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ABSTRACT

A preliminary study was conducted to determine how the insights

gained through the Reactor Safety Study(l)

might be applied to improve
the efficacy of nuclear power plant inspection activities. Abstracts
of Licensee Event Reports and non-compliance citations for all operating
plants for selected periods were reviewed to identify and classify per-
formance deviations associuted with risk-mitigating systems. Procedural
deficiencies were observed to be an important factcr in these deviations.
Although no changes in the inspection program can be recommended as a
result of this preliminary study, possible approaches to improving the
efficiency of the inspection program were identified. Further study of
the following areas is recommended.
(1) The allocation of inspection effort based on the
relationship of each inspection activity to the
control of risk
(2) The use of Licensee Event Reports and non-compliance
citations to identify the causal factors in performance
deviations or as the basis for the evaluation of the
risk-related performance of plants
(3) The review of test and maintenance procedures for risk-
mitigating systems to identify procedural inadequacies

that lead to performance deviations.
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Introduction

This report describes a preliminary study, conducted in two
phases, for the U.S. Nuclear Regulatory Commissioa to determine how
the insights developed through the Reactor Safety Study (RSS)(l) might
be applied to improve the efficacy of nuclear power plant inspection
activities. Phase T was principally a familiarization phase in which
the Inspection Manual of the Office of Inspection and Enforcement was
reviewed to identify modules containing risk-related activities.
Efforts during this phase were aided by discussions with members of
the headquarters staff and included a plant visit with an inspector.
The Phase 1I activities were divided into two tasks which examined:
(1) The Sensitivity of Reactor Risk to Non-Compliance and (2) The

Adequacy of Test and Mainteaance Procedures.

Limitations of the Study

The intent of this study was to gain a sufficient under-
standing of the inspection process and its relationsnip to the
mitigation of risk to determine whether insights obtained from the

Reactor Safety Study could be of assistance in the orientation of

results of this review to possible changes in the inspectiorn. program,
it was recognized that only the staff of the Office of Inspection

and Enforcement has an adequate understanding of the inspection
process to fully appreciate the implicaticns of the material pre-

1
|
I
|
inspection efforts. Although Battelle has attempted to relate the
sented. Consistent with the preliminary nature of the study only

the Operating Phase of the Inspection Manual was considered. 1In
addition, the results were not expected to include, or be based on,
extensive quantitative analysis or in-depth review of occurrences.
The information sources used in the study contained brief summaries

of citations and occurrences, from which the affected systems, their
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states of failure, and causes of failure were identified and catego-
ized; the full reports of these deviations were not reviewed. Summa-
ries of citations over a period of about one year, and those of occur-

rences over a period of about six months were reviewed.

Definition of Terms

Risk Mitigating Systems. For the purpose of this study risk

mitigating systems were defined as those whose failure on demand can
result in the important accident sequences ident’fied in WASH-1400.
These systems are listed in Table 1; note that no ranking by relative
importance is intended. Risk mitigating systems are not the only
systems in the plant that are risk related. Systems involved with
accident initiators such as the primary coolant system or the plant
control system also affect risk. In the Reactor Safety Study, acci-
dents involving fuel melting, which exceed the design bases of the
plant, were found to dominate the risk to the public. The functioning
of the risk mitigating systems has a major effect on the avoidance of
fuel melting or the reduction of the consequences of accidents involv-

ing fuel melting.

Common Cause or Common Mode., Common cause failures are

failures of two or more components by the action of a single failure-

"common cause' is preferred over "'common

inducing mechanism, The term
mode', but both are used here with the same meaning. Common cause
failures are particularly important in nuclear power reactor risk
because redundancy is provided in the safety systems. The prob-
ability of the simultaneous failure of all of the redundant trains

of a system can be much higher for a common cause fault than would be

the case if the failures for each train were independent.

Performance Deviation. The term performance deviation is

used in this study to represent system faults that are the direct
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result of human error. Human errors that are citable or must be
reported in Licensee Event Reports (LER's) are examples of performance
deviations. The definition is intended to include all human errors

that can reduce the availability of riskmitigating systems.




TABLE 1. RISK MITIGATING SYSTEMS*

Auxiliary Feedwater (PWR)
Consequence Limiting Control (PWR)
Containment Heat Removal (PWR)
Containment Leakage

Containment Spray Injection (PWR)
Containment Spray Recirculation (PWR)
Electric Power Systems

Emergency Coolant Injection
Emergency Service Water (BWR)
High-Pressure Recirculation (PWR)
High-Pressure Service Water (BWR)
Low-Pressure Recirculation (PWR)
Reactor Protection

Safety Injection Control (PWR)
Sodium Hydroxide Addition (PWR)

Vapor Suppression (BWR)

*Risk mitigating systems are defined
as those whose failure on demand can
result in the important accident
sequences identified in WASH-1400.



