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1. INTRODUCTION

This repor. details Teknekron's work during the second phase of Licensee
Performance Evaluation. The Phase ! report, NUREG/CR-0110, details our
initial efforts on this contract including a review of previous work, a
review of NRC's relevant data bases, and a feasibility analysis of per-
formance evaluation for all classes of licensees. This introduction briefly
summarizes the Phase I work, presents the new direction that the Office of
Inspection and Enforcement requested we take after about one-third of the
Phase II work had been accomplished, and discusses concepts essential to
understanding the approach taken in the remaining sections of this report.

1.1 Summary of Phase I Work

The Request for Proposal on Licensee Performance Evaluation envisioned
Phase I as a study of the feasibility of evaluating the performance . f
NRC's Ticensees; a methodology was to be devised and applied in Phase II.
Teknekron agreed that the major portion of the actual evaluation logically
fell in Phase II, but felt that Phase I must include a “feedback loop" of
selecting a possible approach and testing it on actual case studies to see
if it produced results that met NRC's needs. An evaluation method is
feasible only if it works.

Feasibility
The issue of "feasibility" of performance evaluation was and is of critical
importance to NRC. In i~ RFP, NRC identified several "Evaluation Consider-

ations" against which any methodology was to be tested. Though not so
organized in the RFP, these factors fell into three major groups:

® Support for NRC's mission and goals

- The relationship between the evaluation criteria and safety.
Each measure of licensee performance selected, including
compliance with NRC requirements, must be strongly related
to NRC's missicn of insuring safety.

- NRC's requlatory authority. Those evaluation methods proposed
for near-term application must. be consistent with NRC's existing
regulatory authority. For example, it mas not be appropriate to
evaluate licensees on the basis of commercial productivity
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factors, unless it can be demonstrated that those factors relate
to NRC requirements or to the safety of a licensed operation.

- Uniform application. The population of NRC licensees will be
partitioned into homogeneous grou,s for the purpose of evaluating
their performance. Evaluation methods will not discriminate
against particular licensees in any given group.

- Licensee control over rating factors. To be fair, licensees must
be evaluated on the basis of factors that they can directly influence.

Staff concerns and differing viewpoints

- Quantitative versus qualitative evaluation. Both types of measures
must be considered. Quantitative evaluations are based upon
measurable indicators such as numbers of items of noncompliance.
Qualitative judgments involve subjective ratings by Regional
Directors or other similar measures.

- Relative versus absolute performance. The evaluations will consider
a licensee's performance both in comparison to that of other similar
licensees and as measured against reasonable absolute standards of
acceptability.

- Weighting. If licensee performance evaluations are to be based
upon several independent factors, the relative importance of these
factors must be reflected in the weights assigned to each. Also,
the sensitivity of evaluation results to various choices of weights
will be investigated.

- Categories of evaluations. Two distinct aspects of licensee
performaace must be captured in the evaluation methodology--overall
performance and performance in specific areas of responsibility.

Usefulness and practicality

- Analytical dedth. For any class of licensees, the appropriate
Tevel of analytical depth permits identification of actual
differences in licensee performance. While these insights may
derive from a relatively simple, aggregated analysis of summary
data, it may be judged necessary to evaluate performance on the
basis of in-depth examinations of specific events, incidents or
occurrences.

- Data considerations. In quantitative evaluations, the lack of
suitable data may limit the ability to evaluate licensees.
Evaluation methods must be based on data currently available or
upon data that are obtainable with reasonable effort. The con-
tractor will identify data that should be made available and
suggest appropriate methods for its coliection.
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The relationship of these groupings becomes clearer when one recognizes that within
NRC (not only I&E) there is little agreement on whether licensee performance
evaluation should be done at all, and that a few previous attempts have in

fact been made. No one would disagree that any evaluation method must be

uniform, be within NRC's regulatory scope, and be related to safety. Nor

would anyone argue that a licensee should not be criticized for something he
cannot control. 3ut some on the staff feel that adequate evaluation will

require a vast data collection effort for which resources are unavailable;

others feel that all licensees are performing at least adequately, so that
distinctions cannot easily be made.

Teknekron felt that this list of NRC considerations had to be addressed to

make any methodology acceptable, not only to NRC, but to the licensees and to

the public that inevitably will see the results of an evaluation. "Acceptability"
is, in this political world, an important component of feasibility. We therefore
interviewed NRC headquarters staff, regional directors and their assistants,

the licensees, and one intervenor group. The feelings of each of these groups

are summarized in Section 2.3 of the Phase I report.

Review of Other Related Work

We also reviewed previous NRC work in performance evaluation and related areas,
since some staff concerns and different viewpoints were focused by these
efforts.

We reviewed three documents:

e "A Statistical Evaluation of the Nuclear Safety-Related Management
Performance of NRC Operating Reactor Licensees During 1976." This
is an NRC-generated report dated February 1977.

® "Phase I Report: Utility of Incentive Systems for Licensees." This
report was prepared by TRW under NRC sponsorship and is dated
October 1977.

® "Benefit Cost Analysis of the Trial Inspection Program Involving
Statistical Sampliny Inspection Techniques Conducted at Metropolitan
Edison Company's Three Mile Island Unit 1 during the Period July 1,
1975 to June 30, 1976." This is an NRC-generated report, dated
January 1977,



Since the content of these documents and NRC's reactions to them strongly

influenced our approach, the discussion in the Phase I report is summarized
here.

"A Statistical Evaluation of the Nuclear Safety-Related Managoment Performance
of NRC Operating Reactor Licensees During 1976"

This report describes a licensee performance assessment methodology based on

the statistical treatment of noncompliance counts by category, numbers of LERs
submitted, and other data that are ultimately combined into a single index (Z
score). Its intent is to arrive at a numerical rating reflecting licensee
performance, since tne better performer is assumed to incur fewer noncompliances

and issue fewer LERs. This report stimulated considerable comment within MRC,
much of which focused on these issues:

e The problem of ceveloping a broadly acceptable relative weighting
system for the various noncompliance categories (violations, in-
fractions and deficiencies) and weightings for LERs, effluent re-
leases, and personnel exposures.

e The question of whether differences in the stringency of technical
specifications applicable to different licensees may in themselves
affect performance quality. This factor could prevent uniform
application of any methodology.

e Licensee performance evaluations expressed as single numbers (aggregating
several factors) inherently lend themselves to the relative ratings of
licensees. NRC I&E generally feels that relative rankings of licensees
are likely to generate misleading impressions and are therefore unde-
sirable in terms of the interests of both industry and the public.

e A relatively high number of LERs may not necessarily indicate poorer
performance: it could mean that the licensee is overly conscientious
in his interpretation of what is considered reportable, and may be
influenced by stringency of technical specifications.

NRC - development of a statistical methodclogy illuminated these specific
factors as well as others that are independent of the evaluative method used.
One of these latter factors is the effect of performance assessment on the
licensee (will it motivate him to improve the quality of his performance, or
might it have the reverse effect?). Another is the clear recognition that any
evaluative approach should, to the degree possible, be based only on those
performance factors that are within the licensee's control.
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“Phase I Report: Utility of Incentive Systems for Licensees"”

This TRW report ably identifies several aspects of the NRC enforcement process
that seem to offer less-than-optimum incentive to improve performance. One
concept of the TRW report of great value to our work was that licensee perform-
ance reflects a combination of attitude (willingness/desire to comply with NRC
regulatory requirements or to improve the quality of operation), and capability
(managerial and technical ability) to achieve compliance and improved operating
quality. The first factor - attitude - reflects licensee motivation; the

second - capability - reflects his capacity to translate his motivation into
action,

The TRW report presents a graphic display classifying licensees who theoreti-
cally possess different attitude/capability combinations into four quadrants
of "performance space." One quadrant represents good attitude/high ability,
another good attitude/low ability, and so forth. In TRW's study context,

this classification helps identify the forms of NRC enforcement/incentive
actions that are appropriate to the attitude/capability combinations licensees
exhibit. TRW's classification interested us because it helped direct us to

the controlling causal factors behind performance, and in Phase II, the concept
of "performance space” proved to be highly valuable and, we believe, realistic.

"Benefil Cost Analysis of the Trial Inspection Program Involving Statistical
Sampling Inspection Techniques Conducted at Metropclitan Edison Company's Three
Mile Island Unit 1 During the Period July 1, 1975 to June 30, 1976"

In the course of Phase [ work, it became clear that, for certain classes of
licensees, there were not enough data of any sort to allow their performance to
be analyzed individually. When we considered st.tistical sampling as a possible
means of analyzing the performance of these classes of licensees, we reviewed
and analyzed this document.

The Statistical Sampling Inspection Program (SSIP) was conducted as an experimental
project to determine whether it was feasible, through the use of a statistical
sampling inspection methodology, to establish confidence levels for licensee com-
pliance with all requirements. Three strata of inspectable regulatory requirements
were established, based on how closely the requirements were related to safety.
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The authors of the report argue against further development of the SSIP on
several grounds, the first two of which highlight the deeply held feeling

that the ability of NRC inspectors and the quality of their insights are a
valuable component of the NRC I&E prooram:

e Since the SSIP relies primarily on record audits and hardly at all
on direct observation, an inspector might miss an important
safety-related noncompliance item.

e Random sampling does nrt give the inspector an adequate overview
of the quality of the licensee's operation.

e The SSIP is not cost effective. The average number of man-days
required to identify a noncompliance is about 50% higher than under
the regular inspectior program.

Although the report does not favor extending the SSIP effort, we do not believe
that sampling techniques should be completely dismissed. They could, for
example, be independently applied in conjunction with the MC-2515 process as

a creck of the regular inspection program. Also, inspectable categories could
be established on a system rather than a modular basis to ensure that no system
having significant safety implications is ignored. This would require that
samples be drawn from each system population of inspectables.

Teknekron's Approach to Performance Evaluation

NRC's issues of feasibility and staff reactions to previous evaluation schemes
influenced the form our analysis took. We tried to focus on significant aspects
of "licensee performance" and how their aralysis could best support NRC's goals.
We concluded that “"performance” is fundamentally grounded in the structure and
operation of the licensee; to provide insight into why one licensee is different
from another, we had to devise a way to examine the licensees' 3bility and
willingness to operate the facility to carry out the public safety intent of
NRC's regulations. Therefore, the first step was to develop a general conczspt
of a licensee - a "model" - and then examine the available data to see what
information could i'luminate the elements of that model. We began with a
concept of a licensee's operation and structure, not with the data that the
operation and structure produce.



Figure 1 shows the structure of the model. The three circles designated "F",
“P" anda "M" represent the facility, personnel and management respectively. The
arrows designated "1" through “5" symbolize the relationships among ihese
entities. The arrows outside the rectangle and pointing away from it represent
the external indicators of performance quality - noncompliances, LERs, and
other inspection findings. In causal terms, the interrelationships within the
rectangle are essentially within the licensee's control, and performance
deficiencies traceable to these interrelationships can validly be attributed -
to licensee action or inaction. However, some performance deficiencies could
arise from causes that are not within the control of the licensee. These
include certain external causes - a highly extreme case would be impact on the
plant by a meteor - and inherently faulty components - components that are
truly defective as opposed to those that became so through negligent or im-

proper maintenance. Causes of these kinds are represented by the arrows to
the left of the rectangle.

In this model, the terms facility, personnel and management have precise
meanings:

Facility

This means the physical plant in toto, including not only the reactor and
auxiliary plant, but also all instrumentation and test equipment. Thus
the facility includes all physical components and structures relating to
the licensed operation, but excludes associated human beings.

Personnel

This means all individuals who have a routine "hands on" relationship

with any part of the facility. Personnel generally do not establish the
procelures they implement.

Management

This means all individuals who are responsible for establishing policy,
technical design, developing procedures, and training and supervising of
personnel. These responsibilities implicitly include the assurance of

facility safety. Management generally does not have a "hands on" relation-
ship to the facility.
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As stated earlier, the arrows within the rectangle represent direct interrelation-
ships among the facility, personnel, and management. These interrelationships

act as information channels, with messages flowing in the directions shown by

the arrowheads. The message content varies considerably among the arrows.
Briefly,

Arrows 1 and 2 are channels between the Personnel and the Facility

Arrow 1 represents all procedures and actions performed by personnel for
the "hands on" operation, control, and maintenance of the facility.

Arrow 2 represents all information and data originating from the facility
of which personnel should be aware; it includes all information
and data that requires a "hands on" response by personnel.

Arrows 3 and 4 are channels between Personnel and Management

Arrow 3 represents personnel's reporting function with respect to manage-
ment .

Arrow 4 represents the supervisory and administrative functions of manage-
ment with respect to personnel. Note that this relationship is
the sole avenue through which management can implement its respon-
sibilities for acceptable facility operatinn.

Arrow 5 is the channel from the Facility to Management

This arrow represents all the information and data originating from the
facility that makes management directly aware of normal operation and
deviations from normal operation. The relationship between manag--ent
and the facility is represented by only one arrow, because management
control of the facility is normally exercised through personnel rather
than through direct "hands on" operation.

This brief discussion simply identifieS the broad character of the interrelation-
ships and messages symbolized by the arrows. The model and its use are described
completely in the Phase I report. Our structural model is essentially simple,
but a great deal of information about licensee performance is represented by

the arrows themselves.

In theory, the performance of a licensee can be analyzed and the reasons for
his performance determined by examining only the portion of the FPM model
inside the rectangle, if all the required internal data are available. Unfor-
tunately, complete and detailed internal information and data are generally
not available to those outside the rectangle in the FPM model diagram.

' 1079 139



Because of this, performance analysis must depend, at least at present, on
external indicators such as LERs, reported noncompliance: and other accessible
data. Other approaches to licensee performance analysis have stressed
numerical counts of these indicators over defined periods of time. T
methodology emphasizes analyzing the content of LERs and noncompliance

When keyed to the internal portion of e FPM model, this content analys
provides insight into the nature of the licensee's performance pattern and

the causal factors underlying it.

The FPM methodology al

so differs from previous approaches in three other

respects. First, we do not use the severity of reported events and non-

compliances. The discussion of the statistical methodology

NRC pointed out the difficulty of finding a widely-acceptable weighting

and we chose to weight violations, infractions, and deficiencies

Equal weighting is consistent with the fact that numbers

compliances are not central to the FPM approach.

Second, we emphasize the patterns of ent and noncompliances over
long periods >f time. Important pattern elements include event frequenc

distribution. assigned cause, the occurrence of events that appear to ha

~ommon cause, and the number of rep . of such events. Basfi on 12

studies, these patterns (=L ovide considerable 1ins

ight into

the

1
|

licensee s operation sO0 into the personnel and management

of the

that underlie that quality. We belie that the .icensee performance

be directly correlated with management
-
’

FPM model, even though virtually no dat

numbered arrows is available for direct

in Phase I, we presented the anal
permitted immediate vis compariso
patterns. The differences en the
performers were clearly evi
statistical manipulations

after the model concept was first developed.




We feel that graphic patterns are inherently more revealing than numbers,
particularly when a perspective of licensee performance as a function

of time provides insight into the factors that determine performance.

The statistical presentation of results tends to blur causal relationships

that could be readily inferred from graphic displays. Further, the perceptions

of NRC, licensees, and intervenors made it clear that ranking of licensees, made
easier by numerical results, could threaten the acceptability of licensee per-
formance analysis. In Phase II, we have used non-parametric (distribution

free) statistical tests to access the validity of particular performance indicators,
but the indicators themselves are not the result of statistical manipulation.

The nine case studies performed in Phase II, together with the three licensees
studied in Phase [, provided a data base that allowed us to develop and test
several performance indicators. We tested a number of these for statistical
validity, and the results of these tests are discussed fully in Section 3.

