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Abstract 

Rewiew and characterization of check valve failures taken from the Institute of Nuclear Power Operation's Nuclear 
Plant Reliability Data System was performed in accordance with part two of a three-phase project sponsored by the 
U.S. Nuclear Regulatoq Commission. The analysis was performed for check valve failures occurring in 1991 and is 
intended to update the previous analysis performed for the time period 1984-1990. To maintain consistency and for 
e a s  of trending, the 199 1 analysis presents the same parameters and cross-correlations in essentially the same format 
as the 1984-1990 study. Additional data was obtained for the 1991 analysis, including information related to specific 
check valve type. This idormation is presented in a separate section of the report. 
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1 Introduction 

This report is the result of a review of historical check valve failure data performed by Oak Ridge National 
Laboratory (ORNL) for failures occuffing during 199 1. The work was sponsored by the Nuclear Regulatory 
Commission's (NRc's) Nuclear Plant Aging Research Program and involved review and characterization of failure 
records obtained fiom the Institute of Nuclear Power Operation's (MPOs) Nuclear Plant Reliability Data System 
CNpRDS) database. Failure records analyzed for this study included those with a "Failure Start Date" of 1/1/91 
through 12/3 1/91 and included only those involving degradation of valve internal parts ("intemals"). Parameters 
considered included component size, component age, plant age, manufacturer, failure area, failure cause, system of 
service, corrective action, etc. This report is intended to provide an update to NUREG/CR-5944, Vol. 1,' which 
presented a review of failures occurring in the 1984-1990 time .frame. One sigtllficant enhancement in the 1991 
failure analysis was additional utility input, which provided important information not available in the NPRDS 
database, such as specific check valve type (e.g., swingy lift/piston, or tilting disc). 

Background 

This report provides an analysis of check valve failures occurring in 199 1 and is intended to provide an update to 
NUREG/CR-5944, Vol. 1, which presented a review of NPRDS check valve failures Occuning in the years 
1984-1990 inclusively. Its purpose is to analyze correlations between various parameters, as well as to identie any 
apparent trends in check valve failures, including failure rates, failure detection, severity, reporting practices, or other 
parameters deemed to be of significance. This study was performed as part of a three-phase project sponsored by the 
NRC: part one consisted of analysis of failures occurring during 1984-1990, part two is the current analysis (for 
failures occurring during 1991), and part three will consist of analysis of failures occurring in 1992. 

For a detailed description of the background of check valve failure analysis performed for the nuclear industry, the 
reader is referred to NUREG/CR-5944, Vol. 1. 
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2 Study Methodology 

2.1 Scope 

As in the case of the 1984-1990 work, a primary goal of this study is to identi6 any apparent correlations of valve 
failure rates with plant age, valve size, system of service, manufacturer, and other characterizations that are not 
inherent in the NPRDS database. One further goal of the current study is to identify apparent trends in failure rates, 
failure detection, severity of failures, or any other significant parameter(s). 

NPRDS failure information was downloaded in May 1993 for all check valve failures with a "Failure Start Date" of 
January 1,1991 through December 31,1991. This initial download yielded a database of 596 failure records. These 
records were then screened to eliminate failures not involving intemals degradation (including leakage from packing, 
body-to-bonnet joints, hinge pin cover, leak seal compound injection nipples, valve-to-pipe flanges, etc.) or for which 
only extremely minor seat leakage existed. This screening process resulted in elimination of 178 failure records, 
leaving 4 18 failures for further evaluation. As in the earlier study, vacuum breaker valves were included in the 
analysis. 

Each failure record was then characterized by ORNL according to General and Specific Detection Method, Extent of 
Degradation, Failure Area, Failure Mode, Failure Cause, and Corrective Action. This information, along with the 
additional NPRDS information, was then coded and entered into a failure database. 

A significant departure from the 1984-1990 study was the solicitation of additional information from the plants that 
had reported failures. This request included supplemental information related to specific valve type (e.g., swing, 
Wpiston, tilting disc, duo-double disc, stop, or other), specific design features (e.g., counterweight, pressure seal 
bonnet, or internal bolting), valve configuration (horizontal or vertical physical orientation), valve application, 
inspection program(s) that the valve was included in, and a review of the initial ORNL characterization of each failure 
record. Approximately 60% of the affected plants responded to the request for additional information. Based on the 
plants' responses, another 17 valves were eliminated from the analysis, resulting in a final failure database of 401 
records. (Valves eliminated due to this process consisted of those identified by the plants as not being check valves or 
as being incorrectly reported as failures.) The failure database was subsequently revised and supplemented, and with 
additional valve type information gained through a review of valve manufacturer catalogs, finalized for the analysis 
process. This utility input provided not only supplemental information not available from NPRDS, but also an 
increased level of confidence in the quality of data utilized in the failure analysis. 

Perhaps the most important information obtained through the utility review and input process was that related to 
specific valve type. This information had been identified as being essential to a meaningful check valve failure 
analysis study by the Nuclear Industry Check Valve Group (NIC) and was further substantiated by a detailed analysis 
of the 'ktuck closed" failures identified in the 19841990 analysis.' As completely as possible, information related to 
specific valve type not received from the plants was obtained by ORNL through a review of manufacturer catalogs 
and the NIC check valve database. These efforts resulted in nearly 90% of the failures being identified according to 
their specific valve type. 

In addition to failure information, check valve population data was also downloaded from NPRDS to enable failure 
data normalization as performed during the 1984-1990 study. This database consisted of a check valve population of 
20,75 1 records for all plants combined. 

3 NUREG/CR-5944 



Study 

2.2 Limitations of the Filtering Methodology and Inherent Structure of the 
NPRDS Database 

As previously noted, screening of the failure records was intended to eliminate those with extremely minor seat 
leakage. Because the failure narratives did not always clearly defrne the extent of leakage, it was not practical to 
apply a definitive criterion to this aspect of the filtering process. Also, of those narratives that did provide a leak rate 
obtained through testing, most did not specify the corresponding plant leakage criteria. Many of these failures were 
therefore included in the analysis, which may be a slight departure from the 1984-1990 analysis process that may 
have excluded some types of failures due to leakage that were included in the 1991 analysis. 

Another factor affecting the 1991 analysis results is the growing level of attention to check valve issues resulting from 
NRC's recognition of past check valve problems. The NRC's level of involvement with check valve inspection and 
testing, as well as the establishment of NIC has resulted in utilities' enhanced level of attention to their check valve 
programs, problem valves, and reporting practices. It is likely, therefore, that some utilities have actually lowered the 
threshold for what comprises a "failure," resulting in a greater number of reported failures, but with a decrease in their 
significance. 

A "failure," for purposes of this analysis, is defined as a degradation of one or more valve functions. The term 
"failure," therefore, does not imply that a valve was incapable of performing its required function(s). A discussion of 
the extent of degradation as applied to each failure follows in Sect. 2.3.3. 

As discussed in NUREG/CR-5944, Vol. 1, certain other limitations and uncertainties exist with analysis of the 
NPRDS data. One conclusion drawn from this discussion and the results of previous attempts to analyze check valve 
failure data is that determination of absolute failure rates using this data is both unfeasible and misleading. The 
current analysis, therefore, is consistent with the 1984-1990 analysis in consideration of the failure data in a relative, 
rather than an absolute, sense. , 

2.3 The Characterization Process 

Several parameters of interest in this analysis were contained within the NPRDS database, either in the failure record 
for each valve or in its corresponding engineering record. These parameters included: 

system, 
nuclear steam supply system (NSSS) vendor, 

0 component size, 
component age, 
manufacturer, and 
plant age. 

Additional parameters characterized by ORNL during the failure data reviews included: 

general detection method, 
specific detection method, 

* extent of degradation, 
failure area, 
failure mode, 
failure cause, 

NUREG/CR-5944 4 
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0 corrective action, and 
normal system operating status. 

Parameters requested to be provided by the affected utilities included: 

specific valve type, 
* application, 
e configuration, 
0 program,and 
0 specific design features. 

It should be noted that although this information was requested, it was not always provided by the utilities. Some 
parameters in particular had somewhat lower response rates compared to the others (ie., application and 
configuration). 

Descriptions of additional parameters characterized by ORNL and/or provided by the utilities are discussed in the 
following sections. 

An asterisk after the section title identifies those ORNL-coded parameters that were reviewed by the affected plants. 

2.3.1 General Detection Method* 

"General detection method" is intended to divide failures into broad categories such as programmatic detection or 
detection by other means. These categories are described as follows. 

Programmatic: Failure observed during the conduct of a surveillance test, inservice inspection or test, leak rate 
test, post-modification test, bench test, or periodic preventive maintenance (test, scheduled inspection, etc.) on 
the valve or a related piece of equipment (such as a diesel generator). 

Routine or incidental observation: Failure observed by off-normal plant instrumentation readings (such as level, 
pressure, etc.) during the course of normal operation. These include such observations as elevated piping 
temperature by feeling of piping. Includes normal operator rounds and system walkdown. 

Abnormal equipment operation: Failure observed by off-normal operation of plant equipment, such as reverse 
flow of a pump, fiequent cycling of a compressor, or lifting of a relief valve. 

Special inspection: A degraded condition discovered during an inspection performed due to failure of a similar 
valve at either the plant in question or some other plant (such as an inspection performed as a result of an NRC 
notice on some particular manufacturer's valve) or as a part of an inspection process that was not routine in 
nature. 