Review of Inspection Modules

The initial task of the study was a review of the inspection
modules for the purposes of (1) becoming familiar with the inspection
process, (2) identifying the modules which are used to monitor risk-
related activities, and (3) evaluating the degree to which the inspect-
ion program is oriented toward factors that influence risk. Familiar-
ization activities included discussions with IE headquarters staff and
the observation of a portion of a plant inspection.

The inspection process is guided by procedures or modules,
(2 These

modules provide detailed instructions and guidance for the inspection

as they are called, contained in the Inspection Manual.

of all types of licensed facilities. Fach inspection activity is
included in a module. The modules form the basis of a tracking system
used to ensure the timely inspection of various activities. The scope
of the present study was restricted to the review of the Manual Chapter
covering the operations phase of light water power reactors. This
chapter is comprised of nearly 100 modules that range from the conduct
of meetings with plant management to the technical review of in-service
inspection test results. About 30 of these modules are completed
annually on a routine basis at an operating plant. These were reviewed
to identify the ones directly involving the inspection of risk mitigat-
ing sys. 5. The purpose of this review was to determine the extent to
which risk mitigating systems were examined in plant inspections.

The eight modules listed in Table 2 were judged to have a
direct relationship to the risk mitigating systems identified in
Table 1 and include those modules that have specific inspection require-
ments for these systems. For inspection purposes, plant systems are
generally grouped by the categories used in the standard Technical
Specifications: Reactivity Control and Power Distribution, Instru-
mentation, Reactor Coolant, Emergency Core Cooling, Containment, and
Plant and Electric Power. It should be noted that each c¢f the risk
mitigating systems identified from WASH-1400 is included in these more
general categories. These important systems will therefore be reviewed
periodically by the inspector at some level of frequency in the current

inspection program,



TABLE 2. ROUTINE INSPECTION MODULES WITH DIRECT
RELATIONSHIP TO RISK MITIGATION SYSTEMS

Module

Number Title

42700 Procedures

56700 Calibration (Technical Specification Requirements)
56701 Calibration

61700 Surveillance

61701 Surveillance (Complex Systems)

62700 Maintenance

71710 Review of Plant Operations

71720 Review of Safety Limits, Limiting Safety System

Settings, and Limiting Conditions for Operation




A relatively small fraction of modules, 8 out of 40, was
judged to have a direct association with risk mitigating systems.
This fraction does not accurately iepresent the extent to which the
inspection program is oriented to the control of risk, however. First,
the various modules do not involve the same levels of i..spection; some
are done more frequently or require more time than others. Secondly,
some of the more general modules may not have direct association with
risk mitigating systems but have high significance to risk. Training
of plant personnel, for example, is a general activity which is very
important to risk. Thirdly, some fraction of the inspection effort
involves auditing of the plant surveillance program which has the
intent of reducing the likelihood of accident initiating events.
Finally, the modules noted are completed on a routine annual basis;
there are similar (and generally more complex) modules scheduled for
refueling periods and non-routine modules that are used to follow=-up
occurrence reports.,

In order to investigate more closely the risk orientation
of these modules, the periodic surveillance requirements of the
standard Technical Specifications for a specific plant were tabulated
according to the systems identified for review in the modules. The
results of this comparison are shown in Table 3 where the total num-
ber of requirements and number of requirements for risk mitigating
systems (for one year and one reactor) are listed for each system
category. Hourly and refueling requirements are not included in this
tabulation. Note that individual test and channel checks have been
counted, i.e., a check that is performed once each shift contributes
1095 requirements to the tabulation. There are no requirements
involving risk mitigafing systems in the Reactivity Control and
Reactor Coolant categories. These categories are more closely associated
with possible accident initiators rather than risk mitigating systems.

Table 3 indicates that the surveillance requirements for
risk mitigating systems are not evenly distributed among the cate-

gories. Since the module guidance generally directs the inspector



TABLE 3. APPROXIMATE NUMBER OF SURVEILLANCE
REQUIREMENTS PERFORMED PER YEAR*

Risk
Migitatiug
System Category** Systems Total
Reactivity Control & Power Distribution 0 6,190
Instrumentation 27,260 37,720
Reactor Coolant 0 5,030
Emergency Core Cooling 4,750 4,750
Containment 50 1,710
Plant & Electrical Power 2,610 4,700

* Tests performed during refueling are not included.
** Typical categorization used in inspection modules.



to review at least one test from each category, the auditing effort
may be evenly distributed with respect to system categories but not
necessarily with respect to risk-related surveillance activities.
Based on these observations, it is concluded that the potential exists
for improving the efficacy of inspection by weighting the sampling of
tests to be audited to obtain a representative selection of risk-
related activities.

