhk yr

SBE-2hr

spunous safety mection

mexn

eventk yr

SAB-1/yr

333

reactoe tp

CRDM problem / rod drops mesn
High and low pressunzer pressure

Hugh pressunzer level

Spurtous SuLomatc 1P - O transient condiion

A / itnp - op error

Manonal tnp doe 1o false sgnals

Spunous mp - cause unknown

hal

eventk yr

3BE+OHT

Prunary systest p temp OF POWeT

3

loss of steam 1nsule contmnment

Stexm prpe rupture innde contamment mezn
FW pipe rupture 1nnide

Steam relief oc safety valve open madvertantly (Jeak upstream of MSIV)
Crher siesm Joszes innide

eventr yr

94Edfyr

B
3

Joss of steam outside contaimment

Stea pipe rup i mean
Throttle valve/Eloctrohydraulic control probiems

Steam and dump valve fal open

Orher steam loszes outnde contunment

eventk yr

9 4B-4/yr

:
3

COrs power marease

Uncontrolled rod withdrewal mesn
Boroa ditution - CYCS malfuncton

Core mlet tempersture drop

Orher posstive reacavity additions

eveath yr

23E20yr

main steam hnas break

eventh yr

196247

Joes of off-mie power

eventi.yr,

1L.SE-1fyr

Joss of mas foedwarer

eventh yr

A2E+ONT

reactoe Np

eventhr vr

3 1E+0hT

wrbne trp

BEfR

eventr yr

3 0EAOfT

B BIE G

HHEHEE

1 chartrd

of Spunous trp

Spurious tnp via strumentation mean
Scram due to plant occurences

Deteciod fankt m RPS

Insdvertant insertson of rod oc rods

Manual shuidown

eventh yr

4.SE+Oyr

:

Turtane tnp mean
Generator tnp

High FW dunag startep or shutdown
Inadvertant startup of HPCI
Reczreuhanon cortrol fulure increasng flow
Turbune bypess or control valvs fuhures
Tap of one or all recirculatog pumps
Loss of FW heater

R bion purep

Preszure regulnter fails open
Turbine bypess fails open

FW flow mcresting of power

FW controiler maximum demand

2TE+Olyr

BWR

MSIV closure

MSIV clogure mesn
Partsal MSIV closure

Inadvertsnt closure of one MSTY

Loss of condenser vacuym

Turbine trip with bypass {ailure

Generxior wip with bypass fulure

Pressure regulator fais closed

41E1jyr

BWR

madvertant openmg of relsef valve

135247

BWR

losz of feed water

Loss of all FW flow mean
Trp of cae of FW pumpe

FW low Flow

Low FW fow durmg startup or shutdown

eventsr yr

2LIE 1

237

BWR

Lran<iesk

loss of off site power

mean

2ventr ¥t

6.5 0-20vr
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TURANGE YAR © UPPERBND - LOWER BND SOURCE . UET SOURCE
95% 1 TE+Ohyr nft Ringhals 2 NPP plant speaific operaimg expenence
95% .5% 6.08-1iyr 19E- 14t Zion NPP PSS table |t 1.1-2 literature sources and plant operating exvenence
95%, 5% 6 4E+Ofyr 41E+0t Zion NPPPSSublell 12 Interature sources {prior) and plant operaung expenence
95%, 5% S2E-liyr 96E-2yr Zion NPPPSSuble111-2 Lerature sources (pnor) and plant operatng expenience
95%, 5% 4 TE+Ofyr 28E+0lyr  Zioa NPPPSStable 1112 Luerature sources {(prior) xnd plant operabng expenence
95%, 5% 17E-147 83E-3/yr  Zion NPP PSS uble 1.1 )-2 litersture sources and plant operaing expenence
95%, 5% L1E+ONT 3361t Zion NPP PSS tabie 1.1 1-2 1 and plant operating expenence
95%, 5% 4 TE+Ofyr 29E+0kr Zioo NPPPSSnablel1112 Iiterature sources and plant operating experence
95%, 5% 3.6E-yr 33E-5fyr  Zion NPPPSStable111-2 Lierature sources and plant operabng expenence
95%, 5% 3.6E-3r 33ESHyr  ZioaNPPPSSublell !-2 |} e and plant op g expenence
95%, 5% 6 1E-2{yr 4 6E-3hyr Zion NPPPSStable i 1 1-2 1 ] mnd plant operabng experiencs
o/fa nfz n/x Angra NPP PSA, Summsry report Iserature sourees
%3 o/t p1,.3 Angra NPP PSA, Suammary report frequency besed om specfic study
n/a nx nfa Angra NPP PSA, S Tepart Inerature sowces
n/x nfa ofa Angra NPP PSA, S Y report laersture soarees
'z n/z n/z Angra NPP PSA, 5 'y report Inerature Sources
n/z nfz nfa Caorso NPP PSS table A-2 plant specific operating expenence
o'a n/a n/a Caorso NPP PSS bla A2 plant specafic opevating expereince
/a ofa nfa Caorso NPP PSS mbie A-2 plant specific operating experrence
/s niz nia Caorso NPP PSS able A-2 study for the plamt with simylar valves (Alo Lano)
/s /s o Caorso NPP PSS table A-2 plant specific operstmg expenence
/e n/x ni Caorso NPP PSS 1able A-2 Histoncal cata foc north jlaty
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© PLANT TYPE IR SETC . IR EATECOQRY INETIATORS - FREG DESC FREQ

48 PWR CClnibaxoe  Jossof an AC bus shoct to ground on AC bus mesn evenfryr 3.5E-2hyr
249 PWR CClInibaor  Joss of 1 DC bus mean eventryr 1.8E-2wr
250 PWR CClIntstor  loss of service water fulure of nosmally open discharge MOV mean_evenyr yr 2.6E-3)wr
251 PWR CCloiusor  Jossof a DC bug mean_eventy yr 9 OE-4/yr
252 PWR CChuitimor ~ Joss of sn AC bus thoet on 4160 V buz mean evenlkr yr 90E-Ihr

short on 480 Y bus

faiiure of 4160/430 ¥ transfomer
253 BWR CClatimor  Joasof a DC bus mean evenlr yr 9 0E-4hr
158 BWR CCInimor  Jost of s AC bus memn eventr.yr 9 O0E4{yr
255 PWR CCh;m Jous of service water menn evenlfr.yr 4083
156 PWR CClnntimor  Joss of power bus KIICS supply) mean_eventfryr 2082y
157 FWR CClnitimoe  Joss of o AC bus mesy eventryr 54B-3Nr
258 PWR CChitaer  loss of mstroment ax mexn evemiryr. 17161t
159 PWR CClnitimor  Joss of 4 kY switchpesr mesn eventhyr SAB3M
260 BWR CClnitistor  reactor waler leved mstrumentation fahure point est. eventjr.yr 36EUn
261 BWR CClnmamr  Joss of an AC bus point est event/r yr 35E-2Uyr
262 BWR CClInitimor  Jossof a DC bus point est, eventr ya. 303y
263 PWR&ABWR CClhitimor  Lossof offsite power >30 munute 40E 2
264 PWR CClnstimor  Joss of service water mexn eventt yr 1.8E-Ifyr
265 PWR CClutmor  failure of DC bus mesn eventhryr 3.8E-2yr
166 BWR CC imtisor  loss of dedicatod DC power mesn _eveatt yr. 2B 1y
1671 PWR CCInittmne  Joss of service water system mean  eventh yr 2 4E-Shr
268 PWR CClmtmor  Joss of service water memn  eventh yr. 9 AE-4fyr
269 PWR CClnitmsor  Joss of compoaent codling mean event)t yr 94E4Nr
pai} BWR CClmtisor  lous of TRCCW system Loss of cooling water to TBCCW system mean  eventr yr. 328Uy

Loss of condensate pumps

Loss of service water
mn BWR CClnstaor  loss of instrument axr Loes of mstrument arr mesn  eventh.yr. LOE-3hyr

Loss of RBCCW system
mn BWR CClntmior  Joss of kY emerpency bus mexn  eventhyr. 1 1E4fyr
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RANGE: VAR - UPPERBND LOWERBND SDURCE. ¥ n =+ - >

T BLY SOURCE: oy -

i afa n IREP-ANOL table 4-7 . OCONEE PRA RSSMAP data base
vt nia /e REP-ANOI1 table 4-7 data taken from other PSA
n/a nfx nfa JREP-ANO! table 4-7 _ engmeening evaliation ung genenc rehablity data
na nfa nh NUREG/CR 4550, Yol.3, Surry Unut 1., 2 le IV.3-1 Dertved from genenc component fajlure data
v 0fa nfa NUREG/CR 4550, Vol3, Sunry Umit 1., {sIV.3-1 Denved from genenc componeat faburs data
na afa =2 NUREG/CRASSD, Vol4, Peach Bottom. ., ablelV 3.1 auclear sources sed plant opersiing Gxperence
na 7 ] nfa NUREG/CR-4550, Vol4, Peach Bottom..., IsbleIV.3-1 nuclear sources and pisnt opersiing expenence
na af o Ocotes PRA, 1able 5.9 - System analysis using fxult tree model
95%, 5% 7.5E-2vr 7.5E4/yr  Oconee PRA, table 5.9 _ analysss of plants pystects
95%, 5% 13E2hr 27ESle  Ocones PRA, tabie 3.9 _ plani opersimy experience
1) o/ na Oconce PRA, table 5.9 - denved from sysuern analyns usng fault troe model
95%, 5% 1.3E-2/r 2785/t Ocooee PRA, able 5.9 _ system analysis-basic equinment fauk
EF3 B n__ Shorcham PRA, Appendix A1 estmated from naclesr operating expenence
EF 10 n/a na Shoreham PRA, Appendix A.l nnclear opersting expenencs and engineenng eviluation
EF3 o/fs nfa Shoreham PRA, Appendix A.1 - nuclesr operstmg expereince
WASH-1400, Reactor Safety Study, App .k X [, Fgld11&4d12
v/ nfa nh Catvert Chifs Unzt | IREP, tablo 4.8 system evalustion usmg genenc fajlure data
B/a .7} e/a Calvest Chffs Untt 1 IREP, table 4.3 engmeenny evakalioe and nucless expenence data
nh o/a n/s Oskarshamn 2 NPP _ plant specific operatng expesrence (6.2 yesrs)
n/a nh o/ Ringhaty 2 NPP _ |teraturs sources
95%, 5% 16E-Vyr 13EShr  Zien NPP PSS table L1.1-2 B Iteratuure scurces (prior) and plant operating expenence
95%, 5% 1.6E- W 13E-Siyr  Zion NPP PSS table 1112 N literaturn sources (prior) and piant operanng expenence
n/a .7} Y, 1 Caorso NPP PSS mble A-2 wmalysis uang faol tree method
oA A 2 Caorso NPP PSS table A2 - alveis of meroment ar sysiem
/e e nfs Caarsp NPP PSA table A-2 : mnalysis of emergency power system by fault tree