Miscellaneous or unclear: A failure that did not fit into any of the above categories. Includes failures fouud as 
a result of correcting other valve problems (such as finding a discheat clearance problem when replacing a 
leaking gasket) or when performing maintenance on another component. Also includes those failures for which 
the general detection means were not identified. 
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2.3.2 Specific Detection Method" 

"Specific detection method" further subdivides the method of detection into more specific categories, rather than the 
broad classifications of programmatic or nonprogrammatic. These categories are described as follows. 

Disassembly and/or inspection: Degradation or failure discovered when the valve was disassembled and 
examined or a special inspection was performed. Includes both inspections conducted as part of a 
programmatic disassembly and examination effort, plus inspections performed for other reasons. Includes 
normal preventive maintenance. 

Other or corrective maintenance: Degradation discovered when conducting maintenance on another component 
or when correcting an unrelated check valve problem (such as replacing a leaking bonnet gasket). 

External leakage: Observation of external process fluid leakage or evidence of leakage. 

Nonhydraulic indication: Observation of some indication, such as unusual noise or difficulty in operation of a 
stop check valve, failure of a power-operated valve to stroke, relief valve lifting when compressor is running, 
compressor short cycling due to air leakage past check valve, etc., such that the valve was not functioning 
properly. Includes failures discovered by observation of alann signals. 

Leak test: Degradation or failure discovered during the conduct of a local leak rate test (LLRT) or other leak test 
(including post-modification leak test, bench test, etc.), or failed exercise test or failed surveillance test by some 
mechanism other than seat leakage, such as failure to opedclose, vacuum breaker valve not opening under 
required torque, etc. 

Nonintrusive diagnostic test: Degradation or failure discovered by use of nonintrusive testing. Includes 
radiography, acoustic monitoring, magnetic fldeddy current analysis, ultrasonic signature analysis, etc. 

Hydrauliclpneumatic indication: An operator or other personnel noticed abnormal hydraulic or pneumatic 
indication, such as higher than normal pressure, level, or temperature upstream of a valve that should be closed, 
leakage fiom a d r d t e s t  valve, etc. 

Pump/Compressor rotation: Observation of pump or compressor rotating in reverse. 

Not speciJc: The discovery method was not identified in the narrative or was not specific, such as "...an 
operator noticed that the valve was not seating ..." Includes incipient conditions not resulting in a significant 
effect on operations. 

2.3.3 Extent of Degradation* 

"Extent of degradation" applies to the valve's ability to perform its intended function(s), not to its effect on the system 
or plant. This characterization is intended to be an indicator of how seriously degraded a particular valve is, not to the 
resulting effect on plant or system operation. Two categories are defined for this parameter. 

Moderate: Includes failure to seat properly (excluding stuck open and restricted motion failures), and generally 
includes moderate internal leakage; loose internal assembly (without attendant problems, such as stuck open); or 
a miscellaneous failure in which the level of degradation was not evident from the narrative. 
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Signifcant: Includes broken andor detached intemals, restricted motion, stuck open and stuck closed cases, and 
cases where relief valves failed to meet set pressure. Also includes gross internal leakage. 

2.3.4 Failure Area* 

This parameter identifies the part of the valve that was affected, resulting in failure. General wear andforeign 
material are also included in this parameter. The failure area categories are listed below. Multiple failure area codes 
were assigned to failures where more than one area was affected. 

Hingepinlarm area, including bushings. 

Disc stud/hinge arm area and hinge d a c k s t o p  area, including nuts, washers, and antirotation lugs. 

Seat area, including disc (or plug) seat andor guide areas. 

Penetration area: Includes tight packinghent stem or penetration; i.e., movable valve body penetration, such 
as the valve stem for stop check valves. 

General wear or other part, such as damaged spring, etc.: Generally assigned if valve is described as "worn 
out" and specific parts are not identified, or when failure area is described as "valve intemals," or "corroded," or 
"rusted shut" (not particles). 

Foreign material in valve or intemals described as "duty" or "particles in valve" (including rust/corrosion or 
boron crystals, etc.): If the presence of foreign material resulted in damage to another valve component, both 
codes were assigned. For example, both seat area and foreign material were assigned if the presence of foreign 
material resulted in seat damage. 

Unknown or other: Assigned to failures for which the failure area could not be determined fiom the narrative or 
did not fit any of the above categories. 

2.3.5 Failure Mode* 

"Failure model' describes the essential mechanical anomaly in which the failure manifested itself. The various 
categories for this parameter are described as follows. 

Improper seating: Includes all failures in which the valve failed to properly seat (excluding stuck open and 
restricted motion cases), resulting in internal leakage (in most cases, in excess of some specified limit). Includes 
failures described as "valve leaking by its seat," failure of a seat leakage test, or where small amounts of foreign 
material or dirt prevents valve from fully seating. 

Disc or otherpart detached or broken: The disc or some other internal part was loose (detached from the 
internal assembly), cracked, or broken. 

Free or loose (not detached) or impact/fiction damagedpart: Some portion of the assembly, generally in the 
hinge pin or disc stud area, was found to be loose or othenvise not in a proper assembly condition (with no other 
attendant problems, such as stuck open, etc.). 
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Restricted motion or redudflow: A condition in which free motion of the valve was restricted. Includes 
obturator sticking, binding, or unable to move freely. Partial obturator movement was either stated or implied in 
narrative. 

Stuck closed Valve failed to open upon demand (when forward pressure was applied). 

Stuck open: Valve failed to fully close upon demand. Includes cases in which the disc was clearly stuck open or 
cocked, or when the disc was cocked in the seat due to wear of the disc stud. 

Unknown or miscellaneous: Includes failures not applicable to any other category or not explicitly described in 
the narrative. 

2.3.6 Failure Cause* 

Causes to which the failures were attributed are listed below. In most cases no detailed root cause analysis was 
performed, so the causes assigned for each failure are based only on the information available in the failure narratives 
themselves. In many cases, however, the characterizations were reviewed by the plant reporting the failure, so that a 
reasonable degree of confidence exists relative to their validity. More than one failure cause code was assigned for 
some failures. 

Normal wear; Includes "aging and cyclic fatigue." 

0 Abnormal wear or severe or abnormal service conditions. 

Design misapplication, including improper material selection, configuration, valve type, etc.; Includes inadequate 
system design. 

Human error. 

Maintenance error: Includes lack of maintenance. 

Corrosion of the valve internals: Includes "pitting." 

Foreign material present in valve, etc.: Includes dirt ("normal dirt buildup"), rustkorrosion products, boron 
cTstals, etc. In cases where excessive wear of the seat/disc was attributed to corrosion products from associated 
piping, both corrosion and foreign material codes were assigned. 

Failure to follow procedure or improper or inadequate procedure. 

Stress corrosion cracking. 

Erosion or erosion-corrosion. 

Improper installation: Includes installation of degraded parts/assemblies, backwards installation, etc. 

Manufacturing defect: Includes manufacturer's testing processes that led to degradation during use. 

Unknown or not specified in narrative. 
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2.3.7 Corrective Action* 

This parameter applies to the action taken to correct the problem after failure discovery. The various types of 
measures taken to correct check valve failures are described as follows. 

8 Clean/tighten/adjustAubricate: External only, no disassembly required. 

8 Disassemble and clean/tighten/adjust: No machining required. 

8 Clean and refirrbish internals: Includes machining or welding of plugkeatldisc (or other internal part@)), but 
where no internals parts replacement was necessary (except bonnetlflange gaskets and seals). 

Clean and rebuild intemals or replace some internalspurts (including seat seals and O-rings): Includes machining 
or refurbishhg of internals. 

8 Replace valve. 

Other or unidentified in narrative. 

2.3.8 Normal System Operating Status 

The three codes used to describe operating status are: 

normally operating, 

Sequently operating (used in support of startup and/or shutdown), and 

8 used in automatic demand or testing situations only (i.e., standby systems). 

Table 2.1 indicates the assignments of the various plant systems to their corresponding operating status. Pressurized 
water reactor (PWR) and boiling water reactor (BWR) systems are combined where system general functions are 
common. 
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Table 2.1 Normal system operating status 

System Normal status System Normal status 

AFW 

ccw 
Combustible gas control 

Condensate 

Containment fan cooling 

Containment isolation 

Containment spray 

Control rod drive 

cvcs 
Diesel cooling water 

Diesel fuel oil 

Diesel lube oil 

Diesel starting air 

Shutdown support 

Normally operating 

Standby/testing 

Normally operating 

Normally operating 

Normally operating 

S tandb y/tes ting 

Normally operating 

Normally operating 

Normally operating 

S tandbyhesting 

Normally operating 

S t andbyhes ting 

Feedwater 

HPCI 

HPCS 

HPSI 

LPCS 

Main Steam 

RCIC 

RCS 

Reactor Recirculation 

RHR 

Standby Gas Treatment 

Standby Liquid Control 

Suppression Pool Support 

Normally operating 

S tandby/testing 

S tandb y/tes ting 

Standbyhsting 

Standby/testing 

Normally operating 

Standby/testing 

Normally operating 

Normally operating 

Shutdown support 

Standby/testing 

Standbyhesting 

Standby/testing 

ES W Normally operating 

2.3.9 Specific Valve Type 

Specific check valve types identified for this study are listed below. In many cases, additional information related to 
the specific valve type (e.g., "one piece" or "two piece'' swing check valve, or piston check valve with or without 
spring) was also coded, but was not further considered for purposes of this analysis. The Appendix shows drawings 
of some of the specific valve types considered in the analysis. 

swing check, 
tilting disc check, 
pistodlgt check, 
duddouble disc check, 
stop check, 
in-line check, and 
other. 

