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The Nuclear Regulatory Commission's (NRC) Office for Analysis and Evaluation of
Operational Data (AE00) has recently completed a study on 19 newly licensed
reactors. The prime objective was to characterize the trends and patterns of
the events that were being experienced during the first two years of operation.
The enclosed report represents a systematic review of the operating experience
data bases with a focus on these "new plants."

The goal of our new plant study is to isolate specific trouble areas. Therefore,
we are providing Plant Vogtle a copy of this study in order to help you identify
those areas which may require close scrutiny to assure safe unit operation.
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EXECUTIVE SUMMARY

:

It is generally acknowledged that newly licensed reactors experience a.

comparatively higher frequency of reportable events during their first two
years of operation than in their later years of operation. Many of these
events result in challenges to safety systems or a reduction of the operating<

margin of the facility (e.g., violations of technical specifications). This
leads to a heightened safety concern during this initial operational period.
Such concern was highlighted in the 1985 Policy and Planning Guidance for the
NRC as a commitment to "... continue to closely monitor the first two years of
operation of new plants coming on line, particularly those of licensees who
have no prior experience with nuclear plants." Program resource limitations,>

however, do not allow increased NRC coverage in all operating areas for all new
plants. To help narrow the problem scope, the Office for Analysis and,

Evaluation of Operational Data (AEOD) undertook a study of the initial
operational experience characteristics of 19 U. S. nuclear power reactors that;

received operating licenses between 1983 and 1985. These units were: Byron 1,
Callaway 1, Catawba 1, Diablo Canyon 1 and 2, Fermi 2, LaSalle 2, Limerick 1,
McGuire 2, Millstone 3, Palo Verde 1 and 2, River Bend, Shoreham, St. Lucie 2,;

Susquehanna 2, Washington Nuclear 2, Waterford 3, and Wolf Creek.

In this particular AEOD study, the prime objective was to characterize the7'

i trends and patterns of the events being experienced by a group of newly
licensed reactors during their first two years of operation. From these;

characteristics, assessments would be made to deterzine those areas and units
for which the greatest potential safety concerns exist. This identification
could then be used to help focus further studies and resources on those areas -,

and units which would have the greatest safety significance for newly licensed
reactors.

: Using only the operational experience information contained in the computerized
databases associated with the Immediate Notification reports, Licensee Event
Reports, and monthly operating reports, this study concentrated on: (1)
reactor protection system (RPS) actuations; (2) events other than RPS,

' actuations, such as engineered safety feature (ESF) actuations; and (3) the
principal causes associated with these events. Simple tabulations and

,

diagrams were developed and used to analyze and display this information. An
'

example of one of the resulting figures is shown on the following page. This
i figure displays the cumulative sums of all of the events reported by the 19

units studied.

It was found that while each unit displayed distinct and unique initial
operational characteristics, event information being received by the NRC was,

sufficient to indicate preliminary occurrence experience trends approximately
two months after license issuance.

Based on the analyzed group data, the major types of events which were
j occurring during the initial period of operation of the newly licensed units
|

|

|
|
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were dominated by reportable events associated with RPS and ESF actuations.
These two types of events accounted for some 75 percent of all the reported
occurrences being experienced at the new units studied, with RPS actuations
accounting for about 25 percent and ESF actuations for about 50 percent. Upon
further analysis, it was noted that the RPS actuation rates tended to remain
fairly constant during the operating history studied while the ESF actuation
rate tended to improve after four to eight months. Thus, an improvement in the
unit performance was found for ESF actuations but not'for RPS actuations.
These trends, when considered with the other types of reported events (such as
security events), indicated that the majority of the units experienced an
overall decrease in the individual event reporting rate after approximately one
year of unit operation.

Further analysis revealed that the 19 units clustered into two fairly equally
divided groups, based on their associated reportable occurrence rates. Five
out of the seven units whose nuclear steam supply systems were manufactured by
General Electric were experiencing higher occurrence rates. Also, the units of
new licensees were found to be experiencing higher numbers of events, with five
of eight units being within the higher grouping and the other three units just
bordering on this grouping. The lower overall reporting rate group was made up
primarily of units whose nuclear steam system vendor was either Combustion
Engineering or Westinghouse. The majority of the licensees in the lower rate
group had previous nuclear experience. Units whose architect / engineer was also

2
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the licensee were predominately found (i.e., four of five) in this lower event I

rate group.

From the study of the SCSS database, it was determined that while ' comparative
trends on event features could be obtained, fundamental event information, such
as root causes, would have to be drawn from detailed analysis of the individual
LERs. AEOD is presently performing several such detailed studies of the events
described in LERs for all of the operating U. S. power reactors, including the
19 units considered in this study. These individual AE0D studies include such
topics as RPS and ESF actuations. Since these other AE0D studies are focusing
on the fundamental types of events that are being experienced at the new units,
further root cause analysis within this study was deferred.

Simple exploratory data analysis techniques were applied to the information to
develop experience benchmark diagrams which would be applicable to the first 12
months of licensed unit operation. In these benchmark diagrams, known as
" box-and whisker" plots, the median value, the normally expected range (the
" box"), the the area between the normally expected range and the outlier region
(the " whisker"), and the outlier region were identified for each month of
operation. Also identified in these diagrams were the new units which
experienced a sufficient number of operational events to be classified as an
outlier for the particular time period and performance measure. An example of
this type of diagram follows. This particular diagram displays the
box-and-whisker plots determined for the ESF actuations which occurred at the

,

j
' 19 units for each of the first 12 months of licensed unit operation. In this

diagram, for example, the box-and-whisker plot for the second month of
operation indicates that the median number of ESF actuations found to be
experienced was two, while any quantity between one and seven would have been

; considered to be normally expected. Only if a unit had experienced more than
16 ESF actuations would that unit have been considered to be experiencing
sufficient actuations to be classified as an outlier for this particular month
of operation.
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The basic indication given by these benchmarks was that the new operating units
experienced the worst occurrence rates during the first four months after
achieving a given operational milestone, such as achieving initial criticality.
These rates, particularly for RPS actuations above 15 percent power and ESF

j actuations, were somewhat cyclical. Overall, however, a gradual decrease in
the median occurrence values, a narrowing of the expected occurrence range,

'

and a lowering of the starting value of the outlier region appeared over the
,

first year of operation. Thus, the overall number of occurrences tended to
improve with operational experience.

A comparative unit occurrence experience analysis was also conducted for just
the 19 units investigated in this study. Over the first year of operation, and
based solely on the indications given by the event benchmarks, the best records
were demonstrated by Susquehanna 2 and St. Lucie 2. Again, based on the event
benchmarks studied, the units found to have the worst experience record during
their first year af operation were Callaway 1 and Byron 1. While these

i findings for the 19 units studied are only comparative and are not absolute,
~ they do give indications and examples of what type of initial operational

experience has been achieved for the benchmarks considered.

Conclusions

| (1) Event information received by the NRC is sufficient to indicate
preliminary occurrence experience trends within approximately two months.

~ following license issuance. This could allow resources to be focused
fairly early in unit life on those units exhibiting relatively poor
occurrence experience.

I

; (2) The reportable events occurring at newly licensed units will predominately
result in an RPS actuation, an ESF actuation, or a combination of these
two actuations. However, the root causes of these occurrences were not;

identified. AEOD studies currently underway, which use different analysis
; techniques, will address root causes for these events.

1 (3) Over the first year of operation, and based solely on the indications
given by event benchmarks developed in this study, the best occurrence
experience of the 19 new units studied was recorded by Susquehanna 2 and

; St. Lucie 2. The units found to have the worst occurrence experience
during their first year of operation were Callaway 1 and Byron 1.

Recommendations

1 (1) The results of this study indicate that the early operational experience
(i.e. , within the first two months or so af ter licensing) is predictive
of later unit occurrence experience. Thus, the specific techniques used
in this study should be considered for use in other analysis areas, such,

as performance indicators, to help identify those units which may require
closer scrutiny to assure continued safe unit operation.i

| (2) The analysis conducted in this study was exploratory. Further detailed
| unit specific evaluation is needed to identify specific corrective

measures. However, this analysis brought into focus specific items (e.g.,'

specific units and event types) which should help to limit the resources

4

4
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' for such specific reviews. It is, therefore, recommended that specific-

,

evaluations be conducted of the poorest performing units identified in
this study in an attempt to identify the' reasons for the events that,

resulted in actuations of.the RPS and ESF.