An additional observation is that the number of risk-
related tests is too large to make complete review practicable, with-
out a significant increase in inspection effort. However, from a risk
perspective the complete audit of each of the activities of the plant
operator is not necessary. The principal purpose for reviewing tests
in the NRC inspection program appears to us to be to assure that the
management controls of the plant are effective rather than to cross
check the results of each test. In fact, occasional failure to per=-
form a test has very little effect on the unavailability of safety
systems or on plant risk. Ky examining a sample of tests, however,
the inspector should be able to evaluate how well the plant procedures
are being followed. It is recommended that a study be unflertaken to
develop a quantitative basis for the frequency of auditing surveillance
tests,

It was not possible within this effort to determine the
amount of inspection time that is presently allocated to different
inspection activities or to evaluate the degree to which these activ-
ities have a risk relationship. It is our general impression, however,
that an undertaking of this type would be beneficial and could lead to
an approach to the allocation of inspection time that could be more

efficient from the viewpoint of controlling public risk. It should

not be inferred that based upon risk analysis, the inspection effort
can be optimized in a rigorous sense. The relationship between the

NRC inspection effort and the risk to the public from nuclear power
plants i1s too complex. A critical evaluation of the various inspection
activities from a risk perspective, should lead to a better under-
standing of the merits and limitations of the existing inspection pro-
gram, however, The allocation of the inspection efforts might then be

established on a more quantitative tasis while recognizing that

considerable judgment will be required in the quantification. :
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The Sensitivity of Reactor Risk to Non-Compliance

In the role of enforcement, the inspection staff reviewe the
activities of the owner/operator to assure that the nuclear power plant
is operated in comformity with applicable regulations and commitments.
Recognizing that acts of non-compliance will occur in the operation of
nuclear plants, the intent of this task has been to evaluate the impact
of non-compliances on public risk. Although a very difficult subject
to address quantitatively, the relationship between risk and non-
compliance is a very important one for the NRC to explore. It is
important to understand this relationship not only for assessing the
manner in which a utility is operating a plant but also in evaluating
the effectiveness of the NRC's own inspection program.

In order to characterize the various types of non-compliances,
a number of citations were reviewed. The Enforcement Text for all
operating reactors for the approximate period of July, 1976, to July,
1977, was provided by the NRC for the study. This portion of the
text contains 1269 citations issucd to operating power reactors. Each
citation in the Text is identified by a code that associates the devia-
tion with regulatory and licensing requirements and with inspection
procedures covering all of the various aspects of plant operation.
These codes provided a convenient means of locating citations that might
be risk-related. The codes identifying citations related to (1) op-
erating license conditions, (2) technical specification requirements,
and (3) safety analysis report commitments were judged to be the only
ones that would be of interest to this study. Further, within these
three general areas it was possible to eliminate a number of specific
codes dealing with areas that obviously are not risk-related: non=-
radicactive waste release, for example. Through the process of eli-
mination the list of applicable codes was narrowed as much as possible,
but without eliminating items of possible interest.

Risk-related citations were selected by first scanning the
citation identification codes for the particular requirement codes

that indicated a possible relationship to risk mitigating systems.
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Each entry so selected (there were about 350) was read and its relation-
ship to risk judged by its content. In making this final selection,
only those citations having a direct influence on the availability of
risk mitigating systems were considered; administrative deviations, for
example, were not included even though thev may have involved risk
mitigating systems indirectly. A summary of the citations by broad
requirement categories is given in Table 4. Of the 1269 citations,
57 were identified as risk-related; these citations are listed in
Appendix A.

The risk-related citations fall into two general categories:
(1) those having a divect contribution to unavailability in that
components or systems were found to be in an inoperable state, and
(2) those having a2 potential contribution in that they involved
activities that could either cause an inoperable state or fail to
assure operability. These categories are listed in Table 5; the num=
ber of citations in each category is also shown.