The Value of Available Data

A major finding of Phase [ was that the content of LERs was a valuable source

of information on licensee performance. The computerized inspection data was
unfortunately less helpful, first because the noncompliance text was often too
brief to provide an insight into the cause of the noncompliance, and second
because the cause code often conflicted with the brief text. The inspection
reports themselves generally 4id provide the needed insight, but it is imprac-
tical to use the written reports in evaluating the performance of even all
operating power reactors, let alone NRC's several thousand other licensees.

To be feasible, any performance evaluation method had to make use of computerized
data.

1.2 A New Direction for Phase II

Phase II was originally intended as a further test of the FPM model and method-
ology through performing 17 more case studies. But on September 13, 1978, when
nine of the 17 case studies were complete, a letter from the project officer
directed us to refocus our effort:

Rather than complete the remaining eight case studies using the "FPM
methodolegy," we would like you to devote ynur efforts to developing
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and applying methodology that takes full advantage of noncompliance
findings and qualitative judgments of the kegions, as well as LERs.
The product of these efforts should be a comprehensive, integrated
methodoiogy that can be immediately put to use by the IE staff.
Specific guidance is offered below.

For nonzompliance find[gg;. you should try to develop methodology that
is equivalent in i1ts level of detail to your LER-based methodology.
Recognizing that noncompliance findings may not prove as valuable as
LERs in predicting safety-related problems or incidents, examine
selected findinas in enough detail to determine how much insight
noncompliance data can provide. Because of the deficiencies you

have noted in the computer noncompliance data, you will undoubtedly
have to examine individual inspection reports for the several licensees
you select to demonstrate the noncompliance methodology. We will
appreciate any suggestions you might offer for improving the quality
of data, defining data collection needs, or improving the definition
of "cause codes" or their use by our inspectors.

In response to this request, we developed a set of revised noncompliance cause
codes and tested them on two licensees. The results of this test are discussed
fully 1in Section 4; the revised codes link the root causes of a noncompliance
to one or more FPM model elements in order to show a pattern of regulatory
performance over time.

1.3 Testing Hypotheses About "Better" and "Poorer" Performers

Much of the remainder of this report appears to assume that three of the 12
licensees we studied are "poorer" performers and that the other nine are there-
fore "better." This part describes how and why we made that categori-

zation and how we tested its validity. As with any project that hopes .. find
significant differences between groups. one must begin with a categerization
that seems reasonable based on available data, and then find a way to test
whether that grouping is valid.

The intent of this project is to find a way to evaluate the performance of

NRC's licensees that is reasonably within the scope of NRC's powers and

resources and that allows both NRC and the licensees to function more effectively
by offering insight into why a licensee's performance is what it is. In

Phase I, we found the LER data highly useful in distinguishing between

Ticensees - the two licensees that we eventually categorized as "better"”
performers had substantially fewer causally linked events due to human error
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than did the third licensee, the poorer performer. Ur.fortunately, at the close
of Phase I we had found no insightful way to use the noncompliance data generated
by NRC's inspection program: the only likely distinction was that the licensee
considered "poorer" from the LER data was the only one (of three) to have sus-
tained events due to human error that NRC also considered serious, in that they
threatened human health and safety.

Thus at the beginning of Phase II, we proceeded to analyze the LER and non-
compliance data for nine additional licensees, using the methodology we devised
in Phase I. Our basic goals were to see if the LER data continued to be
insightful, to searc: further in the noncompliance information, and to try, if
possible, to present the LER analysis in a more concise form than the profiles.

The differences in licensee LER profiles have immediate visual impact,
but are somewhat unwieldy to use.

In the course of analyzing *he LER and noncompliance data for nine additional
licensees, we began to see specific potential "performance indicators" that
might separate better and poorer performers. The most striking of these was
that of the 12 licensees studied, representing 24 reactor-years of operation,
three licensees had a total of six serious regulatory events or an average of
one serious event per reactor-year. The average for the remaining nine plants
was zero. Furthermore, the three licensees with sericus events had large
numbers of causally linked events; long chains of causally linked events, and
linked events that occurred close together. The nine licensees that had no
serious events did not seem to display these characteristics.
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The occurrence of serious regulatory events formed the basis for our tentative
“working hypothesis" classification of each of the 12 performers as either

“better” or "poorer."* We had to make this working distinction to test whether
other potential performance indicators - numbers of causally linked events, the
length of event chains and the time between linked events - were in fact valid.

We tested the validity of these performance indicators by checking to see if
the mean of a particular indicator for the better performers (for example,
the mean number of causally linked events) was significantly different from
the corresponding mean for the poorer performers. This is a well-known sta-
tistical ,ractice. To perform the tests, we used the Wilcoxon-Mann-Whitney
procedure (better known as the Mann-Whitney test), a distribution-free rank-
sum test. We chose a non-parametric test for two reasons. First and most
basic, we feel that a licensee's performance quality stems from his structure
and operation and is in this sense unique to him. This idea is basic tu our
analysis, and it does not depend on or force & "normal distribution" of per-
formance quality. A1l licensees could be "better" performers; our use of con-
tent analysis, rather than quantitative analysis of data, does not assume the
existence of a bell-shaped curve of performance quality. Parametric analysis
techniques are valid only when applied to a normal distribution.

Second, non-parametric techniques give valid results even in the presence of
normally-distributed data. The Mann-Whitney procedure for testing whether

*Qur working classification:

Better Performers Poorer Performers
Point Beach Unit | Zion Unmit |

Prairie Island Unit 1 Duane Arnold Unit 1
Surry Unit 1 Millstone Unit 1

San Onofre Unit 1
Trojan Unit 1
Robinson Unit 2
Quad Cities Unit 2
Arkansas Unit 1
Fort Calhoun Unit 1

Obviously, performance quality is not uniform within each of these groupings.
But our intent was to discover how the grouns differed so that NRC might be

able to help the poorer performers improve, not to search for the "best” or
the "worst" performers.
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the means of two groups differ by a statistically significant amount is
therefore safe to use, for it will not give false results in either case.

1.4 The Phase Il Report

Section 2 of this report summarizes the data we obtained from the 12 case
studies and how these data pointed to specific d»ta elements that appeared
to be particularly valuable indicators of performance. Section 3 describes
the performance indicators that stem from the LER data, and Section 4
presents the performance indicators that result from applying the revised
cause codes to noncompliance data. The final section combines the LER and
noncompliance indica*or. into an integrated approach to licensee performance
evaluation.
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2. SUMMARY OF DATA AND
INSIGHTS DERIVED FROM THE TWELVE CASE STUDIES

This section functions as a transition between the Phase I work and the Phase
II results. For both the LER and noncompliance data, we briefly describe the
positions we had reached at the end of Phase I. Part 2.1, covering noncom-
pliance data, expands the Phase I data base by presenting the information we
gained from nine more case studies. (As discussed in Section 4, at the direc-
tion of I&E management we investigated possible ways to use noncompliance data
in performance evaluation. OQur investigation resulted in a set of revised
cause codes that allows the noncompliance data contained in the inspection re-
ports to be transformed into the FPM domain and used to great advantage in per-
formance evaluation.) Part 2.2, which discusses the LER data, sets out how we
identified and tested several performance indicators based on the LERs.

2.1 Noncompliance Data

In Section 3.3.3 of our Phase I report (NUREG/CR-0110), we discussed the
methodology we employed for analyzing noncompliance data, and presented ana-
lytic results for three nuclear power plant licensees--Point Beach Unit 1,
Prairie Island Unit 1, and Zion Unit 1. As part of Phase II, we analyzed

the noncompliance data for nine ¢4ditional licensees, hoping to find patterns
that would lead us to valid performance indicators based on the noncompliance
information. This analysis for all 12 licensees is summarized in Table 1 and
is discussed here.

766 File Data

The 766 File is a computerized data inventory that includes information on
noncompliances and enforcement actions. It is primarily a management tool

that tracks the conduct of the inspection process by logging time spent by
inspection module, whether modules have been "closed" (work on the module com-
pleted), and noncompliances generated under each module. The 766 S (Statis-
tical Data Supplement) portion of the file contains, among other items, a brief

16
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text of the cited noncompliance and a caus2 code that is intended to reflect
the reason the noncompliance occurred.

The 766 file was not set up for use in performance evaluation, but it is much
more feasible to use computerized data than to use hard copy reports in eval-
uating licensee performance. To evaluate licensees fairly and with insight
inco the reasons for performance, it is essential that each entry in the 766
File (a) be internally consistent, and (b) accurately reflect the information
in the corresponding inspection report. We therefore examined the 766 File
entries for 1976-1977 for the original three and nine additional licensees and

compared them with the texts of the corresponding inspection reports to deter-
mine:

1) Whether the 766 File cause code assigned to each noncompliance
appropriately reflected the File enforcement text, and

2) Whetn.r the 766 File cause code was cc&sistent with the description
of the noncompliance in the inspection report.

The results of these comparisons are shown i rows 2 and 3 of Table 1.

Teknekron believes that the definition of the cause codes is the major cause

of internal inconsistencies in the 766 File data. Some codes are ambiguous;
others overlap (see Section 4 for further discussion). As a result, inspectors
may code similar noncompliances in different ways. This makes it extremely dif-
ficult to use the existing 766 File cause codes in our analytic methodology,

and Timits the insight the cause codes may provide into the character of 1i-
censee performance. This factor was basic to our Phase II analytic approach

to noncompliance data described in Section 4 of this report.

The Way in Which Noncompliances are Detected

Most noncompliances are detected directly by the NRC inspector as he observes
activities and situations, as he audits licensee records, and tours the facility.
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In some instances, however, an inspector may be alerted by the licensee to
the occurrence of a noncompliance. This may happen in either of two ways:

1) The licensee informs the inspector that a new program or procedure
has been instituted. The inspector checks the appropriateness or
application of the program or procedure, and discovers a noncompliance.*

2) The noncompliance is identified by the inspector as a result of his
investigative followup of a licensee event report (LER).

The fact that licensees volunteer information that may lead to a citation for
noncompliance reflects well on the implementation of the inspection program
and the generally constructive relationship between NRC and the licensees.

In our Phase [ report, noncompliances of which the inspector became aware
through the licensee were termed "cued". Line 4 of Table 1 shows the degree

to which cues contributed to noncompliance citations. The numbers in line dc
("Total") are cued citations as a percentage of the total numbers of citations
shown in line 1 of the table. For Fort Calnoun Unit 1, this percentage appears
as zero, meaning that all of the 32 cited noncompliances were identifiea by the
inspector(s) alone without any prior information supplied by the licensee. In
the other eleven cases, however, licensee cues played some role, although the
magnitude of this role varies considerably. The range extends from a low of

6% to the quite high value of 65%, with an average (for the eleven) of 26%.

The numbers in lines 4a and 4b of Table 1 show the breakdown of noncompliances
due to items the licensee mentioned to the inspector and those due to inspector
followup on LERs.

Noncompliance Remedies Proposed by Licensee

When a noncompliance is detected by the inspector, the licensee will generally
propose some action designed to prevent its recurrence. Further, he will

* These are not licensee identified noncompliances, but noncompliances identified
b¥ the 1ns§g%tor whei checking an area he would not kave investigated if the
cenee had failed to mention the item.
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receive a letter from the NRC Regional Office notifying him of the nature of
the noncompliance and of any enforcement action that may be taken, and, if he
has not already done so, requiring that he set forth his proposed remedy in a
followup letter. In our analysis, we determined separately the proposed actions
identified in the inspection reports and in licensees' followup letters as per-
centages of the tctal number of noncompliances cited for each licensee. These
resulls are listed in 1ines 5a and 5b of Table 1. These percentiages may not
always total 100%, primarily because a licensee may not be required to pre-
pare and submit followup letters in all cases. If I&E determines that a non-
compliance is relatively trivial or that it does not reflect a chronic problem,
and if I&E is satisfied that appropriate corrective steps have been taken, the
licensee may not need to submit a followup letter.

Licensee Action on Previously Identified Enforcement Items

During some inspection visits, the inspector checks on the licensees'
implementation of the remedies he proposed to correct previously cited non-
compliances. If the inspector determines that the licensee has dealt with a
particular noncompliance satisfactorily, the item is regarded as "closed"
and is so described in his report. If the inspector is not satisfied with
the licensee's action, the item is considered "open" and it remains the
licensee's obiigation to take appropriate corrective steps. NRC requires
that all noncompliance items be corrected.

The remedial action record of a licensee provides one viewpoint on the time-
liness of his regulatory behavior. As line 6 of Table 1 shows, six of the
twelve licensees had excellent records; they had completed (totally or with
only one exception) all of their proposed remedial actions in a timely manner.
The other six licensees were less prompt in taking remedial action.

Number of Repeat Noncompliances

The number of repeat noncompliances cited in an appropriate time interval (one
to two years) has the potential to provide valuable ipsight into a licensee's
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willingness and capability for self-improvement in areas where requlatory
performance weaknesses had been identified.* Unfortunately, repeat noncom-
pliance data are currently difficult to use for two reasons:

1) It was not until November 1977 that the 766 forms, from which the 766
File data are encoded, were modified to include information on re-
peat noncompliances. Before November 1977, this information was
sometimes provided in the inspection reports.

2) The instructicns to be followed by the inspectors in entering the
information iato the 766 forms are imprecise. For example, the
term "rep.ated noncompliance" is ambiguously defined. Inspectors
interpre’, the term differently, so that the specific meaning of
"repeat" as coded in the 766 File is unknown.

NRC is now in the process of defining "repeat noncompliance" more precisely
so this data may soon be highly useful. To the extent that the data made
possible, we determined the numbers of repeat noncompliances for the twelve
licensees. The numbers of repeat noncompliances are s*own in line 7 of Table
1. These figures are the total of noncompliances flagged in the 766 File as
repeats, and those so mentioned in the inspection reports, excluding any du-
plication.

Serious Events Due to Human Error

"Serious events" are unscheduled happenings within the facility that pose
identifiable threats to health or safety, whether or not these threats are
actually realized. Such events are reported to NRC in Licensee Event Reports
(LERs) and are discussed in inspection reports even though a noncompliance
may not have been involved. These are events that no one would place in the

* The number of repeat noncompliances over a time interval may appear to be
analogous to the rumber of causally linked events in a series, as determined
through LER content analysis. However, they cannot be interpreted in equi-
valent terms, because the LER analysis provides a pattern that changes over
time while repetitive noncompliance numbers are meaningful only in the aggre-
gate.
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“qgrey area" of licensee event reporting and that NRC would uniformly consider
a threat to health or safety.

In our analysis, we detarmined the total number of serious events feor each
licensee reviewed for 1976-1977. Ve looked for events that were serious
and that met these other criteria as well:

1) The event was caused by human error rather than component failure
or some other cause that did not appear to be within the control of
the licensee.

2) Although a serious event need not necessarily stem from or result
in a noncompliance, we counted only those events in which a non-
compliance was directly involved. This ensured that the events
were significant in terms of the regulatory performance of the
licensee.

It is obvious that the occurrence of serious events which the licensee had the
power to prevent is in itself a clear indicator of unfavorable safety-

related performance. But the absence of such events does not necessarily imply
that a facility poses a low risk. This interpretation may be valid for some
licensees (those licensees known, on the basis of independent data, to maintain
aood management and personnel performance), but in other cases it could mean
simply that the licensee was lucky -- the potential for the occurrence of

a serious event appeared to be relatively high, but such an event had not
actually materialized during the period reviewed. Thus, while the occurrence
of serious events is an adverse performance indicator, their absence does not
in itself demonstrate "good" performance.

