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FOREWORD

Puring the preparation of WASH-1400 and subsequent to its publica-
tion, the nuclear community recognized the need for more comprehensive
gources of reliability data, In response to that need several efforts
were undertaken:

1. An American National Standards Institute (ANSI)/Edison Electric In—
stitute (EEI)/Nuclear Regulatory Commission (NRC)-sponsored effort to
collect safety component failure information was organized under the
auspices of the themdesignated N18-20 Committee of the American Nu-—
clear Society {ANS). This effort was called the Nuclear Plant Reli-
ability Data System (NPRDS).

2. An Institute of Electrical and Electronics Engineers Subcommittee 5
sponsored effort to collect electrical and electromnic equipment fail-
ure rates led to the publication of IEEE Standard 500,

3. An NRC-sponsored program with EG&G Idaho was undertaken to supplement
the failure-frequency information contained in the LERs. Estimates
of population and exposure (time and demands) were made to permit
failure rate estimates on major plant components {(pumps, valves,
diesels, etc.). -

These efforts greatly expanded the base of available information
although mone of the data were extracted directly from records existing in
the plants. '

An effort was organized under the auspices of the ANSI/Failure and
Incidents Reports Review (FIRR) Data Subcommittee to contact individual
plant sites and arrange for visits by data collection teams to extract
datae from in-plant maintenance records, and to attempt to construct a base
of reliability data from these collected records, Because of the magni-
tude of each plant effort, the scope was limited to a few sample plants,
The initial data extraction, dates encoding, and data analysis effort was
directed at the components considered to be most significant (viz., pumps
and vaives). 'This effort was named the In—Plant Reliability Data System
{IPRDS).
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EXECUTIVE SUMMARY

This document details the data collection and prel iminary analyses
related to valves in the In—-Plant Reliability Data System. The data base
js developed primarily from historical records of corrective maintenance
actions obtained directly from nuclear plant maintenance files. A com—
prehensive valve population is also included, The results in this report
represent the data from one PNR and one BWR power plant in the data base.

The purpose of this report is to demonstrate the degree of distinc-
tion and refinement in the reliability statistics that is possible with
data from the IPRD and to suggest a general format for disclosure of suit-
able reliability statistics to satisfy needs within the nuclear data com—
munity. The examples given in the various tables and figures are sug-—
gested methods of comparing valve data and are representative of the
degree to which reliability statistics for amy particular valve can be
ascertained, The refinement of the summary data available from IPRD as to
the precise valve (i.e., valve type, valve size, and operating parameters)
is compared to the refinement found in WASH-1400* and from LERZ,

One objective of this report is to examine the improvement possible
using IPRD in refining the statistics to ultimately focus on the reliabil~
ity of specific valve types and operators in specific operating environ-
ments in the U.S. nuclear power plants, The second objective is to gener—
ate comments from members of the nuclear data community as to the efficacy
of the suggested formats for documenting valve information and the various
methods used for comparison in this report. These comments will be used
to improve the reporting in & valve data manval which will cover informa-
tion from an exzpanded data base in the IPRDS. The results presented here
should be treated as preliminary, and therefore, only as exzamples of the
statistics that could be made available in a valve data manual from an
enlarged data base.

Failure rate calculations are shown graphically for selected valves
and results are compared to failure rate estimates in WASH-1400 and LERs.
Presented in this report are breakdowns of failure rates by failure modes
and by failure causes showing calculated maintenance frequencies and re-
pair times. IPRDS Repair time distributions, unavailable from LERs, are
also presented and evaluated., A short study of safety relief valves is
rresented in the appendix.

The major observation in this report is that the preliminary results
obtained from the pilot datea base indicate WASH-1400 statistics may be
nonconservative for reliability estimates for some valve types in certain
failure modes. Conclusive results are not possible due to the size of
this pilot data base. :






THE IN—-PLANT RELIABILITY DATA BASE FOR NUCLEAR PLANT
COMPONENTS: INTERIM REPORT — THE VALVE COMPONENT

ABSTRACT

This report on valves in the IPRDS documents the type of
reliability information that could be generated using the current
IPRDS methodology on an expanded data base. Preliminary results
and various methods for their documentation are presented as sug-—
gested methods for reporting results in a data manual. Compari-
son of preliminary results within a plant, between plants, and
among other data sources are made to exemplify some of the alter—
nate uses of the IPRDS information that would be possible with an
expanded data base.

1, INTRODUCTION

1.1 Program Description-and Objectives

The objective of the In—Plant Reliability Data (IPRD) program is to
develop a comprehensive, component—specific data base for probabilistic
risk assessment and for other statistical analyses relevant to component
rel iability evalumations. This objective is being attained through a
cooperative effort with several utilities, wherein each utility provides
access to the maintenance files and pertinent population information, and
in return, receives computerized listings and tapes of their compomnent
populations (equipment lists) and the componment maintenance records, This
data base includes (1) a component population list for each plant includ-
ing electromechanical and mechanical equipment and (2) comprehensive com-
ponent failure and repair histories including corrective maintenance ac—
tions on each component, i.e., pumps (including drivers), valves (includ-
ing operators), diesel gemerators, imverters, battery chargers and bat—
teries,

This pilot study was undertaken to estimate the reliability character-
istics of valves in two nuclear power generating stations, a PWR unit and
2 BWR unit. The data sources used to develop the data base and, there-
fore, the component failure rates and mean repair times are the plant
valve equipment lists, plant drawings, and the maintenance work requests
on these valves. The data were entered into a computer data management
system developed for this project., Background information on the develop—
ment of this data system is reported in "The In—Plant Reliability Data
Base for Nuclear Power Plant Components: Data Collection and Methodology
Report," NUREG/CR-2641,% and "The In—Plant Reliability Data Base for
Nuclear Power Plant Components: Interim Data Report — The Pump Compo-
nent,' NUREG/CR-2886.4
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1.2 Program Scope

Currently, the valve population, failure, and repair records from two
P¥R units and four BWR units have been entered into the data base (24 re-
actor years of information). Table 1 gives a breakdown of the maintenance
records currently in the data base, Differences in plant—specific in-
formation are described in Appendices A and B,

This report examines the reliability characteristics of valves in
both selected systems and entire plants. A sample of statistics on valves
from one PWR (Plant 1) and one BWR are developed in this report to illus-
trate the degree of refinement possible when using the IPRD. Plant 2 data
was not included because of the short time span which the collected data
cover, Plant 3 date was not included because of significant incompati~
bilities between population and failure records.

Table 1. Data base status (September 1983)

IPRDS Plant
PWR B¥R Total WASH-1400
14 2 3 4

Number of maintenance 30,000 16,000 50,000 30,000 120,000 700
records collected

Number of corrective 8,000 3,000 6,000 7,000 24,000 303

~ maintenance records

Number of valve 3,067 . 980 992 773 5,812 102
maintenance records

Time span of valve main— 5.0 1.6 1¢6.9 6.0 23.5 17
tenance records {(years)

Number of valve popula— 3,138 3,310 16,799 1,578 24,825 NA

tion records

NA — Not available.
aIdentifiel plant data used in this report.