2.3.10 Application 

The following check valve applications are identified for purposes of this study. Multiple application codes were 
assigned for some failures. 
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pump/compressor suction check valve; 
9 pump/compressor discharge check valve; 
9 containment isolation valve or reactor coolant system pressure isolation valve; 
9 vacuum breaker; 
9 pump turbine steam supply valve; 
9 main steam isolation valve (MSIV); 
9 raw water service; 

borated water service; 
accumulator tank discharge check valve; 

9 system, line, or component isolation, and 
unknown or other. 

2.3.11 Configuration 

"Configuration" applies to the valve's installed physical orientation, i.e., either horizontal or vertical. 

2.3.12 Program 

"Program" applies to the site valve program(s) that the valve was included in at the time of failure. The programs 
considered for this analysis are listed below. Multiple program codes may have been assigned for each failure. 

IST (Inservice testing). 

89-04 (Generic Letter 89-04, "Guidance on Developing Acceptable Inservice Testing Programs"). 

86-03 (INPO Significant Operating Experience Report [SOER] 86-03, "Check Valve Failures or Degradation"). 

Site check valve program. 

Appendix J/LLRT (10 CFR Part 50, Appendix J - Primary Reactor Containment Leakage Testing for Water- 
Cooled Power Reactors). 

Other. 

9 Noprogram. 

2.3.13 Specific Design Features 
I This parameter is intended to identifl specific design features of each valve not readily apparent from its specific 

valve type or from the failure narratives. The following are specific design features applicable to check valves in this 
analysis. Multiple design features codes were assigned for some failures: 

actuator, 
penetration, 

9 packing, 
9 counterweight, 

pressure seal bonnet, 
9 internal bolting, 
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bolted bonnet, 
seal welded bonnet, 
soft seat, and 
other. 

2.4 The Normalization Process 

To maintain consistency with the 1984-1990 failure analysis, a normalization process was employed to account for 
both check valve population and service life. This process involves dividing the number of failures for a given 
category within a field by the number of valve-years of service for the analysis period for that category of valves. The 
number of valve-years of service is determined by summing the total for all valves in the population database for 
1991 for valves in a particular category (since the number of years equals one). 

The first step in the normalization process is to determine the overall failure rate for all valves. This is determined by 
dividing the total number of failures characterized (401) by the total number of valve-years of service in 1991 (20,75 1 
valves x 1 year = 20,75 1 valve-years). The result, O.O1932/year, is the normalizing value that is applied to the 
individual category failure rates to determine the "relative failure rate," which is dimensionless. NUREGKR-5944, 
Vol. 1, provides an example calculation for determining the relative failure rate for failures of valves g2-h. in size. 

Normalization provides a good indication of how a particular category (e.g., 52-in. valves) within a field compares 
with other categories in the field. A relative failure rate of unity indicates that the particular category's failure rate is 
equivalent to the failure rate of the population as a whole. A value of less than unity indicates that a particular 
category fails at a rate less than the population as a whole, while a value of greater than unity indicates a failure rate 
greater than the general population. The normalization process accounts for variables such as population size or 
service life, which have been shown to influence the number of check valve failures, and allows comparison across a 
field with values that are less likely to be misinterpreted or misapplied. 

Some cross-correlations of parameters did not lend themselves to the normalization process. An example is that of 
cross-correlating failure mode with failure area or specific detection method, in which cases the normalization 
methodology does not apply. In the cases of cross-correlation of specific valve type with other parameters, a 
normalization could have been performed if population data were available (e.g., if the number of lift/piston check 
valves g2-h. in size were known). Since this data is not available at the present time, cross-correlations involving 
specific valve type are presented as a percentage of failures or as absolute numbers of failures. It is hoped that as this 
type of information becomes available, future analyses will be able to employ a normalization process that includes 
valve type, yielding even more accurate and useful data regarding check valve failures, causes, and actions required to 
prevent recurrence. 
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3 Analysis Results 

Results of data tabulation for 1991 NPRDS-reported check valve failures are presented in this chapter. To facilitate 
identification of possible trends in failure parameters and for consistency, the charts presented in Sects. 3.1-3.14 use 
identical parameters and figure numbers as those found in NUREGKR-5944, Vol. 1. (Where it was deemed prudent 
to show additional information, supplementary charts were added using an alphanumeric designator for clarity.) In 
some cases, the legend patterns of the 1984-1990 study were utilized, but since this was not possible in all cases, the 
reader is cautioned to pay particular attention to the legend for each chart. Results for parameters not included in the 
1984-1990 study are provided in Sect. 3.15. 

As previously discussed, although most information is presented in normalized fashion, some is of necessity presented 
in other formats. All data presented in Sects. 3.1-3.14 is presented in formats identical to the 1984-1990 study for 
ease of comparison. The reader is referred to NUREGKR-5944, Vol. 1 , for charts of results referred to but not 
presented in the current analysis. 

3.1 Component and Plant Age 

Figure 3.1 shows the results of the characterization of relative failure rate by component (valve) age group. The 
pattern is very similar to that of the 1984-1990 analysis, showing a slight increase in relative failure rate from the 
first 5 years to subsequent age groups, but without a discemable trend thereafter. 

Figure 3.2 presents the relative failure rate by plant age group. In the 1984-1990 study, a slight trend toward 
increased failure rates was observed with plant age. This is not the case with the current analysis, although moderate 
increases are observed between plant age groups of 4-yr .  to 2 5  and clo-yr. as well as between 2 15 and e O - y r .  to 
220-yr. The trends do not appear to be strong, however, and data for valves in the 220-yr. group may be misleading 
since there are fewer valves in the check valve population in this plant age group. As noted in the previous study, the 
relationship between failure rate and age is not strong, regardless of whether plant age or component age is 
considered. 

>=Sand <10 > = l o a n d  <1S >=15and <20 > 20 

Valve age group em.) 

Figure 3.1 Relative failure rate by valve age group I 

13 NUR.EG/CR-5944 



Analysis 

1.4 
3 g 1.2 

E 1  

s 
0.8 

.g 0.6 

3 0.4 

0.2 

0 
<5 >=Sand <10 >=loand <15 >=15and <20 > =20 

Plant age group (yrs.1 

Figure 3.2 Relative failure rate by plant age group 

3.2 Valve Size 

Figure 3.3 presents data for both relative failure rate and population distribution by valve size group. Failures of 
valves in the >lO-in. size group exhibited a failure rate greater than the other size groups, but the rate was not as 
pronounced as in the previous time period. In fact, during the 1984-1990 time frame, valves in the >IO-in. size group 
failed at a relative rate nearly twice that of the other groups, while for 199 1 this rate was only slightly over the unity 
mark. A notable difference in the 1991 data is the failure rate for valves in the s2-h. category, which increased from 
approximately 0.75 times the relative failure rate to slightly over 1. Figure 3.20 suggests, however, that many of 
these failures may be moderate in nature since many of these small valve failures were probably included in the 
Containment Isolation and Diesel Starting Air systems. The population distribution is essentially identical to the 
1984-1990 study, with nearly twice as many valves in the g2-h. group in service as in the other three groups. One 
additional potential factor in the increased rate of failures for smaller valves may be their generic exclusion from 
inservice testing and monitoring programs at some plants, while those of larger sizes may be getting increased 
attention (resulting in reduced failure rates). 

1.8 2 ?  \ 0.4 

$ 0.35 
0.3 

0.25 .g 

1.6 
1.4 
1.2 

0 3  1 0.2 e 3 
0.15 0.8 

0.6 
0.4 
0.2 0.05 

0 0 
< =2 >2 and < =4 >4 and < = l o  > 10 

Valve size grow C i . 1  
Relative failure rate +Fraction of valve population I 

Figure 3.3 Relative failure rate and population by size group 
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3.3 System 

Figure 3.4(a) shows the relative failure rate and extent of degradation by system for the 13 systems with the highest 
failure rates. For this analysis, only systems with greater than 100 valves (i.e., 100 valve-years) of service were 
considered. For 199 1, three systems, Containment Isolation, Diesel Starting Air, and Suppression Pool Support 
exhibited failure rates significantly higher than the other systems, ranging from 2.5 to 3 times the overall relative 
failure rate. It should be noted, however, that failures in the Containment Isolation system were nearly all moderate in 
nature, while those in the Diesel Starting Air and Suppression Pool Support systems had failure distributions of 40 
and 60%, respectively, of failures deemed significant in nature. One possible explanation for the appearance of the 
Containment Isolation system as the system with the highest overall failure rate is that most of the failures for that 
system were discovered programmatically by leak rate testing (see Sect. 3.13.3). Probably the most important factor 
affecting the 199 1 distribution by system, however, is the filtering process used during the NPRDS failure record 
analysis, which probably tended to include more moderate failures in the analysis (e.g., those with minor internal 
leakage) than did the 1984-1990 analysis. 

Figure 3.4(b) presents the relative failure rate for the ten systems with the highest overall failure rates for significant 
failures only. This representation is perhaps more comparable to that of the 1984-1990 study results, which probably 
tended to exclude a greater number of moderate failures. Important points to note regarding Figure 3.4(b) are that for 
the High Pressure Coolant Injection (HPCI) and Suppression Pool Support systems, 7 of 11 and 9 of 10 failures, 
respectively, involved vacuum breaker valves. Eighteen of twenty-one failures in the Diesel Starting Air system 
involved lift/piston check valves, and of these, thirteen valves were either stuck open or stuck closed. 