Line 8 of Table 1 shows the number of sericus events that were associated with
detected noncompliances for each licensee. In the cases of nine licensees, no
serious events were recorded during 1976 and 1977. The other three licensees
each experienced one to three events. None of these three is considered to be
one of the "better" performers.
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2.2 Licensee Event Report Data

Brief Review of Phase I and Introduction to Phase II

In Phase I we identified the LER data as relevant and valuable in evaluating
performance using the FPM model, and we developed a way to relate the ultimate
responsibility for an unscheduled event (LER) to the appropriate FPM model
element.

Transforming the LER data for each case study into the FPM domain required
organizing each event in chronological order within the plant system in which
the event occurred. Then we reviewed the description of each event, first

by itself, and then in relation to previous events within the same plant
system. Based on this review, an appropriate Event Responsibility Code (ERC)
was assigned to the event. One of the most significant results of this effort
was the development of the concept of "causally linked events," the inferred
association of events within systems, and the association of these 1inked

events with systematic defects in the performance of facility management
or personnel.

We displayed the results of this analysis as graphic “profiles" which showed

the ultimate responsibility for each event and when it occurred. We constructed
two types of profiles. System profiles showed the ERC and time of occurrence
for each event within a plant system and identified those events that were
causally linked. The second type of profile showed the number of events for

all plant systems as a function of time. Displaying the LER data over time
allowed us to see changes in performance over the study period, an important
dimension of performance evaluation.

After completing Phase I, we had the opportunity to discuss our methodology
with members of I&E's Performance Appraisal! Team (PAT). The made valuable
suggestions, one of which was that identification of causally linked events
within plant systems did not rule out defective performance in other plant

systems.
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They suggested we produce a profile showing the number of causally linked
events for all systems as a function of time. This suggestion led us to
discard v..e individual system profiles identifying causally linked events
in favor of a profile of causally linked events for all plant systems.
These profiles of total causally linked events are included in each cf the
twelve case studies.

The Phase II Work

Our first activity in Phase II was to complete nine additional case studies.
This substantially larger data base permitted us to identify and test
potential performance indicators based on the LER data.

When we developed the profiles of total causally linked events for each
licensee studied as suggested by the PAT Team, there appeared to be signifi-
cant differences between those of the "better" and "poorer" performers* both
in terms of:
e the numbers of events in a set of causally linked events and the
duration of that set, and
e total numbers of causally linked events occurring over the two-year
study period.
We eventually found that causally linked event sets reflect the extremes
of performance in a given time period; these extremes permit NRC to assess
whether a licensee has violated a "threshold" of acceptable performance.
We also found that the total number of causally linked events in the
two year case study period can be used to identify those performance
thresholds by bounding the noise levels of acceptatle performance. Total
numbers of causally linked events, by integrating the event sets, provide
an overall background performance level against which the impact of the
extremes can be assessed. The next part discusses each of these performance
indicators more fully, and describes how we tested their validity and
sensitivity.

*Part 1.3 details how we made this "working" classification.
1079 154
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Total Number of Causally Linked Events

Table 2 shows the total number of causally linked events in 1976 and 1977 for
each licensee studied. As stated in Section 1.3, we used the Wilcoxon-
Mann-Whitney procedure, a distribution free-rank-sum test, to see whether the
total number of causally linked events (TNE-Total Number of Events) is

a valid indicator of performance. The Mann-Whitney test shows the level of
confidence at which the means of the TNEs of the better and poorer

performers differ by a statistically significant amount. The mean

TNE of the petter performers is 7; the mean TNE of the poorer performers is
53. The rank sum test shows that the mean TNEs for the better and poorer
performers differ by a statistically significant amount at the 95% level of
confidence. In cther words, we are 95% sure that the difference between the
means of the total number of linked events for the two groups is not due to
chance. Consequently, we can say that the total number of causally

Tinked events sustained by a licensee over a given period is a vlid

indicator of general "background" performance quality, capable of dis-
tinguishing better from poorer performers. It is an indicator that flows
logically and observably from the case study profiles and can be expressed

as a numerical indicator that is statistically valid with a very high degree
of confidence.

The TNE "background" indicator thus helps set threshholds of acceptable
performance. But this threshold is not a hard line; it is a band described
by the "noise level" of performance. The "noise level" is essentially

the mean number of causally linked events per month. For the poorer
performers this mean is 53 events/24 months, or 2.2 causally linked events
per month; and for the better performers, the "noise level" is 7 events/
24 months, or .3 causally linked events per month.

It is obvious from thesé numbers that the noise level of the better performers

is so low that nearly all events are caused by random personnel cr management
errors or component failure. The noise level of the poorer performers is
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TABLE 2

TOTAL NUMBER OF CAUSALLY LINKED EVENTS

(1976 and 1977)

Poorer Performers
Duane Arnold Unit 1
Zion Unit 1
Millstone Unit 1

Better Performers
Quad Cities Unit 1
Arkansas Unit 1
Surry Unit 1

Trojan Unit 1

Prairie Island Unit 1
Fort Calhoun Unit 1
Robinson Unit 2
Point Beach Unit 1
San Onofre Unit 1

26

Number of Causally Linked Events

74
54
32
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12
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significantly higher. But what of the better performer who has two, three
or even more linked events in a month (or an average of that magnitude
over a few months)? Has he become a poorer performer because he has
fallen temporarily into the noise level of the poorer performer? Whethar
these temporary overlaps are significant can be assessed by examining the
extremes of performance of each group. Extremes are demonstrated by the
sets of causally linked events.

Causally Linked Event Sets

Sets of causally linked events occur in plant systems and they result from
systematic defects in performance: plant management and personnel may fail
or be unable to identify the underlying causes of events, or they may fail
or be unable to successfuily implement a generic “fix" once the underlying
cause is identified. Three parameters characterize sets of causally Tlinked
events:

® the number of events in the set,
e the length of time the set lasted, and
e the mean time between the events in the set.

As we analyzed the LERs for each licensee, we began to suspect that the
poorer licensees (based on the occurrence of serious events, as discussed
in Section 1.3) had:

e relatively large numbers of events within the event set, and
e a relatively short average time between events in the event set.

Examination of the "LER by System" tables in each case study in the appendix
should Tead the reader to the same conclusions. We therefore focused our
analysis on sets that contained large numbers of events.
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Table 3 sets out the data we gathered for sets of causally linked events for
each licensee. For each plant, we selected those event sets that contained large
numbers of events and occurred over a small time span, so that the average time
between events was as short as possible. In most cases, Table 3 includes two
event sets per licensee. We included both 1f they were of equal maximum length,
if the duration of sets of equal length was difrcrent, or if it appeared that the
relation between set duration and number of events was ambiguous. We then tested
each of the elements in Table 3 for validity and sensitivity.

Average Time Between Events

Qur examination of the sets of events led us to suspect that poorer performers
might in general have a smaller average time between events (ATBE) than the
better performers. To see if this were the case, we calculated the means of
the ATBE for the better and poorer performers. The results of these calcula-
tions are presented in Table 4. Two means are shown for each performance
group, one based on the longest ATBE shown in Table 3 and the other based

on the shortest ATBE shown in Table 3. Where only one ATBE appears in

Table 3, it was used in calculating the means of both the longest and shcrtest
ATBE.

Table 4 shows that both the long and short mean ATBE for the better performers
are greater than the two means for the poorer performers. The ATBEs (long or
short) for the poorer performers also vary less than those for the better
performers,as evidenced by the fact that o for the poorer performers varies

from 14% to 36% of the mean whereas that of the better performers varies

from 58% to 119% of the mean. This may indicate that the better performers could
be further categorized, perhaps into "better" and "best" groups.

In order to determine if the difference between the mean ATBE for the better

and poorer performers was statistically significant, we performed the Hann-
Whitney procedure for each of the four possible combinations of longest

and shortest ATBE presented in Table 4. Table 5 shows the results of this
analysis. Each cell in the matrix presents the results of comparing the

data for a column and row ATBE heading. Table 5 shows that if we compare

the short mean ATBE for better performers with the long mean ATBE for

the poorer performers, we can say that the two means are significantly different
only at the 65% level of confidence. In other words, we can be only 65

28
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TABLE 3
TIME DENSITY OF LARGEST CAUSALLY LINKED EVENT SETS

Largest Number of Associated Average Time
Events in Causally Time Span Batween Events
Linked Set* (Months) (Months )
Poorer Performers
Zion Unit 1 7 15 2.1
6 3 0.5
Millstone Unit 1 4 2 0.5
3 5 1.6
Duane Arnold Unit 1 1 23 2.1
7 6 0.9
Better Performers
Prairie Island Unit 1 2 19 9.5
Point Beach Unit 1 1 12 12.0
] ] 1.0
Fort Calhoun 3 1 0.3
3 14 4.7
Arkansas Unit 1 4 14 3.5
3 14 4.7
Trojan Unit 1 4 N 2.7
1 2 2.0
Quad Cities Unit 1 4 16 4.0
4 13 3.25
Surry Unit 1 34 1 2.75
3 3 1.0
H.B. Robinson Unit 2 2 9.5 4.75
1 0.25 0.25
San Onofre Unit 1 0 0 ®

* Not including events beyond licensee's control due to environmental causes.
These appear mainly in the Ultimate Heat Sink System and the Circulating
Water System.
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TABLE 4

MEANS OF THE AVERAGE TIME BETWEEN EVECNTS*

Better Performers

Long ATBE (months)

Short ATBE (months)

5.6 + 3.3

2.6 + 3.1

Poorer Performers

.63 + .23

*Data presented in table as X + o, where o is calculated using an N-1

weighting.

30
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TABLE §

SUMMARY OF MANN-WHITNEY PROCEDURE APPLIED
10 ATBE DATA(D)

Poor Performers Poor Performers
Long Mean ATBE Short Mean ATBE
Better Performers
Long Mean ATBE 993 9%
Better Perfurmers
Short Mean ATBE 65% 88%

Note

(1) The means of the ATBEs are different and the difference is statistically
significant at the indicated levels of confidence. At confidence levels
greater than those given in the cells, the means of the ATBEs are not
significantly different.
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percent sure that the difference in these means is not due to cnance. At
higher levels of confidence, for example at 80 percent, these two means are
not significantly different. We have already recognized the fact that poorer
preformers are distinguished by the characteristics they do not share with
better performers; for this reason, the element of interest is the one which
should show the greatest distinction. This element is the degree to which
the short mean ATBE for poorer performers can be distinguishea trom both the
long and short means of the better performers. The information shown in the
last column in Table 5 ("Poor Performers Short mean ATBE") shows that

we can be 88 percent sure that the difference between the short mean ATBE

for poorer performers and the short mean ATBE of the better performers is

not due to chance; we can be 99 percent confident that the difference between
the short mean ATBE for poorer performers and the long mean ATBE for better
performers is not due to chance.

We can therefore conclude that ATBE is a performance evaluation indicator that
is both meaningful and sensitive in distinguishing a characteristic unique

to poorer performers.

Largest Number of Events in a Causal Event Set

As stated earlier, the case studies had led us to suspect that the better
performers generally had fewer events in their causally lirked event sets
than did the poorer performers, possibly because the better performers were
both more willing and able to identify fundamental event causes and implement
a generic "fix." We called this parameter LNt - the Largest Number of Events
in a causally linked event set. Table 3 shows a single LNE for two of the
better performers; for these licensees, there were no other useful data to
include. For the other ter licensees, we could identify a largest and a
second largest LNE. The methodology employed for the construction of Table 3
has been discussed previously.
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Table 6 shows the maximum mean and minimum mean LNE for the better and

poorer pertormers.* To determine if the differences between these means are
statistically significant, we again used the Mann-Whitney procedure on the

LNE data in Table 3. The results of this procedure are preserited in Table 7,
and it is evident that both the mean LNE values for the poorer performers

are significantly different from both mean LNE values for the better performers,
at very high confidence levels.

On this basis, we can conclude that the LNE is a meaningful and sensitive
indicator of performance, allowing long chains of causally linked events

to be associated with poorer performance.

Associated Time Span of the LNE

The only remaining indicator in Table 3 is the time span over which a set
of causally linked events occurred. This time pari.od, given in months,

is measured from the first random event to the last event in the set. It
seems logical that the length of time (Associated Time Span-ATS) over which
a licensee's LNE (greatest number of events in a causally linked set) occurs
would be a valid measure of performance. A better performer should take
less time to identify and correct the cause of his LNE.

A< is the case with mean time between events, most of the licensees have
two associated ATSs. Thus there is a maximum and minimum mean ATS for the
better and poorer performers. Table 8 shows these means (where a

liccnsee haa only a single ATS, that value is used in both maximum and
minimum calculations.)

We used the Mann-Whitney procedure to test whether any or all of the four
possible combinations of means in Table 8 differed by a statistically
significant amount. The results are shown in Table 9, and it is clear that
the short mean ATS for the poorer performer cannot be distinguished from that
of the better performers at a meaningful level of confidence. Nor are the
Tong means signficantly different. The value of the short mean ATS for the

*Where only one LNE is shown in Table 3 for a licensee, that LNE was used
to calculate both the maximum and minimum means shown in Table 6.
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TABLE 6

MAXIMUM AND MINIMUM MEAN LNE*

Maximum Mean LNE (events‘ Minimum Mean LNE (events)

Better Performers 2.7+ 1.5 2.0+1.3

Poorer Performers 7.3 4 3.5 $.3 » 2.1

* Data presented in table as X + o , where o is calculated using an
N-1 weighting.
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TABLE 7

SUMMARY OF MANN-WHITNEY PROCEDURE FOR LNE MEANS*

Better Perforncrs
Maximum Mean LNE

Better Performers
Minimum Mean LNE

Poorer Performers
Maximum Mean LNE

99%

99%

Poorer Performers
Minimum Mean LNE

96%

98%

* The means of the LNEs denoted by the matrix cells are different and
the difference is statistically significant at the indicated level of

confidence.
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TABLE 8

MEANS OF SHORT AND LONG ATS FOR BETTER AND POORER PERFORMERS'')

ATS (short)(?) ATS (Lone)
Better Performer 6.6 +7.4 13.3 # 3.1
Poorer Performer 3.6 + 2.1 14.3 + 9.0

Notes:
(1) Data presented in table as X + o, where o is calculated using an N-|

weighting.
(2) Matrix cells represent mean of the ATS in months.
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TABLE 9

SUMMARY OF MANN-WHITNEY PROCEDURE FOR ATS MEANS*

Short Mean ATS Long Mean ATS
Better Performer Better Performer
Short Mean ATS 65% 99
Poorer Performer
Long Mean ATS
Poorer Performer 94% 65%

*The means of the ATSs denoted by the matrix cells are different and the
difference statistically significant at the indicated level of confidence.
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poorer performers (see Table 8) is 3.6 + 2.1 months, and 6.6 + 7.4 months for
the better performers. The long means are 14.3 + 9.0 months and 13.3 + 3.0
months respectively. The "overlap" of these means when taken together with
their standard deviations further supports the low confid ~ce level (65%)

and shows that the difference in the means is probably due to chance. We
would intuitively expect the short ATS for the better performers to be

very different from the long ATS for the poorer performers, since this should
give the greatest "split” in the reaction time; Teuie 9 shows that this is
the case at a 94 percent confidence level. But the 99 percent confidence
that the short mean of the poorer performers is significantly different than
the long mean of the better performers seems unreasonable. Table 8 and 9,
when studied together, suggest that the perinds of both quickest and

slowest response to the limiting LNE for each group is approximately the same
over our case study population. But while response times may be similar,

it is essential to remember that the number of events occurring in that time
is vory different; the mean LNE values for the better and poorer performers
weresignificantly different and the difference was statistically significant.