2., METHODOLOGY

The procedure used for establishing the data base and calculating the
component failure rate is as follows: From the plant equipment lists,
piping and instrument diagrams, and process flow diagrams, a population
card was formulated for each valve containing information such as the com-
ponent identification number, system, valve type (gate, globe, check,
etc.), type of operator, process fluid, and valve size in inches. System
codes were assigned from descriptive information derived from plant equip-—
ment lists and piping & instrument drawings (P&ID's). The system codes,
ppiversal for all IPRD components, are designated in Table 2. 1In cases in
which not all of the above information was readily available from the
plant records, these data fields were left blank,

The failure rate estimate is calculated after determining the appro—
priate numerator (number of failures) and denominator (component hours or
demands) from the data base. To determine the numerator of the failure
rate estimate, the ana}ysts reviewed all the corrective maintenance rec-—
ords collected from the plant visit for valve related failures, These rec-—

- ords were separated, reviewed again, and classified. Analyzing the fail-
are and repair text, the analysts assigned the following codes: failure
cause(s), failure severity, and failure mode, The data reported on the
maintenance record such as component name, failure date, failure and re—
pair text, as well as the code assignments from the analyst were entered
jnto the computer. A computer program then matched the individoal failwore
and repair record with the population record on the basis of the component
‘identifjcation number. A population record/failure and repair record set
was thus generated for each population record, containing the failure and
repair history of each component, The total number of failuwres for 2 par—
ticular valve of interest was used as the numerator for the failure rate
estimate. Information was gathered to determine the denominator of the
failure rate estimate: the total number of service hours for a time—
dependent failure rate or the total number of demands for a demand failure
probability. For each valve IPRD analysts assigned the service hours
(calendar hours in the system) and an estimated number of demands (12
actuations per year) to each valve. No valve specific estimates of the
number of demands were attempted for this interim report,

2.1 Valve Boundary

The approach used to define the boundary around the valve component
was to consider the valve body and all of its internal parts, the valve
operator (motor, solenoid, pneumatic, etc.), and the limit and torque
switches mounted on the valve or needed by the operator to make the valve
function., Supply or auxiliary systems to the valve (e.g., electrical,
air, or hydraulic) are considered outside the bounds of the components,
This approach is consistent with the method used by plant maintenance per—
sonnel to create a valve maintenance work request action; typically, by
the failure of the valve to function as designed.



Teble 2. IPRDS generic systems list

BWR FWR
Nuclear Systems—N
NCG1 Reactor core NO1 Reactor core
NO2 Contrel rod drive system NO2 Control rod drive system
NO2.A Control rod drive hydraulic '
system
NO3 Reactor control system NO3 Reactor control system
NO4 Reactor recirculation system NO4 Reactor coolant system
NG5 Standby liquid control system NO5 Emergency boration system
NO& Reactor protection system NO6 Reactor protection system
NO7 Neutron monitoring/nuclear NO7 Nuclear monitoring/nuclear
instrumentation system instrumentation system
NO8 Residual heat removal/low NO8 Residual heat removal/low
pressure safety injection pressure safety injection
system system
N0 + Reactor water cleanup system NO9 Chemical and volume control

system (CVCS)

Engineered Safety Systems-—~S

s01 Reactor core isolation cooling
system
502 Engineered safety features ac-
tustion system
503 Engineered safety features 503 Safety injection system
803.A High pressure coolant injec- S03.A High pressure safety injec—
tion/core spray system tion subsystem

S03.B Safety injection tank/core
flood subsystem
503.C Low pressure coolant injection S03.C Low pressure safety imjection

subsystem
803.D Loy pressure core spray system
S03.E Automatic depressurization
system
S04 Remote shutdown system S04 Remote shutdown system
S05 Auxjliary feedwater system
Containment Systems-—C
co Primary containment and pene-—
trations
co2 Reactor building - Co2 Reactor building/conteainment
and penetrations
Co3 Containment heat removal Co3 Containment cooling system
C03.A  Tce condenser system
co4 Containment isclation system Co4 Containment isolation system
€05 Containment purge system Co5 Containment purge system
Co6 Standby gas treatment system . )
co7 Combustible gas control system co7 Combustible gas control system
cos Containment ventilation system Co8 Containment ventilation system
Co9 Reactor building ventilation
system
Ci0 Containment spray system C10 Containment spray system
C11 Penetration room ventilation

system




Table 2

(continued)

BWR and PWR

EO1
E01.A

E02.A
F02.B
E02.C
E02.D

E03

E03.A

EO03 .B

POl
PO2
PO2 .A

PO2.B
PO2.C

PO2.D
PO2.E

P03
PO4

wo1
WO1.A

¥Wo1.B
vo1.c
wo2

WO2.4A
W02 .B
wo2.cC
¥o3

W03.A
¥W03.B

wo4

W04 .4

Electrical systems—E

Main power system

Protective relaying and con-
trols

Plant AC distribution system

Essential power system

Non—essential power system

HPCS power system

Protective relaying and
controls ‘
Instrumentation and control
power systems

DC power system

e vital DC power subsystem

¢ plant DC power subsystem
Instrument AC power system

¢ vital instrument AC power

subsystem

EO4
EO4 . A

E04 .B

E04.C
EO4.D

EO03
EO5,.A
EO5 .B
E06
E07
EO7.A
EO7.B

¢ plant instrument AC power
subsystem
Emer gency power system
Diesel-generator fuel oil
subsystem

Diesel-generator cooling water

subsystem

Diesel-generator air subsystem

Diesel-generator lubrication
0il subsystem

Plant lighting system

Essential lighting

Non—essential lighting

Plant computer

Switchyard

DC control power system

Protective relaying

Power Conversion Systems—P

Main steam system

Turbine—generator system

Electro—hydraulic control
subsystem

Terbine gland seal subsystem

Turbine lubrication sub-
system

Stator (hydrogen) cooling
subsystem

Hydrogen seal oil subsystem

Turbine bypass system

Condenser and condensate
system )

PO4.A
Po4.B

Po4.C

POS
PO5 . A

PO6
Pa7

PO8

Condenser evacuation system

Condensate c¢leanup/polishing
system

Condensate heater drain sub-
system

Feedwater system

Feedwater heater drain sub-
system

Circulating water system

Steam generator blowdown
{P¥R)

Auxiliary steam system

Process Auxiliary Systems—W

Radiocactive waste system

Gaseous radwaste system

s offgas subsystem (BWR)

Liguid radwaste system
Solid radwaste system

Radiation monitoring system

Plant area radiation moni-
tors

Environmental radiation
monitors

Process radiation monitors

Cocling water systems

Reactor building cocoling
water system

Turbine building cooling
water system

Service water systems

Demineralized makeup water

¥4 .B

ot ,C
WOos
W06
W06 .A

wo7
WO7.A
¥o7.B

Yoo
W09 .A
¥09.B

system
Station service water system
¢ Essential service water
system
¢ Non-essential service
water system
Chilled water system
Refueling system
Spent fuel storage system
Fuel pool cooling and cleen—
up system
Compressed air system
Service air system
Instrument air system
Process sampling system
Plant gas system
Nitrogen system
Hydrogen system



Table 2 (continued)

BYR and PWR

Plant Auxiliary Systems—X

Xo01 Potable and sanitary water system
system X05.C Diesel building ventilation
X02 Fire protection system system
X02.A VWater system X05.D Auxiliary building ventile—
X02.B Carbon dioxide system tion system
X03 Communications system X05.E Fuel building ventileation
X04 Security system system
05 Heating, ventilating, and 06 Non~radiocactive waste system
air conditioning systems X06.A Gaseous waste subsystem
X05.A Control room’ habitability X06.B Liquid waste subsystem
system : X06,C Solid waste subsystem

X05.B Turbine building ventilation

2.2 Fsailure -Mode Code -Development Approach

The encoding efforts for the valve component have relied nupon previ-
ous LER related work, specifically, coding schemes for cause codes and
failure modes, The systematic development of these codes for the IPRD
valve data base produces a more useful coded informational base, This is
especially true in regerd to the performance of relisbility and risk
analysis,

The selected failure modes encoded in the IPRD data represent the
only intermediary link (i.e., the only link without resorting to review of
the individual failure record text) between the fauvlt tree analyst and the
data analyst. For this reason it is imperative that the failure modes
selected are consistent with the needs of the most commonly utilized fault
tree basic events, Research and experience indicated that basic events
for components are usually categorized according to a compoment type des-
ignation combined with a failure mode which indicated:

1., Loss of function of the component, or
2. Change of state without command, or
3, Failure to change state when commanded.