3.4 Manufacturers 

Figure 3.5 shows the relative failure rates and population distribution by manufacturer for manufacturers with > 150 
valves in service during 1991. As previously noted in NUREGKR-5944, Vol. 1, this information should not be 
considered as stand-alone evidence of any manufacturer's performance record, since some manufacturers' valves tend 
to be used in particularly severe applications and may exhibit correspondingly higher failure rates. It is notable, 
however, that the failure rates for the two manufacturers with the highest rates are lower than in the 19841990 study 
period, declining from approximately 3.2 to 2.5 for the highest rate. 

3.5 Nuclear Steam Supply System (NSSS) 

Relative failure rate and population distribution by NSSS is shown in Fig. 3.6. Results are almost identical to those of 
the 1984-1990 study (except for a slight decline in the failure rate for Babcock & Wilcox plants), with BWR plants 
showing a slightly higher failure rate than PWRs. Although it is still not certain why this is true, again it is postulated 
that due to their having more valves included in inservice testing programs, as well as leak testing more valves, it is 
simply that more failures are being detected than would have otherwise been discovered without these programs. 
Section 3.13.5 discusses cross-correlations involving NSSS in greater detail. 

3.6 Normal System Usage 

Figure 3.7 represents the relative failure rate and extent of degradation according to normal system usage status. 
NormalIy operating systems had a slight decline in failure rate from 1984-1990, while systems used during 
shutdown and testing showed increases in their overall failure rates. The percentage of significant failures in 
normally operating systems was less than in the other types of systems, indicating that most failures in normally 
operating systems are not discovered under demand circumstances. The increase in failures in systems used only in 
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testing or in response to transiedemergency conditions is primarily due to the increase in overall failure rate in the 
Diesel Starting Air and Suppression Pool Support systems. Failures in these systems also tended to involve either 
Zfti’jiston check or vacuum breaker valves, which were usually signijcunt in nature. Sections 3.13.6 and 3.13.10 
explore cross-correlations involving mormal system usage. 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

El Significant failures 
I H Moderate failures I 

Figure 3.4(a) Relative failure rate by system and extent of degradation for 13 systems with 
the highest overall relative failure rates 
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Figure 3.4(b) Relative failure rate for ten systems with the highest overall failure rates 
for signifiant failures only. 
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Figure 3.6 Relative failure rate and population distribution by NSSS supplier 

3.7 Failure Mode 

The overall failure distribution by failure mode for all failures is presented in Fig. 3.8(a). As in the previous analysis 
for the period 1984-1990, failures due to improper seating made up the largest percentage of failures. The 
percentage of failures attributed to this failure mode increased from 45% in the 1984-1990 study to 64% in the 
current study. Although this suggests a positive trend, since failures due to improper seating are generally 
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Figure 3.7 Relative failure rate and extent of degradation by system usage 

characterized as moderate in terms of extent of degradation, it must be kept in mind that the increase was probably 
also affected by the criteria used to select 1991 NPRDS failure records for analysis (i.e., the 1991 analysis probably 
included more moderate failures as a result of its screening practice). Other notable trends are the decrease in 
percentage of failures attributed to disvotherpart offor broken (from 10% in 1984-1990 to 4% in 1991), stuck 
closed (down from 7% in 1984-1990 to 4% in 1991), and stuckopen (down from 28% in 1984-1990 to 11% in 
1991). Only slight increases in failures attributed to Zoose/damagedpart (from 2% in 1984-1990 to 4% in 1991) 
and restricted motion/flow (from 7% in 1984-1990 to 8% in 1991) were exhibited. It is also interesting to note that 
the ratio of stuck open to stuck closed failures decreased from 4 to 1 in 1984-1990 to only 2.75 to 1 in 1991. Figure 
3.8(b) represents the failure distribution by failure mode for significant failures only (which should eliminate any 
biases inherent in the screening process). 

3.8 Failure Area 

Figure 3.9(a) provides the overall distribution of failures according to failure area. Since multiple failure area codes 
could have been assigned for each failure, the s u m  of the fractions exceeds one. As in the previous study, most of the 
failures involved either the seat area or foreign material (in many of the failure records, both of these codes were 
assigned when failure to seat or seat leakage was attributed to foreign material in the valve). In fact, the fraction of 
failures attributed to these failure areas or sources approximately doubled from the 1984-1990 study (due in part to 
the NPRDS screening practice for 1991). Failures in the hinge pin area, disc stuainge urm area, andpenetration 
area had essentially the same failure rates as in the 1984-1990 analysis; however, those attributed to general wear 
and unknown/other decreased. This is probably due to improved NPRDS reporting practices (ie., more detail in the 
failure narratives). Figure 3.9(b) shows the distribution of failures by failure area for signifjcunt failures only. 

3.9 General Detection Method 

A significant result of the current study is presented in Fig. 3.10, distribution of failures by general detection method. 
This chart shows that failures detectedprogrammaticalIy increased from slightly over half of all failures (54%) in the 
1984-1990 analysis to just over three-fourths (77%) in 1991. This would appear to indicate a marked change in the 
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way utilities are dealing with check valve-related issues. Other positive trends include the decrease in failures 
detected by abnormal equipment operation (down fiom 19% in 1984-1990 to 5% in 1991) and those described as 
miscellaneous or unclear (down fiom 16% in 1984-1990 to 4% in 1991). As discussed above in the section related 
to failure area, the latter trend is probably due to improved NPRDS reporting practices. Failures detected by routine 
observation increased fiom 5% in 1984-1990 to 10% in 1991, while those due to special inspection remained nearly 
constant. Section 3.13.11 presents the failure distributions by general detection method for moderate and significant 
failures only and confirms that the increase inprogrammatically detected failures is valid regardless of extent of 
degradation classification. 

4% 456 U l  Improper seating 

El Stuck open 

0 Restricted motionlflow 

€I Loosddamaged part 

H Stuck closed 

83 Miscellaneous failure 

N DisWother part off or broken 

Figure 3.8(a) Distribution of failures by failure mode 
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Figure 3.8(b) Distribution of failures by failure mode for significant 
failures only 
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Figure 3.9(a) Distribution of failures by failure area 
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Figure 3.9(b) Distribution of failures by failure area for significant failures only 

3.10 Specific Detection Method 

Figure 3.1 l(a) shows the overall distribution of failures by specific detection method. The most significant aspect to 
note here is the increase in failures detected by leak test methods, up from 20% in 1984-1990 to 41% in 1991. 
Failures discovered by disassembly and/or inspection decreased slightly from 13% in 1984-1990 to 9% in the 
current study. Those attributed to nonintrusive testing remained relatively constant, accounting for 1% of the failure 
discoveries. Failures that were not spec@c accounted for only 18% of the total failures in 1991, down from 33% in 
1984-1990. Again, this indicates improving NPRDS reporting practices. Figure 3.1 l(b) shows the distribution of 
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failures by specific detection method for signijcant failures only. As expected, the percentage of failures detected by 
leak testing for the signifcant failures is less than for the combined failures (22% as opposed to 42%), which is due 
to (I) NPRDS failure record screening practices, and (2) many failures detected by leak testing are by their nature 
moderate, involving seat leakage problems only. 

It should be noted that a possible explanation for the relatively low percentage of failures detected by nonintrusive 
means is that nonintrusive testing is capable of detecting valve degradation prior to "failure." That is, it is conceivable 
that some valves found to be in degraded condition were detected and repaired prior to failure, and were therefore not 
reported to NPRDS. 

3.11 Discovery Process 

Figures 3.12(a),(b) clearly show the distribution ofprogrammatic vs. nonprogrammatic failures as discussed in the 
previous section on general detection method. Compared to the 19841990 analysis, this represents a significant 
positive trend in check valve monitoring and testing. Figure 3.12(b) indicates that the results are valid regardless of 
extent of degradation classification. 

3.12 Extent of Degradation 

Figure 3.13 provides the overall distribution of failures according to their extent of degradation. Compared to the 
1984-1990 analysis period, this also suggests a significant positive trend in the area of check valve failures, since 
those categorized as signifcant declined from 53% of the total in 1984-1990, to only 36% of the total in 1991. It 
must also be kept in mind, however, that the distribution of failures according to extent of degradation was also 
affected by the NPRDS screening methodology, which tended to include more seat leakage (ie., moderate) failures 
than in the 1984-1990 analysis. 

3.13 Cross-Correlation Results 

To attempt to further identify causal relationships, cross-correlations of certain parameters were performed. Sections 
3.13.1- 3.14 contain charts with parameters identical to those presented inNUREG/CR-5944, Vol. 1, for the atqlysis 
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period 1984-1990. Section 3.15 contains cross-correlation charts involving additional parameters not available in the 
1984-1990 study. 