Since the result of the analysis of the ATS does not support what seems a
logical distinction, it is important to determine why th : is so. Table 3
was developed on the basis of first identifying those causally linked
event sets which had the largest number of events and then identifying the
associated time span for the particular event set. The event sets that were
selected for display in Table 3 were those which:

e first, had the largest number of events and,

e second, had associated time spans that would, when divided by the

number of events, produce the shortest ATBE for each case study.

Consequently, the ATS is a dependent variable, and for this reason can be
expected to be a less sensitive indicator in the context of this analysis.

Thus, the ATS parameter developed in the context of this work and presented
in Table 3 does not appear to be a useful performance evaluation indicator,
and will not be treated further in this report.
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Conclusion

The key conclusions resulting from the analyses presented in this section

are:

a)

b)

d)

The total number of all causally linked events exhibited by a
licensee within an appreciable time period (such as tio years) is
significant as an independent indicator of performance quality.
This number is lower for better than for poorer performers.

The largest number of causally linked events in a single chain
exhibited by a licensee in an appreciable time period (such as two
years) is significant as an independent indicator of performance
quality. This number is lower for better than for poorer performers.

The average time between events within a given causal chain is
significant as an independent indicator of performance quality.
This value is smaller for poorer than for better performers.

The length of the time span associated with the causally linked
events in a given chain is not significant as an independent
indicator of licensee performance. It is meaningful only in relation
to the number of events comprising that chain. This relationship,
however, is implicit in the average time between events.

! N7
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3. USING LER PERFORMANCE INDICATORS

This section describes how we used the LER performance indicators discussed

1ir Part 2.2 to devise a readily usable way to distinguish between "better" and
"Poorer" licensees. We begin, in part 3.1, with a brief review of the type of
information the LERs can provide. In part 3.2, we discuss hcw and why we
classified the 12 case study licensees as "better" or "poorer." This topic
was mentioned in Section 1, but the treatment here is more complete. The
classification into better and poorer performance groups allowed us to test
the LER performance indicators for validity, as described in Section 2.

These valid indicatore are used to create graphs that define a space of
acceptable performance, and this is discussed in part 3.3. Part 3.4 covers
two issues that could affect the usefulness of LERs as a source of data for
use with the FPM model and methodology.

3.1 LERs Display the "Real Time" Actions of the Licensee

Each of NRC's licensees must, by law, report happenings that are unscheduled
or are outside the bounds of his technical specifications and license
conditions. As discussed in the Phase I Report, these Licensee Event Reports

(LERs) are potential source of information on a licensee's performance

Several factors contribute tn the LERsS' re!“vance when used with the FPM model.
First, an LER describes a real occurrence and how the licensee reacted to
that occurrence. This reaction, as revealed in each LER event and cause
description, is clearly a component of performance. The LERs provide
“snapshots” of a licensee's reaction tc real sit ations.

Fortunately, more than static single pictures can be gained through analyzing
a licensee's LERs. A nuclear plant is a collection of systems, each with

a specific role in the ongoing safe operation of the facility. The events
described in LERs occur within these systems, and this common point of

origin makes it possible to seek a pattern in the licensee's response to
particular areas of plant operation. Furthermore, since LERs can easily be
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placed in chronological order within systems, that pattern can be examined
for changes over time.

Events within a system may be random or they may be linked: they may

involve similar components, similar subsystems, or similar human responses.
Events related in one or more of these ways are causally linked. Causally
linked events are more likely to be non-random and to involve & human failure*
to identify and rectify the fundamental cause of the events.

It is intuitively clear that a long chain of causally linked events indicates
some degree of human failure:

The licensee has failed to see the connection between the events;
The licensee sees a superficial connection but has not searched
for a root cause;

o The licensee sees the cause but does not act to solve the problem.

Conversely, the absence of long chains of causally linked events means that
the events that occurred were generally random or that the licensee had the
awareness and will to prevent their recurrence. This is borne out in the
twelve case studies presented in the Appendix.

In Phase I, we searched for causally linked events at the system level. To
remain comparable with the first three case studies, the nine case studies
performed in Phase Il also were done on this bisis. But in a number of these
case studies, we began to notice that chains of highly similar events
(particularly involving identical components or similar components manufactured
by the same company) occurred in several systems. This "cross-system

1inkage," as well as suggestions by NRC PAT members, led us to examine the
total number of causally linked events for each licensee, and this broader
view proved fruitful.

*Long chains of events in such systems as the Circulating Water System and
Ultimate Heat Sink Systems are only within the licensee's control to the
extent that they can be ended through redesign.
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3.2 How and Why We Classified Licensees Into Performance Groups

A major purpose of licensee performance evaluation is to enable I&E to use
its resources with maximum effect: 1licensees thought to present higher risks
to health and safety can be targeted for more intensive surveillance. But
what constitutes - and how does one measure - "higher risk?" Obviously, the
concept has meaning only in reference to some dividing line or threshold sep-
arating the licensees into smaller risk and greater risk categories.

We began to consider how to establish such a dividing line early in Phase II
but did little until the data from all twelve case studies had been analyzed.
Any criteria used to categorize licensees, to be logical and statistically
supportable, depend on the distribution of the licensee sample population. For
example, assume that the performance quality of sample members differs by rel-
atively small gradations so that one sees an essentially continuous behavioral
spectrum. In this case, the definition of a threshold is largely judgmental

and semi-arbitrary in character. On the other hand, an obvious and identifiable
gap in the spectrum might provide I& with a threshold that could identify

those licensees requirino more attention.

then the 12 case studies were complete, we began to seek an objective basis

for establishing a higher/lower risk threshold. The reader should keep in mind
that the findinas and results of this report are based only on data associated
with the 12 case studies, not on the entire power reactor licensee nporulatien.
However, 12 licensees represent 20 percent of the population and our results
were sufficiently definitive to imply a high order of credibility, and also to

suggest that it ~ould be highly useful and informative to test the rethodoloay on
on the balance o the operating reactor population.

The search for a performance threshold had two basic themes:

1. The Expectad Character of a Possible Gap in the Performance Spectrum.
Be:-ause 'he LER data had provided more useful information than the
coniputerized noncompliance data, we felt that if a gap in the safety-
related performance spectrum existed, it chould, if it were to provide
a useful threshold, be identifiable through the analysis of LER data.

\879 \72
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Section 2 showed that the LER data had several aspects. We did not
assume that a gap would necessarily appear in all such aspects, but,
if the gap were sionificant, it should appear in at least some para-
meters that were diagnostically important. In other words, we hoped
to find a gap related to higher risk that could be measured by some
key indicators, but we also expected that some overlap would exist.
We believed, and hoped to be able to prove, that the signifi-

cance of the gap would in no way be minimized by some degree of over-
lap between the categories.

2. The Need for an Independent Criterion.
In searching for the existence of a performance gap, it was clear that
there would be real advantage in identifying licensees presenting
relatively high risks on the basis of some criterion wholly independent
of the LER-based evaluation. Separating the groups by a non-LER cri-
terion would let us test tc what extent the LER results confirmed the

existence of a threshold that supported the categorization. The
noncompliance data “or t¢h. twelve case studies suggested that we could
categorize licensees in terms of presented risk on the basis of
whether, during the case study period, they had experienced a serious
event threatening health and safety. The occurrence of such an

event would place a licensee in the higher risk category, using the
rationale that the risk had already been demonstrated, and was not
merely probable.

We carefully reviewed the 1976-1977 inspection reports (not the 766 File data)
for each of the twelve licensees in order to identify serious events that were
clearly attributable to human cause (not beyond licensee control). To assure
that NRC considered the events to be serious, we recorded only events that
were also cited as noncompliances. Three of the licensees--Duane Arnold, Zion
and Millstone--were found to have experienced six events in six reactor-years
of operation that were considered serious from a regulatory standpoint. These
events, which included such occurrences as inadvertent criticality and radiation
exposure, are described in the case studies in the Appendix. Apparently,

I& took quite a serious view of these events since all of them resulted in
noncompliance citations which were cited as violations, and the agency

imposed civil penalties on two of the licensees for these events. In
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contrast, the other nine licensees had experienced no serious events in
2ighteen reactor-years of operation.

Purely on the basis of their positive or negative serious event records, the
licensees were categorized into two groups, which were termed "better" and
‘poorer." The "better" licensees, whose 24-month records were free of serious
regulatory events, were:

San Onofre Unit 1

Point Beach Unit 1

Surry Unit 1

Prairie Islend Unit 1

Trojan Unit 1

Robinson Unit 2

Quad Cities Unit 2

Arkansas Unit 1

Fort Calhoun Unit 2
The remaining three licensees, who experienced a total of six serious
regulatory events, were:

Zion Unit 1

Millstone Unit 1

Duane Arnold Unit 1

This categorization did not in itself establish the existence of a gap in
the spectrum of overall licensee performance: it identified two licensee
classes whose performances were then compared (on the basis of LER data) in
order to determine whether the performance differences were sufficiently
large to demonstrate that a gap in fact existed.

We analyzed these performance differences as described in Section 2 of this
report. We found that the gap between the two categories was most clearly
defined by the aggregate numbers of causally linked events each licensee
experienced during 1976-1977. In the case of other performance indicators,
such as the average time between causally linked events in a set, we could
still demonstrate that a gap existed, but with some areas of overlap between
the groups. However, we had expected tn find overlaps in some performance
indicators.
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Categorizing these twelve licensees as better or poorer should not

interpreted as implying that the poorer performers are all equally

the

»

that the better performers are all equally good In fact
ted

that this is not the case. What can be sta definitively is

"better" performers as a class differ

less among themselves than they
from the poorer performers as a class, and conversely. It is precisely
because of this fact that a gap in the licensee performance spectrum can be

demonstrated.

Jsing the LER Performance Indicators to Define a "Performance

ion 2, we tested the performance indicators that resulted

data using the FPM model and methodology. These indi

The total number
study period.
The average time
linked events
The

set.

The analysis in Section 2 showed that we can be highly confident

1lues of each ¢ these indicators for the better and poorer performers

Oy an amount that 1s not due to chance: these differences indicate th

real gap in performance exists.

Table 10 is a summary of the mean and standard deviation of these indicators

for the case study popul ( The mean values for the better and poorer

performers are clearly different. However, the o range (X + ¢ shows the

performance “overlap" for ATBE and LNE. No overlap is associated wi+h TNE.




TABLE 10

SUMMARY OF LER PERFORMANCE INDICATORS FOR THE SAMPLE POPULATION

Better Performers Poorer Performers
Indicator X o oy range X 7 o, range
TNE 7.3 5.0 2.3-12.3 53.3 21 32.3-74.3
125452/,";3222) 0.30 0.20 0.1- .5 2.2 0.875 1.3- 3.09
a 5. 33 2.3-8.9 1.9 0.28 1.62-2.18
ATBE (months)
2.6 3.1 0.5-5.7 0.63 0.23 0.4 -0.86
" 2.7 I 5 1.2-4.2 7.3 3.5 3.8-10.8
LNE (events)
2.0 k.3 .7-3.3 5.3 2.1 3.2-7.4

Notes:

a) Two sets of paramecers provided when "maximum" and "minimum" means were
needed for the analysis.

b) The o range is X + o.
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The TNE - tota! number of causally linked events over the study period -

is a time-integrated result of performance and for this reason the influence
of transient performance "peaks" (as described by the indicators in Table 10
that show an "overlap" between the better and poorer performers) dces not
obscure the difference between these two performance groups. It is this
quality of permitting an unambiguous distinction to be drawn between the two
performance groups that makes the TNE a valuable performance indicator.

The TNE, an end product performance indicator by itself, can be expressed as
the summation of the products of the number of causally linked events in an
event set and the frequency of occurrence of that size event set:

%g;
TNE = nef
n=1 "
where: n = number of events in set, after the first
f = the frequency with which set of size n occurs
LNE = the number of events in the largest set, excluding the Virst event.”

Figure 2 displays these data for each of the case study piants for 1976 and 1977. If
we define an area on Figure 2 that excludes only points belonging to the

three licensees that had serious regulatory events, then the space outside the
shaded area* is a performance space inhabited by the poorer performers alone.

The shaded area is inhabited by both the bet* ~« the poorer performers.

This suggest that the poorer performers share some attributes with better
performers. But it is the attributes that the better performer does not share
with the poorer performer that permit the latter to be distinguished from the
former.

Thus Figure 2 is a device created by means of a heuristic model which, wher
used with historical data, permits the empirical definition of a performance
space. This space defines two areas:

*The boundary of the shaded ..ea shown on Figure 2 is obviously not the only
boundary that could be established and still exclude only the poorer
performers. But the existence of some such boundary is supported at the
95 percent confidence level, since it is at that level that the difference
between the mean TNE for better and poorer performers is statisticaily

significant.
47 ]J‘/N) ]//



T S—
v — 4 | 1
- 4 4 4 b
1 1 1
b4 R 4 4 R
ﬁ 4 -4 e 4 . 4
4+ 444 4 4 4 4 4
+ - - 4 R QWA #g 4 = v
R + 4 . 1 4 4 4 - - 4 -
4 4 4 4 4 L4 4
: 4 4 4 : 4
- N - 4 ! 4 4 44 - 4 4
8 4 4 4 4 . q
¢ - -4 4 -
4 ﬁ 4 4 - ‘ fA4
‘- K 4 ' 2 2 +
4 - + 4 R v 4
L 4 ﬂ 2 - +-4+-4 y v - e 4 4 44 4 11
vwr 4 - m ~ 4 -+t + 4 u y + 4 4 RIS -4 4+ 1 1 4 44
4 44 _l 1 p 44 4 4 v + 1 == +
- - . 4 - - g +44-4 R - HEE R
t ++ R 4 4444 - 44 4+ 44 e - 4 4
4 ol Ln ., L X - ¢ * 4444 + - u 4 - t 44 44 <4 +4
oMW " . L 44 ﬁ , 4444 4 4 4
- [ = ! - 444 +444+4+4-44-4 4 ﬁ
4 4 - s 4 4 - 4 + 4 R - E
4 44 - - 4 4 = 444 +4 4 + 4+ b4
R R 4 by t 4 R - QAAA ' 4 “+ 4 s + 4+ 44 4 + 4 MIA + 4
- 4 ’ 4 . . . s 44 b 44 4 AA.MY 4 - 4 4 R - uL;A -
H
v - 44 s \.ﬁ L 4 4 4 44 Sl 4ttt 44
4 v _e 4 . . . 44 L4444 v - 44
K K 4 v rf - + 4+ - ﬁ b 444 444 ﬁAvA, = 3 4+ 4 v ﬁi
44+ 4 R 444 s 4 4 444 rREE X 4 -
<+
. 4+ v 4+ 444 - 44 - 44444 2 = R =
- R R - LA 44 ﬁi 1 4 R RS 4 Lt 4 1 vy 4 [ 4 4
ﬁ ﬁ. R 4 — -4 4 Au 4411 g 4 4 = - 4 4 = g R b o4 -
v v 4 4 R R e - L4444 e L 44 444 44 b4+ - - - L 444
. 4+ 4 444 4 b FEw .S 4411 4444 4 4 444 - 4 4 Tﬁ,
-4 v b4+ 4 44 f - - SRR IR BRI IR v hv 44 4 1 444 - R 4441 - v - - -4 . $-
. 4 L L4444 . A Tﬁ ] 444 444444434 HEErRNAFSEEEENAY # vu 444 ﬁ 4 . L 44 4.4
. - 44 44 k2 ] R BRE 444 L - - 444 - 44 - 4 444 = 4444541 i
- 44 4 4444 b4 4 R R R el R AR R 4 +44 444 !
s ﬁ. 4 - ’ R R - ; 444444444 4444 IT; 44 - 44 4
r L B 44+ 444444444 4 4 +44 4+ uv b4 4444444 414 - L 444 + -
-4 -4 + . - 111 - 4 + 4 R IR 444 - . + 4+ 4+ 444 441 ﬁ 4 4 - 4
- 4 - - 444 444444 +4-1 R 1 4 444 - 344
L 444 4 . 4 ﬁv -+ +44 +- Lh +-4 v - 4+ +4 4 b4+ 4 4 44
e -4~ . MI 4 R R b 44 - 44— v 44 ﬁxl 44 4444 . - e
444 444 44 v -s ‘444 44 ¢ 4+ RIR SRR IRIR SRR N IR SRR ~ 44444 R R R e S 44 g -
R b4+ 44+ 44 : R R R 4 IR RRRR 4444441414 AIﬁ‘v - - IR R R 1 v 4
444 g4 5 b 44 +4 4444 __— b4 44444444 b44-4 ﬁvvl 1 %7 —4 4 - . AJT +1t1ttHt 1
Tﬁ = 4 4 ST J:v - 444 Frrttr ettt 4 444 4 4 4 - r
EEE EER EEE IR B = R 1T T 'y — 4 - e B “+ 4 3 44 -+ +4++4+ 1
b+ 44+ v 4 4 44 4+ 4 R IR IS v 41+t 44 R R R IR IR + 4+ + 4
| 4+ ¢+ 4+ 4 g 444 b4 pv =3 TT +1+1+t+ 111 4+t 4 A.f 44— ree "
) RS = -4 4+ 4- - ‘4444 g llﬁ R IR IR _
L4+ 444444489 444 444 R R - - 4 SEhEmE 444 - ;
b4+ 4444t 4.[7.‘ - L4444 +4 4 SSSFESESEESEEEESEER. FESERY - 4 r#
444+ +4 44 .. SEENEENN. 444 sTEEsSS ::LY CEREES R IR I - 444
4444 -+ 4 - r Lﬁiv - 4 P e R R - .?u v A -4 4 44444 444
H T 44 L-+4- + 41 - 444 4444 EEE R R