The significant valve component types identified in the risk assessment
outputs and based upon experience were:

Valve type -~ ---- - -
1. Manual wvalves
2. Air operated valves
3, Motor operated valves
4, Solenoid valves
5. Check valves
6. Safety valves
7. Relief valves




When the generalized failure modes were applied to the specific case
of valves, the following valve specific modes were systematically produced
py senerating exhaustive binary state transition failures as would be done
jno fault tree construction and applying these to a generic valve,

Mode 1. Loss of function of the component:
a. Valve leaks through
b. Valve plugged
Mode 2. Change of state without command:
a. Valve closed — fails open
b. Valve open — fails closed
Mode 3. Failure .to change state when commanded:
a. Valve open — fails open*
b. Valve closed — fails closed

After generating the modes, they were applied to specific valve types and
the developed modes were tailored to each specific type for the cate-
strophic failure category. This application caused the development of
valve specific mode terminology in many cases. For example, when 3a is
applied to safety valves it becomes: "Valve is open (due to a previous
legitimate command); it is commanded to close {(i.e., to reclose due to re-
duced system pressure), but it fails open (i.e., does not close)." This
long description can be simplified and summarized by the statement:

"Eails to Reclose,” and this statement is just 3a tailored to safety
valves.

When this tailoring was completed for all valve types, certain ques—
tionable specific modes were genmerated. For example, although modes 2 and
3 can be developed for check valves, they would only be useful if the cor-
relation between a failure and an actual demand or the lack of a demand
can be made (e.g., if the failure records indicate, "inlet check valve on
pump A fails to open when pump A is activated"). This correlation is
highly unlikely, and since the important system failures are contained
within mode 1 (i.e., fails to check, and plugged), modes 2 and 3 were
judged to be unnecessary for simple check valves (swing check valves are
exceptions).

After the elimination of gquestiomable types for specific valves was
completed, the remaining types were expanded for the degraded and incipi-
ent. Again, conversion to type specific terminology was made where appro—
priate, and the elimination of questionable specific modes was carried
out. JIn the next step, the surviving modes were divided into those pri-
marily time related and those primarily demand related. Finally, the
valve types and the valve specific mode categorizations were reviewed to
determine if category similarities would allow grouping of types. This
was attempted in order to reduce the final number of categories without
sacrificing the required mode specialization. The results of this process
are given in Table 3. In Table 3, each unique mode was assigned a unique
alphabe tic single digit identifier, These unique identifiers represent
the suggested failure modes and their suggested encoding scheme.

*i.e., Valve is open, it is commanded to close, but does not close.




Table 3. Valve failure modes

T. Manual, Operated Valves snd Solenoid Valves

1 - Catastrophic ‘ Time/Demand Related

A. Fails to operate Demand

a) normally open — fails open
b) normerlly closed — fails closed

B. Spurious operation Time

a) normally open — fails closed
b) normally closed — fails open

C. Plugged Time
D. Leaks through (disabling intermnal Time
leakage)
2 — Degraded
E. Improper operation (operates out of Time
specification)
F. Leaks through (debilitating internal Time
leakage)
I. Plugged (partial) Time
3 ~ Incipient
G. External leakage Time
H. Faulty indication Time

II. Check Valves |
1 - Catastrophic Time/Demand Related

C. Plugged Time
D. Leaks through (disabling internal Time
leakage)

2 - Degraded

E, Improper operation (operates out Time
of specification)

F. Leaks through (debilitating Time
internal leakage)
I. Plugged (partial) Time
3 - Incipient
J. Chattering Time
G. External leszkage Time

H. Faulty indication Time




Table 3 (continued)

PR,

11I. Safety and Relief Valves

1 ~ Catastrophic

A.

B.
D.

K.

Fails to operate (significant
delayed operation)

Spuriouns operation

Leaks through (significant
internal leakage)

Fails to reclose

2 — Degraded

E.

E.

Improper operation
1. Premature operation

2. Delayed operation (operates
out of spec)

Leakage

3 - Incipient

L.
K.

Small external leakage

Faulty'indibation

Failure Mode Summary

Mode

FUOW?

BoR A - m oo

Fails to operate
Spurious operation
Plugged

Leaks through (significant internal
ieakage)

Improper operation (operates out of
"spec)

Leaks through {internal leakage)
External leakage

Faurlty indication

Plugged (partial)

Chattering

Fails to reclose

Weepage

Time/Demand Related

Demand

Time

Time

Demand

Time

Time

Time

Time

Time/Demand Related

Demand
Time
Time

Time

Time

Time
Time
Time
Time
Time
Demand

Time




10

2.3 Cause Code Development Approzach

A systematic attempt was made to develop the cause encoding scheme
for valves. The thrust of the approachk was to allow the maintenance rec-
ord descriptions to specify the scheme. A sample (several hundred) of
representative failure and repair records were reviewed by the data amna-
lysts. The analysts were instructed in each case to extract the essential
cause description contained in each record. The analysts were trained to
key on certain cause descriptors such as piece part failures, control
failures, envirommental failures, and installation failures. They were
instructed to construct new cause descriptions from the data only when the
essential cause of the description was not listed and was significantly
different from those listed.

The resulting cause categories were reviewed in an attempt to re—
structure them so as to reduce their number without significantly affect—
ing their cause content., Cause codes which were clearly outliers, (i.e.,
appeared only once) were eliminated and the remaining codes were grouped
according to logical sets. Each of the codes within the sets were as—
signed unique, two digit, numerical identifiers. Blank entries were in-
troduced between groups and also given identifiers. These blanks were
reserved for cause codes which might be uncovered by further analysis of
the data during the data encoding process. The suggested cause codes for
valves which resulted from this analysis are givem in Table 4.

2.4 Classification of Failure Severity

The failure severity of the component was classified in one of the
following categories.

Catastrophic: The component is completely unable to perform its function,
Degraded: The component operates at less than its specif ied perfor—
mance level. )
Incipient: The component performs within its design envelope but ex-—
hibits characteristics that, if left unattended, will prob-
ably develop into a degraded or catastrophic failure.