3.13.1 Valve Age Group Cross-Correlations 

Results of the cross-correlation of valve age and size groups is shown in Fig. 3.14. A significant difference in the 
1991 results is apparent when compared to the previous analysis timeframe; the 1984-1990 analysis showed a nearly 
constant trend of greater failure rates in valves in the >lO-in. category as compared with the other size categories, 
while results for 1991 are mixed. Failure rates are nearly equal for all valve size groups in the e-yr. and L 10 and 
45-yr. groups, while only those in the >5 and -4O-yr .  group show the drastically increased failure rate for larger 
(>lo-in.) valves. One thing to note, however, is the increase in failure rate for valves in the smaller size groups, 
especially those in the g2-k. group in valves in the L 15 and QO-yr. age group. No data was reported in the 
1984-1990 study for valves in the 220-yr. age group, although it is interesting to note that valves in the >2 and s4-in. 
size category have the highest failure rate for that age group. 
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Figure 3.11(a) Distribution of failures by specific detection method 
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Figure 3.11(b) Distribution of failures by specific detection method for 
sianificant failures only 

NUREG/CR-5944 22 



Analysis 

Figure 3.12(a) Distribution of failures by 
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Figure 3.13 Distribution of failures 
by extent of degradation 

Figure 3.15 shows the results of cross-correlating valve age group and system for the four systems with the highest 
overall failure rates. It is clear that the distribution changes significantly with valve age group, with an upward trend 
notable only for Diesel Starting Air valves (except in the highest age group, where less data is available). 
Suppression Pool Support valves show a significant increase in failure rate in the 25 and 40-yr. age group, as do 
Feedwater valves. Most of the failures in the HPCI system occurred in the 2 15 and QO-yr. age group. 

Figure 3.16 indicates the cross-correlation results of valve age group and normal system usage. No predominant 
trends are notable, except that valves used in testing onZy systems appear to have a slightly increasing relative failure 
rate with age (except for the oldest age group, for which less data is available). 
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Figure 3.14 Cross-correlation of valve age and size groups 
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Figure 3.15 Cross-correlation of valve age group and system for five systems with the 
highest overall failure rates 

Figure 3.17 depicts the cross-correlation of failure mode and component age. In general, as in the 1984-1990 
analysis, there are no particularly strong correlations involving valve age group and failure mode, except in the case of 
stuck closed failures, which had a relative failure rate for valves in the r 15 and QO yr. age group of greater than 2. 

NUREG/CR-5944 24 



Analysis 

2.5 

2 

E 
gj 1.5 

B 

Normally operating 
W Used at shutdown 

<S >=Sand <10 > = l o a n d  <15 >=15and <20 > =20 

Valve age group (yrs.) 

Figure 3.16 Cross-correlation of valve age group and normal system usage 
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Figure 3.17 Distribution of failures by failure mode and valve age group 

Figure 3.18 is a cross-correlation between failure area or source and valve age group. Failures related to the disc 
stuaZhinge arm area and those involving foreign material show an increase with age, while the other failure areas are 
either essentially constant or have no discernable pattern. It is interesting to note, however, that failures in the hinge 
pin area exhibit a peak failure rate at the 21 and clO-yr. category, then decline afterward. In general, these results are 
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not inconsistent with those obtained from the 1984-1990 study, although in the previous analysis, failures involving 
foreign materiaZ increased significantly in the 2 15 and a O - y r .  age group. One reason for this difference could be the 
characterization practice for 1991 data, which generally coded failures involvingforeign material as also involving 
the seat area. 

Figure 3.19 shows the failure distribution by discovey process and component age group. Results from 1991 show a 
dramatic improvement fiom the 1984-1990 time period, since for all age groups, the number of failures discovered 
programmatically were more than twice the number discovered by nonprogrammatic means. Figure 3.12(b) indicates 
that the improvement shown in programmatic failure detection methods is not significantly af7Fected by the 1991 
NPRDS filtering process, since the results are not a function of the extent of degradation classification. 

3.13.2 Valve Size Group Cross-Correlations 

As in the 1984-1990 analysis, Figs. 3.20-3.23 show the relative failure rates vs. extent of degradation for the five 
systems with the highest overall failure rates within each valve size group. Only those systems with 2 150 valves in 
service within each size group were considered for further analysis. Both Main Steam and Residual Heat Removal 
(RHR) appear in three out of the four figures. This result is not unexpected, since most check valves in the Main 
Steam and RHR systems are relatively large, while those in the Diesel Starting Air system are generally small. 

Figure 3.20 shows the relative failure rate and extent of degradation for the ~ 2 - h .  size group. A significant feature of 
this chart is the distribution of the HPCI system for small valves; although this system exhibited the third highest 
overall failure rate, most of the failures were characterized as being signifjcunt in nature. On the other hand, even 
though it exhibited the highest overall failure rate, almost all the failures of small valves in the Containment Isolation 
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Figure 3.18 Distribution of failures by failure area and valve age group 
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Figure 3.19 Distribution of failures by discovery process and valve age group 

system were characterized as moderate. Figure 3.21 depicts the same information for valves in the >2 and g4-h. 
category. It is interesting to observe the high level of signiJicant degradation for the Main Steam system and that all 
Component Cooling Water (CCW) failures were characterized as having moderate degradation. 

Figure 3.22 indicates the relative failure rate vs. system for valves in the >4 and s 10-in. group. Failure distributions 
are essentially evenly divided between moderate and significant for this group, as are those in Fig. 3.23 for the 
>lO-in. size group. 
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Figure 3.20 Relative failure rate and extent of 
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Results of the cross-correlation between valve size group and system usage are shown in Fig. 3.24. Valves used in 
normaZIy operating systems show an essentially constant failure distribution in the 4 0 - h .  size groups, but show a 
slight increase in the >lO-in. group. Valves in systems used during shutdown onZy exhibit the same general trend; 
however, valves in systems designated for testing onZy have significantly higher failure rates in the g2-h. and >lO-in. 
size groups. These results differ slightly from the 1984-1990 study for normaZZy operating systems, where a clear 
trend with increasing failure rate with size was apparent. 

Figure 3.25(a) indicates the results of the cross-correlation between valve size group and failure mode. Since 
improper seating is the dominant failure mode for valves of all size groups and therefore dominates the resulting 
chart, Fig. 3.25@) presents the same cross-correlation without this failure mode. Stuck open failures occurred in all 
size groups, but were slightly more predominant in the two largest groups. Failures attributed to disclotherpart ofl 
or broken occurred primarily in the > l O - i n .  group but were also present in very small percentages in each of the other 
groups. Restricted motion/flow failures were also present in each of the size groups but, interestingly, accounted for 
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over 20% of the failures in the >4 and < 10-in. size group. Failures due to looseldamagedpart and miscellaneous 
failures also occurred in each group but accounfed for relatively small fractions of the totals. Stuck dosed failures 
occurred in all except the >2 and ~4-in. size group but also accounted for only a small part of the total failures in each 
group. In general, the trend is seen to be positive, since more failures are being attributed to less significant failure 
modes. 

3 1  

Figure 3.23 Relative failure rate and extent of 
degradation for valves in > 10 in. size group 
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Figure 3.24 Relative failure rate by valve size group and system usage 
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Figure 3.250>) Fraction of failures by valve size group and failure mode (without 
improper seating failures) 

Valve size group and failure area cross-correlation results are provided in Fig. 3.26. Failures in the seat area are 
more prevalent in the largest (>lO-in.) group. Failures involvingforeign materia2 are significantly more likely in 
valves in the smallest (12-in.) group. These findings are consistent with those of the 1984-1990 study results. One 
difference from the 1984-1990 data is that failures involving the disc shi&inge arm area were previously found to 
be more prevalent in the largest size group, whereas the rate for failures involving this area was higher for the >4 and 
s 10-in. group in 1991. Failures involving the hinge pin area were significantly more likely in larg: (>lo-in.) check 
valves, These results are logical, since smaller valves (e.g., 1iWpiston checks) tend to have tight clearances and are 
easily affected by debris buildup. Larger valves are more likely to have hinged and/or penetration designs and 
therefore have higher relative failure rates involving these failure areas. 
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Figure 3.26 Relative failure rate by valve size group and failure area 

Figure 3.27 indicates the distribution of failures by valve size group and failure discovery process. The 1991 analysis 
indicates only a modest increase with size group of failures that were notprogrammatically detected. It is 
encouraging to note that regardless of size group, the greatest percentage of failures were detectedprograrnmatically, 
a significant improvement fiom data observed previously. 

Figure 3.28 also represents a significant departure fiom the 1984-1990 study results. Unlike 19841990 results, 
which indicated an increase in significant vs. moderate failures with increasing valve size (as well as a larger ratio of 
signijcant to moderate failures, especially for valves over 4 in.), 1991 analysis results indicate only a modest 
increase in failure rate with increasing size group. Also, no size group exhibits a greater failure rate for signflcant 
than for moderate failures in 199 1. Perhaps of equal or even greater importance, the magnitude of the failure rates 
has decreased drastically, fiom slightly over 2 for the highest failure rate in 1984-1990 to just over 0.7 in 1991. 
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3.13.3 System Cross-Correlations 

Figures 3.29 and 3.30 show relative failure rates (by extent of degradation) and valve population for the five 
manuf'acturers with the highest failure rates within two example systems, Containment Isolation and Diesel Starting 
Air. These two systems were chosen for analysis because they had the highest overall relative failure rates for all 
systems, and because Diesel Starting Air was discussed in the 1984-1990 analysis. Only those manufacturers with 
230 valves in service in these systems during 1991 were considered. As in the 1984-1990 analysis, these charts 
continue to illustrate the differences in failure distributions according to manufacturer and strongly suggest that 
consideration of valve manufacturer (and more fundamentally, overall valve design) should be made when designing 
valve monitoring and maintenance programs. Distribution of extent of degradation should be noted as a function of 
the individual system (e.g., Diesel Starting Air has a higher distribution of significant failures than does Containment 
Isolation), as should the magnitude of relative failure rates (Diesel Starting Air has a maximum rate twice that of 
Containment Isolation). The high failure rate of signiJicant failures for R340 in the Diesel Starting Air is the result of 
6 failures fiom a population of 36 valves. Three of the failures occurred at the same plant when dash plate mounting 
bolts failed on thm different piston check valves due to differential pressure across the plate. 

