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ABSTRACT

|

l

!

A preliminary study was conducted to determine how the insights |

gained through the Reactor Safety Study ( 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 associated 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 i
1

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.

I
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Introduction

This report describes a preliminary study, conducted in two
phases, for the U.S. Nuclear Regulatory Commissica to determine how
the insights developed through the Reactor Safety Study (RSS)( might

be applied to improve the efficacy of nuclear power plant inspection
activities. Phase I 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 II 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 Studv

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 i

Reactor Safety Study could be of assistance in the orientation of
inspection efforts. Although Battelle has attempted to relate the!

results of this review to possible changes in the inspectior. program,
it was recognized that only the staff of the Office of Inspection
and Enforcement has an adequate understanding of the inspection

I
process to fully appreciate the implications of the material pre-
sented. Consistent with the preliminary nature of the study only

; the Operating Phase of the Inspection Manual was considered. In
. 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

i

_ _ _ _ _ __ . _ _ _ _ _ _ _ . . _ _ _ . . . _ _ _ _ _ _ _ . _ _ _ _ ____ _- _ . . _ . _ _ _ . _ _ . . _ _ __
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states of failure, and causes of failure were identified and catego-
1

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
1

i

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 identf.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 ;

iaccident 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-

i

, 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-
inducing mechanism. The term " common cause" is preferred over " common |
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- i

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

i the case if the failures for each train were independent.

| Performance Deviation. The term performance deviation is

i used in this study to represent system faults that are the direct

.

i

- . --
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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 risk mitigating systems.

I
i
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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.

i

_______________________ _ ______ _ _ _ _ _
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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,
as they are called, contained in the Inspection Manual.(2) These
modules provide detailed instructions and guidance for the inspection
of all types of licensed facilities. Each 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 sysu.ro. 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 cf 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,

i

u . - - .
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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
i

71710 Review of Plant Operations

71720 Review of Safety Limits, Limiting Safety System
Settings, and Limiting Conditions for Operation

|

,

4



- -- - - - . . . - .

7

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 represent 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

i 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
,

istandard Technical Specifications for a specific plant were tabulated !

i according to the systems identified for review in the modules. The

i 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 mitigating 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

|
|

_- . - -- -
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TABLE 3. APPROXIMATE NUMBER OF SURVEILLANCE

REQUIREMENTS PERFORMED PER YEAR *

Risk
Migitating

Sys tem Category ** Systems Total

Reactivity Control & Power Distribution 0 6,190

Instrumentation 27,260 37,720

Reactor Coolant 0 5,0 30

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.

_ _
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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 i

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- I

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 i

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. By examining a sample of tests, however.

|
the inspector should be able to evaluate how well the plant procedures !

i are being followed. It is recommended that a study be undertaken 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
I inspection activities or to evaluate the degree to which these activ-
i
l ities have a risk relationship. It is our general impression, however,

that an undertaking of this type would be beneficial and could lead toi

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 th.e
NRC inspection effort and the risk to the public from nuclear power

|

plants is 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 basis while recognizing that
| considerable judgment will be required in the quantification. I
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The Sensitiv-ity 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 issued 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-

radioactive 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.

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



. _ . . _ _ _ . .. . . _ _.

11

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 they may have involved riski

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 dir=ct contribution to unavailability in that
components or systems were found to be in an inoperable state, and
(2) those having a 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 citations 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 greater. 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 l

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 af the risk to the public from a plant.

._ _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ _____- --_ _ _ - - - __-___-_______ _ - _______-
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|

iTABLE 4. REQUIREMENT CATEGORIES AND NUMBER OF CITATIONS
!

b

Number of
Code Req ui remen ts Citations *

,

A 10CFR20 115

B 10CFR30, 31, 32, 33, 34, 35 , 36 2

C 10CFR40 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

R 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

T 10CFR21 0
'

V Vendor Program Deviations 5,

* Risk-related citations in parenthesis.
b
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TABLE 5. NON-COMPLIANCE CATEGORIES

Direct Contributors :

Operation with Inoperable Systems or Components (15)*

Valves Improperly Aligned (5)
,

l

Improper Calibration (1)

|

Potential Contributors:

Post-Maintenance Test Not Performed (3)

Maintenance Performed Without Procedures (2) .

:

Test Perforned Without Procedures (2)

Calibration Performed Without Procedures (1)

Maintenance Procedures Inadequate (8)

, Valves or Circuit Breakers Not Locked (7)
|

Test or Calibration Interval Exceeded (13)
|

* Number of citations in parenthesis. j

Source: Enforcement Text for Operating Reactors, 7606 to
7707.

I

I

i

|

|

_ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ - - - _ _ - - - --- ------ - -- ---- -

|
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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 f
1

to be human error contributors to system unavailability. If we use the

term performance deviations to represent human errors in plant operations
|

(fneluding testing, maintenance and management function), the acts that

; result in non-compliance citations can be considered to be a special class
t ,

| of performance deviations.

An additional source of data on performance deviations can be ]
j found in the Licensee Event Reports (LER's). LER's published in Nuclear |
l 3 |
| Safety and having report dates from August, 1976, to February, 1977, ,

1

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 ,

j !

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

citations would be more severe from a risk viewpoint than the occurrences

that result in a Licensee Event 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 :

on performance deviations.

I

i

i

l'

_ - _ _ _ _ _ _ _ _ _ _ _ _ __
|
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TABLE 6. RELATIVE NUMBERS OF CITATIONS AND EVENT i.

REPORTS RELATED TO RISK MITIGATING SYSTEMS
i

r

- _, -.

Number of Reports *
,

Contribution Citations LER's

Direct 21 51

i

Potential 36 20

(
TOTAL 57 71

Definition of " Contribution"

Direct: A condition of inoperability existed I

Potential: Deviations that could produce a
condition of inoperability i

;

|
-- - - - _ - .