It is interesting to note that a large fraction (1212 of
1269) of ritations were not identified as having a direct relationship
to risk., If citations which relace to potential accident initiators
had been included, the fraction identified as having a direct risk
relationship would have been er:ater. However, most citations involve
administrative control failures such as failure to report an occur-
rence within a specified time. Although many of these citations appear
to have negligible significance to risk, a failure in any aspect of
management control could be indicative of a general laxness affecting
the safety of the plant. In the preliminary review of citations per~
formed in this effort, however, there was no apparent correlation
between the total number of citations received by a particular plant
and the number of citations that we have identified as risk related.
The total number of citations may not, therefore, be a reliable

measure of the risk to the public from a plant.
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TABLE &4, REQUIREMENT CATEGORIES AND NUMBER OF CITATIONS

Number of

Code Requirements Citations*
A 10CFR20 115

B I0CFR30, 21, 32, 33, 3, 35, % 2

c 10CFR4O 0

D 10CFR50 25

E 10CFR50 Appendix B 280

F Facility Lic. Conditions & Tech. 802(57)

Specs.

G 10CFR50 Appendix J 1

H 10CFR19 17

J 10CFR55 6

K 10CFR70 2

L 10CFR71 4

M Materials Lic. Conditions 4

N 10CFR73 2

P 10CFR150 5

R Safeguards Lic. Conditions 7

S Safety Analysis Report Commitments 0

 § 10CFR21 0

v Vendor Program Deviations 5

=

* Risk~related citations in parenthesis.



13

TABLE 5. NON-COMPLIANCE CATEGORIES

Direct Contributors:
Operation with Inoperable Systems or Components (15)%
Valves Improperly Aligned (5)

Improper Calibration (1)

Potential Contributors:
Post-Maintenance Test Not Performed (3)
Maintenance Performed Without Procedures (2)
Test Performed Without Procedures (2)
Calibration Performed Without FProcedures (1)
Maintenance Procedures Inadequate (8)
Valves or Circuit Breakers Not Locked (7)

Test or Calibration Interval Exceeded (13)

* Number of citations in parenthesis.

Source: Enforcement Text for Operating Reactors, 7606 to
7707.
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In reviewing the risk-related non-compliance categories, it
is apparent that many of the types of faults that underlie non-compliance
citations are the same kinds as considered in the fault trees in WASH-1400
to be human error contributors to svstem unavailability. If we use the
term performance deviations to represent human errors in plant operations
(including testing, maintenance and management function), the acts that
result in non-compliance citations can be considered to be a special class
of performance deviations.

An additional source of data on performance deviations can be
found in the Licensee Event Reports (LER's). LER's published in Nuclear
Safetv3 and having report dates from August, 1976, to February, 1977,
were reviewed under the same selection criteria used for citations. The
LER's with a direct relationship to risk mitigating systems are listed
in Appendix B. Relative numbers of risk-related citations and LER's are
| summarized in Table 6. No extensive effort was made to correlate these
citations and LER's because of the somewhat disparate time intervals
involved and the brevity of the descriptions used. From a cursory review
it appeared that, while several citations were associated with LER's,
the two compilations are generally independent. The tabulations in
| Table 6 indicate that there are significantly more LER's than citations
issued. This difference is understandable when the reasons for both

tvpes of reports are considered. It might be expected that non-compliance

that result in a Licensee Fvent Report. For example, the violation of a
Technical Specification limit which would result in a non-compliance
citation might reduce the level of redundancy of a system below what was
considered acceptable when the limit was established. On the other hand,
the occurrences in the LER's appear to have the same basic causes as the
non-compliances and are probably as good an indicator of deficiencies in
plant management control as the non-compliances. The relatively greater
number of LER's suggests that they form a broader source of information

!
citations would be more severe from a risk viewpoint than the occurrences
on performance deviations.

!

I

;
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TABLE 6. RELATIVE NUMBERS OF CITATIONS AND EVENT
REPORTS RELATED TO RISK MITIGATING SYSTEMS

Number of Reports*

Contribution Citations LER's
Direct 21 51
Potential 36 20

TOTAL 57 71

Definition of "Contribution"

Direct: A condition of inoperability existed

Potential: Deviations that could produce a
condition of inoperability

* Selected from listings of approximatel- 1200 each
of citations (l-year period) and LER's (6-month
period).
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Contribution of Performance Deviations to Risk

In order to evaluate the impact of performance deviations on
risk, the contribution to system unavailability of various types of
human errors was examined within the context of the fault trees which
had been developed for WASH-1400. 1In the quantification of the WASH-1400
fault trees, system unavailabilities were considered tc be comprised of
the following general contributions:

e Hardware failures

o Test and maintenance unavailabilities

e Common cause failures.