Figure 3.3 l(a) illustrates the distribution of failures by failure mode for the four systems with the highest overall 
failure rates (see Fig. 3.4). The majority of failures were due to improper seating, regardless of system. For 
clarification, Figure 3.3 l(b) provides the same data without improper seating failures. Not including improper 
seating failures, stuck open and stuck closed failures accounted for the greatest fraction of failures in Diesel Starting 
Air and Suppression Pool Support systems. More failures were attributed to disc/otherpart offor broken and 
loose/damagedpart in the Feedwater system than in the other systems, which is expected due to the high energy 
fluids encountered in that system. In fact, of the four systems discussed here, the Feedwater system has the only 
failures attributed to loose/damagedpart. 

Figure 3.32 shows the distribution of failures in the same four systems by affected area. Failures involving the seat 
area are predominant in three systems and significant for Diesel Starting Air, whileforeign material is significant in 
Containment Isolation and predominant in Diesel Starting Air (systems that contain many vacuum breaker and 
1Wpiston check valves, respectively). Other interesting features are that for the Diesel Starting Air system, over 20% 
of the failures involved general wear (possibly because no detailed failure analysis is generally performed for smaller 
valves; therefore, the NPRDS failure cause is often listed as "general wear"). For the Suppression Pool Support and 
Feedwater systems, approximately 15% and 40%, respectively, of their failures involved the hinge pin area. Hinge 
pin area failures in the Feedwater system result principally fiom cyclic wear fiom high turbulence flow. 
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Figure 3.30 Relative failure rate (by extent of degradation) and valve population 
distribution for Diesel Starting Air system check valves for the five manufacturers 
with the highest failure rate within that system 

Figure 3.33 shows the failure distribution by specific detection method for the same four systems. It is significant to 
note that the largest percentage of failures for both Containment Isolation and Feedwater systems were discovered by 
leak testing, while those Occuning in Diesel Starting Air and Suppression Pool Support systems were discovered by a 
variety of means. Only Diesel Starting Air and Feedwater had failures that were detected by disassembly andor 
inspection, comprising approximately 10% of the failures in each system. Diesel Starting Air and Suppression Pool 
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Figure 3.31(b) Distribution of failures by failure mode for four systems with the 
highest overall failure rate (without improper Seafing failures) 

Support exhibited a significant percentage (approximately 40% each) of failures that were discovered due to 
hydruuZic indications, while only the Diesel Starting Air system had a significant percentage of failures discovered by 
means that were not specific. 

The distribution of failures by discovery process for the ten systems with the highest overall failure rates is shown in 
Fig. 3.34. Three systems, Containment Isolation, Reactor Recirculation, and Standby Liquid Control, had all or 
almost all of their failures detected programmatically. The remaining systems, except for Diesel Starting Air and 
Reactor Coolant System (RCS) had very high percentages of their failures detected programmatically (>75%). Diesel 
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Starting Air and RCS had approximately 60% of their failures detected programmatically. In general, the results are 
consistent with those from the previous study; however, the trend appears to be toward more failures detected in a 
programmatic manner. 

Figure 3.35 shows the distribution of failures according to extent of degradation for the ten systems with the highest 
overall failure rates. As in the 1984-1990 study, extreme variations in the distribution are exhibited from system to 
system. All failures in both Reactor Recirculation and RCS systems were characterized as moderate, while a 
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significant percentage of failures in the HPCI and RCIC systems were determined to be significant. Section 3.3 
discusses the effects of the NPRDS filtering process and presents a distribution of failures by system for signifcant 
failures only. 
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Figure 3.34 Distribution of failures by discovery process for ten systems with the highest 
overall failure rates 
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3.13.4 Manufacturer Cross-Correlations 

Figure 3.36 illustrates the results of the cross-correlation of relative failure rates by manufacturer and size group for 
the ten manufacturers with the highest overall failure rates. In general, the results are very similar to those obtained in 
the 1984-1990 study. As NUREGKR-5944, Vol. 1, pointed out, these results should be viewed cautiously and with 
consideration of population distribution by valve size, system application, severity of service, and other factors that 
significantly affect overall relative failure rates. 

3.13.5 NSSS Cross-Correlations 

To explain the higher overall failure rate exhibited by BWR units (Fig. 3.6), Figs. 3.37(a), (b) provide the distribution 
of failures by general and specific detection methods by NSSS. Figure 3.37(a) shows that BWRplants have a higher 
fraction of failures detectedprogrammatically than do the PWRs; however, this trend is not as strong as in the 
1984-1990 time period. In general, the trend for all NSSSs is toward increased failure detection byprogrammatic 
means. Figure 3.37(b) shows specific detection method vs. NSSS. It is interesting to note from this chart that the 
distribution for all detection methods does not vary considerably with NSSS. The percentage of failures detected by 
leak test, for example, is essentially constant: approximately 30%. The explanation hypothesized in NUREGKR- 
5944, Vol. 1, for the higher relative failure rate of BWR plants as compared to PWRs may still be valid; i.e., since 
BWRs tend to include more valves in inservice testing programs and also typically leak test a greater number of 
valves, it may be simply a matter of BWRs reporting a greater number of failures per plant and/or having a lower 
threshold for what is reported as a "failure." 

Valve size group (in.) 
4.5 

4 

$ 3.5 

3 3  

SI 1.5 

3 2.5 

* 2  Q) 

1 

0.5 

0 

a 

E <=2 
>2and <=4 

81 >4and < = l o  

A585 V135 A391 A415 (202 V085 D243 KO85 R340 SO75 

Figure 3.36 Relative failure rate by manufacturer and valve size p u p  for ten 
manufacturers with the highest overall failun! rates 

3.13.6 System Usage Cross-Correlations 

Figure 3.38 shows relative failure rate by system usage and failure mode. As previously noted in Sect. 3.6, systems 
used for testing only had a larger overall relative failure rate than those normal& operating and those used at 
shutdown. This result is true for failures due to improper seating, loose/damagedpart, miscellaneous, and stuck 
closed. Stuck closed failures occurred overwhelmingly in systems used for testing (5 of 18 stuck closed failures 
occurred in the Diesel Starting Air system). Failures attributed to restricted motiodflow were more likely to be found 
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in systems used at shutdown, as were stuck open failures (but only slightly), Diswotherpart offor broken failures 
occurred primarily in systems that were normally operating. 

Figure 3.39 illustrates the distribution of failures by extent of degradation and system usage. The most notable 
feature in this chart is the increase in the percentage of failures characterized as moderate for normally operating 
systems, up &om slightly over 40% in 1984-1990 to 70% in 1991. Failure distributions for systems used at 
shutdown and for testing onZy remained essentially unchanged fiom the 1984-1990 analysis period. These results 
could have been somewhat affected by the filtering process applied to the 1991 NPRDS failures, which probably 
tended to include more moderate failures than the 1984-1990 analysis. 
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3.13.7 Failure Mode Cross-Correlations 

Figure 3.40(a) shows the distribution of failures by failure mode and general detection method. While essentially the 
same detection method distributions were observed for each group of failure modes as were in the 1984-1990 study, 
the notable trend is toward a significant increase in failures detectedprogrammatically for all failure modes. Figure 
3.40(b) shows the same cross-tabulation, but for clarity omits those failures detected programmatically. From this 
figure it can be seen that failures involving loose/damagedpart were likely to be detected by special inspection, 
while those involving disuotherpart oflor broken and restricted motion/flow were detected most often by routine 
observation. Also, stuck open and stuck closed failures were more likely to be detected by abnormal equipment 
operation than by other means exceptprogrammatic. 
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3.13.8 Failure Area Cross-Correlations 

The distribution of failures by failure area and discovery process is shown in Fig. 3.4 1. The figure indicates that 
failures related to the seat area, foreign material, and general wear were most likely to be detected 
programmatically. Failures in the hingepin, disc studhinge arm, andpenetration areas were the least likely to be 
detectedprogrammatically. In general, there has been some improvement in programmatic monitoring for all areas 
compared to the 1984-1990 analysis. Combined with Fig. 3.42, which indicates that the hinge pin, disc s tua inge  
arm area, andpenetration areas exhibited the highest percentages of failures characterized as sign@cant, this 
indicates (as did the 1984-1990 analysis) that failures most significant in nature are the least likely to be detected 
programmatically, but only by a slight margin. 

3.13.9 General and Specific Detection Method Cross-Correlations 

Failure distributions by general and specific detection methods are shown in Figs. 3.43 and 3.44. As in the 
1984-1990 study, failures detected by abnormal equipment operation tended to have higher percentages of 
signijkant degradation, while those discovered by other means were mostly moderate in nature. In general, however, 
percentages of significant failures showed a slight decline from the 1984-1990 analysis period. Figure 3.44 indicates 
that failures detected by disassembly and/or inspection, nonhydraulic indication, nonintrusive testing, and 
pump/compressor rotation tended to have higher percentages of signijcant failures. Most failures detected by other 
means, however, tended to be moderate in nature. These results are veIy similar to those found for the 1984-1990 
data. 