2.5 Application of Failure Modes and Cause Codes

The use of the valve cause codes in Table 4 in many instances is
through a combination of two or more codes to specify both the part or
subassembly of the valve and the cause of the failure. Therefore, codes
14 through 41 in Tahle 4 identify valve parts whose failure can be de—
scribed by codes 53 through 60. For example, a binding or sticking valve
stem that causes a sluggish valve stem movement would be assigned a "De-
graded" failure severity, an E (improper operation) failure mode, with
cause codes 33 and 55 to specify the cause and type of failure. In other
cases, a failure may be described by assigning a single cause code with
the failure severity/mode, For example, a common external leak through
the valve packing can be encoded with an "Incipient” failure severity, a G
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(external leakage) failure mede, and a single cause code at 18 to identify'
the location of the leakage.

2.6 Output Format

The data format presented in Table 5 is intended to be the means for
documenting the valve reliability statistics of the IPRDS in a valve data
manual. The rationale behind the format development is to allow hier-
archical aggregation of the basic, valve—specific statistics to yield the
more general valve statistics, e.g., the aggregation of basic statistics
from all the tables on globe valves would yield general reliability statis-
tics for globe valves with all operator types, valves sizes and in all
process fluids. An example of the use of this format is givem in Table
6. Terms shown in this format and other tables are defined as:

Annual demands: Average number of annual demands per valve
{estimated at 12 per valve/year for this
report). '

Component class: Valve (includes operator)

Failure cause: The principal failure causes as found in
Table 4.

Failure demand proba~ The probability determined according to

bility: equations in Sect. 3.

Failure mode: The IPRD mode classification found in Table
3.

Failure rate: The rates calculated according to equations
in Sect. 3.

Failure severity: One of the three IPRD classes: cata-
strophic (D), degraded (D), incipient

- (I).
Maintenance frequency: The total number of failures divided by the

valve population divided by the population
service hours,

Failure population Total number of failures assigned to the
{(Pop.) valves,
Operating period: Years between commercialization and date of
last record collected from plant,
Plant: IPRD identification number.
Plant type: BYWR or PWR.
Population: _ Namber of valves.
Population demands: Average annual demands per valve times
' operating period (in years) times popula-
tion.
Population service The period of observation (in hours) times
hours: population.
Primary class: Valve operator.
; Service hours: Length of time covered by data multiplied
é by the number of valves.
Subclass: Hierarchical information including operator

type, system, type and size of valve, and
process fluid,
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3. FAILURE RATE CALCULATIONS

3.1 Recommended Point Value Estimation

The equation used to estimate the probability of failure on demand

-(Qd) is

n
%~ b
where
n = the number of failures observed and
D = the total number of demands experienced.

The equation used to estimate the failure rate (lt. per hour) is

n
M ST
where
n = the number of failures observed and
T = the total operating time of the components.

In the data tables these values of Q. and A_ are listed under the
column labeled "mean." When no failures were observed (n = 0), the point
estimates Q, and A, in this column were determined using the median of a
chi—square variablé with one degree of freedom

Ay = XPo.s(1)/2T

t
= 0.227/T
Q, = x*o,50(1)/2D
= 0.227/D .

For (D — n) ¢ 40, the F-variate at the 50% point with one degree of free-
dom was used to calculate '

F
n

d ~2(D —n) +EF_+1
n

»

where F F (1, 2D+ 1).
n n




16

3.2 Interval Estimation

The confidence limits for the hourly failure rates were calculateq
the assumption that the component times to failure are expomentially
distributed. Although for Q. the number of failures n is binomially dis-
tributed, the Poisson distribution may be used to approximate the dis—
tribution of this variable when the number of failures is small compared
to the number of demands., The equations for estimating the 90% confidence
bounds on the failure rates when n > 0 and D — n ) 40 are:

on

X8.0s (2n)

5% _

lt 2T ’_
195% ] X8.ss (2n + 2?

t 2T '

X-o! (2n)

5%
Qd_ = Top and
Qgs% ) Xg.ss (2n + 2?

d 2D !

where

H

X8.0s(2n} = the chi-square variate at the 0.05 level with 2n

degrees of freedom and
the chi-square variate at the ¢,95 level with
(2n + 2) degrees of freedom,

X§.s5(20 + 2)

For the cases where D — n { 40, the Poisson approximation to the bi-

nomial distribution is not adequate, and the following equations are used
when n > 0:

5% nFy
A “D=n+ 1+ uk | and
{n+ 1) F
J95% _ u

d D—-—n+(n+ 1) F °*
u
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where

E, = Fo.0s (20, 2D — 2n + 2) ,
which is the F variate at the 0,05 level with 2n and 2D — 2n + 2 degrees

of freedom, and

F, = Fo.os (22 +2, 20~ 20) ,

which is the F variate at the 0.95 level with 2n + 2 and 2D — 2n degrees

of freedom.
Vhen n = 0, no estimates were made for the 5% values of lt or Qd'

The upper confidence level when n = 0 was calculated using

<

AS = x3 45(2)/2T and

=
°
"
1

= X%,.55(2)/2D .
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4, DISCUSSION OF RESULTS

INTRODUCTION

This is a 1imited presentation of selected preliminary results de-
rived from the data of two nuclear power plants. This only touches upon
the numerous uses for the statistics and the various comparisons possible
with IPRDS results. The tables and figures should be viewed as proposed
methods or means for documenting future IFRDS information and are purpose-
ly noncomprehensive to inhibit direct use of the preliminary statistics.
IPRDS results are compared with the overall catastrophic failure statis—
tics of WASH-1400 and LERs. In addition there is a comparison of valve
reliability and maintenance data for safety and nonsafety~related systems
for various specific valve operator types. Failure statistics from one
BWR plant (Plant 4) are contrasted with those of one PWR (Plant 1) for one
specific system category. Repair times from Plant 1 are presented on the
basis of three distributions. A cumulative distribution of repair times
is shown and compared to the WASH-1400 results., The parameters of the
lognormal repair time distribution are given as well as the maintenance
frequencies and median repair times for valve types and valve operators.

4.1 Comparison of IPRDS with WASH-1400 and LERs

Upon initial review, the preliminary sampling of IPRDS results found
in Table 7 tends to indicate that differences exist with WASH~1400 and LER
values for the overall demand failure probabilities of valves. Although
this may be implied by the results, certain caveats should be considered
when evaluating this table, as well as other figures. First, the estimate
of individual valve demands is one demand per month, or twelve per year
for this report, This first order estimation is applied to all valves in
all systems of the plant, and may be significantly different than the
actual number of demands incurred by any particular valve. Al so, the
tables shown are meant to represent the results that are possible from
analyses of data in the IPRDS and to present suggested formats for a com-—
puter—~generated data manual. Finally, the general overall reliability
statistics om valves as documented in Table 7 may not be considered as
reasonable from an engineering standpoint. The reliability of valves can
be affected by their operating and envirommental conditions, and it 1likely
varies for different valve types. Thus, combining data from different
valve types (check, relief, gate, etc.) from all systems within the plant,
gives results as in Table 7 that are comparable to WASH-1400 values; but
based on engineering judgement, a more reasonable approasch to valve fail-
ure data reporting would be Fig. 1.

Figure 1 graphically depicts a sample of preliminary reliability re—
sults for pneuwmatically operated valves by valve type from ome PWR. Fail-
ore rates are depicted along with the population of valves and the number
of failures that were used to calculate the failure statistics, The
bounds of WASH-1400 estimates are shown by the dotted lines. ‘The IPRDS
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can further refine this figure for any particular system in the plant and
any particular valve size, but onfortunately, the IPRDS pilot data base
currently has an insufficient quantity of information to produce signifi-
cant reliability information at this fine a level.