* Selected from listings of approximatelf 1200 each
of citations (1-year period) and LER's (6-month
period).

1

I

f

:
|

|
|
|

)

.- - -. . - . . . . . - . -. _- _ - _ _ _ _ - _ _ _ _ _ - - _ _ - _ _ _ - .
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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. In the quantification of the WASH-1400

fault trees, system unavailabilities were considered to be comprised of

the following general contributions:

e Hardware failures

e 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

way. 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

I
_ __ -. . _ _ _ _ .__ __ _ _
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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
normal test and maintenance activities, as would be audited in the

i

; course of routine inspections.
|

Examples of the second type of performance deviation that
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 type 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 beyond
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 ,

common 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 PRR

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.

I

_ ._ _ _ _ , -. .
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TABLE 7. COMMON MODE CONTRIBUTIONS TO BWR SYSTEM UNAVAILABILITIES

System Contribution (%) Comments

,

Reactor Protection 24 Sensor Miscalibrated

Vapor Suppression:

Large LOCA
Small LOCA

Emergency Coolant Injection:

Low-Pressure Coolant Injection
Core Spray Injecticn
Autodepressurization 100 Sensor Fuscalibrated

-

High-Pressure Coolant Injection
RCICS

Containment Leakage:

Large LOCA g

Drywell (>6 in. 98
Drywell (1-4 in. ) 100 Equipment Failure

Wetwell (>6 in.2) 96
Wetwell (1-4 in.2) 100'

Small LOCA /

High-Pressure Service Water:

Required Within 30 Minutes 53{ Emergency Procedures Not
Required Within 25 Hours 47J Followed and Valves Misaligno ''

LPCRS and CSIS Pump Cooling (ESW) <1

Secondary Containment

Source: WASH-1400

.

_ _ _ _ _ _ _ _ _ _
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TABLE 8. COMMON MODE CONTRIBUTIONS TO PWR SYSTEM UNAVAILABILITIES

System Contribution (%) Comments

Reactor Protection

Auxiliary Feedwater:

0-8 Hours Af ter Small LOCA 86 Valves Misaligned

8-24 Hours Af ter Small LOCA
0-8 Hours Without of fsite Power 44 Equipment Failure

Containment Spray Injection 80 Sensors Miscalibrated
and Valves Misaligned

Consequence Limiting Control:

Hi; Single Train 4

Hi; Both Trains 67 Sensors Miscalibrated
Hi-Hi; Single Train 13 or Damaged
Hi-Hi; Both Trains 92

Emergency Coolant Injection:

Accumulators gf
Low-Pressure Injection 1

High-Pressure Injection 1

s

Safety Injection Control:

Single Train 1

Both Trains 68 Comparator Miscali-
brated

Containment Spray Recirculation 37 Equipment Failure
Containment Heat Removal 14 Valves Misaligned

Low-Pressure Recirculation 68 |
Emergency Procedures

High-Pressure Recirculation 75 ) Not Followed

Containment Leakage
Sodium Hydroxide Addition 20 Valves Misaligned

Source: WASH-1400

_ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ .
_
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In the context of this study, the important relationship is

the one between risk and the inspection process. The characteristics

of performance deviations that have been discussed suggest, first, the
way their contributions to risk might be evaluated and, second, how

their frequency might be controlled. The most important characteristic

of performance deviations is, for a given reactor, the rate at which

they cause safety-related components to be in an inoperable condition.
These occurrences are generally reported in citations and LER's which
are therefore a means to evaluate risk-related performance. The Nuclear
Plant Reliability Data System (NPRDS)( would also provide valuable data

for this purpose, if it were modified to include a description of the
human error causes for failure, since it would include applicabic
failure data that, for various reasons, were not otherwise reportable.

Having examined the relationship between performance
deviations and system unavailability or risk, we will now discuss

the manner in which the underlying causes of performance deviations
might be identified and the frequency of performance deviations con-
trolled through the inspection program. In identifying the causes of

system faults that result from human error it is helpful to note that

all of the citations and LER's which we identified as risk-related
are also procedure-related. As stated in the Inspection Manual,;

" procedures guide the operation and maintenance of nuclear facilities".
Each of the performance deviations that was reviewed could be related

to a cause that is attributed to (1) failure to follow existing

procedures, (2) performing activities without the use of required and
available procedures, or (3) performir activities according to in-
adequate procedures. In cases where judgment was required to decide
whether the cause was procedural, this judgment was based on the
question: could this deviation have been prevented by the proper use
of an adequate procedure?

The two principal sources of data on performance deviations
available to the NRC are citations and LER's. The Nuclear Plant
Reliability Data System (NPRDS)( would also provide valuable data
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for examining the frequency and causes of performance deviations if it
were modified to include a description of the human error causes of

failure. By collecting and categorizing data on performance deviations,
it should be possible for the NRC to identif y the principal underlying
causes of these errors. It could be of particular value to trace back

human errors to find the deficiencies in the applicable procedures
that resulted in the error or permitted the error to occur. Having

identified the causes of performance deviations, greater emphasis could

be given in the inspection program to the audit of test and maintenance
procedures to assure that these causal factors are not present. This
increased effort could involve the review of a larger sample (or
possibly all) of the test and maintenance procedures for risk mitigating
systems during the Pre-operational Phase of the inspection program.
Because the test and maintenance procedures change during p] ant life,

a strong program of continued review of procedures also appears to be

warranted. In the review of operating incidents, the inspection pro-
cess can interface on a continuing basis with procedures. This review

process may be the most effective way to locate and corre'ct procedural
inadequacies that allow risk-related performance deviations to occur.
The normal follow-up review to abnormal occurrences includes the
determination of causes and remedies; added emphasis should be given

to the identification of risk-related deviations to ataure that their
causes are properly identified and that specific remedies are imple-
mented through improved procedures.