(3) AE00 should further monitor the initial operation of the units in this
study that had been operating for less than a year. Emphasis should be

' placed on studying those units that displayed an initially high event
frequency and appeared to be accumulating the characteristics of an
outlier. In addition, and in concert with other NRC offices and regions,
AE00 should further analyze the operational experience of the units
identified as having the poorest operational experience and monitor all
new units as they are licensed. These continued studies will be used to

: help identify and predict units having abnormal behavior and, thus, should
indicate where additional attention and resources might be needed to help
assure safe unit operation.

t.
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! Trends and Patterns Analysis of the Operational Experience
of

Newly Licensed United States Nuclear Power Reactors

; 1.0 INTRODUCTION
|

! It is generally acknowledged that newly licensed reactors experience a higher
frequency of reportable events during their first two years of operation when
compared to their later years of operation. Many of these events result in
challenges to safety systems or a reduction of the operating margin of the
facility (e.g., violations of technical specifications). This leads to a T

heightened safety concern during this initial operational period. One
manifestation of this concern was the commitment within the 1985 NRC Policy and
Planning Guidance document to "... continue to closely monitor the first two
yearsofoperationofnewplantscomingonline,particular1{thoseof
licensees who have no prior experience with nuclear plants." Program resource
limitations, however, do not allow increased NRC coverage in all operating

: areas for all new plants. To help narrow the problem scope, the Office for
Analysis and Evaluation of Operational Data (AE0D) undertook a study of the
initial operational experience characteristics of U. S. nuclear power reactors
which received an initial license for power operation between 1983 and 1985.

~

In this particular AEOD study, the prime objective was to characterize the
trends and patterns of the events being experienced by a group of newly
licensed reactors during their first two years of operation. From these
characteristics, assessments would be made to determine those areas and units
for which the greatest potential safety concerns exist. This identification4

could then be used to help focus further studies and resources on those areas
and units which would have the greatest safety significance for newly licensed
reactors.

,

,

Thedatasourcesselectedforuseinthisstudywererestrictedtocomputerizeg
reactor event datacases such as those associated with Immediate Notifications,

t

.

'

|
i

! IV.S. Nuclear Regulatory Commission, " Policy and Planning Guidance 1985,"
USNRC Report NUREG-0885, Issue 4. Available for purchase from National
Technical Information Service, Springfield, Virginia 22161.

20.5. Nuclear Regulatory Commission, "Immediate Notification Requirements
for Operating Nuclear Power Reactors," Federal Register, Vol. 48, Sept.12,
1983, 40SS2.

..
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Licensee Event Reports,3 and monthly operating report compilations. These
'

data sources, while limited, provide basic information on the number and types
of events which newly licensed power reactors are experiencing. In addition,

,

they supply data on fundamental event characteristics (such as causes,'

personnel faults and equipment failures) and operational parameters (such as
the number of hours a unit was critical during a given time period).

Using the information retrieved from these databases, operational event trends
were determined. Additionally, exploratory data analysis tools were used to *

summarize the data and to define some operational benchmarks based on observed,

experience as a function of age. From these items, preliminary unit experience
comparisons were made. At each stage of this overall analysis, study findings
and conclusions were developed.

2.0 DISCUSSION
'

Between 1983 and 1985, initial operating licenses were granted by the NRC to 15
utilities for 19 new nuclear reactor units. The earliest of the 19 licenses
was granted for the McGuire 2 unit in March 1983 and the latest for Palo
Verde 2 in December 1985. The 19 units were located such that they were
distributed fairly evenly within the jurisdiction of the five NRC regional
offices. They included nuclear reactor systems supplied by Combustion
Engineering, General Electric, and Westinghouse. Eight of the 19 units were
units whose licensees were considered to have had no prior commercial nuclear
plant experience. Of the 11 units whose licensees had previous operating
experience, seven were located at sites where the licensee had other units
already in operation. For five of the 19 units the licensee served as the
architect / engineer of the project. In four of these five cases, the licensee
ha6' previous operating reactor experience. Thus, the units studied represented

,

a good cross section of all the operating reactors within the United States.'

l Table 1 lists the reactors studied along with some basic unit data. Additional
| unit data covering important operational milestones is listed in Appendix A.

.

.

-

30.S. Nuclear Regulatory Commission, " Licensee Event Report System,"
Federal Register, Vol. 48, July 26, 1983, as amended at Vol 49, Dec. 7, 1984,
47824.

4U.5. Nuclear Regulatory Commission, " Licensed Operating Reactors", USNRC
Report NUREG-0020. Available for purchase from National Technical Information
Service, Springfield, Virginia 22161.
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Table 1 U.S. Nuclear Power Reactor Units Licensed For
Initial Power Operation Between 1983 and 1985

NRC Initial Type Type
Docket NRC License of of

Unit Name Number Region Vendor Date A/E Licensee

Byron 1 454 III West 10/31/84 Non-Util Old
Callaway 1 483 III West 6/11/84 Non-Util New
Catawba 1 413 II West 7/18/84 Utility Old
Diablo Canyon 1 275 V West 11/ 8/83 Utility Old
Diablo Canyon 2 323 V West 4/26/85 Utility Old
Fermi 2 341 III GE 3/30/85 Utility New
LaSalle 2 374 III GE 12/16/83 Non-Util Old
Limerick 1 352 I GE 10/26/84 Non-Util Old
McGuire 2 370 II West 3/ 3/83 Utility Old
Millstone 3 423 I West- 11/25/85 Non-Util Old
Palo Verde 1 528 V Comb 12/31/84 Non-Util New
Palo Verde 2 529 V Comb 12/ 9/85 Non-Util Old
River Bend 458 IV GE 8/29/85 Non-Util New
Shoreham 322 I GE 12/ 7/84 Non-Util New
St. Lucie 2 389 II Comb 4/ 6/83 Non-Util Old
Susquehanna 2 388 I GE 3/23/84 Non-Util Old

+ Washington Nuclear 2 397 V GE 12/20/83 Non-Util New '

Waterford 3 382 IV Comb 12/18/84 Non-Util New
Wolf Creek 482 IV West 3/11/85 Non-Util New

Of the many sources available to the NRC which capture data that relates to the
operational experience of each licensee and their associated licensed units,
three were selected to be used in this AEOD investigation. These sources were:
(1) Immediate Notification reports; (2) Licensee Event Reports [LERs); and (3)
sonth'. operating reports.

Imediate Notification Reports are telephone notifications provided by the
; licensee to the NRC within either one or four hours following a reportable
( operational event. Although these are imediate reports, the types of events

occurring at each unit are generally well defined. However, the fur.damental
causes and other characteristics of each event may not be clear.

| Licensee Event Reports are written descriptions of reportaole events which must
i be submitted by the licensee to the NRC within 30 days of an operational
l occurrence. Because of the additional filing time permitted for these reports
I over the Iroediate Notification reports, a more thorough analysis 'and

evaluation of each event is possible. Thus, the event characteristics, such as,

basic causes, systems involved, component problems and personnel faults, are
better defined.

Monthly Operatino Reports are written accountings submitted to the NRC by each
licensee which summarize basic information concerning the performance and
operating status of each licensed reactor. One topic detailed in these reports

8
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- . is a compilation of the number of hours that the unit was critical during eachoperational month.

Thus, as may be noted by these brief descriptions, the three data sources
provide fairly comprehensive and comparable information on the general types of
events that are being experienced at all licensed U. S. nuclear power reactors,4

i including the newly licensed units. They also contain basic event information
(such as the event causes) and operational data (such as the number of hours a
unit was critical during a month). In addition, these sources are relatively
easy to access and use since a computerized database is associated with each
one.

2.1 Data Analysis

2.1.1 Data Collection and Basic Assumptions

To obtain the data for this investigation the computer databases associated
with each of the three chosen sources were, queried for all the information
which they contained on the 19 units being studied. The only query restriction
was that the data to be returned must correspond to unit operation between the
day on which the initial unit operating license was issued and the final day of
1985.

During this data collection process it was found that information through.

December 1985 could only be obtained for all 19 units from the Immediate
Notification report database. This minor problem was attributed to the
differences in the times associated with each report receipt, compilation and
input into the different computer databases. The Licensee Event Report
database yielded data only through October 1985; thus, this data covered
only the 17 units which were licensed to operate prior to October 1985.
Excluded from this LER data were Millstone 3 and Palo Verde 2, the two most
recently licensed units included in the overall study. Similarly, data for
Millstone 3 Palo Verde 2 and Shoreham was not contained in the monthly

i operating report database; however, the data for the other 16 units was
complete through December 1985.

Because of differences in the requirements for each of the three report types
used in this study, there can be some variance in the types and quantities of;

events reported, and thus contained in the databases used. This is especially
true for the Immediate Notification and Licensee Event Report data prior to
1984, when more uniform reporting requirements became effective. However, it
was assumed that over the operating history considered in this study that these
variations were negligible, especially since only the two earliest licensed
units in this study (McGuire 2 and St. Lucie 2) were operational for more than

; one or two months of 1983.

An additional assumption was made that the event information in the databases
were generally compatible. Thus, the findings from the study of the event
information in one database could be applied to the information obtained from a
different database. This permitted, for example, the assumption that
occurrence factors such as causes found in one database were indicative of the
causes of the events found in another database.

9

__ _ . _ __.___._ _ . _ . _. _ _ _ ___ _- _ _ _ _ _



"
. , .

' ;

.e
,

-
.