In comparing the IPRDS data with these sources, two points are evi-
dent. First, the IPRD system can offer more specialized failure rates for
PRA in terms of valve type and mode of failure than either WASHE~1400 or
LERs. The IPRDS can distinguish among different valve types and operator
types, as well as sizes and systems of application. Mamy of these dis—
tinctions are lost in the presentation of the WASH-1400 and LER data and
‘as a result, their statistics are rather general. Secondly, the prelim—
inary comiparison of IPRDS results (Table 7) indicate that demand failure
probabilites (Q,) from WASH-1400 and LERs may be underestimated. Recog—
nizing the aforementioned 1imited scope of the current IPRDS data, no di—
rect challenges are made. However, sufficient cause exists to conclude
that conclusive resmits could be attainable from an enlarged IPRDS data
base.

4.2 Safety vs Non-Safety Related Systems

In Table 8 preliminary valve reliability and maintenance data are
compared for a safety and a nonsafety related system in a PWR (Plant 1).
This is donme by comparing valves in the residual heat removal (RHR) system
with those of the process auxiliary systems. The table is broken down by
operator type giving the catastrophic failure statistics for demand and
time—related failures and the maintenance frequencies. It is interesting
to note that the maintenance frequency of safety-related valves is ap-
proximately twice that of nonsafety—related valves, yet in no case is
there a substantial improvement in safety-related valve failure statistics
over those of nonsafety—related valves. Further analysis on an enlarged
data base may substantiate this and other prel iminary observations.

4.3 BWR vs PWR Valve Maintenance and
Reliability Statistics

A comparison of one major systems category (nuclear systems) in PWRs
and BWRs is given in Table 9, broken down by valve operator type for each
plant type. Given in the table are the preliminary catastrophic failure
statistics, including failure rates and demand probabilities with the ap-
propriate 90% conf idence limits derived from chi-square distribution,
Also a corrective maintenance frequency is calculated. Similarities exist
between valve populations and catastrophic failure statistics in these
systems for the two plant types. However, there is a sizable difference
in the total number of failures (including degraded and incipient fail-
ures) and the related maintenance frequency. These preliminary results
may be showing plant specific variability, and therefore, Table 9 only
serves to illustrate a useful comparison for determining if significant
differences exist between similar valves in the different plant types.




Table 8. Preliminary valve reliability and maintenance gre

Cat
Fails to operate
Operator Valve Q. (1/10° @)
Safety Nonsafety type population d
' No. of
fallures “O¥  Mean i
Pneumatic
X 3 0 - 1.3 16.
X 35 3 0.38 1.4 3.
Motor operated )
b4 15 8 4,5 8.9 16.
X 37 14 5.1 8.6 i3.
All
X ' 40 7 1.4 2.9 5.
X 147 14 0.96 1.6 2.

%The safety related valves of the RHR system are compared to the nonsafety
b

No failures due to plugging were observed for elther the safety or nonsafl
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and maintenance statistics for safety vs nonsafety related systemsa in Plant 1

Catastrophic failure statisticsb

l1s to operate Spurious operatiom Internal leakage
3 G 6 Maintenance
4 (1710° ) A, (1/105 h) Ay (1710% h) f requency
(1/10% h)
No. of No. of
Low Mean High failures Low Mean High failures Low Mean High
- 1.3 16.0 0 - 1.7 22.0 0 - 1.7 22.2 45
0,38 1.4 3.7 o - 0.14 1.9 2 0.22 1.3 4.1 28
4.5 8.9 16.0 0 - 0.34 4,5 0 - 0.34 4.5 33
5.1 8.6 13.0 0 0.21 1.2 3.9 0 - 0,14 3.9 18
1.4 2.9 5.5 0 - 0.12 1.7 0 - 0,12 1.7 27
0.96 1.6 2.5 2 0.05 0.31 0,98 3 0.12 0.46 1.2 15
ad to the nomnsafety related valves of the process auxiliary systems.
ne safety or nonsafety valve. No fallure rates were calculated.
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Table 9. A comparison of preliminary BWR and PWR selected valve maintenance and reliability si

'Catastrophic
Valve Plant Valve Faéls(iﬁlggegite Spu:io?ifiggri;ion
operator type population d t
No. of Na. of No. of
failures Low Méan High failures Low = Mean . High failures
Pneumatic BUR 29 3 0.39 1.4 3.7 1 0.03 0. 66 3.1 0
PWR 31 9 2.5 4.8 8.4 3 0.59 2,2 5.7 0
Motor operated BWR 26 1 0.03 0.53 2.5 2 0.26 1.5 4.6 0
PWR 26 4] 3.5 6.4 11.0 2 0.31 1.7 5.5 4]
Hanualb BUR 69 3 0.17 0.6 1.6 ¢ - 0.06 0.83 1]
PHR 199 5 0.16 0.42 0.88 2 G.15 0.23 1.0 o]

“Total of ineiplent and degraded fallures as well as catastrophic.

Contains valves designated as manual in the plant equipment lists and valves having no operator designat




Intenance and rellability statistics for one wmajor category of systems — nuclear systems

Catastrophic’ failure statistics

a

op%ration i Plugged Internal lgakage zz;gir iz;iizﬁ;ize
6

{/10® h} ‘ élt (1/10° h) Ay (1/10 h) of Frequency
: fallures (1/10% n)

) No. of ! No. of

" Mean  High failures Tow Mean  High failures Low Mean  High

03 0.66 3.1 0 - 0.07 2.0 0 - 0.07 2.0 6 3.9

59 2.2 5.7 0 - 0.17 2.2 0 - 0.17 2.2 96 70

26 [.5 4.6 0 - 0 - 33 24

31 1.7 5.5 0 - 0.20 0 - 0.20 2.6 40 35

0.06 0.83 1] - 0.06 0.83 0 - 0.06 0.83 1.0 2.8
15 0.23 1.0 ¢] - 0.03 0.34 3 0,01 0O,Ll 0. 54 68 7.8

having no operator designated In the lists.
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4.4 Repair Times

Presented in this section are repair times for all types of valves
and valve operators in all nuclear plant systems. Repair times on valves
are available from only one plant of the four plants in the IPRDS. The
cumulative distribution of repair times is plotted in Fig. 2 along with
the results found in WASH-1400. A noticeable shift to the left occurred
with the IPRDS data (i.e., shorter repair times). Probability plots are
presented for three frequently used distributions., Note that the repair
times from Plant 1 are actually the man—hours required of the maintenance
personnel and may not be the actual hours the component was out for re-
pair. Additional research is necessary to relate man—hours with actual
component downtimes.

Probability plots of repair times from Plant 1 are compared to three
distributions: exponential, log normal, and Weibull, Such plots are use-
ful when looking for suitable probability density functions.

First the repair times are ordered from smallest (= 0.5 h) to largest
{= 880 h), assigning rank 1 to the smallest and rank N (= 2809) to the
largest. If the ranks alone are plotted against time (or log time for log
normal and Weibull), the familiar "S"-shaped cumulative distribution func-
tion of Fig., 2 is generated. The "S8"-shaped curve is ''straightened" by
making an appropriate transformation of the ranks for each of the three
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Fig. 2. Cumulative Distribution Function of Observed Repair Times
for Valves in Plant 1.
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distributions so that the plotted points can be compared to a straight
line. These plots are given in Figs. 3-5. Of the three, the log normal
most closely resembles a straight line. Note that not all of the points
are plotted; only the 99 different repair times. The first 39 repair
times that are equal to 0,5 h are represented by the middle rank of 20 (=
39/2 + 1/2)., The mode of 2 h (most frequently occurring repair time) is
represented by the middle rank of 598.5. At least one—half of the ob-
served repair times are less than or equal to 4 h (median value).