131




FW flow mstability-op erroc;mech
Full or parttal closure of MSEV(one loop)
Closure of a1l MSIV-g

Loss of condensate pumps (all loops)
Loss of condenser vacuum
Condeaser leakage

SG leakage
Opening of steam relief valve
Miscelan leakzges o
Loss of CW

Loss of CC

Loss of 3W

dary side

PLANT TYPE. IX SET"- - IF CATEGORY - - INITIATORS > _FREG DESC FREQ

1 PWR LOCA lasge LOCA beeak with equ.area greater than 40X sq am mean_evenlr vr 2LTEA
2 PWR LOCA d: LOCA break with equ area 80 10 400 sg cm mean eventrvr 8OEA /v
3 PWR LOCA smalt LOCA break with equ.area 2 1o 80 sq cm MEAN CYeRly yr 2.7E-3fyr
4 PWR LOCA small leak on pressunzer stuck open relief or safety valve mesn eventk yr 13E-3pr
5 PWR transest loss of feedwater(FW) compooent failures m FW systemn mean eventr yr S0E-Liyr
] PWR transsent Joss of off site power(LOOP) Joss of voltags oa more 1hxn | power bus mesn eventr yr 1.0E-1}yr
7 PWR LOCA large LOCA break with equ.size greater than 13.5 inches mean evenik yr 1.5BE-5hr
8 PWR LOCA lergs LOCA break with equ.sze 1010 13.5 inches mean eventh yr 12E-Shr
9 PWR LOCA d LOCA break with equ.size 4 10 10 nches mesn eventh yr 1 6E4Mr
10 FPWR LOCA small LOCA break with equ.sze | 66 to 4 nches mean _eventhr yr 3BE4hr
11 PWR LOCA small LOCA breaic with aqu.size 1.2 10 | 66 mches mean evenih yr A 1E4fyr

swck open prsiz safety valve
12 PWR LOCA seoall small LOCA break with equivalent size .38 w0 1.2 inches mean eventk yr 20E-2fyr

stuck open relief valve

RCP seal failure
13 PWR transent Joss of off site power meas eventr vr 32E-1Hr
14 PWR transsent loss of power conversion system (PCS) Total loss of FW flow mean event)r yr 1.0E+0fyr

Full or paruz? closire of MSIV (1 Joop)

Closurs of all MISV-«

Increase m FW flow

FW flow instability (cperator efror)

FW flow mstability (miscelaneous mechanical causes)

Loss of condensate pumpe (all}

Loss of condenser vacuum (total)

Cpening of steam relsef valves

Loss of arculaungy water (CW)
15 PWR trangient otber than loss of PCS {turbwune trp) Loss of RCP flow {1 loop) mean eventfr yr 7 LE+Ofyr

Uncoatrolled rod withdrawal

CRDM problems and/oe rod drop

Hagh or Jow prszxr pressure

C et preswure probl

Fuil or partsl closure of MSTV

Twrbine tnp, throttle valve closre, EHC problems

G trp and g cxused probl

Spunous auto tnp

Mzaaual trp due o false spnxis
16 PWR OC Intastor loss of an AC bus short 10 ground on AC bus mean _eventh yr 3SE2hr
17 PWR OC Imtiator Joss of a DC bus mean evenlr yr 1.SE-2hyr
18 PWR CC Inshator loas of service water falure of hormally open discharge MOV mean eventf yr 2.6E-347
19 BWR raenent wolatico of reactor from condenser Closure of all MSIV mean evenyr yr 1 1E+Ofyr

Turbine trrp without bypass

Locs of condenser
20 BWR rmnent turbme trp Partual closure of MSIV mean eventk yr 4.0E+Qyr

Turbme tnp wrth bypass

Startop of sdle recuc loop

Pressure regulstion fasiure

Inadveruant openmg of bypass

Rod withdrawal

Duirbance of FW

Electnc oad rejocnion
21 BWR tramssest madvertnt open rebef valve mean sventd yr 60E-2/yr
n BWR Joes of feedwater total loss of feedwater meen evenli yr TO85- 1y
23 BWR Joss of off site power mesn cventir yr 3382
24 BWR LOCA larpe LOCA break with equ.szs grester than 4 inches mean evemir yr 4 OE-4/yr
5 BWR LOCA madmm LOCA break with equ.sze | w0 4 wsches memn cventhyr 20834
26 BWR LOCA small LOCA break with equ.size up to | mch mean cventy yr 1 OE-24yr
rei PWR LOCA large LOCA break with equivaient size > 6 inches mean _evenlX yr 50644y
2] BWR LOCA arpe LOCA break with equivalent area > -3 ft. mesn evertk yr 1.0E-dfyr
29 PWR LOCA medium LOCA break with equivaicnt suze 2 to § mches mean_eventh yr 10E-3ht
30 BWR LOCA maditm LOCA bresk with equivalent area 004-3 sqft(hq) 1-3sgfi{steam) mean eventft yr 0B 4
3l FWR LOCA small LOCA break with equivalent sze 5-2 inches mean_eventk yr 1.0E.3vr
n BWR LOCA small LOCA break with equivalent area <005 sqfitha) or <1 sgfi{neam) mean_evenls vr 30B-3hr
33 PWR LOCA smail smail LOCA bereak with equ.sze > 5 inch or fiow 50-100 gpm mean evenur yr 20E 2t
U BWR LOCA small small LOCA break with flow 50 to 100 gom mean eventl yr 30E %y
35 PWR tramseat loes of PCS Total toss of FW flow (listed ;n DESCR.field) mean evenlfr yr 1 4E+Ofyr
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. RANGEVAR _ UPPEREND LOWEREND SOURCE - AL ULT SOURCE . = .
EFYW nfa German Risk Shudy. table F1, 4-5 - _genenc data sources
EF 10 nfe German Risk Study, table F1, 4-5 - genenc data sources
EF 10 nfa German Risk Study, tabla F1, 4-S. - genenc data sources
EF§ ) German Risk Study, tabie F1, 4-5. - operatng expenience and engmeering analysis
EF3 n/a German Risk Study, table F1, 4.5, ECTINAR OPEraung EXperencs
EF 3 n/s German Risk Study, iable F1,4-5 - systcm analysys
i nfa IREP-ANO table 4-7 _ RSS data combmed with ANO-1 break rnges
nfa nfa IREP-ANC] uble 4.7 . RSS dan bmed with ANCO-1 break ranges
nfa nfa IREP-ANO1 uble 4-7 - RSS dma bimed with ANO-1 break ranges
nfa o IREP-ANO] tadls 4-7 - RSS data bmed with ANO-1 beeak ranges
ofa nfa IREP-ANO] table 4-7 RSS data combined wath ANO-1 break raapes
n/a nfa IREP-ANOIL nabie 4-7 RSS data combmned with ANO-1 bresk ranges
n/s n/a n/a IREP-ANOI tabie 4-7 - EPRI NP-801 and dma from the vthity
wia /a na IREP-ANOL tabic 4-7 EPRI NP-801 and plant specafic 1nfo
ofa IREP-ANOL! uable 4-7 EPRI NP-80} and plant specafic info
o/a n/a nfa IREP-ANO1 tble 4.7 _ OCONEE PRA RSSMAP data baze
oa n/z ofa IREP-ANOI table 4-7 - data taken from other PSA
afu n/a nfs IREP-ANO! table 4-7 - engmeenny evahiation using genenc rehiability dsa
ofa ofa o/ Limanc PRA, 1able A.1.3 BWR operaung expenence
n/a nfa nAa Limenc PRA, mbie A.1.3 BWR operanng expenence
nfa afa 7.3 Limeric PRA, sble A_1.3 _ BWR opersting expenence
ofa n/z ofa Limenc PRA, abie A.1.3 _ BWR opersting expenence
oA nfa ok Limeric PRA, lablo A 62 _ regicaal gnd data
/s oA n/ Limerc PRA, abls A.1.6 - enpgmoering cvah and different dats sources
n/a afn nfa Limeric PRA. table A.1 6 _ enpmeenng evalushion and different dats
nfa o/ A Limenc PRA, table A L6 - engioeering evaluanon and different data sources
EF 3 nfa nfa NUREG/CR 4550, Yol.1, Methodology..  tide VHL.1.1 average of past PRAs
EF 3 nfa ok NUREG/CR 4550, YoL I, Methodology.. , 1134 VIIL1-1 RSS value
EF3 nfa th NUREGICR 4550, Vol I, Methodology..  tile VITL]-1 average of past PRAs
EF3 a/a ofs NURBG/CR 4550, Vol. I, Methodology.. , t1>le V1.1 d from ruclesr, ndustrial snd other data sources
EF 3 a/u nfa NUREG/CR 4550, Vol.1, Methodology.. . 11 VIIL1-1 average of past PRAs
EF3 a/a .7; NUREGICR 4550, Vol 1, Methodology.. , t13le VIIL1-1 assesed form soclear. sdustrial and other data soucces
EF3 /i nja NUREG/CR 4350, Yol.I, Methodology.. , t1e VIIL1-1 NFP operzung expenence
EF 3 n/a nf NUREG/CR 4550, VoL |, Methodoiogy... , 113 VI 1-1 review of past PRAS
EF3 a/s oA NUREG/CR 4550, Vol t, Methodotogy.., Liode VI 1 1 Based oa NUREG/CR 3862




PLANT TYPE. 16:SET *

IE. CATEGORY" " -

-EEYIATORS - - :

FREQ DESE

FREQ

BWR

loss of power coaverson system

Electric load regection with bypass failure
Turbine trip with bypass falure

Full MSIV closure

Partia] MSIV clogure

Loox of condenser vacuum

Pressure regulaor fails open

Preszure regulstor fails cloced

Turbine bypess fails opea
Twrbine bypaes fails close

Turbine bypsss or controd valve increass pressure

mean

eventfr.yr,

1 6E+0f1

PWR & BWR

loss of 2 DC bus

mean evemfr vr.