In summary, WASH-1400 shows that human errors (performance'

deviations) are a significant contributor to reactor risk. Of primary

importance to the NRC inspection program is the potential that could
exist for a general degradation in the management control of plant
operations and a resulting increase in h0 man errors. Eecause of the

significance of human errors to the total reactor risk, an increase
in human errors would lead to an increase in the risk of the plant.

For this reason, the continued evaluation of the management porfor-

mance of plants should be an effective way for the NRC inspection
program to control risk.

. _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ . . ..
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The occurrence of some performance deviations in operating a

plant is unavoidable. Humans will make errors. It is important to note

that the human errors identified in Tables 5 and 6 from a preliminary

review of citations and LER's appear to be consistent with the types

and frequencies of human errors assumed in WASH-1400. Nor are the

observed errors in any sense more serious. Assuming that the risk from

reactor accidents obtained in WASH-1400 is acceptable, this review has

not therefore identified a need to reduce the rate of human errors.

Because of the close relationship between human errors and risk, it is

important, however, to understand the causes of performance deviations.

To the extent that the rate of human errors can be reduced by practical

measures, this would also be desirable.

i
s

_ . _ . _ . _ . _ - - _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _



- _ _ _ _ _ _ _ _ _ _ _ _ .

24

Adequacy of Test and Maintenance Procedures

The second task outlined for this phase of the study was the

review of plant procedures to learn how they are structured and how
various inadequacies might cause or allow the occurrence of performance

deviations. Two aspects of the procedures were reviewed: the degree

to which the style of the procedures conformed to practices that would
tend to minimize human errors and the technical adequacy of the pro-

cedures. From the inspection and enforcement standpoint, reviewing the
technical adequacy of testing procedures is not as difficult as might
be imagined. The standard Technical Specifications are quite specific
in identifying the type and frequency of test to be performed. The

review of the more difficult aspects of technical adequacy, such as

the completeness and interval of tests, are therefore primarily a
licensing function.

Pursuant to the conclusions reached in the previous task

regarding the importance of procedures to the occurrence of performance
)
' deviations, test and maintenance procedures were reviewed to identify

features that could contribute to the inoperability of components.

ANSI N18.7-1976(5) the principal guide for the preparation of nuclear

plant procedures, was also reviewed as part of this task. The ANS1

standard appears to be an excellent guide for the writing of procedures
and, if carefully followed, should result in procedures that tend to

minimize the human error contribution to component failures. In

particular, the standard stresses the importance of return-to-service

and operability requirements. Our review of actual procedures, however,

indicates that these elements, even when present, might have varying

degrees of effectiveness depending on how they are incorporated. Our
observations in this regard are discussed below.

Several maintenance and surveillance test procedures from

two plants were made available for this study by the Probabilistics

Analysis Staff. Although this represents a rather small sampling of

,

. . . _ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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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 earlier the deviations that have the
i

greatest impact on risk are the ones that result in inoperable components.
I According to the guidance of the Inspection Manual, test, calibration,

and maintenance procedures should include steps to assure that all
equipment ir, properly returned to service,1.e. , that it is operable

i 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. Each 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
simila r . Given the above observation, the appropriate way to reduce
the frequency of performance deviations would be by improvement of
procedures and their use.

i

Six types of procedural steps to return equipment to service j

j were found in surveillance test procedures *
1. A precautionary note at the beginning of the pro-

.

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

2. Notes in the body of the procedure to return
particular groups of switches to their original

positions

i 3. A note near the end of the procedure to return all
switches to their original position

4. Steps in the procedure to 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. I

a . ~_ - - - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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No obvious inadequacies were noted in the calibration

procedures. They include steps to return components to service and
provisions for checking setpoints. Pressure instrumentation, for
example, is checked by subjecting the sensor to a known pressure and
observing the channel response.

In summary, our review of these relatively few procedures
showed no obvious inadequacies, but did show variations in cethods
that could contribute to performance deviations. On the other hand,
if some of these procedures were to be associated with activities
that produced a high rate of performance deviations, potential
procedural contributors should be easy to recognize.

!

_ ._ ______ __________________ ____ .. .. . .
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Observations and Conclusions
!

l
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 ef ficient or more effective.

The task is a difficult one because the relationship between inspection
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

quantification of this effect in terms of improved plant safety is very
dif ficult , however. I

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.

I

Review of Inspec tion Program I

I

l

Within the broad scope of the inspection program, test, |e
1

calibration and maintenance operations are reviewed I

periodically for each of the systems identified in WASH-1400

as having high importance to risk.

e 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,

i

management control of the plant operations does not exist.

Guidelines for the frequency of inspection of various plante

activities are based almost entirely on judgement rather

than a quantitative or statistical basis,

No relative weighting of inspection effort is given amonge

systems identified for review according to the potential risk

j importance or number of periodic surveillance requirements

of the system.

1
1
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e Some improvement in the efficiency of the inspection program

can probably be made through a systematic allocation of in- |
upection effort developed on a semi-quantitative basis without i

reducing the coverage of risk-related activites.

The Sensitivity of Reactor Risk to Non-Compliance

e 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

magnitude.

Acts of non-compliance by the owner / operator can be viewede

as a subset of a broader class of human errors which we

nave called performance deviations.

Citations issued for the violation of technical specificatione

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.

e 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.

Expanded analysis of Licensee Event Reports and Citationse

could be ef fective in identifying faulty equipment, faulty

procedures or as a performance measure for plant management

control.

. - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . ___- ___-__ - _ - . . - _ _ _ . . ._ __
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The occurrence of performance deviations (human errors)e

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 bee

attributed to inadequate procedures or failure to follow

procedures. By identifying 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

The ANSI standard (N 18.7-1976) for the writing of procedurese

appears to stress the key elements of good procedures,
Significant variations existed in the format and qualitye

of the small sample of procedures reviewed in this ef fort.

e 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 degreer of effectiveness.