These three categories include contributions from human errors, which
differ both in nature and importance in each case. At this point we
will explore how the various types of performance deviations within
these categories can influence system unavailabilities. As defined in
WASH-1400 hardware failures are comprised of failures that are independ-
ent of any others that might occur. Both equipment failures and human
errors were included as hardware failures in the WASH-1400 analysis and
both contributed quantitatively to system unavailability in the same
wav., The performance deviations we have identified as being related to
hardware failures are of two types: (1) those that contribute directly
and appear explicitly as human errors in the WASH-1400 fault trees; and
(2) those that contribute in a more subtle way as a degrading influence
on equipment operating or demand failure probabilities. The following
are examples of the first type:

Valves improperly aligned

Instruments improperly calibrated

Bistable switches in the test position.

Functionally, these failures which are the result of human error are
the same, respectively, as the equipment failures: (1) a valve that
does not operate due to a mechanical or control circuit component

failure, (2) an instrument that does not respond properly due to an

electronic component failure, and (3) a logic train that does not
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operate properly due to a faulty relay coil or contact. It should be |
noted that other types of important human error contributions were
considered in the Reactor Safety Study: these can be categorized :
generally as errors committed under emergency conditions, i.e., after

the initiation of an accident. Such errors would not be likely to

appear in the sources used in this study. In addition, this study has

been concerned principally with performance deviations associated with

f
i
|
1
!
normal test and maintenance activities, as would be audited in the ]
|
course of routine inspections. 4
l

Examples of the second type of performance deviation that ]

I

influence equipment failure probabilities in a more indirect manner |
are: . %
Surveillance test interval exceeded or not performed
Post-maintenance test not performed
Maintenance performed without procedures
Test performed without procedures
Calibration performed without procedures
Inadequate test or maintenance procedures.

The contributions of deviations of this tvpe do not appear explicitly

in the fault trees, although they can contribute to the failures that
do appear. They also have the potential to cause or allow a component
to be in a degraded state of operability because of improper and
undetected mechanical or electrical adjustment, for example. The
observable result of this type of performance deviation is a higher-
than-normal component failure rate.

The WASH-1400 category "test and maintenance unavailabilities"
is comprised of the unavailabilities caused by the intentional removal
of systems from service for testing and maintenace. The deviations
that contribute directly in this category are those related to operation
under conditions exceeding the limits of Action Statements of the
Technical Specifications. These performance deviations contribute to
risk because systems operate with reduced redundancy during these
outage time intervals, and because extension of these intervals bevond

the prescribed bounds represents an increase in the normal unavailability,
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The remaining category of risk contributors is that of
common cause faults. Human error can be a major contributor to common
cause faults because humans (operators and technicians) provide a
commen link between the separate pieces of equipment in the plant.
For example, a poorly trained technician who miscalibrates one
instrument may very well miscalibrate the same instrument in a
redundant train if both instruments are his responsibility. Tables
7 and 8 illustrate the percentage of the unavailability of safety
systems attributed to common cause faults in WASH-1400 for the PWR
and BWR. In the comments column the source of the common cause is
identified. From these tables it is evident that, for many safety
systems, common cause faults can be the principal contributor to
system unavailability. In the majority of these examples from
WASH-1400, human errors were the source of the common cause faults
identified. Performance deviations of this type, with the potential
for common cause failures, should be of particular concern to the
inspection program. In a poorly managed plant, the factors that could
result in a strong common cause coupling between failures would be
expected to exist, such as inadequate training, poor procedures or a
general degradation of the quality assurance program. Thus it is
reasonable to speculate that the common cause contribution to system
unavailability could be significantly greater in a poorly managed
plant relative to an average plant.

Thus far we have attempted to establish the relationships
between performance deviations and risk by associating the various
types of deviations with system unavailability. To summarize these
briefly, performance deviations contribute to risk in two ways:

(1) as direct contributions that produce an immediate state of
component inoperability, and (2) as indirect contributions that

tend to increase the probability of component failure. In addition,
performance deviations can occur as independent events, much in the
same manner as random hardware failures, or as coupled events that
produce simultaneous common cause states of failure in two or more

redundant components.
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existing procedures, we believe it was sufficient to gain some valuable
insights. There was enough variation in similar procedures for a single
plant to recognize the types of inadequacies that might lead to the
deviations of interest. As noted eariier the deviations that have the
greatest impact on risk ace the ones that result in inoperable components.
According to the guidance of the Inspectiqn Manual, test, calibration,
and maintenance procedures should include steps to assure that all
equipment is properly returned to service, i.e., that it is operable
following such activities. From the standpoint of risk, these appear

to be the most important steps in procedures that guide the testing and
maintenance of safety systems,

We are concerned here with three kinds of activities: test-
ing, maintenance, and calibration. FEach of these involves removing
parts of systems from service, performing the activity, and returning
the affected parts to service. The possible types of deviations and
the preveatative measures to avoid these deviations are therefore
similar. Given the above observation, the appropriate way to reduce
the frequency of performance deviations would be by improvement of
procedures and their use.