SOB-3fr

813

PWR

Tt

other than loss of PCS

Loss of RCS flow{cne loop); Total loss of RCS flow

Uncontroled rod withdrawal, CVCS problems-boroa dajution

CRDM mechznical probizms or red drop

Lenkage from: coatrol rod, pnmary system, peessunzer
Pressurizer pressure: low or hugh; Pressunzer spesy failure
Insdvertant SI signal

o ent pressare probl

Spurious tip; o or mapu| tp(ne Tansicot conditions)
Pressure-temperature-power imbaiance rod poaton erroc
Startup of inzctive RCS Joop

Loes or reduction of FW flow{one loop)

Tacrease in FW flowxone loopiall loops

Loes of condensate pumpsions Joop; all loops

‘Turbine thp; generator tnpithrottle valve closure; EHC probl

mean eventfr yr.

6.8E+Ohyr

39

BWR

loss of FW (steam sade PCS avulable)

loss of all FW flow
FW low flow

mesn eventir.yr,

S6E-fyr

BWR

|1

other than loss of PCS

Turbine trp ;eloctne load rejection

Recuraultion control faikire: decyeasing flow, increasing flow

Recirculation pup trip ooe; all
Startup of idle recreniation pump
Recirculanon pomp seizure

FW increasing flow; toss of FW beater
Trp of one FW or condensate pump
Rod withdrawsl;inadvertant insertion of rods
Inadventant startep of HPCI/HPCS
Spurious trip via &

RPS fault

SCRAM due to other plant occurances
Msaaual SCRAM-a0 trapient condition
SCRAM cause valmowsn

mesn

evenjeyr.

4 SE+Ofyr

loss of off 5ite power

loss of all offsate power
053 0f power 0 peccessary plani sysiem

evenfr.yr.

1L0B-1fyr

loss of off site power

loss of off sue power
Joss of maxihary power (ran<former)

eventryr.

LOB-1fyr

nadvertant openmyg, of relwef valve

eventl yr.

L 4B-1hT

Ixrge LOCA

break with equrvalent size 6 to 29 inches

eventir yr.

S.OE4Myr

wedium LOCA

break wath equivaient size 2 to 6 inches

CVERR/T YT,

LOE-3hr

small LOCA

break with equivalent sze 1/2 1o 2 inches

eventir yr.

LOE-Iyr

smail small LOCA

bresk with equrvaient size < ¥ inches

event/ y.

20E-2hr

intersysten LOCA

eventir vr.

1.0B-6hr

JEER33E 5 3

{ BBl ] |

wrbine inp with MFW svalable

rbine thy: reacior rp
loss of Joad

MSIV closure

lows of tarbine comtrol

RIR(EEREGE

oveakfr.yr.

T3E+0yr

3
i

Joss of main feedwater

failkre of mam FW
bigh SG waser level
inadvertans ST sigzal

51

loss of charging pump cooling

94E-1fyr

loss of chargping pump CC
Joes of charging pomp SW

33

loss of off site power

evesti.yr.

3082yt

fulare of offsite poveer grd
loes of staton reserve power
loss of power 10 the swilchyard

eveolk yr.

10E 2yt

loss of a DC bus

evemtk yr

9.0E-afyr

bl b

23

loss of an AC bus

short on 4160 V bus
shogt on 430 V bus
failure of 4160/M80 V transformer

event/r yr.

I0EIr

larpe LOCA

beeak with equivalent area > 1 sqft

eventr.vr

2IEAyr

BWR

medum LOCA

break with equivalent area 004 - | sgit

eventh.yr,

3.0E-4/r

BWR

smaill LOCA

brezk with equiveient srea < 004 sqfi(li) or.01 sq fi(steam)

eventh.yr,

2.7E3Myr

BWR

small small LOCA

leakes with 50-100 gpen flow (recirculaton pump seal)

BWR

ntersyszem LOCA

evenl yr

27E2NT

eventk yr.

LOE8Hr

BWR

loss of PCS

eventh.yr,

1.SE+Ofyr

2igl|R|Q|RlA

BWR

other than loss of PCS

nadvertant open nehef valve i pronary system
loss of FW but sieam sde of PCS initially avalable
other mitiators with same consegences

eventr.yT.

2.6E+QlyT

BWR

ls of off site power

cvenir yr

10E-24vr

BWR

loxs of 3 DC bus

evenur vr

5 OE4ivr

AWR

hoxs of an AC bus

evenlr vr

POEQT




RANGE: VAR UPPERBNTF LOWERBND SOURCE o LT SOURCE

EF3 n/a nfa NUREG/CR 4550, Vol.l, Methiodology.. , L ble VIL1-1 Based on NUREG/CR 3862

EF 3 n/a A NUREG/CR 4550, Vo1, Methodolgu_zmlevm 1-1 DC power supply studv, NUREG 0666

EF3 n/a ofx NUREG/CR 4550, Voll, Methodology.. . t1 23 VIIL1-1 Based oo NUREG/CR 3862

EF3 nfa nfa NUREG/CR 4550, Vol1, Methodology :-xblcVIILI-l Based oo NUREG/CR 3862

EF3 ola nfa NUREG/CR 4550, Vol.1, Methodology -.— ble VIIL1-1

EF3 nfa o/ NUREG/CR 4550, Voll, Methodology _. ible VIIL 1-1 plant blackout analysns NUREG 1032

EF3 nfa oA NUREG/CR 4550, Vol1, Methodology : Wie VIIL1-1 Plant biackout analyss NUREG 1032

EF3 ofu njz NUREGICRlSi).VoL],Mahodo)?g;ibhvm 1-1 Based on NUREG/CR 3862

n/n o/e nA NUREG/CR 4550, Vol3, Surry Unit 1., tidle IV.3-1 Based oo NUREG/CR 4550 Vol 1

% ) afa ofa NUREG/CR 4350, Yol3, Surry Unst 1., , tidle V.32 Based on NUREG/CR 4550 Vol |

n/a o/ ofx NUREG/CR 4550, Vol3, Surry Unit 1., tidleIV.3-1 Based on NUREG/CR 4550 Vol 1

n/r nAa ofa NUREGACR 4550, Vol.3, Surry Usnt £.., tidie IV.3-1 Based oo NUREG/CR 4550 Vol 1

n/a n/a afa NUREGKR 4350. Vol.3, Surry Uit 1., tidle IV.3-1 RSS dma

sh nfa oz NUREG/CR 4550, Vol3, Surry Umt 1., tidle IV3-1 plant specafic operaling expenencs

nfa 1Y 1Y NUREG/CR 4550, Yol.3, Surry Umt 1. :I&w.}l plamk specafic operating expenence

na o/a oA NUREG/CR 4550, Yol.3, Surry Umll-:_ublelv.}l Compartson of NUREG/CR 3862 and operatmg expenence
n/x n/a o NUREG/CR 4550, Yol.3, Surry Unu 1. :INGNJ-I NUREG Lt32

néa nfa nf NUREG/CR 4350, Vol.3, Surry Unnt 1 ;lbieIV 31 Denved from genenc component failure data
nfa nfa nfs NUREGKCR 4550, Yol3, Sury Unntl ,11bie IV.3-1 Denved from genenc compoocent falure daa
na wa o NUREGICR-4SSD, Vol4, Peach Botge . uable1V 3.1 ‘past PRAS and other sources

nfa wa n/a NUREG/CR-4350, Vol4, Peack Botor:... tdlelV.3-1 past PRAs and other spurces

nfa /x nfa NUREG/CR-4550, Yol4, Peach Bottoor_. tableIV 3-1 past PRAs and other sources

1 /s n/a NUREG/CR-4350, Vol 4, Peach Botor:., tableIV.3-1 past PRAs and other sources

nfa afa 0/ NUREG/CR4550. Vol 4, Peach Bonor.. tablelV 3-1 analyns of the svstem interfaces usng genenc failure data
n/a nfa nfx NUREG/CR-45%0, Yol 4, Peach Bottor:... table IV 3-1 noclesr sources and plant operating expenence
na nfa néa NUREG/CR-43550, Vol4, Peach Bottan).. table [V 3-1 nuclear sources and plant opersing expenesce
n/a n/a na NUREG/CR-4350 Vol4, Peach Boner:.  table IV 3-1 nuchear sources and plant operating expenence
Wa nix nfa NUREG/CR-45%0 Vol4 Peach Bonor .. ablelY 3-1 nuciear sources and plant operating exnewence
s 1/a nh NUREG/CR45%0 Vol4 Peach Bonors.  oblelY 3-1 nuclear sources and piant operating expencince
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PLANT TYPE IE SET I8 CATEGORY : = INITIATORS: FRYGZ DESC FREQ