Although the technical adequacy and completeness of testinge

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 suf ficient 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
Regulatory requirements"( Each of the activities (direct observation,.

1

|

|
|
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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 ef fective each of these activities

is. Unfortunately, the inspection program lacks both measures of performance

for the owner / operator and measures of ef fectiveness of the inspection

program itself. Without these types of measures, it is difficult to reduce

inspection effort or redirect inspection effort with assurance that the

ef fectiveness 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 prerature 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 ceview 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 j t will be dif ficult 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. Included

i

I

_. ._. ___ _
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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 shoulde

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,

e 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.

,

,

l

!

|
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APPENDIX A

!

I

SELECTED RISK-RELATED NON-COMPLIANCES

1

1

1
i

i

1

1
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TABLE A-1. SELECTED RISK-RELATED NON-COMPLI ANCES (Continued)
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parL*Lt*4 *10 ADT bf8 tat v>at att Ct=pr%F%fS *FCF!wEr ihr Sarrte ImJFCffra SIGmat IA ?>r perpFe $rcsF*CF aAP tt*TSC AS orrotere e,
fttastCat eerCtrtCattos a.6.t.a.

65 pop 255 7e72 FCte 2
r 4 toas, tr erewstrat opretrttattu%e 1,3,2.r, a valve (Cv 1essi, .k!Cw te aS$rC1stro with ?>E SarEtt f*JFette= MvStF*. mae
f%rutwantt ten a PE=fG* Cefatte taaN 2a wVtWS Puol4G thr DFotre rr CCtrmFu 5 2], 1976, 440 CE ACtre rpraattrge res flutre] !

egne*dSe 7620 r .f t S " 2 '
Criafeaov fe f.e. e.3.a. seCCE cthF S .Far gnt aL*EEED tr ik T>at thE Cror-epnaw CIrrFoFattat psf $etur f*Staterstattro ree evetts.vf
.ae wat vru Ce t rr ?6estCr CLE!*G 08tsa?!r4 shD sr toosfet!*E arffrA ma9 tasEL IA GEspraer fr 1*r ticw?Fn antiertatro patre ce tur
Nata $ cts t .*fra 5*ierr en s o%C a* at oFaDfNG.

e5Pordet feat FJa* 2
ts*.faakv tr trr *! Cat eorefritarros n,a peCCf Ds LE S ree Cr=tsat er *afotrsasCE atitv!Tirs rErfare 76 SrCitra 7 rr t>F r**ttwofac,

costitv asSteamCF e6rqsa=. SECT 1C% e.2 Ur t*E plant an*fsfStestivt porCretaES stC f4 ?>E plast warstrta Cr factotritto Y .ror set|

arwteta tti rea trataf. -afttre.aNCE arttwiffES pteFCearB contac twE SECrn matr Cr 1975. 1% t>at criaf t FP 6 row t t * ttet t een e stora

{ set p.reforet pi.e t.-a g A tr a a sCE TFSt!*c erat!st*E615 469 arrrota%CE Coffrafa erst srt qsrCirttre er et t TS rr wantet SimSparttnse 6 tor >*et s t rt s er t:, JnStirICattrA aAr#Ch antwoort? rru (Evtat!*c rea* artfotasrF CegtEsga CrmtathrC != =at=tf(aarr oorrrrbere .re .rt e
>

SprCtritet awn os sthfe. rr CEstalm =afstEnatta atttwittr5 aeoranS tr er IAarECtatF. "
t

i nSoce2e9 7000 FJGwL2
.

| Cinfaaet tr trrwn ! Cat esFC!rtCaff0A 6.s.t *a!%TEmakCE activittri ek Sarriv.eFLatEC ELFCte! Cal FCL!s" Fat at are.rE a%C rrearr trer IAltt owCorht ? CrstWrLLEP a$ StatEC 14 SECTIC% 2.7.1 nr thr LICrksrE'S aChf%fS10a1IVE petTCt waktatej
i

; e5aan279 1*9e rJG6L2
|CO*TEast tr TEC=stCat Morr1FfCat!Oh 4,s.1 WalbtttaACE artigittFe FA Sarrt,.ortatEr ELFrfe! Cal Ect_fewrat at wratrF amt errker bror
|* nt owCpt ha t Crstwritta av StatEC IN SFCTICN 2.7.1 or vur LICth1FE'S an-tw!stestiwE petTC, mastel, ;

05006271 7626 rpro 3
*

CoAteant te trCw, SPEC. 6.5.s a*C SuetFILLahCE po0CEcueE rp.2tte, baL%f 9LC=e1 h as Ctr$EC Ett Art ter=Fe rt rere.

e5mne2T2 77n4 retC22
rfasanot te tgrws! Cat SprCtF!CattuN tanLF 3.3 1, ITE= 7 rA 12#19#76 as5 t/26#77 LESS twas f.efE vitet pes. iAarovettarr cwawort M
erst catenaLr PostAG t.E pEuFCo-aACE peUCEttet a37 ,

e

e5enet77 ??99 rJGGr2
CrstJase t r. t i e.*.2 A CCa8LETED aCD!rftst10% to a SarFtv ettaten *qtes epfmatFC waL*F C18Clitet ma? Ft Citr= set' *Estrtre mitwett
a% appGovte serrrotaE.