,

2.1.2 Immediate Notification Reports

Within the Incediate Notification database, several basic categories of events
are captured. These categories include: (1) reactor protection system [RPS)
actuations; (2) engineered safety feature [ESF] actuations; (3) limiting
conditions for cperation [LC0]; (4) security; and (5) miscellaneous conditions
which were reportable but could not be classified into one of the other
categories. From the study of the information contained in this database on
the 19 units being analyzed, it was found that approximately 25 percent of all
the event data captured was associated with an actuation of the RPS. These
actuations were at any power level and may or may not have involved control rod
movement. Events involving ESF actuations were the other major category,
eccounting for slightly less than one-half of all the events being reported by
each of the 19 units. The remaining event information was divided fairly
equally betwear,the remaining Immediate Notification database categories.

RPS Actuations For all reported RPS actuations, the units tended to group
around two average monthly actuation frequencies of either 1.0 or 2.5. These
rates and the units that were clustered around each of these rates remained
constant with increasing operational experience. It was found that seven of
the 19 units studied experienced the higher RPS actuation rates: Byron 1,
Callaway 1, Fermi 2, River Bend, Washington Nuclear 2, Waterford 3, and Wolf
Creek. The prime characteristics of these higher frequency units were that
they were: (1) units of new licensees (i.e., the first nuclear unit for the
operating utilities), and (2) units for which the licensee did not serve as"

the architect / engineer. Figure 1 graphically presents the cumulative number
of RPS events reported by each of the 19 units as a function of the months
since the units were issued their initial operating license.

ESF Actuations Engineered safety feature actuations, unlike the RPS rates,r

showed no apparent clustering or grouping about any particular actuation
i frequency. Each unit had its own ESF actuation rate, with two units (McGuire 2

and St. Lucie 2) experiencing exceptionally low rates. In general, the ESF
| actuation rate at each unit seemed to decrease after approximately four to
|
I eight months of operation. The only readily distinguishable unit traits were:

(1) five of the seven units whose nuclear steam system vendor was General
Electric were experiencing high ESF actuation rates, and (2) units
experiencing the fewest ESF actuations were ones for which the licensee also
served as the architect / engineer. Figure 2 shows the cumulative number of
ESF events reported and contained in the Immediate Notification database for
each of the 19 newly licensed reactors. These counts are plotted as a
function of the months since the initial operating licenses were issued to
these units.

LCO There is no uniform requirement to report events which would be classified
as limiting conditions for operation, especially after the adoption of the
revised reporting rules in 1984. Thus, LCO events were not considered in this
analysis.

10
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Security Few units reported numercus security events, averaging less than one
event every two months. Of the units experiencing higher numbers of reportable
security events, some showed high rates from the beginning of operation (these
being: Byron 1, Callaway 1, Limerick 1, and River Bend); but, except for
Callaway 1, this higher reporting level decreased to the overall average rate
after some two to four months of operation. Three other units (Fermi 2,
LaSalle 2, and Wolf Creek) also experienced above average report rates but
these rates did not appear until six to ten months after the issuance of an
operating license. Because of the nature of security reporting, few event
details are available from the database and, thus, identification of specific
security report types which could be driving some of the higher reporting rates
were not determined. Overall, however, the type of unit, its location, or
licensee type did not appear to affect the number of security events being
reported. Figure 3 illustrates the cumulative number of security reports
captured in the Immediate Notification database for the new units studied.

Miscellaneous Included in the miscellaneous category were reports of
inoperative Emergency Notification Systems, events which indicated possible
serious degradation in a principal safety barrier (such as local leak rate
test failures), natural and external conditions that posed an actual threat to
the safety of the unit (such as earthquakes, fires, and hurricanes),
radioactive releases above permissible limits, discovery of unanalyzed design
conditions, and occurrences or conditions that alone could have prevented the
fulfillment of a principal safety function (such as the removal of residual+
heat). Also included in the Immediate Notification database within this
miscellaneous category were voluntary reports. For this study, these voluntary
reports were excluded so as not to penalize those units that issued such
information.

Except for one particular unit (LaSalle 2), no distinguishing unit
characteristics or report trends were noted. Even in the case of LaSalle 2, no
specific event appeared to be causing the higher number of cumulative reports.
The overall average frequency for the reporting of events which were classified
as miscellaneous was about once per operating month. A display of the
cumulative number of miscellaneous reports issued by the new units studied is
given in Figure 4.

Overall As shown in Figure 5, combining all of the event categories yielded
certain overall characteristics and trends. Based on the monthly frequency of
total reporting, the units clustered into two fairly equally divided groups of
(1) units experiencing mere than eight reportable events per month and (2)
units averaging approximately three reportable events per month. These event
occurrence rates began to become apparent within approximately two months after
the issuance of an operating license. The units in the higher rate grouping
tended to continue to show the higher occurrence rate for approximately the
first year of operation. After the first year of operation, all of the units
in this study with that much operational experience were averaging three
reportable events per month.

For the overall higher reporting group, five out of the seven units which had
nuclear steam supply systems manufactured by General Electric were in this
group. Also, the units of new licensees were found to be experiencing high

13
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numbers of events, with five of eight units being within the higher grouping
and the other three units just bordering on this grouping.

The lower overall reporting rate group was made up primarily of units whose
nuclear steam supply system vendor was either Combustion Engineering or
Westinghouse. The majority of the licensees in the lower rate group had
previous nuclear experience. Units whose architect / engineer was also the
licensee were predominately found (i.e., four of five) in this lower event
rate group.

Conclusion Events involving the actuation of the RPS, the ESF feature systems,
or a combination of both will dominate the initial year or two of operation at
a newly licensed reactor. With few exceptions, a new unit will have
individually unique reporting characteristics. On the whole, approximately
one year of operation will be required before a decrease in overall reporting
rate will be noticeable. However, for units initially experiencing higher than
average RPS reporting rates, such a decrease may not be experienced. But for
ESF actuations, a decrease should be expected after approximately four to eight i

months of operation. Overall, the units which are more likely to experience
higher than average occurrence rates will (1) have had no previous nuclear
reactor operating experience, or (2) have nuclear steam systems supplied by
General Electric. Those units which will experience better than average
occurrence rates will probably be ones whose (1) licensee had previcus
operating reactor experience, (2) licensee also served as the project.

architect / engineer, or (3) nuclear steam supply system vendor was either
Westinghouse or Combustion Engineering.

2.1.3 Licensee Event Reports

While the Immediate Notification reports furnish timely information on the
types of events being experienced at operating nuclear reactor units, the data

| provided is still preliminary. Licensee Event Reports, on the other hand,
while not as timely as Immediate Notification reports, furnish in-depth
information on reportable events. As a consequence, the LERs furnish many
important event details and become the preferred source for event information
such as causal factors.

The Office for Analysis and Evaluation of Operational Data maintains a
computer-based information retrieval system for the LERs submitted af ter
January 1981. This database is called the Sequence Coding and Search System
(SCSS). The SCSS database is designed to meet two basic requirements: (1)
capture all relevant technical information detailed in the LERs, and
(2) provide a means such that the information is sufficiently tagged for
computer retrieval. To facilitate meeting these goals, certain techniques
are used to code the event information contained in each LER.

Any event reported in an LER is composed of one or more occurrences which the
licensee is required by regulation to report. Each occurrence has a cause and
results in some effect. Several such occurrences may be reported in a single
event. These occurrences may be related to each other as a single sequence or
they may be independent and reported as several different sequences. Within a
sequence, an occurrence may simply be the result from some previous occurrence;
however, more complex relationships are possible such as two or more
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occurrences combining to initiate a single resultant occurrence, or one
occurrence branching to initiate several resultant occurrences.

For the SCSS database each LER is encoded by a technical reviewer who must read ;

and identify the individual occurrences that make up the sequences of the
events being reported. This coding is so arranged that the computer can
identify which occurrences are linked together and how they are linked to form
a sequence. Each occurrence that is coded contains information on the cause,
system and component involved, manufacturer or vendor, and failure or fault
effect. Unless pertinent to the understanding of a sequence, successful
occurrences are not coded, nor are corrective actions.

For this study, use of the SCSS database was limited to gathering information
on the causes of the events which were occurring at the facilities under,

consideration. Upon examination of the LER information contained in the SCSS
database for the 17 new units for which suth data was available, it was found
that the complex nature of the SCSS database does result in capturing, to the
greatest extent possible, the individual faults and failures described in an
LER. However, in attempting to identify a specific root cause which resulted
in an event, e.g., a reactor scram, this complexity made such a deterzination
very difficult, if not impossible. Such fundamental event information would
have to be drawn from a careful reading and analysis of the individual LERs
which were identified by SCSS as having the event characteristics under
analysis. General comparative trends can be developed, though, such as the
number of occurrences associated with personnel-related causes. (See

~

Appendix B for this particular comparison.)