65 BWR LOCA large LOCA break wath equivalent size > 3 sq fi mean evenur ve J0E-diyr
66 BWR LOCA medm LOCA beuak wath equivaleat arca .005- 3 safithiq) and 1 3sch(sicam) mean cventk vr S OEiye
67 BWR LOCA smali LOCA brexk wath equivalent aren < (05 sgtifhg) and < ] sqft(steam) mean eventfr vr 30L-3he
68 BWR LOCA small smail LOCA leales with 5010 100 gpen flow {i latioe pump seal) mean_eventfr yr I0E-2hr
69 BWR LOCA mtersystem LOCA mesn event/r yr 1LOE8h
0 BWR loss of PCS mean eventkr yr LSE+Wyr
n BWR transent Joss of FW and steam side PCS avmlable mean _eventyr yr 7082y
T2 BWR other than Joes of PCS mesn eventk yr SAE+Otvr
3 BWR tramsient loss of off site power mean eventk yr 708 v
74 BWR traraak madvertant opening of relief valve mean eventhr yr LAE-1vr
75 PWR LOCA large LOCA bresk with effectiva d > 4 pches mesn event/r yr 93IE4}yy
76 PWR LOCA reactor vessel mapture mean_event/r yr 1 1E-$hyr
T PWR LOCA smatl LOCA break with equivalen: sxzs 1/2 1o 4 mches mean eventf yr 10B3Nr

madvertant PORV or safety valve openmg

RCP seal fulure

control rod dnve seal leskage
78 PWR LOCA steam generatoc tube rupture tube rupture with leak greater than 100 gpm mean eventfr yr 8.6E-3r
79 PWR trannent reactorurbine trip Rad drop mean eventy yr 4 9E+Ofyr

Inadvertant rod wnhdrawal

Inadvertant boration or dilution

Rexctor tip

Cold waier addsson

Inadequate mam FW

Turbme and control valve malfunction

Pressurizer speay falure

Turbne trip

Generntor faulis

Gnd distrbances

Admmmirauve smadowns
%0 PWR spurious SInignal HEFT flow mean events yr LOE-2fr
Bl PWR ransent steam lino break stexm Line rupture mean evealr yr 30E-34yr

turbme bypass valve imadveriam openmg
2 PWR [ loss of condenser loss of condenser vacun mean eveath yr 21E-1hr

lots of cood circulating water
53 PWR FW Line break Qacpe) mesn eventh yr 935 4y
3 PWR tramssent loss of main FW mean eventf yr 6AE vr
&5 PWR partial logs of mam FW mesn eventf yr 6.9E-1/yr
85 PWR tamscat loss of off site power fasure of gnd mean event/ yr 406-2hr

fulure of feeders
87 PWR ramtient loes of off sits power (sub on fauis) mean eventh yr 136-1hr
88 PWR excesnve feed mean eventkr yr 92E.2h
89 PWR ramsacrd spunous low p wer signal mean eventh yr 4A4E2hr
x FWR CC¥ loss of service water mean _eventh yr A0B-3hyr
91 PWR CC Iastator loss of power bus KI{ICS supply) mesn_eventr yr 20825
€2 PWR COC bunator tozs of xn AC bus mean eventh vr 5463
n PWR COC Ianator loss of msrument aw mean eventir yr 17614t
O0d. PWR CC Imtistor loss of 4 KV switcheear mesn eventk yr SAB-3hT
95 PWR LOCA _targe LOCA bresk with equivaient ss >6 mches mean eventk yr 47B.Shyr
56 PWR LOCA medmm LOCA break with equivalent size 2-6 mclies olean eventfr yr 9.8E4Hr
97 PWR LOCA small LOCA break with equivalent sze 5-2 mches mean event/r yr 185 3/
98 PWR LOCA mtersystem LOCA mean_evenk yo 4 6E-Sfvt
99 PWR LOCA vessel rup mesn_eveetr.yr. 1057y
100 PWR tramsient loss of off sile power mean evemir yr 2081/
101 PWR transient boss of man FW men eventk.yr, 3.0E+fyr
100 PWR trasient transient with man FW available mean eventi yr 4.0E+Odyr
1008 BWR LOCA tarps LOCA break with oquivaleat size >4 mches pownt est. event/r yr TOE4Mr
104 BWR LOCA medwm LOCA break with equivalent size 1-4 mches potnt st eventr yr 3.0E 3
105 BWR LOCA small LOCA break with equivalent se <1 inch _posnt est. event/r yr B0E-3r
106 BWR LOCA reactor vessel rupturs _pownt est. eventfr yr 30E-yr
107 BWR LOCA ) LOCA poant est. eventir yr 1.2E-Iyr
108 BWR tramsiect loss of condatiser loss of Dormal condenser vacuum mean eventiryr 41E-Nyr

turbme trp with bypass valve fakore

electc load rejection with bypess valve fasure
109 BWR tramesent MSIV closure wean tveh yr 2AE- 1At
110 BWR loes of feedwater mean eventh vr 1.8E-1jyr
111 BWR tramsent _oss of off stte power. mean eventh vr 8.06-2hr
112 BWR ! dvertant openmg of relef vaive mesn eventfr vr 9.0E- 2y
113 BWR tramment control rod withdrawal mem event/r v 3062y
114 BWR trensient wrbme rzp Electnic load rejecnon mesn eventfr yr 4 SE+Oryr

Turbine tesp

Inadvertant closure of one MSIV, partal MSIV closure

Pressure regulntor fais: open; closed

Turbine bypass fails-opea

Turbine bypass or control vaive cause wkTease pressure

Retarculation flow fmlyre. decreanpgmareanng

Trp of recurcuiation pump: obe; all

Ab I p of idle recirculation pump

Recuculauon pump sezure

Loss of FW heaier

Trm of one FW or condensate pump
115 BWR main sieam Line break pOINL st evenyr yr I8EBhr

116

RWR

feedwater hine breax

pownt est. eventr vr

3TE9h
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" RANGE VAR UPPERUND LOWERBND SOURCE R

ULT SCURCE

Vs a nh NUREG/CR-4550, Vol §, Grand Gulf L.; ible EV 3-1
na /1 nfx NUREG/CR-4550 Vol 6, Grand Gulf 1 = shie IV 3.1
n/a nfa nfa NYUREG/CR-4350. Vol 6, Grand Guif | . sblelV 3-1
ojs n/a nfa NUREG/CR-4550, Vol 6, Grand Guif 1., thielV 31
o/a n/e nfa NUREG/CR-43550, Vol 6, Geand Galf 1..., wble IV 3-1 Analvsis of the system interfaces using genenc ‘ufure data
nin nin nfa NUREG/XR-4550, Vol 6, Grand Gulf 1., wbleIV.3-1 different nuclesr sources and plant operatmg exvenence
ofa %] nfa NUREG/XCR-43%0, Vol 6, Grand Galf t..., leIV.3-1 differemt snd plant operatmg expery
nfa nix nfa NUREG/CR-4550, Yol.6, Grand Guif 1., wlelV 3-1 different nucl and plint opersmg excenence
nfa nin nfa NUREG/CR-4550, Vol.6, Grand Gulf 1..., sls IV 3-1 assexm ent of different nuchear sources
n/n n/a nfa NUREG/CRAS50, Yol.6, Grand Gulf }..., blelV.3-1 different nuclear sources and phant coerating expenencs
95% 5% 2 BE-3/yr 94E-Thr Ccones PRA, 1able § 9 . Eepenc pror updated with plant soecific operatng expenence
95%, 5% 4 1E-6fyr S0E8/yr  Oconss PRA,1sble 59 - VRNOUS Sources
95%, 5% 12B.2fyr 1 OE-6/yr Oconze PRA, 1able 5 9 update of generic prioe
95% 5% 2 7E-2iyr 26E-5y,t  Oconce PRA 1able 59 _ genenc data updated with plam soeaific operaling expenence
95%, 5% 5.7E+Ofyr 4 1E+0/yr  Oconee PRA, 1able 5.9 genenc data updated wilh plast speaific operalng expenence
95% 5% A3E-24t TBE-6/yr  Oconee PRA, 12ble 59 - genenc data updated wuh plant specific operalng expenence
95%, 5% 12E-2fyr 10ES4yr  Ocones PRA, able 5 9 genenc data updated with plant specific operatng expenence
95%. 5% 3.8E+0dvr 83E2r  Oconoe PRA,abls 5.9 geoenc dats updated with plant specific operstng expenence
3BE-lhyr BNL Review, table 4.3 _ recalculahon made by the reviewers
95%, 5% 2.8E-Wyr 6.9E-7Hr  Ocooee PRA, table S 9 . genenc dma updated wih plast specafic operatmp expenence
5%, 5% 92E-1lyr I6E-l1ir  Oconee PRA, DI S D _ genenc date undated with plant specafic opersting expenence
95%, 5% 97E-1kr 40E-1/yr  Oconee PRA. table 5 9 _ genenc deta updated with plant speafic operatmg expenence
95%., 5% 97E-2wv T1E53/r  Oconee PRA,table 5 9 genenc dats updated with plant pecific operatmg expenence
5%, 5% IOE-1hr 22E-2yr  Oconee PRA,table 5 9 _ genenc duia updated with plart specific operatmg ¢xpenence
95%, 5% 2L1E-1kr 1.8B-2yr  Oconee PRA table 5 9 - _genenc datz updated with plank specific operating exepenence
5%, 5% 1 7E-Ihr 17E-3hr Oconse PRA, txble 5 9 - sysiem analysis
e nja nfa Oconee PRA, 12ble 5 9 - system znabysis vang fault tree moded
95%, 5% 1SE- 2y 7.5E-dfyr  Oconee PRA, 1able 59 . analtysys of piants systems
5% 5% 1.3E-2hr 2.7E-5iyr  Oconee PRA, tabls 5 9 _ pisnt operating expenence
o/ njs M Oconee PRA, abls S & = denved from sysiem anilyus usimg faubt tree mocel
95%. 5% 1.3E- 20 27B-Slyr  Oconee PRA, 1able 5 9 - sysiem analvsis-basic equioment fauk
/e afa n/n Sequoyah NPP RSSMAP, tabls 74 _ engmerrng evaluahon usng peneric dats
e nia n/a Sequoyah NPP RSSMAP, isbla 7-4 gmeenng evahuztion usmg g data
o/t n/a .7 Sequoyah NPP RSSMAP, 1able 74 _ enpineenng evahalion using penenc data
nfa n/a ofa Sequoysh NPP RSSMAP, 1able 74 - tORmeenny evaluaiioa using generic data
ofz nfa b7, ) Sequoysh NPP RSSMAP, tsbie 7-4 - genenc data
n/s n/a b0} Sequoyah NPP RSSMAFP, table 74 -
nfa n/a i Sequoysh NPP RSSMAP, table 74 _
n/a nfa nfa Sequoysh NPPRSSMAP, uble 74
EF 10 nfa na Shorcham PRA, Appendix A.1 _ genenc datz based on of operating expenences
EF3 nfa D Shoreham PRA, Appendix A.1 - Atpenc datx bazed on actusl rescior operatmp expenencs
EF3 -7; ) n/a Shorehmm PRA, Appendix A.1 _ geoenc dats based oft rescior opersting expenence
EF 10 ofa n/s Shoreham PRA, Appendix A | _ genenc data sources
nia nfa n/a Shoreham PRA, Appendix A.1 _ systemn evaluauon
EF3 nfz nfa Shoreham PRA, Appead:k A, table A.1- ) genens dals based oo nuclenr operating exp
taken from EPRI NP-801
EF3 nfa n/a Shovehem PRA, Appendix A, lable A1 E genenc data based on nuclesr operating expewrence etc.
EF3 nja n/s Shorehem PRA, Appendix A tsblo A 1- | genenc data basad on nuclesr cperaimg expeirencs oo
EF3 ufa nia Shoreham PRA, Appendix A, table A.)- utlity specafic data
EF3 n/z na Shoreham PRA, Appendix A, 1abls Al } peoenc data and enp evahuation
n/a nfa nja Shorchem PRA, Appendix A, ablo A.3-4_ genenc data based 00 MICIEar ODCIALNE CRPELITOCE 5.
EF3 néa nfa Shoscham PRA, Appendix A, 12ble A } genenc data based on muclcar operating expeirencs &6,
nfa i i Shorcham PRA, Appendix A 1 - ¢ngineenng evaluation
nfa nfa o1 Shorcham PRA, Appendix A 1 CRENCETNE evajuation
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PLANT TYPE IE SET