0596adp0 tomt sJEC 2
C tis t a a GT tr t=F EECLidr-rkTS Cr TEC=% frat SPEttritattas a o.a. aA rpraattsC peCCFCteE war krt strA perpaste vr at TC= twr e'astthe.
Ato ev$ta=3 rro ?>F FwrGCrkte CIESrL grkFWatCbS. COA SE CI E A tt t e C% Jt AF 1 1974, ibE ter afrLAratt sto St ##t trm are T*r * r.' (Mir 35 L ate Staat St5tr*S .EEE FUL*.C tr Nr watbro TCGrtare a*r 6rt OpFeatt=C a5 1%CForarrkt **Str>9 a3 Sprrtrire TA SFCitra 8.9 rr
t-F r$39, '
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TABLE A-1. SELECTED RISK-RELATED NON-COMPLI ANCES (Continued)

esc 6n2P2 76tg rrGA 2
rostaaev fr TFrustCat esFrtFICAT[OA 3,6,a,3, UAlt i Taaft *a* %aCULu ROFANFe ha$ IkCp(paDLE FEC= atCl31 St, tg74 70 SFe?Fwere in.'
1976,

nSODR2a7 7666 FJGbL2
Costsaev Tr TFCwA! Cat SOFCtFICairos n,s.1 *alATEAaACF aftgvtters cA sarFtv.attaTED ELFCtettet Eci1p*Fet av utc6FF a%c cer.FF trer
.ot parpF4t? Cr%YWC(L[n a3 StaffM I4 erCT!rN 2,7,1 er Twr (jrFagr[63 anufAt3tsaffyE prt}CT t a n ( a t, ,.

ingonn2p? tong se-kr2
rL%Thaky te tsCusital eorr!FtCattoA o,4,7,C, ThE aA= bat r=F wete nt3C=aect TFST mas wet CCArtCter eA Thr 975 vec TAsteear*Tatte=
aAn COAfeUL eattEWIESStArF JtLv 19, to7a,

I

n$ened95 7n2e F.t F AJ2,

i COAteast fr ttCasical SDFCIFICattok s,2,a, valvt II=nts3 ma5 trY CLc3rn as arclietr pre apprArts set.ala., rr corrFnter erf.?,

n596edeS 7612 reaG 2
CO=Taaet tr StCt!OA 1,e AAC taplE 3,s.1 rF f>t TE twN T C at spFC tF tt a TIrAM, LAIT 1 mas epFeatEr hit > (FSe twam twr ogk1>p. eraetern
Au**8 e Cr C=a=Agt.s FCa swaSE e CthfatA"E%f Isotat1LN patro 70 ?FpTF"PF0 23. 19?te pECatsF CF ekr9fFD pfrCr aracqp EFlav et
an2/tu2,

;

| e500nle2 77e6 F e w i t. 2.

; Cn*Toauf te TF t=> tr at opettFTCaf!OA 3,s.1,1,1 ACTICA statratAv. st=p pt=p3 1A t>E tt NaFL CCatainTAG TwF er rr. tori Fgree te v>r
23e a v 3*I TCur;F a c *tse st? 1F3ftC hlfwf4 OkE wrte rw Jan e anv it, 1977, as 05CLIEED, y

e

n5ccele2 77e9 srpm=2
TFrhAgral spFCfFICATIA* 3.7.t.2.R* WFeetaES TMF Tbbef=F entwF. r*F8GEArv FEER *AtFR ptimp TC pf pre {pgn Fce, as epFpagt g qvy u
SopFLT Svstt- morarweg v>F Facility te != *OCE 1, 2 re 3 .' Cr* toast to t*F a*C4E, at w as tet s it*F 3 et o t* C rPF oa f f r* rF TwF

FaCILITv [A worp e 1, 2 aAD 3, CuGIAG ? > E *C t. T a CF * acch a Ar spe tt , 1977 T-F TLtt!AE entbEA F*fEcFACv FFtrustro pi mp aae i t * *r u p
TO HF ptintot r rura Tkt a t.' r ! L l a s y Stta= practe nataER Twas Twp =sts 3?Ea= *faCFE.

nsnon3ne 77n7 prGA 2

CO*teakv fr 9ertfoN 3,a akO TaPLP 3,a.1 rF THE TECHN] CAL 5pFC!rtCaTIC*3, LAIT 2 *a3 ror8aTFE *It* tF9e Twas twF wtmtwo. ereofor9
*v*dF4 UF raa%$FtS FCe twP u!.w! CONTafA* EAT pee S5t ut CcATa ta =F%T Speav TAttlatICA poten TC ttCrweEn te, og?a! nt F 70 vse nietant e
9 itCaFS nFIAG LFFT f% TMF =GUAG pf3fftnk,

a5nnn3ne 76n9 rJtG 2
rnATEast ir ftrustrat epFCIFItaTIOA 3,2,C ak0 3.2 C,7, t*77 2 bat vF Panor ha! ECT cpF. aan its onFanFs termFr rpFw mkFa Tur eraAT
*ae hFalFD LD aprvF 209 PFC4FES F PA ,t t A F 28, 1476, nulokG DFACTre 3fa971p Sr. 3p.

ogeor3ng 7614 FrF# 2
rnA tu aw v Tr Ts C* A tral *pFr!F!CaftoA e,a,a a%D panaGesp* tv.s es apprants J Tr IC Cro up. LAIT 2 CrkfarauFaY t eet atirk wasvr
Cv=3155m a*3 set LF am ts?YFD FCLLO*ING NFDL ACE >t AT OF ?>r v a( vF Pf a t PA jaAt4Av a, 1973,

ntnen399 77n$ FoF>o2
04ATRadv 1r ttr=s! Cal epFttFftatt0N g,4,a,6e UA 6/19/75 a p#F999effte SartTV RELTEF vatwE mas DFurwFn amn toevattte hf*wrot tur
P5s rF A Dr tatt F r apparwen pmCCtetRE,

c5 c o n 312 Tbne FCop!2
a t asass patr is st .se Arf CLAOLCTEn Foo THE CECav wraf oF*rvat SYSTE" FrLLCalkG THE etpain rF aeswo sr ee potne To t6r r

et9u*pTIrN Le utaCfra epreaffuA3,

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ ____ __ _ _ _ _ _ ___ _ _ _ _ _ _ _ _____ _ _
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; TABLE A-1. SELECTED RISK-RELATED NON-COMPLI ANCES (Continued)

t

c5enn3fS Tett Frac 2
t=p4Cptu CsLfamattrA 0, at t Fele pat S$lef 2Fe potSSteF Tos%S*tTTreS CaOSFP f>F LI'ff14C CrNCif f ek S Fra ref eaf f en- rF TFrww Tr at
SFFCTFTCaffCws 3.3.1.3 aNC 3.3.2.1 70 RE EBCEEnte $1T* oF$stCT Tr (sim poFSecstfte esteStar Tefp3 awn rpFAaffAc rF Twf orartro AT
psE bsung e LC*r0 Twa% SetCIFIFO Ih TECw%Irat SpFCIFICattrA 3.7.5.