Other studies within AEOD are performed through the detailed reading and
analysis of the events described in LERs for all of the operating U. S. power
reactors, including the 19 units considered in this study. These individual

,

| AEOD studies concern RPS actuations, ESF actuations, technical specification
violations, and system unavailability. A cursory review of the prelirinary
results of these specific studies indicates that by using aggregated SCSS data
(i.e., all steps in a sequence that can be attributed to personnel or hardware
problems for all units and all sequences), the split between hardware and
personnel problems involved with these events is roughly in agreement with the
roct cause split in the detailed studies. Because of this, and since these
other AEOD studies are focusing on the fundamental types of events that are
being experienced at the new units (i.e., RPS actuations and ESF actuations),

! further analysis within the context of this new unit study was not continued.

Conclusion The complex nature of the SCSS database captures very well the
detailed faults and failures described in the LERs that are being submitted by
the licensees of the new units. However, this complex nature, in turn, does
not lend itself to determining basic event factors such as which of the faults
and failures was the root, or initiating, cause. Further detailed analysis by
studying the individual LERs is necessary to determine such items. Since AEOD
is presently conducting studies which specifically use this technique and
address the fundamental causes of the events which are occurring at all

18
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operating U.S. power reactors, including the new units, this will not be done
in this new unit study. Instead, a follow-up report addressing only the new
operating units will be produced utilizing the results of these other specific
AEOD studies.

2.1.4 Monthly Operating Reports

Each month the licensees submit to the NRC reports on the operational status of
each of their licensed units. The data furnished in these reports primarily
summarizes factors related to unit power generation and, consequently, the data.

furnished by each licensee during the first months following the initial
issuance of an operating license, and many months prior to declaring the unit
in commercial operation, can vary widely. Even so, one of the principal
factors contained in these reports is very useful and important when attempting
to define comparative operational benchmarks for newly licensed reactors. This
factor is the number of hours that a unit was critical (i.e. , maintained a
self-sustaining nuclear chain reaction) during each operational month. This
information is nec'ssary for normalizing various data items so that a moree
uniform unit-to-unit comparison may be performed. For this study, the
pertinent critical hour data was gathered from the monthly operating reports.
This data was then used in the development of some comparative benchmarks for
unit operational performance. Appendix C contains a tabulation of the critical
hour data used in this study.

~

2.2 Comparative Benchmarks

One of the goals of this study was to try and determine some useful benchmarks
for comparing new unit operating experience as a function of age. To this end,
the operational occurrence data previously discussed was analyzed using a
simple technique known as the "5-number summary." To display the results of
this analysis, the complementary display method known as the " box-and-whisker
plot" was selected. A detailed explanation of these two items is given in
Appendix D.

Because of the varied unit operating ages (i.e., from almost three years to
just one month), it was decided to attempt to define benchmarks only for the
initial year of operation. This restriction, when considered with the varied
unit operating ages, meant that data covering the entire first year of
operation was available for only 12 units. Since no Licensee Event Report root
cause data was determined, the analysis was limited to using the Immediate
Notification and monthly operating report data. Also, the time focus for the
RPS actuations was shifted from the first year of operation following issuance
of the initial operating license to either the first 12 months after initial
criticality was achieved or, for actuations above 15 percent power, to the
first 12 months after full power operation was authorized. These RP5 rates
were then normalized by using the unit critical hour data obtained from the
monthly operating reports. The Shoreham unit was excluded from these RPS
benchmark calculations since no unit critical hour data was available for it
and because it had not received authorization to operate at power levels
approaching 15 percent.

The results of this analysis yielded the following potential benchmark items:

19
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1. RPS Actuation Events (Per 1000 Critical Hours) At Up To 15% Power;
'

2. RPS Actuation Events (Per 1000 Critical Hours) Above 15% Power;

3. ESF Actuation (Other Than RPS) Events;

4. Security Events;

5. Miscellaneous Events;

The benchmark values for the first 12 months of operation associated with each
of these items are tabulated in Appendix E. The information given in these
tables is also displayed in Figures 6 and 7. These figures include the monthly
median values, the normally expected range (i.e., the " box," which equates to a
value falling between the twenty-fifth and seventy-fifth percentiles), the
region between the expected range and the outlier region (i.e., the " whisker,"
which equates to a value up to 1.5 times the difference between the
seventy-fifth and twenty-fifth percentile values), and the outlier region. The
names of the new operating units falling into the appropriate outlier region
are also given. To help interpret these figures, the following sample diagram
is supplied.

.

Outlier
Region ' d e outlier

'T
|
1- -75th Percentile

* I""Expected y
Range

-25th Percentile-

!
A
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As indicated by these benchmarks, the worst operating experience appeared to
occur during the first four months following an operational milestone, such as
achieving initial criticality. A few of the benchmarks, especially those
associated with RPS actuations above 15 percent power and ESF actuations,

~

displayed a somewhat cyclical variation with a three- to six-month period.
',

Overall, during the first year of operation, the benchmarks showed a gradual
decrease in the median occurrence values, a narrowing of the expected
occurrence range, and a lowering of the outlier region threshold level.

Conclusion Based on the benchmarks developed, the basic indication is that new
operating units will experience the worst occurrence rates during the first
four months following the achievement of a given operational milestone such as
achieving initial criticality. These rates, particularly for RPS actuations
above 15 percent power and ESF actuations, will be somewhat cyclical. Overall,
however, a gradual decrease in the median occurrence values, a narrowing of the
expected occurrence range, and a lowering of the starting value of the outlier
region will appear over the first year of operation. Thus, the overall
occurrence population will tend to improve with operational experience.

2.3 Use Of Benchmarks For Unit Occurrence Experience Comparisons
:

The benchmarks developed in this study succinctly summarized the observed range
of occurrence factors for recently licensed units during their early months of
operation. While these benchmarks were simply comparative and not absolute,
they still provide some reference points against which the experience of

,

recently licensed reactors may be judged. Additionally, these benchmarks are
" expected based on historical occurrence experience" and are not benchmarks of
" acceptable" occurrence experience. However, by using the better units, they
are examples of what occurrence experience has been achieved.

| With these cautions in sind, a relative comparison and evaluation was made of
the first year of operation for the new units studied. This was accomplished

.

by first counting, on a unit basis, the number of times the monthly report rate'

for each benchmark factor (e.g. , RPS actuations per 1000 critical hours above
the 15 percent power level) fell into one of four basic categories. These

categories were: (1) less than or equal to the benchmark median value;
(2) exceeded the benchmark median value but remained in the expected range
(i.e. , remained within the twenty-fifth and seventy-fifth percentile range);
(3) exceeded the benchmark expected range but was less than the outlier
threshold value; and (4) fell into the benchmark outlier region. To the
resulting counts, grading factors were then applied. These grading factors
were: "1" for each count in the "less than or equal to the median value"
category; "2" for the counts that were in the " exceeded the benchmark median
value but remained in the expected range" category; "3" or counts in the
category of " exceeded the expected range but was less than the outlier
threshold"; and "5" for each " outlier region" category count. The sum of
these four graded count categories was then computed for each unit for each
of the benchmarks. For final comparative purposes, each of the resulting
sums was normalized by dividing it by the appropriate total number of first
year operating months for which unit data was available. Finally, comparative
unit rankings were assigned for each benchmark. This was done by assigning a
rank of "1" to the unit having the lowest normalized grade in a given
benchmark. Appendix F contains a tabulation of the net benchmark count data.

|
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| The results of the normalized graded count category calculations are
summarized in Table 2. The associated comparative unit rankings for each'

benchmark item are summarized in Table 3. Note that in Table 2, a value of
1.00 is the lowest possible value and indicates the unit having the best

,

" expected based on occurrence experience" value for the particular benchmark
being considered. Similarly, a value of 1 in Table 3 indicates the unit
displaying the best ranking and, thus, should be considered to be the best
example of what level of occurrence experience was achieved for that particular
benchmark. Discussions of the relative perfomance of each new unit studied
based on these benchmark findings follow.

Byron 1 For the 14 months since an operating license was issued to Byron 1,
this unit has experienced one of the highest continuing occurrence rates of any
of the 19 new units studied. Based on the occurrence experience benchmarks,
over 50 percent of the event type benchmarks exceeded the median values, with
over 30 percent being outside the expected range and some 10 percent being
classified as outliers. In terms of occurrence experience rankings, the best

,

ranking achieved by Byron 1 in any individual area was an 8 in the category of
RPS actuations above 15 percent power, with most at 10 or below. Thus, Byron 1
possesses next to the worst record of the 19 units considered with regard to
the new unit occurrence experience factors studied for the initial year of
operation.

-

Callaway 1 Callaway 1 has been displaying some of the highest occurre .;e rates
of the 19 units studied during its first 18 months of operation. Fifty five

percent of the event benchmarks exceeded the median value, with 15 percent
between the expected range and the outlier threshold and 15 percent classified
as outliers. Its best ranking in a major event category was a 9 in RPS
actuations up to 15 percent power. Based only on these factors for the
benchmarks considered, Callaway 1 would rank as the worst of the 19 units for
operational experience during its first year of operation.