Six types of procedural steps to return equipment to service
were found in surveillance test procedures:

1. A precautionary note at the beginning of the pro-

cedure to return all switches to their original
positions after completion of the test

2. Notes in the body of the procedure to return

particular groups of switches to their original
positions

3. A note near the end of the procedure to return all

switches to their original position

4. Steps in the procedure tc return particular

switches or valves to a particular position
5. Steps in the procedure, as above, followed by
a step requiring independent verification
6. Check lists, particularly for valves, that

show the proper positions after testing,

s e e N e e e e
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Observations and Conclusions

The objective of the effort that has been undertaken was to review

the inspection program of the NRC from a risk viewpoint in order to identify

|

.

!
ways in which the program might be made more efficient or more effective. |
The task is a difficult one because the relationship between inspection 1
and risk is very complex. For example, the mere presence of the inspector,
with the implicit threat to the utility management of the discovery of
non-compliance, has the effect of strengthening management efforts. The f
quantification of this effect in terms of improved plant safety is very |
| difficult, however.

In the performance of this study a number of observations and con-
clusions have been made which relate to the effectiveness of inspection

efforts. Some of these are reviewed in the following paragraphs.

Review of Inspection Program

e Within the broad scope of the inspection program, test,
calibration and maintenance operatinns are reviewed
periodically for each of the systems identified in WASH~1400
as having high importance to risk.

| ® Too many test and maintenance activities are performed at

] a plant for the inspector to review each. From a risk

’ standpoint the inspector needs only to review an adequate
sample to assure that a systematic deterioration in the
management control of the plant operations does not exist.

® Guidelines for the frequency of inspection of various plant

than a quantitative or statistical basis.

® No relative weighting of inspection effort is given among
systems identified for review according to the potential risk
importance or number of periodic surveillance requirements

!
|
|
activities are based almost entirely on judgement rather
of the system.
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® Some improvement in the efficiency of the inspection program

|
28
can probably be made through a systematic allocation of in-
|
|

spection effort developed on a semi-quantitative basis without

reducing the coverage of risk-related activites.

The Sensitivity of Reactor Risk to Non-Compliance

® The results of WASH-1400 indicate that human error in testing
and maintenance can be an important contributor to risk., A
poorly managed plant with a resulting higher rate of human
errors could be expected to pose a higher risk than an average
plant. Since the inspection and enforcement effort focuses
on assuring the effectiveness of plant management control,
the inspection effort can have a direct influence on risk
magni tude.

e Acts of non-compliance by the owner/operator can be viewed
as a subset of a broader class of human errors which we
nave called performance deviations.

® Citations issued for the violation of technical specification
requirements would be expected to be indicative of increased
risk. However, because a large fraction of non-compliance
citations have little direct relationship with risk, the
total number of citations may not be a good performance
indicator for a plant.

® Licensee Event Reports are an important source of data on
plant performance. The review of abnormalities in plant
operation is an effective means for the inspector to
uncover problems in both equipment performance and manage-
ment performance.

e Expanded analysis of Licensee Event Reports and Citations
could be effective in identifying faulty equipment, faulty
procedures or as a performance measure for plant management

control.
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e The occurrence of performance deviations (human errors)
cannot be eliminated. From the limited number of LER's
and citations reviewed, there was no indication of a frequency
of human errors higher than would be expected.

® The occurrence of performance deviations can usually be
attributed to inadequate procedures or failure to follow
procedures. By identifving the causes of procedural
inadequacies, NRC should be able to effect changes that

could reduce or control the rate of these errors.

Adequacy of Test and Maintenance Procedures

e The ANST standard (N 18.7-1976) for the writing of procedures
appears to stress the key elements of good procedures.

e Significant variations existed in the format and quality
of the small sample of procedures reviewed in this effort.

® Procedural steps to return equipment to service following
tests are an essential aspect of good procedures. These
steps are handled in a variety of ways, apparently with
different degrees of effectiveness.

e Although the technical adequacy and completeness of testing
procedures are believed to have an important impact on risk,
the Technical Specifications prescribe the manner of testing.
The inspection program can, therefore, influence the technical
adequacy of procedures only to the degree to which the

procedures satisfy the Technical Specifications.