Exponential Distribution (Fig. 3)

The density is given by

£(£) = 2" for t > 0

A
where parameter A is the failure rate. An estimate of A, denoted A, is
obtained from the mean time to failure by -

N -1 .
A -1 1
A = (mean time to failure) = N }: t, = (.0767
i=1 :
where
ti = ith repair time, and
N = total number of repair times = 2809.
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Fig. 3. Exponential Plot of Repair Times of Plant 1.
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Figure 3 plots the pairs
N+ 0.25
Ia\R= T+ 0.625) " &
where
.th s g
ri = rank of i ordered repair time,

Log Normal-Distribution (Fig, 4)

When the logarithm of & random variable has é normal distribution,
the random variable is distributed log normal. The density is

1 [_ {(1n t/ﬁ)’] ,
f{t) = atYa. ©xp Za3 » 0Lt (®, -2 ¢ B <= a2z >0,

where the parameters B and a are measure

5 of the location and spread, re—
spectively. Estimates are given by '

B =3.91n
& =1.55.

Figure 4 plots the pairs

P 0.375

N7 025 )+ lnlty)

where

g [r; —0.375 r, ~ 0.375 8
—ﬁfg-a—ig“ is the -;FI_B“EE" percentile value from the

normal distribution

Weibul]l Distribution (Fig, 5)
The Weibull density for two parameters is given by:

£\B1 \B
f(t) =8 (;) exp —(;) r @ B 2O, t>0

with parameters ¢ and B. No estimates are given,
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Figure 5 plots the pairs

100
1ajln 766 = (x,/N) 100 * 1a (t})

The parameter estimates for the log normal distribution of repair
times and other statistics are given in Table 10. Of particular interest
is the range of valves (0.5 to 880 h) and the median for all valves (4 L),
Table 11 further breaks down the repair times and maintenance fregencies
by valve type for each operator. Again of interest is the range of median
repair times (2 to 10 h) with the majority of valve types requiring
between 4 and 6 h for repair,

Table 10. IPRDS and WASH-1400 parameters
of the log-normal distribution of
repalr times

IPRDS WASH-1400

Number of observations 2809 A28
Mean, h 5.2 . 24
Median, h 4.0 NA
Mode, h 2.0 NA

Standard deviation, h 3.2 NA
Maximum, h 880 350
Minimum, h 0.5 1

NA — not available.

NOTE: These preliminary and most general
IPRDS parameters have been determined
using all valve types, all failure se-
verities and modes, and all valve sizes.

4,5 A Technigune for Studying Maintenance Histories —
Corrective Maintenance Signatures

The technigque of corrective maintenance (C, M.) signatures is to
portray the entire corrective maintenance history of a particular com—
ponent on a time line and graphically represent the failure and its cor-
responding severity as shown in Fig, 6. To complete the failure history,
the causes of each failure can be associated with the corresponding 1ine,
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Table 11. Maintenance freguency and median
repair times by valve type

for Plent 1
Median
Operator Maintenance frequency .
Valve type type (No. of failores/10¢ h) r‘:epair
time (h)
Ball All 7.36 3
— pnemmatic 7.61 8
— others 6.76 3
Butterfly All 9.64 4
- pneumatic 35.1 4
~ motor-driven 28.2 4
-~ others 3.40 3
Check ’ All 9.65 6
Diaphragm All 4.52 5
Gate ' All 17.6 6
= prewnatic 97.8 8
- motor—driven 62,0 4
~ hand 28.5 4
- others 4.42 3
Globe All 17.2 4
~ pnemmatic 43,1 4
- solenoid 182.0 4
- motor—driven 48.0 2
- hand 25.1 10
- othkers 4.19 2
Relief/Safety All 14.5 6
Directional Comtrol All 14.6 3
- pneumatic i8.7 3
! - solenoid 4.15 5
- motor—driven 68.2 2
- others 5.71 3
ORNL-DWG 83-5352 ETD
FAILURE SEVERITY:
C CATASTROPHIC
D DEGRADED
i OINCIPIENT
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Fig, 6. Corrective Maintenance Signature of a Steam Generator Dump
Valve.
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This technique enables the relationships between time—variant factorsg
affecting component reliability (i.e., plant status, component envirom
ment, preventative maintenance) and component failures to be evaluated by

overlaying the C. M, signature with the history of the appropriate factor,

Changes in preventative maintenance policies and their effects on com—
ponent reliability are particularly evident using this technique.

4.6 Plant Specific Information

The majority of plant specific information can be found in the Appen—
dices A and B, representing Plants 1 and 4 respectively. The first table
(i.e., Table A-1 and B-1) in both appendices gives the valve population,
the estimated demands, and service hours for each type of valve and speci-
fic operator in the plant. Tables A~2 and B-2 provide background informa-
tion that was used to develop the failure statistics for Plants 1 and 4,
respectively. They provide the number of failures for each mode by valve
type and operator type,

4.7 Safety Valve and Power—Onerated Relief Valves

A ministudy on safety valves and power operated relief valves is in-
¢luded in Appendix C,
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5. DATA BASE LIMITATION AND RECOMMENDATIONS

The data and calculated values in this pilot study must be considered
preliminary in nature and should be used only as screening values, The
calculated values may be subject to substantive changes as the data base
expands, :

5.1 Relatively Short Time -Span and Limited
Number of ‘Plants

The IPRD system currently has valve population data from four nuclear
power plant stations (six umits). Although the maintenance records from
these six units (four BWR and two PWRs) span almost 24 reactor—years of
commercial operation, the number of reactor—years of dats from each unit
- is relatively small (1.6 to 6 years). The failure rates and mean repair
times calculated in this report are from two of the six units and should
therefore be considered preliminary valuwes., In many cases, the time span
of the data collected and the number of failures, most importantly cata-—
strophic failures, were small.

It is recommended that (1) data from additional plants be collected
and (2) updating of the four plants currently in the data base continue,

5.2 Differing Maintenance ‘Policies -Affect
Component ‘Failure Rates

The differing maintenance policies of these two particular plants may
not reflect the overall population of nuclear power plants in the United
States, This could lead to plant—specific component failure rates and
maintenance frequencies which are not represeantative of the nuclear in-
dustry. TUntil data from additional plants are available, it should not
be assumed that these preliminary results are applicable to the general
population of nuclear valve components,

5,3 Underestimation of the Number -of -Annual Demands

It is recommended that for selected valves, the operator logs should
be reviewed to ascertain the actual number of demands,

5.4 Plant 2 and 3 Recoxds

Plant 2 eqguipment lists were insufficient in documenting the valve
type end size, Additional information from the plant P&ID's is necessary
for developing the necessary hierarchical structure for each valve to
enable proper statistical analysis.
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Plant 3 failure and repair records were extracted from the monthly
maintenance summary reports. As such, the component identification num-
bers were frequently omitted or recorded erroneously. This made matching
with Plant 3 population records a difficult task. Ultimately it became
evident that less than one third of the failure and repair records coulg
be matched. This did not yield a suitable sample to perform statistical
analysis upon. The original failure and repair records are necessary for
proper data base development,

5.5 Information Documented in the Maintenance Work Requests

In reviewing and classifying the maintenance work request (MWR) rec-
ords of the four nuclear stations, additional information on the MWR about
the components’ failure mode, failure severity, and repair or unavailable
time would be helpful in using the failure and repair document for data
base development.
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APPENDIX A

SUMMARY OF PLANT 1 DATA







37

APPENDIX A (PLANT 1)

Plant 1

Population data. Equipment lists containing: component identifica-
tion number, valve location, type and size of valve, operator type, the
pumber (population) of such valves, and the operating mode (normal valve
position), This information was available on 1051 of 3138 (33%) popula-
tion records.