L B N <& n - ” o o o > X ~ w n w ” ~ -
“ - - - - e e - - - -

dnoag J0 3d2ul44nd3() 40 Aduanbauy

11 12 i3 14

10

Number of Causally Linked Evercs in Group

FIGURE 2
ELEMENTS OF TNE

7 1/8

n7

48



e one which is inhabited largely by better performers who, at least for
this sample population, had no serious events in 18 reactor-years
of operation, and

e one which is inhabited only by poorer performers who, in this sample,
had six events in six reacior-years of operation.

In principle, Figure 2 is analogous to a tensile test diagram in mechanical
engineering, which represents the relation tetween a load (P) and the
extension(§)of the specimen under test. The tensile test diagram :: vides
important observable characteristics such 2s yield point, ultimate s:-~ength,
and the amount of plastic elongation that can be obtained. Note that

tarese basic data are derived from direct measurement rather than from any
analytic process. so that these data are wholly empirical. The data, while
uniquely derived fr - a particular test specimen (or group) can be applied
in analyzing the performance of other structural shapes with similar material
and treatment history.

It is possible to use the TNE indicator to review both the "overall" perfor-
mance at the end of a 12 or 24 month period as well as use the "TNE per
month" to assess the average rate of causally linked e\ nt occurrence on a
continual basis. Purtraying TNE in terms of its elements, as in Figure 2,
permits an insight into whether the licensee's performance is characterized
by long chains of causally linked events, ercessive numbers of short
causilly linked event chains, or some tombination of these.

Since TNE, TNE per month, and Figure 2 are based on the time integrated results
of performance, they provide a scnsitive assessment of "steady state" performance
but offer no mectanism for analy~ing "transient" performance. Transient
performarce is the occurrence of a set of causally linkea events (or two or
more sets close together in time) which results in a TNE per month (or for

the time period in question) that either falls in the TNE per month range

of the poorer performers or falls between the upper 1imit of the better
performers and the lower limit of the “poorer" performers (these TNE per month
ranges are shown in the ¢, range columns in Table 10).
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A review of Table 3 in Section 2 indicates that a "better" performer could
have a causally linked event set which on the basis of the LNE alone might
indicate a "better" licensee in the process of transit to the “poorer" per-
formance category. To assess this transient performance condition we can
use the performance indicators ATBE and LNE. The Wilcoxon-Mann-Whitney rank
sum test showed these indicators are valid at a high level of confidence.

Table 10 shows that the 0, ranges of ATBE 2nd LNE for the better and poorer
performers cverlap somewhat, blurring the distinction between the performance
groups. However, if we piot ATBE as a function of its related LN” to produce
Figure 3, the statistical overlap disappears. By drawing a line, we can
define an area on Figure 3 that contains only points belonging to the

poorer performers.* (The lTine shown represents the "worst" performance of
the better performers.) The fact that both ATBE and LNE are valid indicators
of performance at hick confidence levels (in excess of 95% for LNE and

88% for ATBE) is a measure of the significance of this performance threshold.

Figure 3 complements Figure 2 by providing a measure of the significance of a
Ticensee's transient performance. Figure 2 reflects the integrated results of
performance over a 24 month period, but it does not provide any insight into
the rate at which these event sets accumulated. We would expect,on the basis
of simple logic, that poorer performers would have a shorter ATBE for a given
number of causally linked events than the better performers. For example,
during the study period, Milistone Unit 1 had three sets of four causally
linked events, while Zion Unit 1 and Quad Cities Unit 1 each had twc sets of
four event sets and Surry Unit 1, Trojan and Arkansas ''nit | each had one
set. The ATBEs associated with the event sets for each of these facilities
are presented in Table 11. A review of this table shows the ATBEs for

one event set at Zion Unit 1 and ore event set at Millstone Unit 1 to be
smaller than the threshold value of 2.75 months between events for a set

of four causally linked events. This value is shown on Figure 3 by the

*The fact that Millstone has a point in the performance space inhabited by
better performers is consistent with the observation made for Figure 2:
better and poorer performers have some common attributes, but the attributes
they do not share makes it possible to distinguish them.
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position of Surry. The remaining event sets for the other facilities had

longer ATBEs. Thus, of the three event sets at Millstone Unit 1, one could

have provided a clue that the faciiity was a poorer performer. Of the two event
sets at Zion Unit 1, one would have provided an indication of poorer performance.
It is interesting to note the similarity in ATBEs for the better and poorer
performers, but there is no instance, at least in this sample of twelve
licensees, where a better performer would have crossed the threshold.

Thus Figure 3 provides a mechanism for the "real time" interpretation of
transient peaks in performance.

3.4 Two Concerns about LERs

Some of the NRC comments on our Phase I report centered on two issues:

how technical specification stringency may influence the number of LERs a
licensee files, and how faithfully the licensees adhere to the requirements
of Regulatory Guide 1.16 - in other words, how well they report. These
ssues must be settled, since the use of the FPM model thus far has depended
primarily on the LER data.

The Influence of Technical Specifications

Some NRC staff members feel that the quantity of LERs occurring in a licensed
facility is heavily influenced by the stringency and number of the technical
specifications. Consequently, they feel that using LER data to measure
differences in performance between facilities is more a measure of differences
in technical specification severity than any other factor. The FPM model and
methodoloay do not depend on, or use directly, the number of LERs or noncompliances
a licensee sustains; we began by using the content of LERs and noncompliances
Numbers of causally linked LERs did turn out to be a valid performance
indicator, but the issue of technical specification severity did not play a
part in that analysis. The influence of technical specifications should be
investigated, since if it can be demonstrated that severity of technical
specifications is an issue it could cast doubt on perfcrmance evaluation

using LERs in the context of the FPM methodology.
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TABLE 11

ATBE FOR CAUSALLY LINKED SET OF FOUR EVENTS

Facility Months/Event
Millstone (3 sets) 0.5
3.75
5.25
Quad Cities (2 sets) 4.0
3.25
Arkansas 3.5
Surry 2.75
Zion (2 sets) .0
.5
Trojan 2.7
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In Phase I, we made an effort to select the three case study plants so that
the differences in their technical specifications were minimized. This
permittea us to focus on evaluating tne usefulness of the FPM model and
methodolojy in licensee performance analysis. But to respond to NRC concerns,
we calculated the proportion of LERs dua to violation of Technical Specifications
to totai LERs reported. Our approach centered on the fact that if the dif-
ferences in the number of reported events were primarily due to differences in
technical specifications, those facilities with the more stringent technical
specifications should have a higher percentage of LERs due to violation of
technical specifications. Regulatory Guide 1.16 requires the licensee to
report all technical specification violations as well as all unscheduled events
that occur, including matters for which reporting is not demanded by existing
technical specifications and events that did not result in a violation of a
technical specifications. We did not include LERs that report violation
of environmental technical specification limits for two reasons:
e Violations of envirornmental technical specifications were due in

part to seasonal variations in weather and to fish migration

patterns. These factors cannot be totally controlled by management

and personnel action, short of shutting down the facility.

e Violations of environmental technical specificatiens generally

are less related to plant operating sarety than are violations

of technical specifications applicable to major facility safety

and balance-of-plant systems.

In Phase I, we considered that an LER was due to a violation of technical
specifications if it was identified as such in the LER event description.

Before extending this analysis to all twelve case studies, we made a spot

check of LERs to determine whether most LERs were correctly identified as resulting
from a violation of technical specifications. This spot check cast serious
doubt on relying on the licensee's identification of an LER as a violation

of technical specifications. In fact, only in July of 1977 did the instructions
for submitting LERs require that licensees state exictly what - technical
specification or license condition - had been violated. For this reason we
reviewed the LER files of each of the twelve case study licensees to identify
accurately those LER: that involved violations of technical specifications.

In many instances, technical specification violations were in fact tagged

54 1079 184



as such by the licensees, and the event description included the identification
number assigned to the technical specification in question. In several cases,

we rnoted events which could possibly have been technical specification violations,
although they were not identified as such in the LER event descriptions. This

was true for virtually all twelve of the licensees. These potential technical
specification violations were identified by using two criteria:

e Failure to Adhere to a Mumerical Limit
In most instances, functional numerical limits are defined in the
technical specifications as limiting conditions of operation (LCOs).
In several cases, however, it was not clear from the information
provided in the LER whether the 1imit in question was (a) an LCO,
in which case a technical specification would have been involved
automatically, or (b) a numerical 1imit establiched by the licensee
or recommended by the equipment vendor. (When the LER texts included
such words as "specified limit" «r "required limit," we assumed (and
the NRC confirmed) that the referenced limits were in fact LCOs and
that the event did involve a technical specification violation).

e Component/Equipment Nonoperability
Comporent/equipment operability is a common technical specification
reporting requirement, particularly when proper function is essential
to the proper performance of a safety-related system. However,
there is some variation among technical specification requirements for
reporting operability status, particularly when redundancy is involved.
For example, a given system may include two relief valves that perform
the same function. The technical specifications of some licensees may
requi that both valves be concurrently operable; for others, the
failure of one valve would not constitute a technical specification
violation, provided that the second valve was satisfactorily operible
and the defective valve was repaired or replaced within a specifiec
time. If an LER mentioned a loss of component/equipment operability
in a critical system, including instances in which redundancy was a
factor, we considered it a potential violation of technical specification.

These two criteria were most frequently used as the bases for identifying
LERs that might have represented technical specification violations, even
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though they were not identified as such in the LER event descriptions. In
addition, we included LERs that mentioned failures to perform certain

actions or delays in implementing actions beyond a certain time period. In

most cases, deficiencies of this type were identified as technical specifications
violations in the LERs, but there were a few instances of this type in which

we suspected the possibility of a technical specification violation,

although the LER text was not explicit on this print.

After reviewing the LERs for each licensee and identifying LERs potentialiy
attributable to technical specification violacion, we contacted either the
responsible NRC I&E inspector or the NRR Division of Operating Reactors reactor
engineer. We discussed each LER we had identified with the knowledgable

NRC contact and accepted his decision on whether or not the LER was a

technical specification violation. We thus could determine the number of

LERs due to technical specification violations for each of the twelve
licensees; this information is presented in Table 12, which shows the LERs

due to technical specification violaticns as a percentage of the tctal LERs
filed.

If there is a bias in this grouping due to stringency of technical specifications,
the Mann-Whitne: procedurc should be able to demonstrate it. The outcome of

the Mann-Whitney procedure is a statistical statement as to whether or not

the mean percentage of LERs due to technical specification violations for

better and poorer performance groups differs by a greater amount than one

would expect from random variation. The mean percentage of LERs due to technical
specification violations for the better performers is 37%; for the poorer
performers it is 42%. Using the Wilcoxon-Mann-Whitney procedure, we can say
that at the 95% confidence level, the aiffercnce between the means of the two
groups is due to random variation. Put another way, we are 95% sure that
stringency of technical specifications is not a significant factor in the

number of causilly linked events a lisensee sustains.

The Quality of LER Reporting

Both NRC and licensees are aware of differences in licensee attitude toward
LER reporting. Conversations with licensees leave no doubt that some follow
a policy of "if in doubt, file an LER," while others report only events that
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TABLE 12

LERs DUE TO VIOLATIONS OF TECHNICAL SPECIFICATIONS

Percent of LERs Due to
Technical Specification Violation*

Poorer Performers

Duane Arnold 60
Zion Unit 1 28
Millstone Unit 1 39

Better Performers

Quad Cities Unit 1 42
Arkansas Urit 1 49
Surry Unit 1 60
Trojan 32
Prairie Island Unit 1 25
Fort Calhoun 55
Point Beach Unit 1 10
H. B. Robinson Unit 2 57
San Onofre Unit 1 5

*Not including those involving environmental technical specifications.
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clearly must be reported. There are also differences in the thoroughness
with which licensees describe and analyze events. We attempted to investi-
gate NRC's impression of the quality of LER reporting through our review of
the inspection reports for each licensee.

When we reviewed inspection reports associuted with items of roncompliance
identified in the 766 File, we noted the number of LERs investigated by the
inspector and whether the inspector agreed with the adequacy of the licensee's
reporting of each of these LERs.* This gave us an indication of the quality of
the reported LER data. A summary of the data for the twelve cases studied is
presented in Table 13, which lists the percentage of LERs with which the in-
spector disagreed. This disagreement most often concerned the timeliness of
reporting or the completeness of the event or cause description. The percent-
ages shown in Table 13 are zero or generally low, indicating good agreement
with Ticensee reporting.

For two of the licensees, Frairie Island Unit 1 and Zion Unit 1, the percentage
disagreement was considerably more than 10 percent. For Zion, the LERs with
which the inspector found fault were spread over four of ten inspection reports.
For Prairie Island, the inspector disagreed only with the LERs he checked in

a single inspection; this may have represented a substantial disagreement

over reporting requirements, the "grey area" of licensee/NRC interaction.

But since this single area of disagreement was discovered in Jne of 11 reviews
of LERs, we do not feel that this relatively high percentage disagreement
necessarily reflects a consistent reporting style or attitude. In general,

we believe that the LER data reasonably reflect what is actually

happening in the facility for both "good" and "poor" performers.

* NRC inspectors review all the LERs submitted by the licensees for whom
they are responsible. If the inspector is satisfied with the LER, he is not
required to further investigate 30-day LERs. He is required to investigate
all l4-day LERs.
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Notes:

TABLE 3

INSPECTOR DISAGREFMENT WITH REPORTED LERs

Millstone, Unit 1
Fort Calhoun

San Onofre

Duane Arnold
Arkansas Unit 1
Trojan

Quad Cities Unit 1
Surry Unit 1

H. B. Robinson
Prairie Island Unit 1
Zion Unit 1

Point Beach Unit 1

Percentage Disagreement

(1)

o O O O o O w»

18(2)

15

(1) Covers the 24-month period of 1976 and 1977. Data are based
on information presented in the case study matrices summarizing
the review of the 766 File and Inspection Reports.