I® CATEGORY

INITIATORS

FREQ DESC FREQ

117 BWR uansent HPCI/RCIC line breaks 7OINY eSL evenur vr 1 4E-8ivr
118 LWR CCl reactor water level mstrum Dot e5L event/r vr 3 6B-2hwr
119 BWR CC Imumor loss of zn AC bus poInt esl. event/r vr 3 5B-2hyr
120 BWR CCInsuator  loss of & DC bus DO €L event/r ve. 3 0E-3fyr
121 PWR&BWR LOCA reactor vessel rupture median, oryr 1 OE-Thr
122 PWR&BWR_LOCA Iarge LOCA break with equivalent s1ze > 6 nches median, fresctor yr 1 OE-dfyr
13 BWR LOCA dum LOCA Dreak with equivalent 528 2.5-8.5 m (lig) and 4 7-6 mn (steam) median, evenisjreacior y1 3 OE-4fyr
124 PWR LOCA dwm LOCA break with equivalent size 2-6 mches dhan, eventsin y1 30E-4/yr
125 BWR LOCA small LOCA break with equivalent siz6 0.6-2.6 m (hq) and 1.0-8 711 (steam) median, eventsireacior vt | OB-3fyr
126 PWR LOCA small LOCA break with equivalent szo 122-2 inches median, jreacior y1 1 0E-3fyr
127 PWR LOCA intersystem LOCA median, evenyreactor yr 4 OE-6fyr
128 BWR tranmient rapud shuidown Rod withdrawal at power median, eventjresctor yr i OE+1/yr

FW controler fakire: loes of FW flow

Recirculation fow control frikure:d ' 4

Stactup of sdle recirculation pump

Loss of FW heaung

Inadvertant HPCT start

Loss of auxiliery power

Turbine tp(tarbie velve clossre):load rejection(stop valve cl)

MSIV closars

Recirculation pusnp trip {ooe puzp)

Recircuslton poimp seaure:one pump; two pumps

T-G presmare regulstoc fuboro-rapsd opeamg

Rod ezection, 1od drop sccadent

Starmp of idie recarc.pomp witk I nrbine thp
129 PWR transsent rapxd shutdown Turbine tnp; loas of mam generator; LOOP median, eventsiresactor yr 1 OB+1/yr

Loss of condenser vacuum

Inadvestant MSTY closare

Loss of mamn FW, Joss of mam CW, loss of condensate pumps

Inadvertaat openig of SG PORV-s

Increass ;m MFW {low

Opening of all bypass valves(stes dump)

Uncoatroled rod withdrawal; control assembly drop
Boroa dilaica (CYCS malfunction)

Startup of mactive RCS boop

Opening of pressurzes SRV ar RV

Losz of RCS coolant flow; nenire of all RCP-s

Ropture of FW piping o mam steam imes: rupture of SG
Rupture of CRDM h 'A

130 PWR & BWR CC Imtiztor Loss of offats power >30 munute 4.0E-24yr
131 PWR LOCA large LOCA break with equivalent sizo >4.3 mches mesn _eventr yr 2.3E4M1
132 PWR LOCA medium LOCA break with eqmivalent sze 1 910 4.3 mches mean_eventy yr 24E4hr
133 PWR LOCA small LOCA break with equivalent size 3 to 1.9 mches mesn eventk yr 21E-2fr

reactor coolat pump seal rupture
134 PWR tranent loss of off site power mean eventh vr 1 4E-1lyr
135 PWR transiet total interuptios of PCS Total loms of FW flow mean cveutsr yr B3.0E-1Ar

Closure of all MSTVx

FW flow mstadility

Loss of all condensate pumps

Locs of condenser vacuum

Loss of CW
136 PWR transent ransiend requinng RCS pressure relef sbane trap or threttle valve ¢l mean eventk yr 1 9E«Ofyr

generaior Utp o generator caused faults

loss of power to y plant systems
137 PWR transient transient which do not affect front lne systems Loss of RCS flow (ooe loop); total loss of RCS flow mexn eventh yr 68E+Ofyr

CRDM problems, rod drop

Pressurzer pressure: lowshigh

Inadvertant SI signal

CVCS malfunction- boron dilution

Pr a— efpower 1mbal

Loss or reduction m man FW (1 loop}

Full or parual closure of ooe MSIV

Increase n FW flow one loop; all locps

Loss of condensate pump

Condenser beakage; Lekage i secoadary sysiem

Sudden openmp of relief valve

Pressunzer spray fmlure

Spurious tp; Manuad inpraute tnp-MNo transient condittons
13 PWR CC Initisior loss of service water mean eventh vr | 8E-3Ar
139 PWR CCIniomtor  fmbure of DC bus mean eventh yr 3 6E-2hr
140 BWR LOCA arge LOCA (1) break with equivalent area 3 104.3 sq fi hguid suction side mean eventk yr 9 9E-Sh
141 BWR LOCA lasge LOCA (2) break with equiveient area 5 1643 sq ft iquid discharge side mean eventfr yr 39E-Shr
142 RWR LOCA large LOCA (3) break with equivalentarea | 4104 1 5q R steam mean eventh yr S2E-Shr
143 BWR LOCA medum LOCA (1) break with equivalent sze 2 10 .3 sg 12 hiquid mean evenur vr 9 OE-Shr
144 BWR LOCA medium LOCA (2) break with equivaientares 12 o 1d < ft <team mean eventr vr LICAht
145 RWR LOCA smail | OCA break with equivalent arca< 22 sa lt mean _eventr vr OF-3/vt
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BANGE VAR __ UPPERBNG LOWEREBND. SOURCE , N ULT SOURCE
nfa Shorehamn PRA, Appendix A 1 - cagncenng evaluation
EF 3 Shoreham PRA. Appendix A | esimated from nuclear operating expenence
EF 10 Shorehzm PRA. Appendix A 1 Juclear operating expersence and enguicering evay
EF 3 Shorcham PRA. Anpendix A 1 nuClear OpETItmE exoereince
90% lognormal dis WASH 1400 Reactor Safety Study, Apperd x V.chapierd.S  bessd ca lear expenence
90% lognoemal dustr WASH-1400. Reactor Safety Study, Appeix x IO, table I 6-9 based on number of nuciear.sndustrial and other cala sources
0% lognormal dist WASH-1400, Resctor Safety Study, Append x ITI, table I 6-9 asseunent based on nuclesr, mdusinal and other data sources
90% log: ! distr WASH-1400, Reactor Safesy Study, Append x I, table ITT 6-9 based ca lesr ndusiral and other dats
90% logoornal distr. WASH 1400, Resctor Safety Study, Appe ¢ [T, rable I 6-9 besed on mach dustrial and other dara sources
90% lognosmal distr WASH-1400, Reactor Safety Study, Append ¢ I, table I 6-9 d based on nuciear industrial and other dats sources
EF 10 WASH-1400, Reactor Safety Study, Append ¢ V, chapter4 4 analviis of the system interface using penenc fajlure rates
EF2 WASH-1400, Reacior Safety Swdy, Append ¢ V, chapter 4.3 NPP operatng exp gun g
& Appendm 1, Table I- 412
EF2 WASH-1400, Reactor Safety Smdy,Appn::;uV,ch:pmu NPP operating expenence, engneermg estimale
& Appendx 1, Tudle £-49
WASH-MOO.RWSaIetySmdy.Apptﬁ::I.Fig.I-A 11&412
o/a nfa nfa Catven Cliffs Unn § TREP, table 4.2 xenenc data
Bfa nfa _o/a Catvent Chifs Unu 1 TREP, 1able 42 genenc dma
nfa nfa nfa Calvers Cuffs Unx 1 IREP, able 42 geoenc dsta
n/a nfa na Calvert Cliffs Unst | IREP, table 4.8 " EPRI NP-2230
o/2 vl o/ Calvert Cluffs Unut 1 IREF, iable 4.8 EPRE NP-2230
a/a Calvert Cluffs Unzt | IREP, table 4.8 EPRI NP-2230
ofa Calvert Chifs Unst 1 IREP, tabie 4.8 EPRI NP-2220
nfa nfz n/a Calvert Cliffs Unx | IREP, table 48 system evah usmg genenc falure data
va nix n/a Calvent Cliffs Unn | TREP, table 4.8 engmeenng evahuanoo and nuclear exoerience data
nia /s nfe Browns Ferry Unit 1 IREP, tabia S - genenc data
_nia nfx nfa Browns Fery Unit 1| IREP, table § - genenc data
/s nja n/a Browns Ferry Unut 1 JREP, table S - zenenc dais
na ufe nfa Browns Ferry Unst | IREP, able § zenenc data
n/a njz nfa Browns Fesry Umit 1 IREP, wble 5 Jenenc data
n/a n/a nfa Browns Ferty Unit 1 IREP, ble 5 senenc data
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PLANT TYPE IE SEYT IE CATEGORY INITIATORS FREQ DESC FREQ