a$en63tS 7618 FJwG 2
Ctit. T e a s t tr TgC-A[ Cal esFCIF1taffo% n,p.1, watAft%asrF ForCFetnFS pro T>r istfsLLaffnk rF SAFff, kre eTFh rastr Fra wrntFTratico
nFr.rC tp.ng? wFat ACT [>pLthtATED.

esc o r 315 77e9 Fr6A 2
roaitasv Te TgCwagCat S pF C f F 1C a f f en- e,4,3.1,t.. a CON Ta ta =r AT fortaffoN w al wE (CCn=3631 ISClaffrA TY*r mae arf v sfrfFa poTre Trr
et TuestNC T*E watht 70 SFGb!CE UA spott 2a. teTT.

nsonall? Tan 6 F .1 F P 1
TS a.M.t NFCOfere *( F T waff pWCC INCtLntkG appl 1 CMEterFr LISte g 18 ST SwaLL FE pGf esppGrvFr. 4 aPw5 tar Te tre epFC rF atj eve aa n f

co-p iswrLv ter eaFE77[ rf032,suu Ffrematte Ntv 2 OTO t/in/TS, *Tse II.a,1 str *watSF eTsFLp =arr se pFs attaru watvr etareo owv
pueltee bat er aus=131 T3 EFG 70 pt "t rCarD f est s* 06 Tut wat vF Lfast* Swt. Cont TC aav,6citT t sprove eser .Fcr ert arwon fa T6
T**f v4Lvt awa.111 .aq Art trC*t0 CPFA. Twt wat vf *a3 Wr=F%to TN Tbf Opre 903, CALv T6r cFC *trr=" mae wree, cofro 70 rr oeF 76F
l 'M P , f*F GF0 LPCm *as ]%ef PV LIC a%r vru1F Av ? > F_ twSp]

05008117 TTe8 FCf3 2
CDATsaeY fr TECwA! CAL gefCIFICaffnN a.ne, TkE plahi ma$ T4*EA f=TO ratostichst PCDE 1 mff>Ctf prarrowinc T6F T=9pFrfirm orenfern
av T.S. e,5.7.r. y

05000317 7788 FJFe 2 #'

00=least tr TEtwAlcat isFCIFICattow 6 a.t enCCFDLets =teF Art f=ptE*EwTre Th TbE anFan rF 8mCptAC fe e a r f ri re f r at C oA f ore seras
ahn LUCat=4 valvFS.

65006316 7619 FJFelf
(tAfuast Ic TFromfrat esFCIFICaff0N n.8.1, 33 PERCENT CF ?>( waLwFS mECtfetD #9 Co.6 70 pf tCCwFC !* PCSittrA mFoF NOT terwFe2

escon371 T6of FrisCP
Ce41kaET tr ThF EtilfuP*r%TS CF TECH 4TCal SPECIFICaffrA 3.3.a a%n 3.5.m. ThF LTCEAetE Faltre Tr penFrow rareanftTTv TFeTT.c aFTFo
st ee rw-IkG =s ts TF sasCE rN a Cuet SpWay slap CN aseC* 1, 1475 aAn FERGuagt 5, 1976, a%n TA baRICs S DrSTCtrat kFa7 RF*0Vas et"pe
cooltG 76t pretne manCW 3-10, 1e75

| c$ron321 fee 8 Frura?
rOATDaev Te TrtwtItal 9pFCfFiCaTION n.e.t. aDafkfSTeaftvP partFat eF WNo.t.932 ba0 Art RFF% FLLL w twatFbFATFr TN TMa7 sepnerf wa TFl y
** OF TME TA3foi>*fA13 L19 FED IA THE CrwouTER palhTOUT, raTFD art /T6, .FoF rwF8CLE F09 Cat!PeaffrA.

! e5n003?t T604 FrMFu2
! CoutoaeY Tc septTCahlE preftrha CF SrCT!rm e.2 0F TwF Trew% frat SpFCfriraffrAS, CatIpositrA FEFct F%rv FyCFFrFn TkF CRarr prefrP

rom Twotr ftF*g s>= Cua%AELS a an0 m. CORE Spust SpapCFO Nr77(F DIFFreFNTist p at S Stjer 1%$fet* FATS, Ann som PhakhfLS.
i

L
' e5e nt 371 7912 r ts p 2

CtmTuaev Tr TgrwAtrat estr!FfCaff6N 6.8.1 bHfCh etcofoFS .s it TF y partg ng as 6 mg (Staatgewer aA TwetFwFutpe,' TwoFF FuampgFe er
roTLOWF f u F rt,t en appurgFC PECCEcontS $F o F. IDEAftstEn ro SFpTF>are 36, 1e76, fit *ngf5 met.F3tfa an P R mFEF knf (OChrp P D F 6' a t
SpFCIF!te af penrEctEF ; (71 rweafti 70 TrRLS OfFFFoFAffat sorq9tst .a s srf walstat%Fr. rA 9/3/76, se oFetTarn 97 St as pit C
06eth5 (3) Sat wf Taa. ret! .a3 trf Ct f!5E C AAn faGGrn se *pFCTFIFC rN an rctStaAct*C ftFasakCE asn f accia c ehPFT.

I

I

!