3.13.10 Discovery Process Cross-Correlations 

Figure 3.45 provides a comparison of discovery process for different types of facilities. As was previously noted, 
BWR plants exhibit a greater number of failures detected by programmatic means than do P W R  plants. The feature 
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of importance here, however, is the much larger ratios of failures detectedprogrammatically than were those in the 
1984-1 990 period. For BWR plants in 199 1, for example, the ratio ofprogrammatically detected to 
nonprogrammatically detected failures was slightly over 5,  while in 1984-1990 this ratio was less than 2. Figure 
3.45 also provides an illustration of the ratio of extent of degradation of failures for PWR, BWR, and all plants 
combined. The ratio of signiJicant to moderate failures is higher for PWRs than for BWRs. 
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Figure 3.46(a) provides a comparison of discovery processes by system usage. It is notable here that the percent of 
failures discoveredprogrammatically in normally operating systems rose fiom slightly less than 60% in 19841990 
to nearly 80% in 1991. A slight increase inprogrammatically discovered failures also occurred in systems used at 
shutdown and for testing only. Figure 3.46(b) provides the distribution of failures by system usage and specific 
detection method. For normally operating systems, approximately onehalf of the failures were detected by leak 
testing, while for shutdown only and testing only systems, leak testing accoullted for only about one-third of all 
failures. For these latter two types of systems, a significant percent of the failures were detected by hydraulic 
indication. 
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3.13.11 Extent of Degradation Cross-Correlations 

While Fig. 3.4 provides the relative failure rates for the ten systems with the highest overall failure rates, Fig. 3.47 
provides the relative failure rates, by discovery process, for only failures characterized as signijkant (note that there 
were no signiJicant failures for either Reactor Recirculation or RCS systems). From this perspective, the Diesel 
Starting Air and Main Steam systems exhibit the highest failure rates. For all systems except Feedwater, the largest 
percentage of failures were detected programmatically. 
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figure 3.47 Relative failure rate, by discovery process, for failures designated as 
signwcant; systems shown are the system with the highest overall failure rates 

Figures 3.48(a), (b) show the relative failure rates by general detection method and extent of degradation. Figure 
3.48(a) indicates that for failures classified as moderate, 77% were detectedprogrammatically, while Fig. 3.48(b) 
shows that 72% of signifjcant failures were detected programmatically. These percentages represent a significant 
increase fiom the 1984-1990 time period, when it was determined that only 62% of moderate and 46% of signijcant 
failures were detected programmatically. 

Figure 3.49 provides the relative failure rate by component size and system usage for failures characterized as 
significant only. Results for this cross-correlation are not consistent with those of the 1984-1990 study results, 
which found that for the smaller valve sizes, the relative failure rates for the three system usage categories are similar, 
while for the larger sizes, normally operating systems were much more likely to exhibit failures. In the current 
analysis, in contrast, for three of the four size groups, system used for testing only had the highest relative failure 
rates. Normally operating systems did not exhibit the highest failure rate for any size category. 

3.14 NPRDS Reporting Practices 

Since the accuracy of any analysis depends heavily upon correct interpretation of NPRDS failure records, it is 
important to determine how complete and accurate the actual failure narratives are. During the course of the 
1984-1990 study, it became evident that utilities had substantially improved both the length and quality of n a t i v e s  
submitted to the NPRDS database. One measure of this improvement can be taken to be the average length of the 
narrative itself. Results of a tabulation of average narrative length were included inNUREG/CR-5944, Vol. 1, and 
are continued in this report for the sake of trending analysis. Figure 3.50 depicts the average text length for check 
valve failure narratives vs. failure year. A significant upward trend in length of narratives is apparent, with 
approximately a 100 charactedyr. increase fkom 1988 through 1990, and over a 50 character/yr. increase fiom 1990 
to 1991. 
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vs. failure year 

3.15 Cross-Correlations of Additional Parameters 

Although the previous analysis for the 1984-1990 time period was very thorough in its assessment of failure 
detection patterns, information important to analysis of failure causes was minimal. The following sections contain 
cross-correlations of additional parameters that were either (1) available from NPRDS but not addressed in 
NUREG/CR-5944, Vol. 1, or (2) obtained fiom utilities or by review of manufacturer valve catalogs. 

It is intended that cross-comelations fiom these parameters be used to help identify "cause and effect'' relationships 
and that utilities can use this type of information as a starting point to enhance their check valve programs. 

NUREG/CR-5944, Vol. 1, has already addressed the need for additional information to be included within the 
NRPDS failure reports. This need was further substantiated by detailed reviews of the stuck closed failures identified 
in the 1984-1990 analysis.' NIC has proposed a list of enhancements to the NPRDS database, including specific 
valve type, valve type details, design features, and program(s) that the affected valves were in at the time of failure. 
Discussions have already been held with INPO regarding these proposed changes, and it is hoped that revisions 
currently in process to NRPDS may accomplish these enhancements. 

The following sections provide examples of the types of information that can be obtained with certain parameters not 
readily available fiom NPRDS, the most significant of which is probably specific valve type. It should be noted, 
however, that although the following analyses provide insight into check valve failure patterns and mechanisms that 
has heretofore been unavailable, results would be more meaningful if the data were able to be normalized. For 
example, if it is determined that 75% of failures in the g2-h. size group are IifVpiston check valves, it would be 
desirable to know the percentage of 1iWpiston check valves in the population for that size group. To date, this 
information is incomplete, but it is obvious how necessary it would be in order to draw accurate conclusions fiom the 
data. Efforts are currently in progress to address such issues and gather the required information. It is hoped that 
future analyses will be able to draw on such a database of valve information in order to arrive at both detailed and 
accurate conclusions. 
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3.15.1 Valve Body Material Cross-Correlations 

Although information related to valve body material is available from NPRDS, cross-correlations involving this 
parameter were not included in the 1984-1990 study. The following charts are included in this report to provide some 
insight into the effects of body material on failure parameters. 

Figure 3.5 1 provides the distribution of failures by valve body material, where only materials with > 100 valves in the 
overall population were considered. Valves made of brass/bronze/admiralty material exhibited the highest overall 
failure rates, slightly over two times the failure rate of the population as a whole. Valves made of steel-not carbon or 
stainless and those made of carbon steel also had failure rates greater than unity, while those made of austenitic 
stainless steel and cast iron failed at a rate less than one. Figures 3.52(a)-(d) illustrate relative failure rates by valve 
body material and system for the four systems with the highest overall failure rates. It is interesting to note that in 
comparison to overall failure rates shown in Fig. 3.5 1, the same results do not hold true on a system basis. For 
example, austenitic stainless steel, which had the second lowest failure rate overall, had the highest relative failure 
rate in the Containment Isolation System. For clarity, materials in these systems having less than 20 valves per 
system were included in the other category. Figure 3.52(e) shows the overall population distribution by valve body 
material and size group. 

3.15.2 Specific Valve Type Cross-Correlations 

Wormation related to specific valve type has, until the current study, been unavailable to the check valve analyst 
except on a case by case basis, as in the detailed study on stuck closed cases identified in the 1984-1990 analysk2 
Considering the importance of this parameter as identified by NIC, a concerted effort was made to obtain specific 
valve type information for 1991 failure records. Using a combination of utility input aid manufacturer catalog 
review, 88% of the failures occurring in 199 1 were identified according to their specific type. Udortmately, since 
this information is unavailable at present for the check valve population as a whole, data normalization was unfeasible 
for several of the following cross-correlations. This effort, however, represents a milestone in the area of valve failure 
analysis and should provide insight that was previously unavailable except on the detailed analysis level. 
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Figure 3.52(e) Valve population by size group and body material 

Figure 3.53 presents the distribution of failures according to specific valve type, and Table 3.1 gives the number of 
failures by specific valve type and size group. Lijitbiston and swing checks accounted for more than two-thirds of the 
failures, with distributions of 35 and 33%, respectively. This result may be somewhat surprising considering the 
perceived predominance of swing check valves, but may actually only be a reflection of the distribution of these valve 
types in the overall population. For example, since there are nearly twice as many valves in the smallest size group 
(there are 8428 valves in the i2-in. size group, compared to 4167 in the >4 and s 10-in. group, the next largest 
population) as in any of the other three size groups, and since many of these valves are probably Ziff/piston checks, it 
is probably not surprising that Zijitbiston check valves comprise over one-third of the recorded failures. As 
population distribution information by specific type becomes available, it will become more evident which valve 
types, if any, are more susceptible to failure, and if so, under what circumstances. 

33 % 

Figure 3.53 Distribution of failures by specific valve type 
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Table 3.1 Failure distribution by specific valve type and size group 

Specific valve type $2411. >2 and g4-in. >4 and SlO-in. >lO-in. 

Duo/double disc 0 2 6 12 

In-line 4 0 0 0 

Li Wpiston 120 11 1 5 

Other 3 0 4 3 

stop 3 5 0 0 

swing 19 28 43 41 

Tilting disc 0 9 9 24 

unknown 21 6 5 17 

Figure 3.54 provides the distribution of failures by specific valve type and valve size group. Interesting to note, but 
not unexpected, is the large percentage of failures of Zift/piston checks in the ~2-in. size group. As discussed above, 
this may be due simply to their predominance in the valve population for this size group. 