116 BWR ransaent Joss of PCS YSIV closure mean evenur yr 1 TE+Odyr

Loss of neemal condenser vacuum

Pressure regulator fails open

Loss of feedwater flow

Loss of off site power

Loss of auxiliary power

Increased flow at power
147 BWR Lrmmssend other than ioss of PCS Electric load rejection: mean evenur.yr 1. TE+Qdyr

Electric load rejection with bypass falure

Turbine trip

Turbine tnp with bypass fadure

Inadvertant opening of MSIV

Pressure regualior fuls closed

Bypassfconwol valve causing pressure increase

Recirculation control fails causing increased {low
148 PWR LOCA tarpe LOCA mean _eventsfr.vr 20E-4fvr
149 PWR LOCA medmm LOCA MEAN _eventsit vr 4 6E4hr
150 PR LOCA small LOCA (nonisoiable) mean  evenisfr.vr 4 0E-3fyr
151 PWR LOCA Small LOCA (isolable) mean eventsh yr 23E2hT
152 FWR LOCA steam generator tubs rupture mean _eventsirvr 82E 3hT
153 PWR - tutbme tnp mean _eventsir.yr. 10EOAT
154 PWR i joes of main FW (1otat loss) mean _eventsfr yr 33E-lyr
155 PWR . loss of main FW (parual} mexn  cvents/ryr. 4.9E-1fyr
156 PWR Lrmami ive FW flow mean _events/r.yr 31E-14r
157 PWR tramiaent Joss of condenser vacuum mean  eventsirvr. B.1E-24yr
158 PR e cl of one MSIV mean _events/r vr J2E2h7
159 PWR Lrmesaet closure of all MSIVe mean events/r.vr. 2.0B-3AT
150 FWR tromsi ©Ofe power excursion mean _eventsir.vr 1.5E-2fyr
161 PWR tramsient stetmn line break (insule contunment) mean _eventsfr.vr. 4.6E-4ht
162 PWR tramsd steam line break (ootside contamment) mean _eventsfr.yr 42630t
163 PWR tramsient mun steam relief valve opemings mean _eventsiryr 1L6E-24r
164 FPWR Crumsient madvertant ST mean eventsir vr 63E-2hyr
168 PWR : total lows of resctor coolant flow mean _eventsir.yr 6.9E-2hr
166 PWR tramsient loss of off-site power mean _eventsir vr 4 9E-24yr
167 BWR LOCA harge LOCA Break with equivalent flow >2000 kgjs mean eventfr yr 3 0E4/yr
168 BWR LOCA medium LOCA Break with equivalent flow 30 0 2000 kg/s mean _eventfr yr 9 0E4AhT
169 BWR LOCA small LOCA breax with eguivalent flow 1010 30 kg/s mean _eveathr vr 30E-3/yr
170 BWR transient with front lme svstems available TDCAn evenr.yr. 2.08+0vr
171 BWR tram loss of condenser mean eventhr yr 33E-ifyr
172 BWR trammeent locs of FW (ol loss) mean  event/r.yr. 1 6E-147
173 BWR Joss of FW and cond mean event/r.vr 3 3E-1hT
174 BWR rIREMT loss of off-site power mean eventir.yr. 1.6E-1/vr
175 BWR LOCA resclor vessel rupture mean eventk yr 27E-THr
176 BWR LOCA larpes LOCA break with equivalent ayea >450 59 cm mean eventh.yr 1 0E4hr
177 BWR LOCA medarm LOCA break with equivalent area 80 to 450 sq e mean eventk yr 3IO0E4hT
178 BWR LOCA small LOCA break with equivalent area < 30 53 ¢cm mean  eventiroy. 1 0E-34
179 BWR LOCA large LOCA break with egiivalent flow 600 to 2000 kg/s mean _eventk vr 1.0E-Tiyr
180 BWR LOCA dmm LOCA break wilh eguivaleat flow 35 to 600 kgfs mean  cventfr.yr. 1L1E-Shr
181 BWR LOCA small LOCA breax wilh equivalent flow <35 kgfs mean evenur ¥r 1 1E-lyr
182 BWR LOCA Intersystem LOCA mean  eventhryr. 10E-Thr
183 BWR tr with front Jine svstems available mean_evemA.yr 1.7E 14t
184 BWR tramement Yoss of condenser mean _eventiyr. 23E+0hyr
185 BWR Iramsbert loss of FW mean _eventh.yr 17614t
186 BWR traesnt Joss of FW and condenser mesn eventr.vr 17E-1jyr
187 BWR trameent Joss of off-site power mean _eventfr.vi. 18E-1hr
188 BWR LOCA large LOCA break with equivalent flow > 2000 kgfs Mean  evenuryr. 10E-ThT
189 BWR LOCA medivm LOCA break wilh equivalent flow 30 to 2000 kg/s mem  event/ryr. 1 OE-6i1
190 BWR LOCA small LOCA break with oquivalent flow 1010 30 kg/s meal  eventh.yr. 10E-24yr
151 BWR with front :ne systems available mesn__ evenUr yr. 1.9E+OAT
192 BWR trommant loss of condenser mean  eventhLyr. 32E-147
193 BWR loes of FW and cond mean__eventh yr 32E-IAr
194 BWR 1oz of off-site power mean  eventir.vr 32E-1/yr
195 BWR CC lminzior  loss of desicared DC power mean  cventh.yr 1.2E-lyr
196 BWR LOCA farge LOCA break wath eguivalent flow >3000 kg/s mean _eventr.yr 1 0B-4/vr
197 BWR LOCA medwm LOCA mean _eventd vr SOEAhT
198 BWR LOCA small LOCA mean eventr.yr 1 OE-3/yr
199 BWR '3 with front line systems avaiiable mean _eventfr.yr 1.6E+Ofyr
200 BWR loss of cond mesn evert/ryr TBE-1hT
201 BWR loss of FW mesn  eventh vr. 7 8E-14yr
202 BWR tramsires, Joss of off-site power mean eventh.yr. 2.0E-2/yr
20 BWR wath froat line systems available mean _eventfr vy 98E-1/yr
204 BWR Lrommet Joss of condenser mesn  eventryr 1 6E-1fvr
205 BWR D Joss of FW and o mean_eventi.yr. $BE-1Ht
206 BWR transient loss of off s1te power mean _eventir.yr 1 6E-14yr
207 BWR LOCA larges LOCA break with equivalent flow > 1200 kafs mean _evenur.yr, 3 0E-4fHyr
208 BWR LOCA d LOCA break with equivalent Tlow 3510 1200 ks mean eventy vt I0E4hr
209 AWR LOCA small LOCA hreak with equivalentflow S 1o 35 kp/s mean eventr vr 30E-3/vr
210 BWR LOCA Inwrsystem LOCA Twean cventir vr 1 9ETivt

211 BW R LOCA pressure vessel rupture —ean cvenuryr LIE T
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RANGE VAR

UPPERBND LOWER DND SOURCE

UET SOLRCE

n/a nja na Browns Ferrv Umit 1 IRCP 1able 6 plant specific aata
wa nfa nfa Browns Ferry Unit 1 IREP, table 6 plant specific aala
95% 5% of dismbuuon  5.2E4hr 76E6hr  Old PWR - Generic data updaied with plant speafic operating expenence
95% 5% of dismbunon 1.2E-3/yr LIESHhr  OldPWR - Generic cata updated with plant specific ooeratiag expenence
95% 5% of dismbvuon 1 4E-2hvr 12E4hr Ol PWR _ Genenc data updaied with plant specific op g expenience
95%, 3% of distribuuon S OB-2hyr 33E3yr O PWR B Genenic data updated with plae specific operstmg experience
9%, 3% of dsnbution 2. 1E-2yr 3164 O PWR Genenc datx undsted with plant fic operstmyp experience
95%, 5% of ditnbuton 1 dE-Ofvyr 71E-lhr  OWd PWR o~ Genenc data updated with plant specific operatng expenence
95%, 5% of dumbution  4.9E-1fyr 1 7B-1fyr  Oid FWR Genenc data updated with plaat specific op ¥ experience
95%, 5% of drstnbunon 6.5E-1iyr 29B-1fyr  OM PWR _ Genenc data undated with plant specafic opersting expenence
95%, 5% of distnbution 4 9E-iyr 14E-t/yr  Old PWR Genenc data updated with plant specific cperximg expenence
95% 5% of dinbution  1.SE-liyr 18E2yr  Old PWR Genenc data undated with plant specific operatmy expenence
95%, 5% of dumbution  1.SE-liyr 18E-2/yr  Old PWR - Genenc data updated with plant specific operalmg expenence
95%, 5% of distnbutson 5 7E-3jyr 39E-Sfyr  Gsd FWR o Genenc dats undated with plant specafic op a IVOENENCE
95%, 3% of distribuion  3.6E-2hyr 67E4yr  OW PWR Generc data updated wiih plant specific Operstmy experience
95%, 5% of dstribution  12E-3hyy 2365y OWPWR - Genenc data updated with plant specific ooershing expenence
95%, 5% of distnbution  1.3E-2lyr 1 iE4fr  Oid PWR - Genenc data updated with plant specific operatng expenence
95% 5% of dutribution  44E-2hyr 5.7E44r  CHPWR - Genenc data updated with plant specific opermtng expenence
55%, 5% of dstnbunon  1.2E-1yr 1AE2vr Ol PWR - Generc daia updated with plant specific operatmyg expenence
95%, 5% of dustnbuton  1.5E-1hr 182y Ol PWR . Genenc data updated with phant specific opermmy eapenence
95%, 5% of dsmtwon | LE-INT 71E-3/yr  Old PWR . Genenc data updated with plant specific opermme expenence