Catawba 1 Based strictly on the number of reports generated, the indications
were that Catawba 1 has had much better occurrence experience than many of the
other reactors studied. However, when the number and types of occurrences
given in these reports were compared, some of this apparent advantage
disappeared. In fact, the best occurrence experience benchmark ranking for
Catawba I was a value of 5 in security events and the poorest ranking was a 12
in RPS actuations above 15 percent power. Six percent of its event benchmarks
were in the outlier category. This is about the average value for the 19 units
considered. These factors, when considering only the graded benchmarks,

i indicate that the Catawba 1 initial operational year occurrence experience was
just average.

Diablo Canyon 1 After a long period after completion before finally achieving'

an operating license, Diablo Canyon I has shown one of the smoothest periods of
initial operation of the units studied. This smoothness, however, does not

,

necessarily translate into a good occurrence experience rating during the
initial start-up year. One area of trouble appeared in its history of RPS
actuations, where Diablo Canyon 1 ranked 14th and 8th, respectively, for
actuations up to 15 percent power and for actuations above 15 percent power.
Similar rankings were found in the other event-related benchmarks. On a
percentage basis, slightly more than 70 percent of the event benchmark values

1
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Table 2 Unit Normalized Individual Performance Benchmark Values

gg...................... .gg... ...... .. .... gg.... ...... .. .. .gg

!! Il RPS ACTUATIONS 11 EVENT TYPES ti

i: II (Per 1000 Critical Mrs) 11 OTHER THAh RPS ACTUATIONS 11

!! UWli It il 11

Il || Up To Above 11 ESF Se:vrity Mis:. Il

11 !! 151 Poser 151 Poser li ktuations il
gg .......... ........ .gg... ...... .... :g .. .. .. .. .....gg

- It il 11 li

18 l#;k 1 Il 1.91 2.00 il 1.92 2.25 2.25 ti

11 CALLAWAY 1 11 1.67 2.17 11 2.00 4.00 1.25 !!

!! CATAula1 11 1.57 2.14 11 1.56 1.06 1.42 il

11 IIABLO CANYDh 1 11 2.20 2.00 11 1.67 1.25 1.50 !!

!! CIABLO CANYON 2 Il 1.60 2.40 11 1.00 1.22 1.33 Il

1: FERMI 2 11 2.29 1.00 11 2.10 2.90 1.70 !!

11 La5ALLE 2 11 1.06 1.50 11 2.25 1.92 2.50 Il

11 LIMERICK 2 Il 1.00 1.00 11 2.56 2.33 1.83 11

11 kBulRE 2 11 1.00 2.00 11 1.06 1.00 1.06 Il
Il 1.00 1.00 1.00 It

11 RILLSTOWE 3 II --- -

il PALC VER E 1 11 2.00 2.00 11 1.25 1.33 1.42 11

Il PALO VERIE 2 11 il 3.00 1.00 1.00 11

18 t!VER K E: 11 2.00 1.00 !! 2.00 2.20 1.60 Il
Il 1.25 1.42 1.83 Il

11 SHORENH !! --- ---

11 St.LUCIE 2 11 1.00 1.60 li 1.00 1.17 1.00 Il

!! SUSQJENANu 2 11 1.00 1.36 11 1.17 1.00 1.33 Il

il NASHlhi10h itJ* LEAF 2 il 2.10 2.25 11 2.92 1.42 1.33 Il

1: NATERFCR: 3 11 2.50 2.60 Il 1.75 1.08 1.83 Il

11 W%r C8IEt il 1.63 1.57 11 2.60 1.50 1.20 11

11 !! II I

|g .. .............gg........... ..........gg .. ........ .. .. .. .....;;

(a:TE: A Value of 1.00 is Equivalent to the BEST Perforsance.)

!
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Table 3 Unit Individual Experience Benchmark Rankings

:g.. .. ............ . gg..... .... .;g..... .. .... .;g

1: 11 RF5 A;TUAi!Osi5 11 EVElfiTYPES 11

Il li IPer 1000 Crit Mrs)ll DTHER THAk RPS A:TUATIONS 11
!! Utili il 11 Il
il 11 14 To Ateve 11 ESF 5e:arity Risc. Il

1: li 151 Poeer 151 Poetril Actuations '. I

g.......... ...... .gg....... .... .;3..... _ _ .:
11 !! li ||-

11 Brron! || 10 g || 11 16 1B ||

11 Callauay 1 !! 9 13 11 12 19 6 Il
11 Catasta 1 11 4 12 11 I 5 10 11

11 Distic Canyon i li 14 I || 9 9 12 1:
11 tiable Canyon 2 11 7 15 || 1 8 7 11

11 Ferai 2 11 15 1 Il 14 18 14 11
!! LaSalle 2 11 5 5 11 15 14 19 ||
|| Limerick i 11 1 1 11 16 17 15 Il

11 R:6uire 2 11 1 B || 4 1 4 11

Il 1 1 1 li11 Millstone 3 || -- --

11 Palo Verde I li 11 B 11 6 10 10 11
li 19 1 1 11!! Palc Verde 2 !! --- --

il River Bend || 11 1 11 12 15 13 11,

' Il 6 !! 15 1111 Snorehas 11 --- --

!! St.Lv:te 2 il 1 7 1: 1 7 1 ||
11 Susquehanna 2 || 1 4 11 5 1 7 11

il Waitiester A tlear 2 11 13 14 Il 18 11 7 11

11 Waterford 3 11 16 16 li 10 5 15 11
|| b:1f Creek || E 6 || 17 13 5 11

!! Il || 11

:; . .. .............. .:;... .... ...gg. .. ............ .......g;

INDTE: A Value of 'l' is Equivalent to the BEST Perforsan:e.1
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'* were at or below the median, but over 10 percent were classified as outliers.
Based on just the factors analyzed, these somewhat conflicting indications
result in ranking the occurrence experience of Diablo Canyon 1 during its
initial year of operation as poorer than average.

Diablo Canyon 2 Diablo Canyon 2 appeared to have profited from the start-up
occurrence experience of its older twin, Diablo Canyon 1. The one detractor
from this improvement, though, was poor experience with respect to RPS
actuations above 15 percent power, which at a ranking of 15 was second to the
worst ranking in this category. The overall event benchmark occurrence rate
percentages have improved, however, with over 75 percent being at or below
the median value and less than 3 percent in the outlier region. The net result
of this occurrence experience during the initial year of operation is that
Diablo Canyon 2 was one of the best of all the units ranked based on the
factors studied.

Fermi 2 Of the 19 units studied, Fermi 2 has had one of the higher occurrence
rates. When these occurrences were compared to the benchmarks, Fermi 2 showed
one of the poorest records. Four of the five event benchmark rankings were at
or below 14. Over 16 percent of the occurrences were categorized as outliers.
Only 55 percent were at or below the median value. These factors indicate that
the initial operational occurrence experience of Fermi 2 for the factors
analyzed was one of the poorest of the units studied.

LaSalle 2 One of the oldest units studied, LaSalle 2 has had a varied initial-

operating history. It has one of the poorest report records, except for RPS
actuations where it ranked fifth in both actuations up to and over 15 percent
power. When all occurrences are considered, less than 57 percent of the
occurrences were at or below the median; however, almost 80 percent of the
occurrences were within the event benchmark expected range. On the other hand,
the event outlier occurrence rate of 10 percent was one of the higher values.
The result of these somewhat conflicting items for the factors studied yields
an overall occurrence experience indication for LaSalle 2 of poorer than
average and bordering on being one of the pocrest of the 19 units considered
for the initial year of operation.

Limerick 1 Having had the best overall RPS actuation ranking, Limerick 1 still
has had a rather poor initial history of operation when other items, such as a
ranking of 16 for ESF actuations, were considered. Overall, these variations
indicate that occurrence experience of Limerick 1 during the first year of
operation was below average when compared with all of the other units studied.

M:Guire 2 McGuire 2 was the oldest unit studied. It ranked best in number of
RP5 actuations up to 15 percent power and security reports but eighth in RPS
actuations above 15 percent power. Over 92 percent of all the event benchmark
factors were at or below the median value with no outliers. Overall, this

equates to McGuire 2 being above average and one of the better units for the
factors considered during the first year of unit operation.

Millsto'ne 3 With just a little over one month of operational data, little
could be determined about the future occurrence experience at Millstone 3.
From the few indications avaliable from the benchmarks, however, this initial
period may be fairly good since its occurrence experience ranking for the

27
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** applicable benchmarks was the best possible. Until a few more months of
operational data is available, however, no meaningful overall initial ranking
in relationship to the other units and facters studied can be made.

Palo Verde 1 Palo Verde I has had a rather mediocre initial year of operation,4

with the highest benchmark ranking being a 6 and the lowest an 11. The one
outstanding item was that less than 4 percent of the occurrence counts fell
into the outlier category. The net result is that the initial operational
occurrence experience at Palo Verde I would rank it as the average unit out of
the 19 units studied for the factors analyzed over the first year of operation.