The purpose of the Operations Phase of the Light Water Reactor
Inspection Program "is to obtain sufficient information through direct obser-
vations, personnel interviews, and review of facility records and procedures
to ascertain whether the licensee's management control program is effective
and whether the facility is being operated safely and in conformance with

(2)

Regulatory requirements Each of the activities (direct observation,
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personnel interviews, review of facility records, and review of procedures)
appears to be essential. In addition, data analysis could be a beneficial
additional acitivity within the inspection program. In order to improve
efficiency, it is essential to know how effective each of these activities
is. Unfortunately, the inspection program lacks both measures of performance
for the owner/operator and measures of effectiveness of the inspection
program itself. Without these types of measures, it is difficult to reduce
inspection effort or redirect inmspection effort with assurance that the
effectiveness of the program is not being decreased. In order to develop
these measures, considerable additional understanding must be developed

of the relationship between the inspection program and reactor risk.

Recommendations

Based upon the conclusions that have been drawn from this effort,
the following recommendations are made. At this time, it is premature to
suggest changes in the current inspection program. Each of the recommen-
dations would involve investigations which as their end product would evaluate

the potential advantages of changes in the program.

e A .eview should be undertaken of the allocation of inspection
effort. In addition to protecting the safety of the public,
the inspection program has other functions such as the pre-
vention of the diversion of nuclear materials. Each of
the activities in the existing program should be reviewed
and the intended function identified. Inspection activities
that are associated with the control of public risk should
then be evaluated in terms of their effectiveness and their
relationship to risk. Although it will be difficult to
quantify the relationship between inspection activities and
risk, the exercise of making semi-quantitative or qualitative
judgements of these activities will help to clarify the role

of the inspection program in the control of risk. TIncluded
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in this study would be an analysis of the guidelines used to
specify the frequency of inspection activities,

Licensee Event Reports and non-compliance citations should
be reviewed for an operating period of a number of years.
The events should be categorized by cause similar to the
breakdown presented in Table 5. The data should be analyzed
to identify underlying causal factors for system faults and
to evaluate the potential use of evaluated data as perfor-
mance measures,

Test and maintenance procedures should be reviewed from a
cross section of reactors. The quality of these procedures
should be evaluated in terms of consistency with the ANSI
guide. Deficiencies in procedures should be identified

and the root causes of poor procedures determined where
possible. For the reactors whose procedures are being
studied, reported occurrences should be reviewed and the
causes of the occurrences traced back to procedural in-
adequacies or other types of breakdown of plant management

control,
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APPENDIX B

SELECTED RISK~-RELATED ABNORMAL OCCURRENCES
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TABLE B-1. SELECTED RISK-RELATED ABNORMAL OCCURRENCES

Date Occurrence Cause Docket

07-29-76 Core spray pump *low rate not tested as Change not incorporated into 50-155
required schedule

09-03-76 Diesel generator not retested after Misundertanding of criteria 50-155
maintenance

12-01-76 Emergency diesel generator start time Fuel governor marginal 50-155
exceeds limit

N9-24-76 Required surveillance of vacuum breakers Not posted on startup 50-220
not performed check-off sheets

03-02-77 LPCI valve fails to reopen Limit switch out of adjust- 50-237

ment

11-26-76 HPCI found in closed position with Unknown 50-237
severed valve stem

08-24-76 Gas turbine generator becomes inoperable Improper alignment 50-245
during plant trip

09-15-76 All three safety injection pumps Suction valves closed 50-247
inoperahble

06-29-76 Supplemental report on LPCI valve motor Undersized overload heaters 50-249
trip

11-10-76 Drvwell spray valve fails to open Loose terminal 50-249

12-02-76 Diesel generator speed fails to increase Governor limit switch ocut of 50-249
from control room station ad jus tment

09-23-76 Diesel generator circuit breaker Closing springs not charged 50-250
inoperable

10-15-76 Diesel generator cooling water surge tank Sample valve not closed 50-259
level low completelyv

11-15-76 Charging pump connecting rod bearings fail Insufficient lubrication 50-250
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TABLE B-1.

SELECTED RISK-RELATED ABNORMAL OCCURRENCES (Continued)

Date Occurrence Cause Docket
07-29-76 Containment spray valve inoperable Motor hold-down bolts loose 50-254
08-20-76 Operability test on containment cooling Supervisor error 50-254
loop performed on wrong unit

08-19-76 Component cooling water pump bearing fails Improper alignment or 50-255

bearing slippage

12-21-76 Two DBA sequencers fail to operate Insufficient clutch disc gap 50-255

10-22-76 Core spray sparger vessel DP switch found sersonnel error 50-259
valved out

11-24-76 Diesel generator has erratic speed Dirty oil in governor 50-259
behavior

08-31-76 Auxiliary feedwater pump valve fails to Valve binding to seat 50-261
open

10-07-76 Containment fan cooler unit dampers fail Improper alignment and dirt 50-261
to function