HRarsebeck 1 & 2 NPP

genenc sources

Barsebeck 1 & 2 NPP

literature sources

Barscback 1 & 2 NPP

luerature data

Barseback 1 NFPP - plam operatmg expenence (8 11 years)
Barseback ' PP . plant speci”c overatng exvenence (8 11 years)
Barseback 1 NPP . plant specafic operstmg expenence (8 11 vesrs)
Barseback | NPP plant specific operstmp expenence (B 11 years)
Barseback 1 PP - olant specific overating expenence

Forsmark 3 \PP _ lat sources

Forsmark 3 NPP - lnerature sources

Forswark 3 NPP . \iterature sources

Forsmark 3 PP - Inersture sources

Oskoarshazn | NPP _ ltearure sources (spplxcanon of LBB eotena)

Oskarsh INPP

Inerature sources

Oslarsnamn | NPP

Inearture sources

nfa nka
/a8 na
nfa nfa
nfa nh
nfa nha
nia o1
nfa o
n/a afs
o/ nfa
a/a na
n/a n/a
nfa nfa
n/a nh
n/a /2
n/a nin
nfa nfa Oskarshamn ] NPP - | nerarure sources
n/s s Oskarshamn | NPP - piart operat:g expenence (5 7 vears)
/s nfa Oskarshamn | NPP . plent operatmg expenence (5.7 vears)
s nfa Oskarshamn | NPP plant specafic operatng expenence (S 7 years)
nfa nh Oskarshamn | NPP _ plamt specific operatng experience(3 7 yess)
nfa o/ Osicarshamn | NPP - plant specif.c operatmg expenence (5 7 years)
n/a o/t Osiarsh 2 NPP _ Igerature sources
ofa n/e OQgkarshama 2 NPP _ hiterature sources
o/ oA Oskarshamn 2 NPP - lderature sources
i n/a Oskarthamn 2 NPP plant operatmg expenence (6.2 vears)
o/a /a Orkarsh 2NPP plant specific operatmg expenence (6.2 years)
o/ nh Oslarshamn 2 NPP . plant specific operatmg expenience (6.2 years)
o/a /s Oskarsh 2 NPP - plant specific ex
ofa nin Oskacshamn 2 NPP . plant specif.c operatmyg expewence (6.2 years)
afs nfa Osiarsbamn 3 NPP . Iterature sources
nfa nfa Oskarshamn 3 NPP - Iterature sources
nfa nAa Oskarshamn 3 NPP - literature sources
n/z nfa nf Osl 3 NPP " plant specific g expenence (6 4 years)
nix nfa u/s Oskarzhamn 3 NPP - _plant specific operstmg expereince (6.4 vears)
n/a nfa na Oskarsh 3INPP - plant specif.c g expenence (6 4 yewrs)
n/z nfa nja Oskarshaunn 3 NFP . It eramure sources
ol /s nix Barseback 2 \NPP _plant speciic expenence
na nfa né Barsehack 2 \NPP - plant specif.c overatmg expenencs
s nfa ] Barseback 2 NPP - plam speciic g expenehce
a2 bia nja Barseback 2 NPP - plant soeci{c coerxtmg expenence
2 nfa ofa Runghats | PP liearture so Tces
nja nfa nfx Ringhais | NPP Inerature so rees
n/a n'z n/s Ringhals | NPP literzture so ces
n/a nfz nfa Rizghiis 1 NPP - lslerature <o _Ces
na nfa na Ringhals . ~PP = hterature cza
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PLANT TYPE IE SEP: - - IE CATEGORY INITIATORS FRELF DESG. FREQ:

212 TWR u T wih front line svstems available mean eventryr 92E-1fvr
213 BWR 'ranmeent loss of condenser mean eventr vr 2 OB+Ohr
24 TWR rasest “ass of FW & condenser mean _ sventlr vr 3TEi v
215 BWR Uansient loss ot ot f site power mean eventir.yr 1.8E-1Mr
215 PWR. LOCA large LOCA break with equivajent diameter greater than 1§ cm mean _eventhryr 4 0E4fyr
217 PWR LOCA medum LOCA break wath equivalent diameter beswoeen S nad 15 cm mesn _eventir.yr B LE4fyr
218 PWR LOCA smail LOCA mean  eventiryr 1 YE-24yr
213 PWR LOCA Teactor vessel rupture oean _cventsr yr. 27E- My
220 PWR LOCA Intersystem LOCA mean  evenbiryr. 4268t
221 PWR LOCA steszn geserator ube ruprure mean eventfryr. S 7E-Ipr
s PWR rencE with PCS isolation mexn  evenuiryr. 1.3E-1fyr
223 PWER ir with front line systems avatlable mesn _eventhk.yr 6.0E+Ovyr
24 PWR iramsicat loss of off sute power mean _eventh.yr. 70E-1h
2 PWR Tansent transient requunng RCS pressure reluef mean evenbr.yr 40E-14yr
226 PWR Leattorut madvertant safety mectuon mean eventir.yr. 1.2E+Ofyr
227 PWR Lransient stearn line break mesn _eventi.yr, 44E-44yr
228 PWR transi u occurring anter shutdown mean _eventir.yr 1 OE+Odyvr
229 PWR CCJainator  loss of service water system mean  eventir.yr. 2.4E-Sfyr
2% PWR LOCA farge LOCA Break with equrvalent diameter greater than 6 inches mean events/r.yr 9.4E-4fyr

RPY faiture
231 PWR LOCA medmm LOCA Break with equivalert sizes between 2 and 6 mches mesn evealy yr. Q4RI

Muluple pressurizer safetv and rehief valve faiture
232 PWR LOCA small LOCA Break with equivalent diameter smaller than 2 mches mean eventir.yr 1SE2)yr

Pressunzer safety and relief valve failure

CRDM faiivres

RCP seai fallure
233 PWR LOCA sieam generator fube rupiure =TI eventryr 24E-2hvr
234 FWR - loss of RCS flow mexn _eventh.yr. 36B-1vr
235 PWR trancarmt loss of feedwater flow FW pipe rupture outside comanment mean  eventiyr. S2E+Ohyr

Loss { redocticn of FW flow m one SG

Loss of FW flow w all 5G

FW flow mstabality - operatoc esror

FW flow mstability - mecharucal causes

Loss of one condeasate pump

Loss of all condensats pumps

Condenser leakage

Other sccondary leakage
236 FWR tratment parual ioss of steam flow MSIV Closure mean  oveatfyr. 25E-Liyr

Full closure of MSIV

Pasual closure of MSIV

Onher Josses of steam flow
237 PWR ransiem turbme trp Closure of ali MSTV-s mesn eveotr yr. 1.TE+Ofyr

Increase of FW flow m one SG

Loss of coadenser vacuem

Loss of CW

Throttle valve closure/Electrohydrsulic contrel provlem

Generator trip / geoeraloc caused fauks

Turbioe tnip due to over speed

Onher urbine tnos
238 PWR tranceat locs of off site power mezn evenik vr 5 BE-2ir
239 PWR transient spunous safety wnjection mean _evenly yr 64E-1Hyr
240 PWR transaest reactoc trip CRDM problem / rod drops mekn  eventr.yr 3.BEA+ONs

High and Jow pressunzer pressure

High peessurizer level

Spunous sulnmatic tnp - no trausient condinca

Austomatic/manual mp - operator error

Masiual trip due to false mgals

Sp NP - CXUsS Unkn

Primary sysiem presmire temperature or power inbalance
241 PWR iransient loes of stexm inside contmnment Steam pipe rupture inside contanment mean eventr yr. 91R4fyr

FW ppe rupture inside conminment

Siexm relsef or safely valve open madvenanily (leak uvpsuream of MS1Y)

Other steam losses inside contamment
242 PWR irsoment loss of steam outside contunment Steam prpe ruprure outskde conlunment mean eventh yr O 4EAfyT

Throttle valve/Electrobydraulic control problems

Steam and dump valve fal open

Other steam losses outside containment
43 PWR transeent core power mcrease Uncontrolied rod wrhdeawal mexn eventi yr. 23E-24yr

Beron dilution - CYCS malfunction

Core: mist temperanure deop

Other positrve reactonty additions
U4 PWR CC Inilisor loss of component coohing mexty cYentA.vT. S4E-4hr
245 PWR CC Initinsor  loss of service water mesn  eventi.yr 94E4/vr
245 PWR LOCA snall LOCA mesn _evenlr yr ISE2yr
247 PWR LOCA SIexm generator tube rupture mean __evenllr vr. 37E-2hr
248 PWR LOCA medmm LOCA mean  eventrLyr. 9 4E djvr
249 PWR LOCA large LOCA mesa eventh yr 94Edivr
2% PWR LoCA mntersvstem LOCA mean events yr 20B 3
251 PWR Lranseat matp steam line nreac mean _eventf vr 3 00 2hr