Maintenance work request data. The plant component and system sum—
mary cards of the individeal work requests were the input to YFRD. Each
summary card contains the component identification number, an abbreviated
description of the failure, repair actions, repair time derived from the
original maintenance work request, dates of the failure and repair action,
and report number. Of 3078 total failure and repair records, 2942 matched
with 1347 population records.
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Table A-1, Valve populations, demands, and service hours
for Plant 1
Operatoer . Total Total service Maintenanoce frequeucy
Valve type type Population demands howrs (10¢ k) (No. of failures/10%})
Ball All 59 3,540 2,58 7.36
— pneumatic 42 2,520 1.84 7.61
~ others* 17 1,020 0.740 6.76
Butterfly All 251 15,100 11.0 9.64
- pnewmatic 26 1,560 1.14 35.1
- motor—driven a0 1,800 1,31 28.2
— others* 195 11,700 8.54 3.40
Check A1l 116 6,960 5.08 9.65
Disphragm All 353 21,200 15.5 4,52
Gate All 752 45,100 32.9 17.6.
- pneumatic 42 2,520 1.840 97.8
— solenoid 1 60 0,044 NC
- motor—driven 95 5,700 4.16 62.0
— hand 20 1,200 G.876 28.5
' — others* 594 35,600 26,0 4.42
Globe .Ml 496 29,800 - 21,70 17.2
~ pheummatic : 118 7,080 5.17 43.1
— solenoid 2 120 0,088 182.0
- motor—driven 29 1,740 1.27 48.0
— hand 10 600 0.438 25.1
— others* 337 20,200 14.8 4,1%
Needle All 1 60 0.044 NC
Plug All 53 . 3,180 2.326 NC
- pneumatic 2 120 0.088 NC
— othexs¥ 51 3,060 2.23 NC
Safety/Rel ief All 131 7.860 5.74 14.5
Directional All 28 1,680 1.23 . 14.6
control — poeumatic 11 660 0.482 18.7
- solenocid 11 660 0.482 4.15
- motor-driven 2 120 0.088 68.2
~ others* 4 240 0,175 5.71

*Indicates that valve equipment list did not specify operator. type. This inciudes the ma-
jority of manuelly operated valves.

NC - not calculated.
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Valve failures by mode and severity
for each valve type in Planmt 1

Number of failures

Severity
Valve type Operator
type . De graded ..
Catastrophic Hode Incipient
A B C D K E F 1 G H J L
Ball All 3 N/A 4 2 N/A [ 4 N/A N/A
~ poneumatic 3 3 2 3 3
— others™, 1 3 1
"Butterfly All 22 5 1 N/A 38 12 N/A 23 5 N/A N/A
~ pnecmatic 4 3 1 9 9 11 3
- motor—driven 13 2 16 1 4 1
- others* 5 13 2 B 1
Check All N/A N/A 5 N/A 4 7 27 N/A 6 N/A
Diaphragm All 7 2 1 3 NA 17 20 N/A 16 4 N/A  NA
Gate ' All 106 16 2 N/A 155 55 N/A 2158 28 N/A N/A
~ pneumatic 25 5 1 62 19 54 14
- motor-drivenm 61 10 58 12 106 10
« hand 3 1 8 3 10
- others® 17 1 27 21 45 4
Globe All 55 9 5 N/A 71 49 N/A 141 43 N/A N/A
—~ pneumatic 28 6 2 44 32 79 32
— solenoid 2 1 3 B 2
- motor-driven 16 2 9 2 26 6
-~ hand 2 I 5 3
- others* 1 3 14 10 25 3
Rel ief/Safety Atl ] N/A N/A - N/A 4 11 30 N/A N/A 2 N/A 30
Directional Comtrol ALl N/A 3 2 KA i1 2 N/A N/A.
~ pneumatic 2 1 4 2
- solenoid 1 1
- motor—driven 6
— others®* R
Mode Codes: (A) — Fails to Operate (E}) ~ Improper Operation {G) — External Leakage
(B} — Spurious Operation {(F) — Internal Leakage {H) — Faolty Indication
{C) - Plugged {I) - Partial Plugging (T) ~ Chattering
{D) — Significant Internal Leakage {L)} - Weepage

(£} — Feils to reclose/reseat

*Indicates valve Includes majority of manually operate&

valves,

N/A - Not applicable,

equipment 1ist did not specify operater type.
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APPENDIX B

SUMMARY OF PLANT 4 DATA







43

APPENDIX B (PLANT 4)

Plant 4

Population data. An equipment list and plant manual containing:
component name and identification number, valve type and size, operator
type, and system. These data were available for 523 out of 1578 (33%)
population records,

Maintenance work reguest data., Copies of the original maintenance
records were obtained. Each record contains the component identification
number, failure description, repair action, dates of failure report and
repair, and report number., All 547 total failure and repair records were
matched with 263 population records.
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Table B-1, Valve populetion, demands, and service hours

for Plant 4
Maintenance
. frequenc
Operator . Total Total service ¥
Valve type type ' Population demands hours (10§ L) (no. of failure
108 h
Ball A1l 3 216 0,158 12.7
~ pneumatic 3 216 0.158 12.7
Butterfly All 230 16,600 12.1 14.8
~ pneumatic 98 7,060 5.15 29.1
- motor-driven 30 2,160 1.58 12.0
~ ¢hain 18’ 1,300 0,946 0
— others* 84 6,050 4.42 2.26
Check All 194 14,000 10,2 3,43
— pneumatic 170 12,200 8.94 2.58
- others" 24 1,730 1.26 2.38
Diaphragm All 79 5,690 4,15 0.962
~ pneumatic 1 72 0,053 0
- solenoid 1 72 0,053 0
- others" 77 5,540 4.05 0,988
Gate A1l 547 39,400 28.8 5.82
— poeumatic . 8 576 0.420 0
- solenoid 3 216 0.158 0
~ motor—driven 93 6,700 4.89 26.2
— c¢hain 1 72 0.053 0
— hand L] 576 0.420 9.52
- others®* 434 31,200 22.8 1.54
Globe All 118 8,500 6.20 8.23
— pneumatic 20 1,440 1.05 1.90
- motor—driven 17 1,220 0,894 39.1
-~ others®* 81 5,830 4,26 3.29
Plug All 18 1,300 0,946 8.47
- pnevmatic ] 576 0.420 14.3
— hand 2 144 0.105 9,52
— others® 8 576 0.420 2.38
Safety/Relief All 49 3,530 2.58 9.69
— pneumatic 41 2,950 2,15 6.94
— others* 8 576 0.420 23.8
Angle All 10 720 0,526 7.60
- Motor—driven 7 504 0.368 10.9
~ others* 3 216 0.158 0
%Indicates that valve equipment Pist did not specify operster type. This inﬁludes the
majority of manuvally operated valves.
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for each valve type in Plant 4
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Valve failures by mode &nd severity