(2) A1l LERs represented by this percentage were identified in

one inspection report.
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4. PERFORMANCE INDICATORS FROM THE NONCOMPLIANCE DATA

Most of the analysisthus far has been directed at assessing performance quality
using indicators based on LER data. However, the question of why this perfor-
mancequality, for any given licensee, is what it is has nct yet been Jiscussed.
In terms of I&E's interests, it would be very useful to identify the factors
underlying a licensee's operating pattern that cause him to fall into the
poorer rather than the better category of performers. It is precisely in this
area that the FPM model, if appropriately used, can provide insights. While

the LER data can indicate whether a licensee is a better or Jrer performer,
the noncompliance information, if suitably cause coded for use with the FPM
model, becomes a diagnostic tool, providing valuable insights into the
underlying causes of observed licensee performance.

This section presents our Phase II work on noncompliance data. Part 4.1
summarizes the difficulties in using the noncompliance data that we faced
in Phase I, and the solution - revising the noncompliance cause codes -
that was suggested. Part 4.2 presents the revised codes.

Part 4.3 presents the results of testing the revised cause codes on Duane
Arnold and Zion Unit 1 over the case study period, and the insights about
the licensee and the inspection process that can be gained by using this
new tool.

4.1 Problems with Noncompliance Data and Potential Solution

In Phase I, we found the noncompliance data to be less helpful than LER data
in analyzing licensee performance us'ng the FPM model. Noncompliance data were
difficult to use with the FPM model for two basic reasons:

o the format of the inspection process, and
e the data in the computerized 766 File.

NRC's inspection process is organized into modules, which are generally per-
formed on a scheduled basis throughout an annual cycle. While the inspector
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alvays has sometime for free-ranging obervation and investigation, the de-
tection of the majority of noncompliances is largely governed by the timing
of the modules, not necessarily by tne date of their occurrence. Further-
more, the inspection modules cut across plant systems. This could be an ad-
vantage, but the data collected under any one module is usually too sparse
to reveal patterns in the licensee's behavior. These factors shape the data
so that a real-time sense of licensee performance is difficult to obtain.

Even more difficult, the data in the computerized 766 File are a pale reflect-
ion of the informa:ion contained in the written inspection reports. The reports
often contain valuable insights into the causes of noncompliance and into 1i-
censee bahavior. But these insights are difficult to cbtain from the compu-
terized information, since the 766 File was set up to function as a management
information and accounting tool, not to collect performance evaluation data.

As mentioned in Section 1 of this report, we were as:.ed to try to overcome
these difficulties, so that the noncompliance data could be used with a level
of detail equivalent to the use of the LERs.

In trying to devise an effective methodology for using noncompliance data,

we faced several constraints. First, the structirz of the present modularized
inspection process should not he altered. Second, the content of the 766 File
had to be acrepled as it stands; t.e file corld not be expanded to include the
fusights present in the inspection reports. rhe remaining course of action was
to try to make the cause codes more useful. We felt this approach could be
fruitful if the cause codes could be made to 1ink noncompliances to the elements
of the FPM model. This effort, if successful, would not resolve the difficulty
of placing noncompliances in "real time", but could help make the data
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much more useful in licensee performance evaluation. We proceeded to review the
Primary Cause Codes to identify problems in their application; then we developed
a new derivative cause code structure that was compatible with the FPM model.

We tested the revised codes by reanalyzing ancd recoding the inspection reports
for two licensees for 1976 and 1977. The next part presents the revised

codes, and the subsequent part sets out the results of our analysis for
the two licensees.

4.2 The Revised Cause Codes

Introduction

In our Phase I work, we transferred the noncompliance Primary Cause Codes

to the FPM domain by assigning each to an appropriate structural component

of the FPM model, namely, management (M), personnel (P), or facility (F).

Table 4 in the Phase 1 report sets out this conversion. The results of this
conversion were of limited usefulness for reasons that became clear only in the
course of work. During our review of the 766 File data and the corresponding
inspection reports for both the three licensees studied in Phase I and the

nine licensees studied in Phase II, we found significant differences in the way
in which different inspectors interpreted the cause codes. For example, we
found severa! instances in which the cause codes presented in the 766 file did
not appear to be consistent with the file descriptions of the cited noncom-
pliances, as well as others in which the codes did not seem to agree with the
texts of the source [&F reports.

Careful study of the primary cause codes as defined by NRC strongly suggested
that much of the observed nonuniformity in their application stemmed from the
code definitions. These definitions, which are frequently generic, are in
some instances overlapping and in others ambiguous. For example, the Primary
Cause Code "M", which is defined as "safety devices not maintained," would
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ordinarily be interpreted a failure on the part of personnel (FPM mode' element
P.) But cause code "M" couvld also be validly applied to a case in which safety
devices were not maintained not through laxity of perscnnel, but through
managerial failure to provide personnel with required maintenance plans,
schedules and instructions. In a case such as this, review of the limited
information presented in the 766 File could leave it unclear as to whether

the noncompliance was the fault of personnel or management; the original I&E
report must be consulted to determine the fault.

When we revised the Primary Cause Codes we had two key objectives:

® By reducing the ambiguity or generality of the cause codes,
to correspondingly reduce the amount of judgment required of
an inspector in assigning a code to a given noncompliance.
The codes should be defined so that the details of the situation itself
would dictate the appropriate code. Attainment of this objective
would significantly heighten the uniformity of inspector cause
coding, so that three inspectors in three different regions
would code the same noncompliance situation in precisely the
same way.

¢ By improving uniformity in cause coding and by defining the
cause codes more specifically, the value of the codes in
analyzing licensee performance would be greatly increased, without
altering the I&E inspection process.

In revising the Primary Cause Codes we attempted to retain as much of their
general format as possible. For example, code "F" still denotes "Improper or
Inadequate Calibration,"” but it has been more comprehensively defined to

include managerial as well as personnel lapse. To attain the degree of explicit-
ness that is required to eliminate ambiguity and to assist in transforming the
codes to the FPM domain, the Primary Cause Codes were disaggregated into sub-
codes where necessary and appropriate. Each sub-.ode relates to one and only
one specific element of the FPM model. The net result is a far more precise
assignment of noncompliance responsibility than is possible using the Primary
Cause Codes alone.
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In the detailed presentation that follows, each Primary Cause Code is identified
by its NRC code letter and its existing code definition. Then any sub-codes that
fall under the Primary Code are individually defined and explained and the FPM
model element appropriate to each is identified. This element may he either
structural (F, P or M) or functional (Arrow #1, Arrow #4, etc.). Thus each
sub-code is identified by two symbols:

a) A capital letter indicating the NRC Primary Cause Code
under which it falls, and

b) A capital letter or a number that designates the appropriate FPM
model element to which the sub-code relates.

Based on our review of a large number of ‘inspection report., we believe that
the logic underlying the revised cause codes is similar to the logic that
inspectors follow when analyzing the causes of the noncompliances they detect.
Because of this, we do not think thkat applying the sub-code system will require
any significant reorientation on the part of the I&E fiell personnel.

The sub-codes may in fact make it easier for inspectors to assiaen cause

coces by providing a framework that reflects their o.n perceptions.

The “odes

The Primary Cause Codes A, 2 and W, denoting unavoidable or indeterminate
causal i.ctors, are all essigned the event responsibility code "0" for
"other." However, this category does not apply to the FPM model and is not
used in assessing licensee performance. The rationale for this is that
noncompliances classified as ERC-0 arise from causes beyond the control of
the licensee and, therefore, should not be considered n analyzing his
performance.

For easy reference, the FPM model is reproduced here:
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Qther
Reported Inspection
NCs Findings LERs

i K

Externa)
Causes

Defective
Components —

The FPM Model!

C - Improper or Inadequate Design

The ultimate responsibility for a design deficiency rests with management,

even tnough the error may have been made by the A&E firm retained by the licensee
or apnlicant. Because the A&E uerates as the licensee's agent, assignment

of responsibility is not altered. The appropriate FPM model element is M, and

the code is C-M.

D- Improper or Inadequate Construction

Two questions are involved:
a) Why did the construction deficiency occur?
b) Why was it not detected early and rectified?

With respect to (a), there are two possibiiities:

1) The design plans and drawings were correct, but not properly followed.
The appropriate FPM element is Arrow #1, denoting the operational
relationship between personnel and the facility. The sub-code is D-1.

2) The design plans and drawings were properly followed, but they were
deficient or contained errors. This is "improper or inadequate
design," which is code C. The appropriate FMP element is M.
The code is C-M.
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In the case of (b), there are three possibilities, based on different modes
of QA failure:

1) Management failed to develop an adequate construction QA plan.
(This is admittedly a remote possibility, since QA plans are thoroughly
reviewed by the NRC as part of the permitting/licensing process).
The appropriate FPM model element is M. The sub-code is D-M.

2) The QA plan was satisfactory, but was not fully explained to the
personnel responsible forits implementation. The appropriate FPM
element is Arrow #4, which represents the channel through which
management communicates with personnel. The sub-code is D-4.

3) The QA plan was satisfactory and transmitted to the responsible
personnel. However, it was not satisfactorily implemented. The
apprcpriate FPM element is Arrow #1. The sub-cnde is D-1.

C - Improper or Inadequate Maintenance

Code E should be used only when the cited maintenance failure relates to an
item that is not a safety device. If the item is a safety device, Code M
should be applied (see discussion under Code M). In general, Code E applies
to any non-safety related item or device that can be maintained and for which
either a defined maintenance program is required or could reasonably be
expected to exist.

Depending of the details of the particular case, any of the following may apply:

1) Management failed to prepare adequate maintenance plans and instructions.
The appropriate FPM model element is M. The cause sub-code is E-M.

2) Management prepared adequate plans and instructions. However, these
were ¢ither incompletely or incorrectly transmitted to and/or
explained to the responsible personnel. The appropriate FPM element
is Arrow #4. The sub-code is E-4.
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3) Adequate maintenance plans and initructions were prepared by managenrent
and were properly transmitted to personnel. However, personnel did
not properly follow them. In this case, the appropriate FPM model element
is Arrow #1. The sub-code is E-1.

4) As above, adequate plans were prepared and transmitted to personnel.
But personnel failed to take any action at all. The appropriate
FPM element is P; the sub-code is E-P.

G - Inadequate Pians or Procedures

The term “procedures” in this codec definition is somewhat ambiguous. Ordinarily,
the term is interpreted to mean a descr-;t(gg_of a procedure or operation -a set
of instructions or directions. However, it can also be interpreted as meaning
implementation. For consistency, cause code G should never be used to denote
deficient procedural performance. It should be cited only when the plan or
method is at fault. Inadequate or incorrect performance is addressed specifically
by other codes (for example, E, L, M, N, P).

The responsibility for inadequate plans and | focedures vrests directly with
licensee management. The appropriate FPM element 1S M, and the code is G-M.
However, code G-M does not specify the pre:iie situation in which management
failed to prepare adequate plans and procedures.

Other sub-codes, such as E-M, describe this failure in specific areas. To
maximize the value of the cause codes as performance analysis tools, the
case-specific code should be used whenever it is applicable. The general
G-M code should be cited only when none of the specific sub-codes is
appropriate. )

H - Inadequate Management

This primary code was originally even more general than code G-M, which it
subsumes. T.is generality limits its value in licensee performance analysis,
because it does not suggest the character of the management inadequacy. We
have redefined code H to mean "failure to take adequate and timely corrective
action,"a specific area of management responsibility that is not covered by
¢ her codes. The code is H-M.

7 1079 197



J - Poor Housekeeping or Arrangement

As is the case with certain other Primary Cause Codes, the appropriate
assignment of responsibility to an FPM model element can vary. Depending on
the circumstances, either personnel or management could be at fault. The
possible circumstances are:

1) Management has failed to develop a satisfactory housekeeping program
(or has failed to formulate satisfactory arrangement planc). The
appropriate FPM element is M. The sub-code is J-M.

2) Management has prepared satisfactory programs and/or plans.

However, it has failed to transmit these adequately to personnel.
The appropriate FPM element is Arrow #4. The sub-code is J-4.

3) Personnel have been fully informed of the housekeeping/arrrangement
plans. However, they carried them out improperly. The appropriate
FPM element is Arrow #1. The sub-code is J-1.

4) Personnel are informed of the housekeeping/arrangement plans but they
failed to take any action at all. The appropriate FPM element is P;
the sub-code is J-P.

L - Safety Devices Not Provided

The responsibility for this lapse rests wholly with management. Two possible
situations can be identified:

1) Management has failed to procure safety devices. The appropriate
FPM element is M. The sub-code is L-M.

2) Safety devices were precured, but not provided to personnel. This seems
a very'unlikely situation. but it could occur. The appropriate FPM
element is Arrow #4. The sub-code is L-4.

R - Personnel--Poor Selection or Improper Training for Job

Poor personnel selection represents a faulty internal management decision. The
appropriate FPM element is thus M, and the sub-code is R-M,
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Improper or inadequate training constitutes a deficiency in the management/
personnel relationship. For this reason, the appropriate FPM element is
Arrow #4. The sub-code is R-4.

T - Personnel--Insufficient Supervision

This situation represents a failure in the relationship of management to
personnel, as in the case of R-4 above. Cunsequently, the appropriate FPM
model element is Arrow #4. The sub-code is T-4.

“Personnel” includes subcontractors (for example, dairy farms that provide
milk samples) as well as on-site employees.

F - Improper or Inadequate Calibration

This situation can have various causes:

1) Management failed to develop appropriate calibration procedures
or did not procure adequate reference standards. In such cases, the
appropriate FPM model element is clearly M. The sub-code is F-M.

2) Manajement made appropriate provisions as identified above. However,
there was a deficiency or failure in the transmittal of procedures/
standards to personne!. The appropriate FPM eiement is Arrow #4. The
sub-code is F-4.

3) Personnel were adequately instructed and prepared, but carried out the
praocedures improperly. The appropriate FPM element is Arrow #1. The
sub~code is F-1.

4) Personnel were adequate.y instructed, but failed to act. The FPM
is P, and the sub-code is F-P.

M - Safety Devices Not Maintained

As is clear from its definiton, Code M (not Code E) should always be applied
whenever a deficiency in safety device maintenance is the cause of a cited
noncompliance. Safety devices fall under one of two categories:
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Devices that are integral components of the facility (e.g., dry

well pressure switches). In the case of power reactors, these are
identified in tiic licensee's SAR.

Protective or warning devices that are issued to personnel to ascure
their safety (e.g., portable radiation monitors).

Code M applies to both of these categories. As is the case with Code E, there
are four ways in which safety device maintenance deficiency or failure could

occur:

1)

2)

3)

4)

Management failed to prepare adequate safety device plans and/or
instructions. The appropriate FPM element is M. The sub-code is M-M.
Management prepared adequate pians and/or instructions. However,
these were not effectively transmitted or adequately explained to
personnel. The appropriate FPM element is Arrow #4. The sub-code

is M-4.

Adequate safety device plans and instructions were prepared by
management and transmitted to personnel. However, personnel im-
properly followed them. The appropriate FPM element is Arrow #1. The
sub-code is M-1.

Personnel were adequately prepared, but they failed to carry out

the maintenance. The appropriate FPM element is P; the sub-code

is M-P.