!
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r
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TABLE A-1. SELECTED RISK-RELATED NON-COMPLI ANCES (Continued)

e%nnr321 76'3 FJGcr 2
fra toaat te t=F etetter=FAf3 OF ttCwAtCat $Wfttr! CAT!rk s,P,1 ash 6,*,2, ikE LICFAeEE F alt f r 1r F$tasiT**, a6 a appenst potes Te
farLF-FNTa73r%, rhr(FntaFP =b!CH afEt var EEcoteF*E%f3 aan apersw(kpatfraq FF ![C7te%e g,j AAc t,) rF a s- 49 a g a [7 19 72 f *- twat
eatsttaamCF porrrrt sa 3 cfr Nrt (Attter no EEFEDEALF stFpa Fro cr>rgtsq vet tp-e s 1 F or = ro sF tt s* Ys G tt te ernstrF akn s en
pth>rwr]Aw CotCastl11' trst!%G SlM9EciFAT TO raI A TEkaNCF ] SoFCtFIC FtaaptF S rs alAtFsatCF atttviteFe pFctro-rn .ithne ? Turm

os 9u t = F D pot Cg ri;c s 3 f e r(t ef (L) the aCIC Shapi tW!vFA ett pe no .63 or-r,FD FECW aAD oritskEt tr 3 Faster ex crtroFe ty,' goTS, r2%THI Ep? *Utts r.FatDatOS aft la mas brorvr0 Fe06 aND ertiesF0 tr SFEvfCF PA CCTCPEe to, 1976,
n5enr321 77m1 seap 2

CeAtQakt tr TFCwkItat sprCfFICAT!u% e,2, TABLE s.2 2 Tur c!F?FL GGEAFostre 1Affratt trctC F L t Citrwat it 97 hae art pEurro6Fn*Itaf% 16e dFlticEr 15 -Csta I A TFevat , T*E Last orce-FAtFn tr?T *as oForce=Fn CA Jt t, 26, 197s,

e5^00321 77n5 sj=so?
Costeam, tr TEr** Ital 9eFCfFICaffu% 6,8,1, ah apowevFD pence 0 tee FCE f*F CCsteCL CF LtFTED b!Sf3 a6 m JL>pree mag het FeeeewFnnt:G l * f malstroa*CE th waeck 11, 1977,

0500n321 77ee FPwGL2
ro*foast te trrwk! Cat ecFCfrfCaTIDs o,9,a,6,f, T>E S= TAC atett StepLv!LG PCmFG TC t>F t r> pCE S?e CF rrFt at t Y6 serttrN vatvre mFer
* tif TESTFB EVEev Tac = RAT *8 TL a35Let twat t>E taAA5rF8 ff8Cevtg estaatF as CE31GAfr, as CF hav to, 1977, ?>r et abrit i na rr troteHan sof etFN DFeFoa*En;

h*Boe324 162e Ef f.C 2 i

C f .* Teauv tr vs.rrs t r a t epFrfFTCattnN n,a a3 !*plE*EATFn av roFeattrAal C a, t P E L I A F AC, 7, OErDaea?trs er rpraattse, $rsa pyg-tvq
rompt, Cotoatt%r, arka oFo*ff3 mattw f*CluqED f*E 5tE*9 *rCre9as, tr perpaer S aF E t v.af e a tr n F Ct tp-rs t arc wareeraa>rs, ana var
Y&Stts4 strEtsaw* Tr a**t:F 8wCofd OpfosTirA PG!r= fr GFtroNYar. TwE F Qt f p-r A t TC SFevtCF =FEF 6Pt DErracre ree thr Frtar, tac, tag a

, p
ssplate t>F es at ti o Cnor y*LLaTIC% CertINu DISCaaEGE C&Fru vetbr rA FE80ta#7 2, 19769 fat FptFmefbr wateTFSatrF rA trce epoav V
vat .f oCv- relea 'M way 0, 1976,

e%nentid 77ea r.!s p I 2

Co Tuasv tr itCattral ScFCIFfCaTTUAS 6,n,1, TwE *1Gw oorestor enrLast IAJFCtitt (>pCil aso cEaCtro recF 3er,attri rrrt t. e tortri
romFFs34t& 5trGatt tasw S t.C t J O A valvF (j.CCavt27) ma$ brY lermF9 rFFA r% FFA 17, [977, a$ EECLIC(P RV Sv?trW val WF L f * rt o 96Frv,rp*1t=2-v aN9 FLast Caa.fmG 9527.b. Pace, (t:E T A IL 5 1, Panaceap> s,m,53

egaon%25 776e ratet2
rn=16skt ir virusICat opFCfFICaff0A3 n,8 atD plaAT OpF e f f Ar, m a st :L, vrt t er 1, aCatAfetsaffbE parCFerpF ?rrita' *,a, wretrerattraea
=F ct =apr TC twr rte **t r.rstaatCe Cc%toet paAELS mitwot T a Sin *FCIFAT GrtF37 Tr a55c r T>at ?>r PTFert GForcavene orar cos uant re

0%t!L aW8 West =aTFLt f.e -sfei L ate E ng rFCth>EC 29, 1976, harA QFTESt!AG =aS #FCL!sFe av a LT*ftt\G rrsmittra rec refaatte , rat
t>at Y!mF tar CF ?>E nTr$rt CEAERATreg = FEE CECLaEED IArpraantF1

nApon391 fet5 F .f t p 2

roAtoast te T,e,, stCT,' 4,p,1, ThE LTCFkSEF Fa!LFO te ar6 rat trot at t OpFeattAG peCCgnior,e as Fr,tr>Se at rrevata f if >t er
twFpta*.! potetaktup kaitEE ChECell8T =FeF ACT Cnapt!rn stTm etog6ctat SteeTLp arTFe orFLFLisG 16 apett tgta; si Crutgas, tr
OpFwt!*G 1A374tCTICA $1, t>E SCDIUa pF NtaBCeatt Ta Au spacGTAc wasVEtt.Pr.it) .a3 Frt ha (AtCCarr,