Palo Verde 2 The younger of the two operating Palo Verde units studied, the
very brief history of Palo Verde 2 is very confusing. With less than one month
of operational experience, Palo Verde 2 led all units in the occurrence rate
for ESF events. This unfortunate rate, if continued, may result in an overall
poor occurrence experience. However, it was equal to the best units in the
other categories for which benchmark data was available. These confusing
indications, like Millstone 3, indicate that additional data is needed before
a meaningful unit initial year of operational occurrence experience comparison
can be made.

River Bend Like Millstone 3 and Palo Verde 2, little operational history is
) available for River Bend. But from the data that is available, when compared

to like factors of the other 19 new operating units, the initial operational'

experience is one of the poorest. The only bright spot was that it was one of-

the best units insofar as RPS actuations above 15 percent power were concerned.

Shoreham For the benchmarks which were applicable to Shoreham, less than 12
percent of the event values exceeded the expected range and over 66 percent
were at or below the median values. .As such, the indications are that Shoreham
has had a better than average initial start up. One area which could modify
this assessment, however, is its RPS actuation rates, once operational data is
available for this item.:

St. Lucie 2 Second in operating age only to McGuire 2, St. Lucie 2 had an
exemplary initial period of operation. A potentially significant jump in
occurrences was noticeable, however, over the last eight months, some two years
into operation. But based on the first 12 months of operation, the initial
operating occurrence experience for the factors studied ranked St. Lucie 2 as
next to the best unit studied.

Susquehanna 2 Of the units which had more than one year of experience,
Susquehanna 2 demonstrated the best performance for the initial year of
operation. Over 98 percent of its benchmark event values during the initial
year of operation fell within the expected range, with over 84 percent at or
belos the median value and no outliers. This outstanding occurrence experience
for the factors considered indicates that Susc.uehanna 2 ranked best of all the
19 units studied as rated on the benchmarks considered for the initial year of
operation.

Washington Nuclear 2 The initial and continuing occurrence experience history
of Washington Nuclear 2 has been one of the worst of all the units
investigated. Almost 50 percent of the occurrences experienced during the

26

__ _ _ ._ __ _ __ _.__-. _______ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ . _ _



._

. , . -..

.

' ' -
.

,

..

first year of operation exceeded the median experience benchmark values, with
10 percent in the outlier range. The net result of this occurrence experience
is an overall initial year of operation ranking for Washington Nuclear 2 of
being one of the poorest of the new units for the items studied.

Waterford 3 The initial performance of Waterford 3 has shown a varied history.
Waterford 3 has had one of the poorest records of all units for RPS actuations,
with rankings of 16 for actuations both up to and above 15 percent power. Its
record as based on events other than RPS actuations is mediocre, with one
ranking above the medion and two below. More than 7 percent of the benchmark
values were in the outlier range, but more than 55 percent were at or below the
median value. When these items are considered, the occurrence experience
record of Waterford 3 during its initial year of operation is considered to be
below the average of the 19 units studied.

Wolf Creek The early operational occurrence experience history of Wolf Creek
has varied. However, the overall record would indicate a below average
* start-up period. Thus, Wolf Creek, basad on the occurrence benchmarks studied
for its initial period of operation, is ranked as being below average.

Conclusion Using benchmarks developed from information contained in databases
associated with the Immediate Notification and monthly operating reports,
comparative unit occurrence experience of the 19 units studied could be
analyzed. Over the first year of operation and based solely on the indications
given by the event benchmarks, the best records were demonstrated by~

Susquehanna 2 and St. Lucie 2. Again, based on the event benchmarks studied,
the units found to have the worst experience record during their first year of
operation were Callaway I and Byron 1. Likewise, for the event benchmarks
studied, Palo Verde 1 demonstrated what would be considered to be an average
occurrence experience during the initial year of operation. While these
findings for the 19 units studied are only comparative and are not absolute,
they do give indications and examples of what type of initial operational
experience has been achieved for the benchmarks considered. Thus, the
performance illustrated by the Susquehanna 2 and St. Lucie 2 units should be
used as examples of what type of initial operational occurrence experience has,

!

been achieved.
i

3.0 SUMMARY

It is generally acknowledged that newly licensed reactors experience a
comparatively higher frequency of reportable events during their first two
years of operation than in their later years of operation. Many of these
events result in challenges to safety systems or a reduction of the operating
margin of the facility, e.g., violations of technical specifications. This
leads to a heightened safety concern during this initial operational period.
Such concern was highlighted in the 1985 Policy and Planning Guidance for the
NRC as a coccitment to "... continue to closely monitor the first two years of
operation of new plants coming on line, particularly those of licensees who
have no prior experience with nuclear plants." Since NRC program resource
limitations do not allow increased coverage in all operating areas for all new
plants, the Office for Analysis and Evaluation of Operational Data undertook a

!

study of the initial operational experience characteristics of 19 U. 5. nuclear
power reactors that received operating licenses between 1983 and 1985. These

29
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units were: Byron 1, Callaway 1, Catawba 1, Diablo Canyon 1 and 2, Fermi 2,
LaSalle 2, Limerick 1, McGuire 2, Millstone 3, Palo Verde 1 and 2, River Bend,
Shoreham, St. Lucie 2, Susquehanna 2, Washington Nuclear 2, Waterford 3, and
Wolf Creek.

The prime intent of this AE0D study was to try to characterize the event trends
and patterns being experienced by this group of newly licensed units. From
these trends and patterns, it was hoped that common characteristics would be
identified which could then be used to help focus the available resources on
those areas which have the largest safety significance for new units. To this ;

end, computerized event data was analyzed. The items studied included: (1)
RPS actuations; (2) events other than RPS actuations, such as ESF actuations;
and (3) principal features, such as causes, associated with the events that
were occurring.

It was found that while each unit displayed distinct and unique initial
operation characteristics, event information being received by the NRC is
sufficient to indicate preliminary occurrence experience trends approximately
two months after license issuance. This could allow resources to be focused
fairly early in unit life on those units which are exhibiting poor occurrence
experience.

Based on the analyzed data, the indications are that of the major types of
events which will occur during the initial period of operation of a newly
licensed unit, RPS and ESF actuations dominate. The RPS actuation rates at-

individual units should remain fairly constant during the initial operating
history. If this is a high rate to begin with, it will tend to stay high; if
low, it will tend to stay low. Thus, a unit occurrence experience improvement
for RPS actuations may not be readily distinguishable over the first year or
two of operation. In contrast to this, after approximately four to eight
months after initial license issuance, a unit occurrence experience improvement
should appear for-ESF actuations other than RPS actuations. These trends, when
combined with the minor trend contributions associated with report types other
than RPS and ESF actuations, indicate that approximately one year of licensed
operation will be required before a net decrease in the individual overall
event reporting rate is realized.

Further analysis revealed that the 19 units clustered into two fairly equally
divided groups. Five out of the seven units whose nuclear steam supply systems
were manufactured by General Electric were experiencing the high occurrence
rates. Also, the units of new licensees were found to be experiencing high
numbers of events, with five of eight units being within the higher grouping
and the other three units just bordering on this grouping. The lower overall
reporting rate group was made up primarily of units whose nuclear steam supply
system vendor was either Combustion Engineering or Westinghouse. The majority
of the licensees in the lower rate group had previous nuclear experience.
Units whose architect / engineer was also the licensee were predominately found
(i.e., four of five) in this lower event rate group.

From the study of the SCSS database, it was determined that while comparative
trends on event features could be obtained, fundamental event information, such

,

| as root causes, would have to be drawn from detailed reading and analysis of
I
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the individual LERs. Since other AEOD studies are presently undertaking such a
task and include new operating units, further analysis within this new unit
study was deferred. As soon as the results of these other AEOD studies are
finalized, a follow-up study using these results will be conducted which
addresses specifically only new operating units.

By applying simple mathematical techniques to the data, it was possible to
develop several benchmarks which may be used in analyzing and comparing new I

'

unit operational occurrence experience. These benchmarks are applicable to the
first year of operation following an appropriate licensing milestone, such as
achieving initial criticality. The basic indication given by these benchmarks

!is that new operating units will experience the worst occurrence rates during
the first four months following the achievement of a given operational
milestone, such as achieving initial criticality. These rates, particularly
for RPS actuations above 15 percent power and ESF actuations, will be somewhat
cyclical. Overall, however, these rates do show a gradual decrease in the
median occurrence values, a narrowing of the expected occurrence range, and a
lowering of the starting value of the outlier region. Thus, the overall number
of occurrences tends to improve with operational experience.

Finally, using the performance benchmarks developed, a comparative occurrence
experience analysis was conducted of the 19 units investigated in this study.
The indications which resulted from this endeavor were that the best
comparative initial operation was experienced by Susouchanna 2 and St. Lucie 2.
The units found to have experienced the worst initial period of operation were~

! Callaway 1 and Byron 1. While only comparative, these findings do give
indications and examples of what type of initial operational performance has
been achieved for the benchmarks considered. Such indicators should assist
both regulators and licensees in analyzing the performance of newly licensed
units and to help point out areas of strengths and weaknesses at each new
reactor.