11-09-76 Diesel generator fails to start on No. 2 Rust particles in air relay 50-263
starting system

08-20-76 Four drywell pressure switches inoperable Blocked sensing line 50-265

09-24-76 ECCS drywell high pressure switch found Personnel error 50-265
valved out

08-05-76 RPS channel fails to trip on high pressure Instrument root valve closed 50-270

08-23-76 LPI Train A taken out of service without Failure to follow tech specs 50-270
testing Train B

10-08-76 230 KV switchyard red bus and startup Error in implementation of 50-270
transformer isolated modification

09-16-76 LPCI pump flows limited by valving Incomplete communication for 50-277

change

10-05~-76 Permissive set point for core spray and Inadequate communication 50-277
LPCI improper

09-16-76 LPCI pump flows limited by valving Incomplete communication for 50-278

change
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TABLE B-1. SELECTED RISK-RELATED ABNORMAL OCCURRENCES (Continued)

Date Qccurrence Cause Docket

10-05~-76 Permissive set point for core spray and Inadequate communication 50-278
LPCI improper

08-04-76 Jumper not removed from pressure switches Jumper log not reviewed 50-280

09-17-76 Normaily closed isolation valve found open Inadequate administrative 50-281

control

10-07-76 Containment vacuum breaker train Switch left valved out 50-282
inoperable

09-15-76 Primary air start motor fails to Improper setting or pickup 50-285
disengage after DC start unit

09-13-76 Core flood tanks not sampled following Inadequate sampling program 50-287
makeup

11-15-76 HPT stop-check valves found to be closed Operator error 50-287

07-22-76 Containment spray valve fails to open Torque switch dropped out 50-295
fully too soon

10-15-76 Containment fan cooler dampers fail to Poor orientation of 50-295
shift modes counterweight arm

10-15-76 Unplanned dilution occurs Valve left open 50-295

08-18-76 Core sprav valve fails to operate Tripper pin dislodged 50-298

09-09-76 Safety relief valve adjusted incorrectly Personnel error 50-298

10-06-76 ECCS differential pressure switch found Equalizing valve left open 50-298
inoperable

10-22-76 Standby liquid control injection found Wiring error 50-298
inoperable

12-09-76 Containment isolation valve fails to close Operator related 50-298

e

R oV T TP Mt e DS e AT b

R P TR T



TABLE B-1. SELECTED RISK-RELATED ABNORMAL OCCURRENCES (Continued)

Date Occurrence Cause Decket
01-14-77 Containment pressure hi-hi status light Bistables in test position 50-304%
fails to energize
12-21-76 Boron injection tank outlet valve fails Packing gland misaligned 50-304
to operate
09-20-76 Diesel generator trips Disconnected pipe 50-306
10-14-76 Diesel generater fails te start Dirty oil in governor 50-312
01-14-77 Containment spray pump suction valve Personnel error 50-315
found closed
08-17-76 Diesel generator fails to start Isolation valve to switches 50-315
closed
11-17-76 Containment sump valve fails to close Stem bushing threads stripped 50-317
12-04-76 Service water outlet valves for diesel Operator error 50-317
generator closed
01-31-77 ADS permissive switch found valved out No reason determined 50-321
08-18-76 Diesel generator trips due to loss of Out-of-phase syncronization 50-321
excitation
09-23-76 Diesel generator trips due to tripping of Voltage regulator improperly 50-321
reverse PWER relay set
12-C8-76 Diesel generator fails Control air check valve 50-1324
rusted closed
08-19-76 Core sprav sparger DP instrument alarm Operator error 50-331
card found pulled
09-16-76 Pressure switch root valve found closed Vaive not on prestartup 50-1331
checklist
11-19-76 LPCI valve fails to open Motor burned up from excess 50-333
torque
08-23-76 Auxiliary feed pump inlet steam valve Valve shaft sheared 30-1336

fails to open
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TABLE B-1. SELECTED RISK-RELATED ABNORMAL OCCURRENCES (Continued)

Date Occurrence Cause Docket

09-03-76 Safety injection tank level found below Operator error 50-1336
limit

11-12-76 Safety injection supply valve fails to Torque switch set improperly 50-344
open

11-12-76 Reactor protection system interlock set Pressure bistables 50-344
incorrectly incorrectly adjusted

11-12-76 Supplemental information on RWST valve Bvpass switch set incorrectly 50-344
failures

11-12-76 Centrifugal charging pump suction valves Failed coil/torque switch 50-344
fail to open too low

12-03-76 HPCS pump fails to start automatically Wire pulled loose during 50-409

modification
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