N - Operator Error or Incorrect Operation

Code N should be cited only when the noncompliance involves an improper control
action, as opposed to maintenance, housekeeping, or other non-control activities.
This code is usually invoked when the operator is considered to be directly

at fault.

However, this need not necessarily be the case, and, for that reason,

the code definition has been expanded to include "incorrect operation” with
no implication of ultimate fault. Two types of conditions can exist under the
revised definition of Code N:
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1)

2)

The operator performed incorrectly because of the lack of proper
information. For example, he may have caused a particular system

to operate outside of the limits imposed by a revised technical
specification with which he was not made familiar or was made in-
accurately fam.liar. This is really a management deficiency for which
the operator should not be faulted. If the information had not

been transmitted to him at all, the appropriate FPM model element

would be M. The sub-code would be N-M, reflecting a failure on the
part of management to impelement its function. If incorrect information
had been transmitted to the operator, this would constitute a

breakdown in the management-personnel relationship. In this case

the appropriate FPM element wculd be Arrow #4 and the sub-code N-4.

The operator was familiar with the correct procedure and/or the revised
technical specification. However, he mude an error in execut.on. In
this case the concept of "operator error" validly applies and the
appropriate FPM element is Arrow #1. The sub-code is N-1. If he failed
to act at all, the FPM element is P, and the code is N-P.

P - Failure to Follow Procedures

This code is generally applied to personnel, as defined in the FPM model.
But it can be more broadly interpreted to include management as well.

1)

Management may fail to follow procedures, include those required of

it by the NRC or by the self-imposed plan it may have formulated.

[f the "failure to follow procedures" meant inaction, the appropriate
FPM element would be M and the sub-code would be P-M. If, in its
relationship to personnel, management had foliowed a procedure
incorrectly (as opposed to inaction), the deficiency would then apply
to FPM nadel element Arrow #4. The sub-code would be P-4. If
management incorrectly performs a function that is wholly its
responsibility and that does not in any way involve personne! (such as
reporting to NRC), the deficiency should be attributed to FPM element
M; the sub-code is P-M.

Personnel may improperly follow procedures that apply to the operation
control, or maintenance of the facility. Since deficiencies of this
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type impact the facility directly, the appropriate FPM model element
is Arrow #1. The sub-code is P 1. If personnel fail to act, the FPM
element is P, and the sub-code is P-P.

3) Personnel may fail to follow procedures that establish requirements
for or govern their reporting to management. Whether such reporting
is verbal or written is immaterial. In the event of a total failure
to report, the appropriate FPM model element is P. The sub-code is
P-P. If a required report has been made, but it is in some way deficient
(incomplete, erroneous, or delayed beyond the end of a required
reporting period), the appropriate FPM element is then Arrow #3. The
sub-code is P-3,

As is true of Primary Cause Code G (Inadequate Plansor Procedures), Code

P is generic and does not indicate the particular area of activity to which
a cited noncompliance relates. Other codes, such as E, F, or J, which
specifically denote the type of action with which the noncompliance was
associated, should always be used in preference to P whenever possible.

Q - Improper or Inadequate Functional or Surveillance Testing

This code is not one of NRC's original Primary Cause Codes; we suggest its
inclusion to fill the gap that now exists in the codes'coverage of major
activities within a facility. Code E covers maintenance activities; code G .
covers plans and procedures; Code F covers calibration. Without the addition
of Code Q, noncompliances generated through improper or inadequate testing would
be coded as P, the general code for failure to follow procedures. More infor-
mation on the point of breakdown within the facility will be gained by using
Code Q for noncompliances related to testing.

We can identify four sub-codes:
1) Management failedto prepare adequate plans and instructions for functional
or surveillance testing. The appropriate FPM model element is M;
the sub-code is Q-M.
2) Management prepared adequate plans and instructions, but these were
either incorrectly or incompletely transmitted to personnel. The
appropriate FPM elemeni is Arrow #4, and the sub-code is Q-4.
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3) Management prepared adequate plans and properiy transmitted them to
personnel. Bur personnel did not properly follow them. In this case,
the appropriate FPM element is Arrow #1. The sub-code is Q-1.

4) As in 3), adequate plans were prepared and transmitted to personnel, but
personnel failed to take any action at all. The appropriate FPM
element is P; the sub-code is Q-P.

S - Carelessness

The original definition of the S code included the word "personnel." This

word has been deleted because in the FPM mode!, "personnel" has a specialized
meaning, applying only to those members of the licensee staff who have a direct
hands-on relationship with the facility. But any level of the licensee staff,
including management, can be careless. In this reformulation of the primary
noncompliance codes, carelessness is considered as a symptom rather than as an
underlying cause in itself. Since it can be an element in improper actions
expressed by arrow # 4 and arrov #1, other cause codes more adequately pinpoint
the problem. We recommend that the S code should not be used.

K - Equipment Failure or Faulty Equipment

Before assigning a K sub-code, the inspector must consider two factors: whether
the equipment or component failure stemmed from a human cause such as
inadequate maintenance or abuse, and who detected the failure.

For example, it may be incorrect to apply a K sub-code in the case of a valve
that originally functioned properly, but had finally developed a leak due to
a worn seat. Valve seats normally wear in use and it is reasonable to expect
timely seat replacement. In this case, a maintenance failure sub-code may be
more appropriate than a K sub-code. The inspector can often decide which
code to use by asking two questions:

a) Is it reasonable to expect the licensee to have an inspection and

maintenance program that includes the failed component; and
b) Has that program been conscien iously conducted?

If the answer in the first question is "yes" and the second answer "no," then
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the K code is clearly not applicable, since maintenance is the problem.

If no maintenance and inspection program is feasible, the situation is more clear
cut. For example, the spontaneous failure of a relay coil under normal

operating conditions generally indicates ar internal defect that would not have
been previously evident under any reasonable inspection and maintenance

program, so that a K code would be applicable.

It is valid to ask why, in the case of a correct K code assignment, the component
or equipment failure should constitute a noncompliance, since the occurrence

was beyond the control of the licensee Here, who detected the failure is
crucial. As a general rule, if the licensee had detected the failure, corrected
it and reported the occurrence to the inspector, the licensee would not be
charged with a noncompliance. If, however, the component fault had initially
been identified by the inspector, the licensee could be charged with a non-
compliance on the basis of his own failure to have detected the fault and taken
corrective action.

To devise sub-codes that are useful in the context of the FPM model, we
can think of facility components as falling into two broad categories:
a) Components that perform operational, control or sf}uctural functions.
Examples are valves, piping, wiring or cabling, and supports.
b) Components that supply information about the status and operation
of the facility (indicating devices). Examples are meters, gauges,
oscilloscopes, and chart recorders.

When a device may fit into either category (a particular relay may exercise

a control function, while another may energize an alarm system), the appropriate
category is determined by funct’ a. Based on the two categories, three sub-codes
are immediately identifiable:

1) There has been a failure of an operational, controlling or structural
component which the inspector does not believe is due to human cause or
neglect. The appropriate FPM model element is F (facility). The
sub-code is K-F.
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2) There has been a failure of an indicating device which the inspector
does not believe is due to human cause or nealect. If the failure
is total (the device provides no indication at all), the appropriate
FPM model element is F. The sub-code is K-F.

3) If the device indicates (cr records), but does so erroneously or
eratically, then the appropriate FPM model element is Arrow #2 /the
pathway along which facility data and information are transmitted
“0o personnel). The sub-code is K-2. In those instances in whic .
management might have been the information reciepient, the apprupriate
FPM model element would be Arrow #5. The sub-code in this case is K-5.

4.3 The Results of Testing the Revised Cause Codes on Two Licensees

We tested the revised cause codes by reanalyzing the inspection reports and
recoding the noncompliances for both Duane Arnold Unit 1 and Zion Unit 1 for

1976 and 1277. The elements that became meaningful for display after the recoding
would be difficult to present in isolation, so the discussion of the form in

which the data is (re)presented 1is combined with and illustrated by the

case studies themselves.

The reader should keep in mind that both these licensees were considered, first
on the basis of serious regulatory events and second, on the basis of the LER
analysis, to be poorer performers. This choice was dictated by the substantial
quantity of data available for these licensees, and by the fact that project
resources had not been originally intended to cover a redefinition and
wholesale test of new cause codes. It would be highly desirable to have
included a better performer as well, but project constraints would not permit
this. However, the results we obtained from a reanalysis of Duane Arnold and
Z n are extremely encouraging; we hope they can be extended.

Collecting inspection data using the revised cause codes provides an understanding
of which elements or functions of a licensee organization (e.g., management or
FPM arrow 1 or 2) are responsible for deficient performance as well as the
program area (e.g., calibratic = maintenance) affected by that performance.

This information is a fundamental prerequisite to a meaningful diagnosis of

a licensee's performance by I&E management. A diagnosis based on this kind of
information can allow I&E to identify an appropriate enforcement strategy.
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The Licensee Elements Responsible for Deficient Performance and What they Reveal

Based on previous studies by I&E and our ongoing efforts, we recognize that the
major factors in a licensee's perormance are:

® his attitude, and

e his ability.

The FPM model element definitionsand their application through the revised cause
codes can help make the distinction between attitude and ability as reflected
in licensee activities:

¢ Noncompliances due to incorrect licensee action are associated with the
FPM arrows and represent deficient performance in functional relationships.
These noncompliances indicate deficient ability.

e Noncompliances due to an absence of licensee action are associated
with the FPM circles and represent a lack of desire to implement

the agreed-to conditions of licensing. These noncompliances indicate
deficient attitude.

Consequently, a predominance of noncompliance items assignable to either an FPM
circle or arrow can indicate the character of the deficient performance. If
most noncompliances are assignable to the circles F or P, the problem is

one of attitude; if most are related to arrows, ability is in question.
Furthermore, the deficient performance can be precisely located within the
licensee's organizational structure. Hence an important representation

of the aggregate noncompliance data is a priority ordering of FPM circles or
arrows based on total associated noncompliance items, from mos’ to least
deficient area. The insights that can be gained from this type of ordering
will become clearer when we examine the case study results.
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For Zion Unit 1, the priority ordering of FPM elements for 1976 was:

FPM Element Total Associated Noncompliance Items
M 18
P 6
1 6
4 3
3 2

From this listing, we can say that:

e The primary area of licensee performance deficiency in 1976 clearly
rested with management. Since the circle M had by far the majority
of noncompliances, the deficiency can be characterized as poor attitude.

e The secondary area of licensee performance deficiency rested with
personnel. The deficiency was equally prevalent in the circle P and the
arrow 1, which means that both personnel attitude and personnel ability
to perform were also in question.

¢ The remaining five noncompliance items (associated with arrows 3 and 4)
comprise less than 15 percent of the total and as such play a minor
role in the diagnosis. But it is interesting that these arrows link
management and personnei, the major problem areas.

In 1977, the second year of the Zion Unit 1 case study, the resu’ts changed
somewhat:

FPM Element Total Associated Noncompliance [tems
M 16
1
3
P

These results indicate that:
¢ the primary area of licensee performance deficiency still rests with
management and this deficiency can still be characterized as poor
attitude.
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e the secondary area of licensee performance deficiency rested with
perscnnel. This deficiency can be characterized as the lack of
ability in the performance of functions related to facility operation.

e The remaining five noncompliance items comprise seventeen percent
of the total and as such constitute a minor role in the diagnosis.

The second year (1977) of the Zion Unit | case study is an interesting contrast
to the 1976 results. While the dominant factor in the deficient performance
(management attitude) did not change, personnel attitude improved while personnel
ability to correctly carry out functional “uties did not. Consequently,

it is reasonable to infer that one of the factors in Zion's secondary perfor-
mance deficiency (personnel) improved, but the primary area of performance
deficiency (poor management attitude) remained unchanged for the two-year
period.

We also tested the cause codes on Duane Arnol4d Unit 1. Here are the
priority orderings for that licensee:

FPM Element Total Associated Noncompliance [tems
M 14
4 n
1 7
p 3

We can interpet these results as follows:

e The primary area of licensee performance deficiency rest with manage-
ment (M and 4). This deficiency is almost equally prevalent in two
areas: first, poor management att .ude toward implementing the
conditions “¥ licensing (circle M) and second, an ability to
communicate with personnel in implementing procedural requirements
(arrow 4).

e The secondary area of performance deficiency is an inability of
personnel to correctly perform tkeir "hands on" functions.
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The results for Duane Arnold for 1977 are:

FPM Element Total Associated Noncompliance Items
M 12
1
4 3

For this year:
® The primary area of licensee performance deficiency rests with
management, and can be characterized as resulting from a poor
attitude toward implementing the conditions of licensing.
@ The secondary area of performance deficiency is seen as an inability
of personnel to correctly perform their "hands on" functions.

These two years of noncompliance data show that Duane Arnold's primary area

of performance deficiency rests with management for both 1976 and 1977. The
licensee did show improvement in management ability to administer the facility
and communicate with personnel but little change could be noted in attitude.
“ersonnel inability to perform "hands on" functions was a secondary area of
performance deficiency in both years.

We feel that these case study results show that it is both practical and pcssible
to identify the primary and secondary licensee organizational elements and
relationships responsible for deficient performance. This process can provide a
useful way to view a licensee's pattern of performance deficiencies from year to
year (or more frequently) and allow I&4E to focus its attention on the areas of
greatest weakness.

Program Areas Affected by Deficient Performance

While the previous discussion shows how I&E can identify the licensee organizational
elements and functions that are responsible for performance, it does not identify
those licensee program areas that are affected by that deficient performance. In
fact, the affected program areas are indicated by the noncompliance cause codes;

a similar prioritization of affected program aireas can be compiled for each
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Ticensee. As an example, the three program areas that were the most affected
for each licensee in the two years were:

Zion Unit 1 Duane Arnold Unit 1
Failure to Follow Procedures (P):27 Failure to Follow Procedures (P):25
Inadequate Plans or Procedures (G):12 Improper or Inadequate Functional
Improper or Inadequate Functional and Surveillance Testing (Q):13
and Surveillance Testing (Q):6 Improper or Inadequate Maintenance
(E):€

For Zion, these areas accounted for 71 percent of the noncompliances; for Duane
Arnold, 73 percent of the noncompliances feli in the listed areas.

Combining Responsible Elements and Affected Areas to Gair an Insight into
Licensee Regulatory Performance

It should be clear that these two types of information - which licensee
elements are responsible for deficient performance and which program areas are
affected by that performance - can together provide a sound base for I&E action
in helping the licensee to improve the quality of his operations. They tell
what is wrong, and why it is wrong by revealing who is responsible.

Before discussing how we combined these eiements using the case study data, one
further point must be mentioned. It became clear during the course of the twelve
case studies that the amount of time I[&E spends in inspecting each licensee
varies, sometimes considerably. For example, in 1976, about 39* percent more
time was spent at Duane Arnold than at San Onofre; 63 percent more time was spent
at Zion than at San Onofre. In 1977, those figures were 42 percent and 35 percent
respectively. When one checks the total number of noncompliances for those
plants for 1976 and 1977 - Zion, 68; Duane Arnold, 59; San Onofre, 10 - it is
immediately obvious that noncompliances at San Onofre were substantially harder
to detect; in fact, over four times as iia.y hours were required to find a
noncompliance at San Onofre than at either Zion or Duane Arnold. To obtain

*Hours and noncompliances attributable to physical protection not included.
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a meaningful perspective on deficient performance we had to deal with this
difference in detectability.

The detection of deficient performance by the inspection process depends on
two things:

e the module(s) under inspection since this largely determines the
licensee program area in which deficient performance could be
detected, and

e the number of inspection hours spent at the facility.