Ringhals 1 NPP

SOBORIB

plant specific operating experience (5.44 vears)

nfa
na Ringhals | NPP alant specific operating experience (5.44 vearss
na Ringhals 1 NPP plant specific operating experience
nfa Ringhals 1 NPP plant specific operating experience (5.44 vears;
n/a Ringials 2 NPP it sources
30E-3yr na Ringhals 2 NPP
23E-2Uyr nfa Ringhals 2 NPP <OUrces
LOE-6lyr i Ringhals 2 NPP . li
nja o2 Ringhals 2 NPP .
95% 20E-25yr o/a Ringhals 2 NPP . liteasture sources
95% 4.0E-1/yr n/a Ringhals 2 NPP - plant specific operating experience
95% 9.6E+0/yr n/a Ringhals 2 NPP phint specific operating experience
95% 12E+0hT nfa Ringhals 2 NPP - plant specific operating experience
35% 8.6E-1ht o/a Ringhals 2 NPP . plant specific operating experience
95% 2.0E+0Hr oA Ringhals 2 NPP . plant specific operating experience
95% 12E-3fyr n/s Ringhals 2 NPP . Literature
95% 1.7E+0fyr nfa Ringhals 2 NPP - plant specific opersting experience
nfa n/x 38 Ringhals 2 NPP - literature sources
95%,5% 36E-3fyr 33E-5ir  Zion NPP PSS table 1.1.1-2 literature sources and plant operaling expericace
95%, 5% 3.6E-3/yr 33E-5fyr Zion NPP PSS table 1.1.1-2 - literature sources and plant operating experience
5%, 5% T2E-2Uyr 13E-2Zfyr  Zion NPP PSS table 1.1.1-2 - literature sources and plant operating experience
95%,5% TE2hr 2.8E-3/yr _ Zion NPP PSS table 1.1.1-2 . lilerature sources and plant operating experience
5% 5% 6.0E-1ivr 1.9E-14r  Zioa NPP PSS table 1.1.1-2 . literatare sources and plant operating experience
9%, 5% 6AE+0fyr 4.1E+0lyr  Zion NPP PSS table 1.1.1-2 literamure sources (prior) and plant operating experience
95%, 5% S2E-Uyr 96E2/yc  Zion NPPPSSuble 1112 - literarure sources (prior) and plant opesating expericace
95%, 5% 4.TE+Ofyr 28E+0lyr  Zion NPP PSS table 1.1.1-2 literarure sources (priar) and plant operating experience
95%. 5% 17E1fyr 83E3Ar _ Zico NPP PSS uble L1.1.2 - izerature sources and plant operating expericace
95%.5% L1E+Ofyr 33Elyr  Zioe NPPPSSnble11.1:2 . litersture sources and plant operating experience
95%, 5% 4. TE+Ofyr 2.9E+0fyr  Zion NPP PSS table 1.1.1-2 literature sources and piant operating experience
95%, 5% 3.6E-3fyr 13E-Slyr Zion NPP PSS uble 11,12 literature sources and piant operating experience
95%, 5% 3.6E-3/yr 33E-5/yr  Zion NFP PSS uble 1.1.1-2 literalure sources and plant operating experience
5%, 5% 61E-24yr 4.6E-3fyr  Zion NPP PSS uble 11,12 . liternture sources snd plant operating experience
95%. 5% 3.6E-3/y1 3.3E-S/yr  Zion NPP PSS table 1.1.1-2 : {iterature sources (prior) and plant operating experience
95%. 5% 36E-3hr 33E-Shr  Zion NPP PSS able 1.1.1.2 - Iiterature sources (pricr) and plant operating exoericnce
na nfa nfa Angrs NPP PSA, Summary report - literature sources
n/a nfz a2 Angrs NPP PSA. Summary report . literature sources
afa n/a nfa Angra NPP PSA, Summary report |iterature sources
nfa n/x njs Angrz NPP PSA, Summary report |iterature sorces
rfa afa a/a Angra NPP PSA. Summary report literature sowurces
nfa n/a nf Angra NPP PSA, Summary report literature sorces

143




PLANT TYPE IE SET TE CATEGORY INETIATORS FREGQ DESC FREG

252 PWR transient fass of off-sile power mean evenuyr vr * SC-1owr
253 R transtent *ons af main feeuwster TICAN uvenursr 120w
254 PWR transient reactor o Mean  evenyr vr 3 1ERNyr
255 PWR transient wrbine tnp Tiean evenur vr 3 OE W
256 BWR LOCA large LOCA inside drywell break size greater than 3sqft mean  eventr vr 2IEA v
257 BWR LOCA large LOCA outnide drywell break size greater thag 3 sq fi mean cventr vr 1 QE-llyr
258 BWR LOCA medism LOCA hreak sizes between .1 and .3 sq R(steamand 004 and 2(houid) mesn  eventr vr 27E3yr
259 BWR LOCA smaill LOCA break s1z¢ up to 150 fi (steam) oc (04 <q A (hiquid) mean evenur vr 2B Uwr
260 BWR LOCA mtersy LOCA-LPCT break mean  evenuy vr 73EBhr
261 BWR LOCA wmiersysiem LOCA-CS break mean _evenifr yr 23EThr
28 BWR LOCA ECCS breaks mean evenurvr 13B-5hr
263 BWR LOCA reactor vessel runture rean eventsr yr 30EThr
264 BWR transient manual shutdown or spurious tnp Spurious tnp via msumentaton mean eventfryr 4.5SE+Ofyr

Scram due 1o piant occurences

Detected fault n RPS

Inadvertant msertion of rod or rods

Manual shutdown
285 BWR ransient wrbme tnp Turbie tnp mesn  evenly yr. 2TE+Ofr

Generstor tnp

High FW dunng startup or shutdown

Inadvertant startup of HPCT

Reciraulation control faubires increanng flow

Twbine bypass or control valve fulures

Trp of one or al) recirculation pumps

Loes of FW heater

Recurculauon pump sezure

Presurs regulator fals open

Turbane bypass fals open

FW flow mcreasing o power

FW controller maximum demend
266 BWR Transient MSIV ciosure MSIV closure mean eventyr 41E-ihr

Partial MSIV closure

Inadverant closure of one MSIY

Loss of condenser vacuum

Turbine tnp with bypess fatlure

Generator tip with bypass failure

Pressure regulator fails closed
267 BWR madverant g of relief valve mean eventlr yr 1 3B Uy
268 BWR transient loss of feedwater Loss of all FW flow mean eventk yr Z1E

Tnp of one of FW pumps

FW low Flow

Low FW flow during sixrtep or shutdown
269 BWR transient 1054 of off site power mean event)r yr 6.TE-2hyr
270 BWR CClmator  loss of TBCCW system Loss of coolmg water 1o TBCCW sysiem mean  evenur yr. 32EUyr

Loss of condensate pumps

Loss of sernce water
27 BWR CC Ininator loss of mstrumeat ax Less of wnswument ar mean eventr yr 1.0B-34yr

Loss of RBCCW svstem
272 BWR CC Ininator loss of &V emergency bus mean _evenlk yr } LE4hvr
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- RANGE VAR UPPER BND- LOWER IND SOURCE - ULT SOURCE
n/z 3/ nia Angra NPP PSA, Summary revort - frequency hased on speciiic <udy
L) ~fa A Angra NPP PSA. Summary reoort - literamure Krces
nz i%) "2 Angra NPP PSA. S v report - I
/s n/a nia Angra NPP PSA, Summary report - literature sources
o'z Dz o/ Caorso NPP PSS uble A2 _ literature sources
n/s n/a n/a Caorso NPP PSS able A-2 " Irtersture sources
nfe n/a ofa Caorso NPP PSS table A-2 literalure sources
W n/x ni Caorso NPP PSS table A-2 . |
o1 n/x nfa Cacrso NPP PSS table A-2 " Iderature data
N n/z na Cacrso NPP PSS uble A-2 " lgerature sources
na nfx o/e Cacrso NPP PSS able A-2 [HErMLTe SOUrces
n/z nfa na Caorso NPP PSS able 3§ . i
n/a nfn n/a Caorso NPP PSS table A-2 plant specafic operatmg experience
nfa o/ /s Caorso NPP PSS table A2 plant specific operatmg expereunce
o/a nfa nfa Caarso NPP PSS uble A-2 phant specific operatng expenence
na afx nh Caorso NPP PSS table A-2 » smdy foc the plant with smilar valves (Alto Lazio)
o/a nfe /s Caorso NPP PSS uble A 2 plam specific operaung expenence
A nfs na___ Caorso NPP PSS uble A2 " Hrstoncal data for north lialy
nfa n/a nfa Caocso NPP PSS ble A-2 analynis using fauit ree method
123 ofa nfa Caorso NPP PSS table A-2 h analys:s of msrument air system
na nfa n/a Caorso NPP PSA table A-2 - analysis of emergency power system by fault ree
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AC
AFW
ATWS
BWR
B/W
CC
CCI
CCwW
CDF
CES
Cw
CRD
CRDM
CRW
DC
DHR
EBFT
EHC
FMEA
FSAR
FTA
FwW
GPM
GRS
HPCI
HPCS
HPI
ICS

IE
IORV
ISLOCA
LER
LOCA
LOFW
LOOP
MFW
MSIV
MLD
MOV
NPP
PCS

- PORV
PWR
PRA
PSA
RCS
RCP

LIST OF ABBREVIATIONS

Alternating current
Auxiliary feedwater

Anticipated transient without sc1am

Boiling water reactor
Babcock and Wilcox Co.
Component cooling
Common cause initiator
Component cooling water
Core damage frequency
Containment fan system
Circulating water

Control rod drive

Control rod drive mechanism
Control rod withdrawal
Direct current

Decay heat removal

Energy balance fault tree
Electro-hydraulic control
Failure mode and effect analysis
Failure safety analysis report
Fault tree analysis
Feedwater

Gallon per minute

German Risk Study

High pressure core injection
High pressure core spray
High pressure injection
Integrated control circuit
Initiating event

Inadvertent open relief valve
Interfacing system LOCA
Licensee event report

Loss of coolant accident
Loss of feedwater

Loss of off-site power/loss of si: tion power

Main feedwater

Main steam isolation valve
Master logic diagram
Motor operated valve
Nuclear power plant

Power conversion system
Power operated relief valve
Pressurized water reactor
Probabilistic risk assessment
Probabilistic safety assessment
Reactor coolant system
Reactor coolant pump
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RHR
RPS

RV

SG

SIS
SRV
WWER
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Residual heat removal

Reactor protection system

Reactor pressure vessel

Relief valve

Steam generator

Safety injection signal

Safety relief valve

Soviet designed PWR (water moderated, water cooled reactor)