!

|
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Appendix'A

Unit Operational Milestone Data

/

| | | | |

| | Initial | | Full |

|
| Operation | Initial | Power |

| | License | Critical | License |

| UNIT | Date | Date Date |

|- -

| - |-- ! |
-

__

| | | | |
-

| . Byron 1 | 31-Oct-84 | 02-Feb-85 | 19-Feb-85 |
| Callaway 1 | 11-Jun-84 | 02-Oct-84 | 18-Oct-84 |
| Catawba 1 | 18-Jul-84 | 07-Jan-85 | 17-Jan-85 |
| Diablo Canyon 3 08-Nov-83 | 29-Apr-84 | 02-Nov-84 |

| Diablo Canyon 2 | 26-Apr-85 | 19-Aug-85 | 26-Aug-85 |

| Fermi 2 | 20-Mar-85 | 21-Jun-85 | 16-Jul-85 |

| LaSalle 2 | 16-Dec-83 | 10-Mar-84 | 23-Mar-84 |.

| Limerick 1 | 26-Oct-84 | 22-Dec-84 | 08-Aug-85 |

-| McGuire 2 ; 03-Mar-83 | 08-May-83 | 27-May-83 |

| Millstone 3 | 25-Nov-85 | 23-Jan-86 | 25-Nov-85 :
! Palo Verde 1 | 31-Dec-84 | 25-May-85 | 01-Jun-85 |
| Palo Verde 2 | 09-Dec-85 | 18-Apr-86 | NA |

| River Bend | 29-Aug-85 | 31-Oct-85 | 20-Nov-85 |
| Shoreham 07-Dec-84 | 15-Feb-85 : NA |

| St Lucie 2 | 06-Apr-83 | 02-Jun-83 | 10-Jun-83 |

| Susquehanna 2 | 23-Mar-84 | 08-May-84 | 27-Jun-84 |

| Washington Nuclear 2 | 20-Dec-83 | 19-Jan-84 ; 13-Apr-84 |

| Waterford 3 | 18-Dec-84 | 04-Mar-85 | 16-Mar-85 |
| Wo]f Creek | 11-Mar-85 | 22-May-85 | 04-Jun-85 |

| | - | -|
| _ _

_

|
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Appendix 8

Sample Unit Comparative Trend Based On SCSS Data
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Appendix D

5-Number Summary & Box-and-Whisker Diagram

In attempting to develop simple benchmark values which could be used to
describe typical characteristics of new unit operational performance, it was
decided to use a simple exploratory data analysis method known as the "5-number
summary." " Box-and-Whisker" diagrams were selected to display the results.

A "5-number summary" is a simple method of describing the basic character of a
group of values, such as the number of ESF actuations experienced by all units
during a given month of operation. As implied in the name, a 5-number summary
defines the group character by five unique points. These are:

o The " extreme" --- the highest and lowest values found in a group

o The " median" --- the single middle value or mean of the two
middle values between the extremes of a group

o The " hinges" --- the middle value or mean of the two middle
values between each extreme and the median.

Thus, 50 percent of all observations in a group will lie between the hinge
values, with 25 percent below the lower hinge and 25 percent above the upper--

hinge.

While the 5-number sumary defines the basic character of a group of values, it
does not indicate whether certain values are apparently far beyond the others,
i.e., they are outliers. To compensate for this, a simple extension to the
5-number sumary is made. This extension defines an outlier as any value that
lies at least one " step" beyond a hinge value; with a step equal to 1.5 times
the difference between the ninge values. Thus, for a group of observations, an
observation shall be considered to be an outlier if its value is 1.5 times the
difference between the upper and lower hinge values.

To visually display the results of a 5-number summary analysis with outliers, a
simple diagram known as a " box-and-whisker" is used. Such a display is made up
of several basic components; these are:

o The " box" --- a thin rectangle, usually vertical, stretching
from hinge to hinge

o The " whiskers" --- dashed lines, ending in cross bars, stretching
between the box hinge values and the " fence"
values

o The " fence" --- 1 step outside the hinge values

o The " median" --- a bar or similar indicator within the " box"
indicating the median value

!

,
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-o The " outliers" --- a dot or similar indicator for observations
falling.outside the " fence" values

An example 5-number summary and box-and-whisker display follows.

Observation values: 2, 4, 6, 8, 10, 13, 14, 29, 30

Number of observations: 9

Extremes: 2 and 30

Median: 10

Hinges: 6 and 14

Step: 1.5 x (14-6) = 12

Fences: 6 - 12 = -6 and 14 + 12 = 26

Outliers: 29 and 30

,
"Bom-and-Wnteker Diagram"

]' Outliers30 - .

*

_

#26 - rence T
- 1

22 - |

- | > Wisker (Step)

lE - |

- 1

114 - Hinge e
-

10 - Nedian O v Box

6- Hinge T
-

|

2- 1

0- | 4 W isker (step)

-2- I

- I

1s-6- rence
_

-10 -
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Appendix E

Monthly Occurrence Benchmark Values

The benchmark values associated with each of these items for each of the first
12 months of operation are given in Tables E.1 and E.2. Included in each table
are the calculated monthly values for the median, the normally expected range
(i.e. , falling between the twenty-fifth and seventy-fifth percentiles), and the
starting point for the upper outlier region (i.e. , greater than 1.5 times the
difference between the seventy-fifth and twenty-fifth percentile values).

.
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Table E.1 Benchmark Values - Reactor Protection
System Actuations

11 11 11 Il
!! l! FS ETIRTIM IP 1015 PIRER 11 PS E11ATIM AllE 15 MBER !!

|| 11 IPer 1000 biticd 10ws) || War 1000 k itics 10 r al 11

11 IDmiIF IPDETilk II (Since Initid kiticality) 11 Iliace Full Peer htAsrised) !!
11 11 11 11

!! || IIndie b pected Ibtlier il lindir bpetted Iktlir il
11 11 Vdm Itege Ibgle 11 Valw Range hgis il

11 !! !! Il
11 11 Il 11

11 1 11 0.00 0.&5.79 14.45 II 0.00 0.&1.E 4.70 !!
11 !! !! 11

!! 2 11 1.71 0.N.43 13. 5 !! 1.95 0.N.50 13.75 li
11 11 11 11

~

11 3 Ii 1.61 0.00-1 31 8.3 II 3.27 1.R-3.73 L94 II
11 11 || !!

11 4 11 1.21 0.W3.58 L95 11 3.18 1.63-4.9C 9.81 !!
11 11 li !!

11 5 11 0.00 0.N.00 0.00 || 2.56 1.54- 1 29 5.92 !!
11 11 !! 11

!! 6 !! 0.00 0.N.00 0.00 !! 0.00 0.W2.t! 4.53 Il
11 il 11 11

11 7 11 0.00 0. N .00 0.00 || 1,46 0. & 3.43 8.5 !!
11 11 11 !!

!! t 11 0.00 0.N.00 0.00 !! 1.42 0.00 2.41 LO3 !!
Il 11 !! Il
|| 9 !! 0.00 0. N .00 0.00 11 0.00 0.001.45 3.63 !!
11 11 11 il
11 10 11 0.00 0.N.00 0.00 !! 1.5 0.00-2.06 7.15 li

| 11 11 If II

: 11 11 11 0.00 0.N.00 0.00 !! 1.41 0.00-2.73 Lt3 ||

11 11 !! li
!! 12 li 0.00 0.N.00 0.00 11 0.00 0.&1.42 3.55 11
|| 11 !! Il

39
-

__



__

...
,

.~

*
.

.
.

.... .

Table E.2 Benchmark Values - Event Types Other
Than RPS Actuations
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Appendix F

5-Number Summary Benchmark Items Count Data

Listed in Table F.1 are counts of the number of times that the monthly repcrt
rate at each unit for each benchmark item met one of the following criteria:

0 Rate was less than or equal to the median value
(Denoted as "< Median")

0 Rate was greater than the median value but less than or equal to
the upper hinge (i.e., seventy-fifth percentile) value and, thus,

! was within the normally expected range (Denoted as "> Median")

0 Rate was in the upper fence range, i.e. , greater than the upper
hinge value but lower than the outlier threshold value (Denoted as
" Fence")

0 Rate was in the upper outlier region (Denoted as " Outlier")

A summary of the total number of counts in each criteria category is also
included, along with an associated listing of the percentages which these
individual totals represent of the total number of unit counts.

.
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Table F.1 Unit Perfonnance Benchmark 5-Number Sumary Count Data

i

::... - . .. _ _ . ~ _

Il !! IIPS - UP TO 151 POWER I! IIPS - )l51 P0utR 11

| 18 11111T IIME || Il il

11 Il llonths I (Iledian ! )fledian 1 Fence i Outlier !! flenths 1 (lledian I )lledian I Fence 1 Settler 11
------- I I - I ---- l ----~ l ------ l ------ I I -- - I- I l- I 11II -

.

!! Syron i 11 11 1 61 21 21 1 11 11 I 51 31 21 1 11,

!! Callaway 1 11 12 1 01 2I II l 11 12 1 41 61 21 0 11
!! Catada I il 71 61 01 01 1 11 7I 41 01 21 1 !!