Number of failures

Severity
tor
Valve type Opera
type Catestrophic Deﬁ:;:” Incipient
A B C D K E F G B ¥ L
Ball All
~ pneematic N/A 2 N/A  N/A
Butterfly A1l 32 2 2 NA 38 22 14 13 N/A N/A
~ pneumsatic 19 1 2 28 17 11 70
= motor—driven 3 1 4 2 ] 2
— chaln
— others® 4 2 i 2 1
Check All N/A N/A N/A 11 3 18 12 . WA
Diaphragm M1 N/ A 3 N/A  N/A
Gate All 12 1 N/A 26 10 95 17 N/A N/A
~ pneumatic
- motor—driven 1 1 21 10 T4 9
— hand
— others® 5 5 18 ¥
Globe All 2 N/A 2 4 40 3 NA NA
—~ pnenmatic 1 1
- motor-driven 2 3 8 2
~ others?® 1 1 11 1
Plug All N/A 1 7 N/A  N/A
— pneumetic [
~ hkand 1
) ~ ather 1
Relief/Safety A1l 1 N/A 1 1 5 1 NA 1 NA
-~ phemmatic i 1 ] 4 1 1
‘-~ other 1 1
Angle All 1 NSA 3 N/A  N/A
— motor-driven 1 3
~ otherxs
Usknown All 50 15 57 16 [ 54 73 3 2
— penomatic 3 & 2 3 15
- solenoid 1 1 1
- hand L
— others 46 15 49 10 4 50 57 3 2
Mode Codes: {A) - Faills to Operate (E) — Improper Operation (G} — External! Leakage
(B} - Spurious Operation (F) — Internal Leakage (H) — Feulty Indication
(C) - Plugged (I) ~ Partial Plugging (J) — Chattering
i (D) ~ Significant Internel Leakage {L} -~ Weepage
: (E) - Fails to reclose/reseat
f *Indicates valve oquipment list did not specify operstor type. Includes majority of mannally operated
velves.
: N/A = Not spplicable.
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APPENDIX C

SAFETY AND POWER OPERATED RELIEF VALVES
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APPENDIX C

SAFETY VALVES AND POWER OPERATED RELIEF VALVES

1. Purpose and Scope

The purpose of this task was to review and categorize maintenance
records of the two PWR plants participating in the In-~Plant Reliability
Data program for failures of the ASME code safety valves and the power—
operated relief valves {PORV) located at the pressurizer. Emphasis W&Ss On
the failure mode, "Failure to close given the valve is open.' Summaries
of the failure and repa1r actions from the maintenance records are pro—
vided.

2. Observation -and Conclusions

e Because of the short time span for which failure data are available
(5 years of commercial operations for Plant 1 and 1.6 years for Plant
2) and the small population size, the conclusions drawn from review—
ing the maintenance records should be considered preliminary,

o No failures of the ASME code pressurizer safety valves (PSV) either
to open on demand or to reclose wexe found.

e Most of the failures of the PSVs, the power operated relief valves
(PORV) and the motor operated isolation valves (MOV) were external
leakage.

e No information was availablie from the maintenmance records on the
total number of actual demands on any of the three types of valves
{PSV, PORV, and MOV) and therefore n failure rate for the failure
mode "Fails to reclose" for the PSVs was not calculated.

e The PORVs are operated to relieve reactor coolant system pressure and
1imit the undesirable opening of the spring—loaded safety valves,
Because of this design feature it is likely that the code safety
valves have not been demanded to open during plant operation. Any
demands on the PSVs were most probably due to the testing require-
ments of the ASME code. Because test interval is 5 years only omne or
two demaznds on the PSVs in 6,6 years of commercial operation are
likely. This number of demands is insufficient to justify calculat—
ing a faLInre rate,

3. System Descoription

A simplified schematic of the pressurizer and the safety and relief
valves for the two PWR plants are shown in Fig., C-1.

There are three pressurizer safety valves (PSV) at each plant, The
PSVs are totally enclosed pop—type valves. The valves are spring—loaded,
self-activated and with back-pressure compensation designed to prevent
system pressure from exceeding the design pressure by more than 110%, in
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PLANT 1 PLANT 2

/—PSV

PRESSURIZER PORV \—MDV'

MOV

PORV PRESSURIZER

v
PRESSURIZER
RELIEF TANK

REACTOR

v
PRESSURIZER
RELIEF TANK

STEAM REACTOR STEAM
GENERATOR GENERATOR

PORV = POWER OPERATED RELIEF VALVE
PSV  =PRESSURE SAFETY VALVE
MOV = MOTOR OPERATED VALVE

Fig. C-1. Pressurizer Safety and Relief Valves Arrangement.

accordance with the ASME Boiler and Pressure Code, Sect, III. The set
pressure of the valves is 2485 psig,

The pressurizer is equipped with power—operated relief valves (PORY)
which limit system pressure for a large power mismatch and thus prevent
actuation of the fixed high—pressure reactor trip. The relief valves are
operated automatically or by remote manual control. The operation of
these valves alsc limits the undesirable copening of the spring—loaded
safety valves. Remotely motor operated stop valves (MOVs) are provided to
isolate the power—operated relief valves if excessive leakage occurs. The
MOVs are normally in the open position and the PORVs are normally in the
closed position,

The relief valves are designed to limit the pressurizer pressure to a
velue below the high—pressure trip set—point for all design transienmnts up
to and including the design percent step load decrease with steam dump but
without reactor trip, The set pressure of the PORVs is 2335 psig. Plant
1 has two parallel lines of PORVs; Plant 2 has three parallel lines, The
discharge ports of the PORVs and PSVs are routed to the pressurizer relief
tank, '

4, DPlant Data

The time frame of the data from Plant 1 is 5 years of commercial
operation; for Plant 2 is 1.6 years of commercial operation, Due to the
relatively short time span of the collected data and the small population
(2 plants), all conclusions drawn from reviewing these maintenance records
should be considered prel iminary,

The corrective meaintenance actions for the PSVs, PORVs, and MOVs for
Plants 1 and 2 are presented in Tables C-1 and C-2, A summary of the

4
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valve failure mechanisms is presented in Table C-3, Mﬁ;t of i th alv
failures are seat leakage. No maintenance records for the'Pévé'uﬁﬁiv
to close, given the valve is open" were found. A failure of a Pﬁn;c{“-
reset was observed in Plant 2 (PORV-1). However, this failure shonld?hot
be considered as a random failure since it occurred in preoperation test—
jng, that is prior to commercialization of the plant,

Table C~3. Summary of velve failure mechanisms

Plant 1 Plant 2

Valve type
PSY PORV MO  PSV PORV MO

Failure mechanism

Valve seat leakage 4 10 2 o 3 3
Limit switch ] 3 0 0 0 0
Air/regulator leak 0 4 0 0 0 0
Operator failure 0 2 0 0 0 0
Failed to reset 0 0 0 0 1 0
Lifted prematurely 0 0 o 0 1 0
Solenoid failure 0 0 0 0 1 0
Other 1 1 0 0 0 4

Total 5 20 2 0 6 7
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