A1l licensees are exposed to the same modularized inspection program; however,
the total time of this exposure varies from licensee to licensee and for any
given licensee varies from time to time. The table below summarizes the
inspection hours for the two case study plants, broken down into six-month
periods:

Duane Arnold* Zion Unit 1*
1976
444 522
B 292 340
Total 736 862
1977
A 660 438
B 400 594
Total 1060 1032

Notes: A - first six months of the year
B - second six months of the year
* - hours presented do not include physical protection activities.

The differences in inspection hours from year to year and from first half to second
half of the year for these two licensees are substantial. For example, the

hours spent at Duane Arnold increased 44 percent in 1977. When we recall that

the noncompliance items assignable to management (M) at Duane Arnold were 14 i»
1976 and 12 in 1977, a decrease of 15 percent, it is clear that these items w.re
considerably harder to find. While the overall inspection effort increased, the
detectability of noncompliances due to deficient management performance decreased.
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This puts the 14 noncompliance items for 1976 and 12 for 1977 in a different
light.

The previous discussions should make it clear that the impact of differences in
the application of the inspection program must in some way be factorcd into

the evaluation. We chose to handle the differences in detectability by

dividing the total noncompliance items associated with each FPM model element and
relationship for a given time period by total inspection hours for the given

time period. This gives the detected responsibility for deficient performance.
Similarly,detected impact is given by the quotient of noncompliances assigned

to each program area and the number of inspection hours for the period. Presenting
the detected responsibilities and impacts of deficient licensee performance

in this way will assure at least approximately that differences in the application
of the inspection program are accounted for, particularly when performing a
year-to-year or licensee-to-licensee relative assessment.

We can now combine the recoded noncompliance data on detected responsibility
and detected impact to determine licensee organizational elements or functions
responsible for deficient performance in specific licensee program areas of
activities. For Duane Arnold and Zion Unit 1, this information is presented

in Tables 14 and 15 in matrix format. The rows show licensee organizational
elements and functions as keyed to the FPM model; the columns show

licensee programs or activity areas expressed by the noncompliance cause codes.

The matrix cells display the data derived from analyzing and converting the
noncompliance items identified in the inspection repqrts into the FPM domain
using the revised cause codes. (Recall that the revised codes present noncom-
pliance information in the form (program area-responsible element).) These
data are tabulated in the cell that corresponds to the portion of the new code,
multiplied by 100 and divided by the total inspection hours for the particuiar
inspection period. Neither hour totals nor noncompliance totals include
physical protection data.

An example will clarify the presentation of the data in each cell and aid in
following the discussion of Tables 14 and 15. Here is the cell from the Duane
Arnold matrix (Table 14) that summarizes all the noncompliances coded "Failure
to Follow Procedures" (Noncompliance Code P) when the fault was management's

inaction (FPM element M): -
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Noncompliance 0
Cause
FPM
Code year
1976
A .90
B .34 .67 !
M )
1977 X .45 '
B .25 7 |

The data for each year is broken down into six-month periods: the numbers
opposite "A" (.90 for 1976; .45 for 1977) represent the detected noncompliances
~ in this category for the first half of each year, while the numbers opposite
“B" in each year apply to the last half of that year. The numbers in the right
half of each cell represent year totals (.67 for 1976; .37 for 1977).

Each of the numpers were obtained by totalling the relevant noncompliances

(in this case P-M) for each six-month period (or year, for the year totals),
multiplying that number by 100, and dividing by the number of inspection hours
in that period. For example, in the first six months of 1976 there were four
noncompliances assignable to P-M, in 444 hours of inspection, so that:

4x100 -
.77, = .90

Where no entry appears in any part of a cell (or in an entire cell), there were
no noncompliances assignable to that category in that period. Shaded cells mean
that there is no corresponding cause code: for instance: there is no such
revised cause code as H-3.

With this example in mind, we can now interpret the information presented in
Tables 14 and 15. These tables summarize which elements of a licensee's
organization are responsible for deficient performance in specific procram
areas.
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ouane Arnold Unic 1 - Table 14
Management Problems (Rows M and 4)

Looking at the data in these two rows, we see fairly large entries over the
better part of the two year period in two areas: "failure to follow procedures
(P) and "improper or inadequate functional and surveillance testing (Q)." The
first problem area stemmed from both poor management ability (row 4) and attitude
(row M); however, there was general improvenent toward the end of the two year
period. The second problem area was primarily due to poor management attitude
(row M) which had not been resolved by the end of the case study period; poor
management ability (row 4) was a small contributor to the problem area in 1976
but was not a discernable factor in 1977

Other problem areas traceable to poor management attitude (row M) in 1976 were:

1) Inadequate plans and procedures (code G),

2) Failure to take adequate and timely corrective action, in response
to I&E inspector identified items (code H),

3) Improper or inadequate maintenance of equipment not classified as
safety devices (code E),

4) Improper or inadequate calibration (code F), and

5) Poor seiection and training of personnel (code R)

Items 1, 2, and 3 did not recur in 1977. Items 4 and 5 recurred as a management
ability problem (row 4) in 1977. One p~oblem due to management ability (row 4)

occurred in "personnel - insufficient supervision {code T)" in 1977.

Personnel Problems (Rows 3, P, and 1)

With one exception, all program areas that were affected by dcficient personnel
performance were affected because of poor ability (row 1). The areas affected
during the two year case study were:
1) failure to follow procedures (Code P) (also due to poor attitude),
2) [Improper or inadequate calibration (Code F),
3) Improper or inadequate maintenance of equipment that is not a safety
device (Code E),
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4) Improper or inadequate functional and surveillance testing (Code Q),
and

5) Improper control action with respect to the facility (Code N).

Of these, only items 1 and 5 showed a reduced impact from 1976 to 1977, while
items 2 and 4 showed an increased impact from 1976 to 1977. Item 3 was
detected in 1977 only.

The areas of major and mincr impact for the case study period are summarized
in this table, where X indicates a major impact and * a minor impact:

Management Personnel
Ability Attitude Ability A*+itude
Inadequate Plans or Procedures »
[nadequate Manzgement (failure .
to take timely corrective
action)
Failure to Follow Procedures X X X X

Improper or Inadequate
Calibration

Improper or Inadequate . »
Maintenance

Personrel-Insufficient .
Supervision

Improper or Inadequate X X *

Functional or
Surveillance Testing

Operator Error »

Personnel-Poor Selection or * *
Training

While the impact of deficient management performance on the facility can only be
inferred, the impact by personnel is direct: personnel's poor performance was
due to deficient ability in several arecs.

For management, both improvement and decline can be seen over the study
period: management attitude improved toward following procedures (Code F),
selecting and training personnel! (Code R), maintenance (Code E), general
plans and procedures (Code G), and taking adequate corrective action (Code

- 1079 217



H); attitude declined toward calibration (Code F) and functional or surveillance
testing (Code Q). Management ability improved in following procedures (Code P),
devising adequate calibration requirements (F), supervising personnel (T), and
in devising functional or surveillance test procedures (Q); their ability
declined in selecting and training personnel (R).

But while management made significant improvement in both attitude and ability,
in 1977 as compared to 1976, the impact of this improved management performance
on personnel appeared to have limited effect. Personnel improved in their
ability to follow procedures (P) and to operate the facility (N), but

their ability to properly calibrate (F) and test (Q) the facility declined

and a new inability to properly maintain equipment taht is not a safety device
was noted. Essentially, some of management's improvements in performance
appear to have shifted the basic problem from overt operational risk toward

the latent risk or undetected maloperation of systems.

Zion Unit 1 - Table 15

Management Problems (Rows M and 4)

During 1976 and 1977, the activities highly affected by poor management attitude
(Row M) were: '

Inadequate plans and procedures (Code G),
Failure by management to take adequate and/or tin:ly corrective
action (Code H), and

e Failure to follow procedures (Code P).

Over the study period, management's attitude toward plans and procedures (G)
worsened, but it improved in 1977 in the latter two areas.

To a lTesser degree, management attitude also affected these areas:

o Improper or inadequate calibration (Code F), and
e Improper or inadequate maintenance (Code E).
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During 1976, the areas affected by poor management ability were:

e Impreper or inadequate maintenance of non-safety devices (E) - also
noted under poor attitude,

o Insufficient supervision of personnel, including subcontractors,
(Code T), and

e Safety devices not provided (Code L).

These areas were not affected in 1977, but poor management ability affected
two new areas, though to a rather small extent. These areas were improper
or inadequate functional and surveillance testing (Code Q) and improper
control action with respect to the facility (Code N).

Personnei Problems (rows 3, P, and 1)

In 1976, poor personnel attitude (row P) and ability (row 1) had a major

impact in “failure to follow procedures (Code P)." Note that there were also
deficiencies in the communication from personnel to management in terms of
seeking information, as shown Ly the moderate impact in row 3, which represents
arrow 3. The poor attitude exhibited by management in this activity area

may have resulted in personnel's €ailure to seek information from management
about procedures.

Most of the noncompliances attributable to personnel stemmed from poor ability
(row 1). This lack of ability primarily affected:

e Failure to follow procedures (Code P), and
e Improper or inadequate functional and surveillance testing (Code Q).

To a lesser extent, poor ability showed up in:
e Improper or inadequate calibration (Code F), and

e Operator error an. mproper control action with respect to the
tacility (Code N)
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Personnel's ability to "follow procedures” (Code P) improved somewhat in 1977,
but ability worsened in the areas of operator error (Code N) and functional
and surveillance testing (Code Q). A new area of deficiency - improper or
inadequate maintenance (Code E) - was detected.

The relationship of management'; and personnel's deficient performance is
clezrer for Zion than for Duane Arnold. In 1976, maragements' poor attitude
toward procedures and their implementation obviously affected personnels’
attitude and ability in this area. Other areas of deficient personnel
activity may be related to those areas about which management had a poor
attitude or poor ability; however, it is important to note that management
clearly showed a poor ability to sufficiently supervise the personnel.

The worsening of management's attitude toward the adequacy of plans and
procedures (Code G) during 1977 seemed to offset the general improvement in
management attitude toward functional performance of procedures (P) as well
as the timeliness of that performance (H). Management also began to show
inability in areas of supervision, providing safety devices, functional and
surveillance testing, and facility operation. It seems as though management
followed general procedures more promptly,but with reduced quality or ability
showing up in other areas. However, the improvements in general management
performance do not appear to be reflected in an improvement of personnel
ability to operate the facility correctly(N) or to assure that the latent
risks identifiable in surveillance testing(2) were reduced. Thus while the
licensee's management appears to have improved, the licensee's personnel
have not. It would appear that management's improvem.at in some areas have
helped to lower operational and latent risks; however, the thrust of the
inspector's attention must be given to personnel’'s ability to achieve any
additional risk reduction.

We believe that the results of this analysis for both Duane Arnold and Zion
Unit 1 demonstrate the feasikility of using the revised cause codes as a
dragnostic tool for performance evaluation. These case study results offer
insight that can result in a qualitative assessment of the various risk
components presented by licensee performance. Unfortunately, due to the
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Timited resources available for our work on the revised cause codes, we cannot
come to any broad conclusions as to whether this approach would permit “thres-
hold" analyses similar to those developed for the LERs. However, this analysis
demonstrates that the underlying causes of poor performance differ from
licensee to licensee.

The Interaction .f the Inspection Process and the Licensee

While LERs are generated by the licensee himself, it is important to recoanize
that noncompliance data result from an external measurement process.

This process produces data which, when converted into the FPM domain by means
of the revised cause codes, can be used for performance evaluation.

In many physical measurements, the interaction of the measuring device with
the quantity being measured is insignificant. But here, the measuring device
{the I&E inspector and the inspection process) is intended to have an effect
on the subject being measured (the licensee). The objective of the inspection
process is to identify noncompliant activity within a licensed facility and
bring this to the attention of both I&E management and the licensee organi-
zation.

The items of noncompliance identified in an inspection report are negative
statements to both the licensee and I&E management. The negative statements
provide both a source of data for performance evaluation and information to
the licensee about the program areas and activities requiring corrective
action. Since this corrective action is an intended effect of the measure-
ment process, any performance analysis using data gathered through the
insnection process must consider the degree to which the inspection process
responds to the licensee and the licensee to the inspection process. This
interaction is an indicator of

e the way in which the inspection process views the licensee (Is the
inspector artificially "running up the score" or is he ignoring
certain problems? This bias may or may not be intentional.), and

e the responsiveness of the licensee to negative inspection process
findings--over a period of time, does or can the licensee react
to reduce negative findings?
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The first issue--how the inspection process views the licensee--is a factor
in "detectability” of noncompliances.

What would be appropriate measures of whether or not the inspector is "running
up the score"? The answer to this question lies in the total number of non-
compliance items that are associated with any of the FPM model elements
(1icensee organization elements or relationships) and the rate at which these
items are detected. An inspector spends a large fraction of his time inspecting
the licensee according to a standard schadule for conducting the inspection
modules. The time the inspector spends inspecting against a module as well

as the number of noncompliances identified as a result of the inspection are
recorded in the 766 System by module number. Because each module is inspected
relatively infrequently, the noncomplianc~ data resulting from any cne module
(even over two years) is too spa~se to yield meaningful information. But
since most of the modules direct the examination of the specific elements

of a licensee's organization, the noncompliance items identified under each
module reflect the licensees organizational elements (management, personnel,
facility) and/or relationships under inspection. Assigning the revised cause
codes to each identified noncompliance item permits the identification of the
licensee organizational element ¢~ relationship responsible for the noncom-
pliance item. The total number of Ms, Ps, 1s, or 4s detected across all
modu.es in a period can provide data of sufficient density and is firmly
related to the licensee's structure and operation.

By determining the total number of Ms, Ps, 1s, or 4s detected by all modules
inspected in a period, and dividing that number by the total time it took to
detect them, we can arrive at a rate (noncompliance items/hour) of detection
for each FPM element. An example will show how we made these calculations.

Suppose for a given six month period a 'icensee has nine noncompliance items
in three modules, as shown in this cnart.
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Module A Module ? Module C

Module
Hours 8 R 12
NC's one "M“ three "M" three "M"

one "pP" one “3"

Because the 766 file does not record how Tong it took the inspector to find
each noncompliance, we can only apportion the time fo~ a module equally
over all the related noncompliances. If we are interested in determining a
rate for "M", the FPM element representing management, the hours to detect
the seven "M" noncompliances in the chart are:

4 hours from Module A
9 hours from Module B
9 hours from Module C
Total: 22 hours to detect seven "Ms".

Therefore, for this six month period, "M" had a rate of 0.3 noncompliance
items/hour for 7 items. To simplify further discussion, we will define a
noncompliance rate and the associated number of noncompliance items, calculated
as discussed above, as the DEP (detection efficiency/deficiency prevalence)
parameter for any FPM element or relationship. The DEP can be expressed as:

DEP = [FPM element/relationship] (noncompliance rate [n.c.'s/hour], total
noncompliance items);
for the previous example:

DEP = M (.3, 7)

Since project resources did not permit the revised cause codes to be tested
on more than two case studies, it is not possibie at this time to say what
levels of DEP are high or low. However, we can discuss the DEP concept in
relative terms. Table 16 shows the four possible combinations of relative
noncompliance rates and noncompliance item totals. This table is self-
explanatory and describes the interaction between the inspection process
(the measurement process) and licensee performance (the measured quantity).
The full implications of this Table will be appreciated in the light of the
discussion which follows.
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Table 16
Detection Efficiency/Deficiency Prevalence (DEP)

Rate (noncompliance items/hour)

High Low
Inspector may be on the verge % Licensee's organizational element. is perforning
of identifying a problem area well (assuming the licensee is a "better"”
@ | performer according to the LER indicators)
213
@ - e The inspection process is not operating properly
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