n5^0P311 7621 FRS902
CoAteast tr TECwAir>( 9erCIFrCattO%3 o,s.), TEST pa0Ctet ar P1,3 LSf D Te set.ro taE *Siv t C S m as T Arrupt F TF tt Twat a etto was
"1951%G metaF*A effp3 e AAC 5, a k ti Twr TFSt *as PEctrowte Pt PFeaet!AG For* THE PECCFrlof bitkri t ?>F cFCpycre oFv!Fh9 ate
appwevaL9,
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TABLE A-1. SELECTED RISK-RELATED NON-COMPLIANCES (Continued)

i
i

ipP on331 7e72 FPFP 2
Cnifeset Tr naFC TFC=% f t at. SPECIFItat10%3. SECT!CN 6.4.1. a eglat ELCCw ma8 Act 4E*0*Fe FeCW t>F WPr! C0ktert trCIC TN a rreeH a Ar.F i

I61TH f>t StevFittakCE TF57 peCCteenE.

agonall5 1767 recF 2
Cri*teaev fr TFCwk! Cal 99FCIFICatilt% e,4.1.1.2.C.6 TMREF rF Frte CCAtalAwFAt COCLES Fan attChaf f r Sert:FkrF ttprp3 asF Fr? PDf # a ml F;
alt *T* Plum re at*ts 19 #F#CtAt CF tur Leat SECLEACE ff*F. tratats*Ent fortte FaA3 ta. In skD tC t rant As it* Fog ser SFt at 1.tga.

P.be A* D 3.7ba SFCCACS nF SFECT!vEtt tr* tesNT to a SPEttFgCattry r,F 3 mitS ca = GAL 3 n,3 stCCape,

ognen33n 77ng Fppe 3
COAtunut Tc is e,n.t. rA *anCw se aA9 73, 1977. S8 26 tea bag tweerpgel, t=ptE*EAtFn rA 7 CCta?strA S fa that twt rws. s Fe rwFrv, ;

peFSSu t Aku ent95twlltu PkESStar Cle Art *tEt tt !?sf E0 aCCFotsarE Cottrof a she t* ettar t>s ereFoo f at w*st w a ar.t * L tim
f urtP t f us 5 hF ikr. Int a ttt f Fn 4%D ruf t;"F A TFD AS DE 4LleFC TwE Cr*ptFTED perCFOLEF" *FEF ?!GAfr (FF a kr appergFa f a n t C 8 t v Ar. at t
aCCtatshCE CettEnta ha 3 Mets rit.

Y
e

i.

r
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APPENDIX B

i 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 #10w 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

09-24-76 Required surveillance of vacuum breakers Not posted on startup 50-220
not performed check-of f sheets

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

*d
11-26-76 HPCI found in closed posit-ion with Unknown 50-237 g

severed valve stem g
s

08-24-76 Cas turbine generator becomes inoperable Improper alignment 50-245 x
during plant trip to

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

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

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

12-02-76 Diesel generator speed fails to increase Governor limit switch out of 50-249
from control room station adjustment

09-23-76 Diesel generator circuit breaker Closing springs rot charged 50-250 t

inope rable

10-15-76 Diesel generator cooling water surge tank Sample valve not closed 50-250
level low completely

11-15-76 Charging pump connecting rod bearings fail Insuf ficient lubrication 50-250

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

Date Occurrence Caus e Docket

la 07-29-76 Containment spray valve inoperable Motor hold-down bolts loose 50-254
Ib 08-20-76 Operability test on containment cooling Supervisor error 50-254

loop performed on wrong unit

Ia 08-19-76 Component cooling water pump bearing f ails Improper alignment or 50-255
bearing slippage

Ia 12-21-76 Two DBA sequencers fail to operate Insufficient clutch disc gap 50-255
Ia 10-22-76 Core spray sparger vessel DP switch found z ersonnel error 50-259

valved out

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

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

open a
t *

Ia 10-07-76 Containment fan cooler unit dampers fall Improper alignment and dirt 50-261 "

to function

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

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

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

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

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

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

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

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

Ia 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)

1

L

Date Occurrence 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
0'9-l'7-76 Normally 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 af ter DG start unit

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

11-15-76 HPI 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 i'

fully too soon "

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

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

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

09-09-76 Safety relie f 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
,

|

. - - - _ - . - -
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| TABLE B-1. SELECTED RISK-RELATED ABNORMAL OCCURRENCES (Continue d)

!

| Date Occurrence Cause Docket

01-14-77 Containment pressure hi-hi status light Bistables in test position 50-304 f
fails to energize !

12-21-76 Baron 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 generator fails to start Dirty oil in governor 50-312 :
I

01-14-77 Containment spray pump suction valve Personnel error 50-315 ;

j found closed

j 09-17-76 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 i,

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
i

excitation
-

09-23-76 Diesel generator trips due to tripping of Voltage regulator improperly 50-321
reverse PWER relay set i

|

| 12-C9-76 Diesel generator fails Control air check valve 50-324
rusted closed

! 08-19-76 Core spray sparger DP instrument alarm Operator error 50-331
card found pulled

I 09-16-76 Pressure switch root valve found closed Valve not on prestartup 50-331
checklist |

2

11-19-76 LPCI valve fails to open Motor burned up from excess 50-333 f
torque

08-23-76 Auxiliary feed pump inlet steam valve Valve shaft sheared 50-336 !
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 50-336 '

limit
,

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

11-12-76 Reactor protection system interlock set Pressure bistables 50-344
i nco rrec tly incorrectly adjusted

; 11-12-76 Supplemental informatica on RWST valve Bypass switch set incorrectly 50-344
failures

11-12-76 Centrifugal charging pump suction valves Failed coil / torque switch 50-344'

fail to open too lowi

12-03-76 IIPCS pump fails to start automatically Wire pulled loose during 50-409 $
modification
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