11 Glablo Canyon 1 il 10 1 71 01 01 3 Il 12 1 71 21 11 2 11
11 Diatlo Canyon 2 II 51 3I Ii 11 0 11 51 21 11 II I 11

M 11 Foret 2 11 7I 31 11 2I I il 6I 61 01 01 0 !!

11 LaSalle 2 11 12 I 11 I i1 01 0 11 12 1 91 21 01 I !!
'

il lleerick i 18 12 1 12 1 01 0I 0 11 51 51 01 01 0 11
II keelre 2 11 21 21 01 01 0 11 21 11 01 11 0 Ili

11 Rllistene 3 Il i I I 1 !! ! I I I 11
'

11 Palo Vwde I il 01 &I OI O1 2 !! 71 31 31 01 0 Il

!! Palo Verde 2 !! I I I I il i I I I !!
11 River tend il 3I II 11 11 0 11 21 21 01 0I I !!

| Il Shorehas || t i I I !! I I I I ||
j !! St. Lecle 2 11 5I 51 01 01 0 !! 51 3I II II 0 Il

11 5esquehanna 2 !! 10 1 10 1 01 01 0 !!. Il ! 7I 41 01 0 11
11 Washington IInclear 2 II 12 I 91 11 01 1 Il 12 ! 41 31 4I I 11
11 Naterford 3 Il to I 4I II 31 2 11 10 1 31 01 6I l Il

i !! Wolf Creet !! OI 58 11 21 0 11 7I 41 21 11 0 11
i Il || | 1 I I !! ! I I I il
; !!

|
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Table F.1 (Continued) Unit Performance Benchmark 5-Number Sunnary Count Data

i

i
.

_ ...
. .

!! !! ESF REPORTS 11 SECURITYllEPORTS 11. ._

Il!!
!! UMli IME !!
!! !! Months I (Median 1 ) Median I Fence i Dettler !! Months I (Median I > Median I Fence i Outtler it- t:
::.... _.. .:.___ __..:..g_ .g gg : g _g g.

!! Byron i 11 12 1 6I I! 51 0 !! 12 1 51 31 21 2 11

!! Callaway 1 il 12 1 41 41 4! 0 !! 12 I II 2I II O !!

i 11 Catasta i Il 12 3 91 31 0I I !! 12 1 11 1 11 01 0 !!

!! Diante Canyon 1 11 12 I 11 1 0I II 0 !! 12 l 9I 3I eI i Il

!! Diable Canyon 2 11 9I TI 01 01 0 11 91 71 21 0t , 6 Il

11 Feret 2 Il 10 1 41 3I 2I I !! 10 1 41 11 11 4 !!

11 LaSalle 2 11 12 1 41 5I II 2 !! 12 1 61 31 2l I 11

! !! Limerict I !! 12 1 21 51 31 2 !! 12 1 5I II 31 3 11
i g
4 11 McGuire 2 Il 12 I 11 ! !I 01 0 11 12 1 12 1 01 01 0 11

|
Il Millstone 3 !! 21 21 01 01 0 !! 21 21 01 0l 0 11

11 Pale Verde I !! 12 I 9I 31 01 0 11 12 1 9| 21 11 0 11

i 11 Pale Verde 2 !! !I 01 0I Il 0 Il 11 11 01 01 0 111

!! River lend !! 5l 2I II 21 0 11 5l II 21 21 0 11

!! Shorehas !! 12 1 10 1 II II 0 11 12 I 7I 51 01 0 Il

!! St. Lucie 2 !! 12 1 12 1 01 0l 0 !! 12 ! 10 1 21 0l 0 !!

!! Sn quehanna 2 11 12 1 10 1 21 01 0 !! 12 1 12 1 01 01 0 Il

11 Washington Nuclear 2 11 12 1 21 31 41 3 !! 12 I 81 31 11 0 14

11 Baterford 3 11 12 1 61 31 31 0 11 12 I !! I i1 01 0 II

!! Wolf Creet !! 10 1 31 21 31 2 Il 10 1 51 51 01 0 11
; ,

|
!! Il i I I I !! I I i i It;
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Table F.1 (Continued) Unit Performance Benchmark 5-Number Summary Count Data

!

!

! _
.

Il !! MISCELLAllEOUS KPORTS 11

!! Ull!T IIAME 11 Il
11 Il llanths I (lledian I ) Median i Fence i Settier 11

; : : ._ __.. _. : : __ g __.._. _. ._. g __ __ t :|
11 Syron i 11 12 1 51 31 21 2 II

!
il Callassy I || 12 1 to i II II e 11

,

!! Catasta 1 11 12 l 81 3I II e il'

11 Di dle Canyon 1 11 12 1 81 21 21 0 !!

11 Di dle Canyon 2 11 91 7I II II 0 11
11 Feret 2 11 10 1 71 11 11 I II

3
^ 18 LaSalle 2 || 12 1 4I 21 41 2 11

|
11 Limerick i 11 12 I 91 01 1I 2 11
11 IIcGelre 2 Il 12 I 11 1 1! OI 0 11
il Rillstone 3 11 21 21 0I 01 0 Il

11 Pale Verde 1 11 12 I TI II 21 0 II

il Pale Verde 2 11 1I II 01 01 0 ||
,

11 River Bond !! 5I 3I II II e ||

11 Sherenae il 12 I 71 21 2I I 11
' 11 St. Lecle 2 11 12 1 12 1 41 01 0 11

il Seegeehanna 2 !! 12 1 91 2I II e il

11 Ileshlagten lleclear 2 Il 12 1 91 21 11 0 11
Il llaterford 3 Il 12 1 71 21 2I i 11
!! llolf Creek !! 10 1 81 21 01 0 11
Il 11 i ! I I It

i

l
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Table F.1 (Continued) Unit Performance Benchmark 5 Number Summary Count Data
i
+

|
!

l .:
! !! !! TOTES - EVEllTS !! TOTES - EVEIITS - PERCEllTAGES 11

: !! lilliT NAME !! Il !!
i 11 !! Ilonths I (Median I ) Median i Fence i Outtier !! Months I (fledian | Niedlan I Fence i Settler 11
j g g __ _ ___ :: . _ __. g ___3 ._.._ g .___._ : _ __ g . | 3 ;_ 3:

i Il Syron i 11 50 1 27 1 12 1 13 1 6 11 30 1 46.55tH I 20.609711 22.413011 10.34401 Il

11 Callaear ! 11 60 1 27 I 15 I 9| 9 !! H I 45.000011 25.000011 15.000011 15.00001 11

i 11 Catasta l 11 50 1 37 1 7I 31 3 !! 50 1 74.000011 14.000011 6.000011 6.00001 II
11 Glablo Canyon i II 50 1 42 1 11 41 6 Il 50 1 72.413011 12.0690tl 6.09 Htt 10.34401 11

,

II Oletto Canyon 2 Il 37 1 20 1 51 3I I il 37 I 75.67571I 13.513511 0.100111 2.70271 Ilj u
; 11 Feret 2 11 43 1 24 1 41 6I 7 11 43 I 55.0140t! 13.953511 13.953511 16.27911 !!*

{ 11 LaSalle 2 11 HI 34 1 13 1 71 6 11 H I 56.H6MI 21.6H711 11.H6711 10.00001 Il
!! Lleerict i 11 53 1 33 1 61 7I 7 Il 53 1 62.2H2tl 11.320011 13.2075tl 13.20731 11

11 IIc8eiro 2 II 40 1 37 1 2I II 0 !! 40 1 92.500011 5.0000!! 2.500011 0.00001 It'
I !! Rillstone 3 11 6I &I 01 01 0 11 6 1100.000011 0.0000tl 4.000011 0.00001 11

!! Pale Verde I 11 St ! 36 I 9I 31 2 II 51 1 70.500211 17. H7111 5.002411 3.92161 11

!! Pale Verde 2 Il 31 21 0I II 0 11 3 i H.H47tl 0.000011 33.333311 0.00001 Il
!! River Bend 11 20 1 9I 51 &I i 11 20 1 45.000011 25.000011 30.000011 5.00001 11

|| Shorehae 11 34 1 24 1 01 3I I il 36 I H. H 4711 22.222211 0.333311 2.77701 Il

1 !! St. Lecle 2 11 44 1 42 1 3I II e !! 46 I 91.304311 6.521711 2.173911 0.00001 Il
il Seegeehanna 2 11 57 1 40 1 0t iI 0 11 57 8 94.210511 14.035111 l.754411 0.00001 11'

!! Ileshington IInclear 2 11 HI 32 1 12 I le 1 6 11 H I 53.333311 20.000011 16.6H7tl 10.00001 114

i 11 unterford 3 Il 54 1 31 1 71 14 I 4 !! 56 1 55.357111 12.500011 25.0000tl 7.14291 11

!! Wolf Creet 11 45 1 25 1 12 1 61 2 11 45 1 35.555611 26.H 47tl 13.333311 4.44441 11
'

j 18 11 I I I I Il i I I I !!
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