Figure 3.55 shows the failure distribution by specific valve type and general discovery method. As previously 
identified, the majority of failures for each valve type were discovered programmatically, except for in-line valves. 
This may be somewhat misleading, however, since there were only four failures of in-line check valves reported in 
199 1, Figure 3.56 provides the distribution of failures by specific valve type and specific discovery method. No 
discernable trends were observed from this data. 
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Distribution of failures by specific valve type and corrective action is shown in Fig. 3.57. Probably the most notable 
observation fiom this chart is that in most cases, either the entire valve or some of its parts were replaced. It does 
serve to show, however, that this type of information is available through the combination of NPRDS records and 
utility input. The failure distribution according to specific valve type (Fig. 3.53) should be kept in mind when looking 
at charts tabulating a parameter in terms of percent of failures; for example, since stop, in-line, and other valves 
comprise <2% of the failure population, conclusions for these valve types should be made with caution. 
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Figure 3.58 illustrates the failure distribution by specific valve type and discovery process. Except for in-line valves 
and duddouble disc models, which combined account for only 6% of the failure population, all other check valve 
types had the majority of their failures discovered programmatically. This suggests that discovery process is 
minimally affected by valve type. 

100% 

90 % 

80 % 

70% 

60 4% 

50% 

40% 

30% 

20 % 

10% 

0% 

I Programmatic 

El Nonprogrammatic 

CI 

Figure 3.58 Distniution of failures by specific valve type and discovery process 
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Failure distribution by valve type and age group is shown in Fig. 3.59. It appears fiom this figure that the failed valve 
types are not strongly related to valve age, except that as the age group increases, so does the percentage of valves 
listed as unknown. This may be due to the difficulty in locating information (e.g., manufacturer's catalogs) for older 
valves whose manufacturers are no longer in business. 

Figure 3.60 shows the failure distribution by specific valve type and extent of degradation. The majority of failures, 
regardless of valve type, were characterized as moderate in nature. 
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Figure 3.6 1 provides failures by valve type and system for the ten systems with the highest overall fail= rates. It is 
impossible to determine, without population data, whether the distribution shown is due to some types of valves 
having sigtllficantly higher failure rates in some systems, or whether the failures are simply directly proportional to the 
population distribution by system. It is clear that, for example, the majority of failures in the Containment Isolation, 
Diesel Starting Air, and Standby Liquid Control systems were Ziflpiston checks. This information could be useM to 
the utility check valve engineer who already has population distribution information for these systems. 

Figure 3.62 provides the failure distribution by specific valve type and system usage. Again, conclusions must be 
drawn with caution using unnormalized data; however, the cross-correlation shows that normaZZy operating systems 
have a failure distribution comparable to the overall failure distribution (Fig. 3.53), while systems used at shutdown 
have failures mostly involving swing and tilting disc valves [it should be noted that systems such as Auxiliary 
Feedwater (AFW) and RHR have valve populations generally in the medium to large range (i.e., 24-in.) and would 
therefore consist mostly of swing and tiZting disc type valves]. Systems used for testing onZy have failures mostly 
related to Zftbiston and swing checks. This cross-correlation provides another example of the usefulness of overall 
population data; normalization would enable the analyst to draw much more meaningfid conclusions from the data. 

Figure 3.63(a) provides information related to specific valve m e  and failure mode for all failures. Interesting 
observations related to this figure include: (1) over 75% of the stuck closed failures occurred in Zijitbiston check 
valves, (2) stuck open failures occurred primarily in ZiJt/piston and swing checks, (3) failures involving restricted 
motiodflow occurred most often in swing checks, and (4) loose/damagedpart failures involved either unknown or 
swing type valves in approximately 80% of the failures characterized. Figure 3.63(b) shows the failure distribution 
by specific valve type and failure mode for significant failures only. 
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Figure 3.61 Distribution of failures by specific valve type and system for the ten 
systems with the highest overall failure rates 
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Figure 3.64 provides information related to specific valve type and failure area. Notable features of this chart include 
the evidence that failures involving foreign material involve lift/piston check valves in approximately 60% of the 
1991 failures, failures involving thepenetration urea of a check valve most often OCCUT in swing type valves, and 
hinge pin area failures occur most often in either swing or tilting disc type valves. 

The failure distribution by valve type and failure cause is presented in Fig. 3.65. It is interesting to note that failures 
involving foreign material involved lift/piston check valves in nearly 60% of the 1991 failures. Characterization of 
failures as due to design problem was based on either specific or inferred wording in the NPRDS narratives or 
clarificatiodsupplementation of the root cause of failure by the affected utilities. 

3.15.3 Additional Cross-Correlations 

Figure 3.66 shows the distribution of failures by valve test program and general discovery method. "Valve test 
program" refers to the program(s) that the failed valves were in at the time of their failure. From this chart it can be 
seen that there is no particularly strong correlation between the two parameters; most failures were discovered 
programmatically, regardless of the test program(s) the affected valves were in. Information related to valve test 
programs was supplied by the affected utilities. 

Figure 3.67 is an illustration of the failure distribution by failure cause and system for the ten systems with the highest 
overall failure rates. Since multiple failure causes may have been assigned for each failure, the cumulative number of 
failures for a system may be greater than the actual number of failures reported for that system. The total number of 
reported failures for each system is shown by the solid line. Two things can be seen by looking at the figure: (1) the 
distribution of failure causes, and (2) whether a system tended to have failures resulting fiom multiple causes. For 
example, fiom the chart it is evident that the Diesel Starting Air system tended to have multiple failure cause codes 
assigned for each failure; i.e., there were twice as many cumulative failures than actual failures for that system. For 
the Diesel Starting Air system, failures were primarily due to the combination of corrosion andforeign material. 
Foreign material was also a factor in about 25% of the failures in the Containment Isolation system, while the Diesel 
Starting Air, Containment Isolation, and Feedwater systems had significant percentages of failures related to design 
problems. Abnormal wearlsevere service was a significant cause of failures in the Feedwater and Main Steam 
systems. Suppression Pool Support, Reactor Recirculation, RCS, and Standby Liquid Control all had failures 
primarily due to normal wear and tended to have very few multiple failure codes assigned. 
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100% 

mullknown 

El Tilting disc 

mswing 

El Other 

€I Lift 

HIn-line 

0 Duo/double disc 

1 

Figure 3.63(b) Gstniution of failures by specific valve type and failure mode- 
signifcan2 failures 

Figure 3.68 shows the distribution of failures by failure cause and valve size group. As in the previous figure, since 
multiple failure causes may have been assigned for each failure, the cumulative number of failures for each size group 
may be greater than the actual number reported for that group. Again, the solid line indicates the actual number of 
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NPRDS failures analyzed. It is evident that the smallest size group, <2-in., had the largest number of failures and 
tended to have multiple cause codes assigned. In general, cause distributions were fairly constant across all size 
groups; however, approximately 20-30% of the failures of small valves were related to corrosion orforeign material, 
which is significantly higher than any other size group. 
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Figure 3.69 provides the failure distribution by cross-correlating failure cause and valve age group. In general, the 
distributions are fairly constant across all age groups. 
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4 Summary, Conclusions, and Recommendations 

4.1 Summary 

The purposes of this effort were to: (1) provide an analysis of check valve failures occurring in 1991, and (2) provide 
an update to NUREG/CR-5944, Vol. 1 , identiijmg any apparent trends in check valve failure data, including failure 
rates, failure detection, severity, reporting practices, or other significant parameters. 

From an initial download of 596 NPRDS records for failed check valves reported with failure start dates in 1991, a 
final reduced database of 40 1 records was analyzed for the study. In addition to information included in the NPRDS 
records, information regarding other parameters such as specific valve type was included in the failure database. A 
normalization process was used to calculate "relative failure rates" where possible, to account for the effects of 
population size for each valve category. 

To compare results of 1991 failures with those of the 1984-1990 analysis, Sect. 3.1-3.14 repeated the parameters 
and cross-correlations included inNUREG/CR-5944, Vol. 1. Section 3.15 presented parameters not included in the 
1984-1990 analysis, including failure distributions and cross-correlations related to specific valve type. 

In general, results of the 199 1 study indicated a positive trend in check valve failure detection, extent of degradation, 
and reporting practices. A slightly different filtering process for the NRPDS failure records was employed during the 
1991 analysis, which probably resulted in the inclusion of a greater percentage of moderate failures (i.e., those 
primarily due to seat leakage only) than did the 1984-1990 study. Significant findings of this analysis included the 
following: 

The relationship between failure rate and age is not strong, regardless of whether plant age or valve age is 
considered. This is consistent with the 1984-1990 results. 

Valves in the >lO-in. size group exhibited a failure rate greater than the other size groups but was not as 
pronounced as in the 1984-1990 time period. A notable difference in the 1991 data was the failure rate for valves 
in the ~ 2 - b .  category, which increased from approximately 0.75 times the relative failure rate for all valves in 
1984-1990 to slightly over 1 in 1991. 

For 1991, three systems, Containment Isolation, Diesel Starting Air, and Suppression Pool Support exhibited 
failure rates significantly higher than other systems, ranging fiom 2.5 to 3 times the overall relative failure rate. 
Failures in the Containment Isolation system were nearly all moderate in nature while those in Diesel Starting Air 
and Suppression Pool Support systems had failure distributions of 40 and 60%, respectively, for failures deemed 
signifjcunt in nature. In terms of signijcunt failures only, HPCI, Suppression Pool Support, RCIC, and Diesel 
Starting Air systems exhibited the highest relative failure rates. 

As shown in the 1984-1990 study, BWR plants exhibited a slightly higher failure rate than did PWRs. A large 
percentage of BWR failures, however, were discovered programmatically. The difference between BWR and PWR 
testing practices is likely responsible for this discrepancy. 

Unlike the 1984-1990 study, systems that were identified as being essentially used only in testing or in response to 
transientlemergency conditions showed a slightly higher failure rate than did systems normally operating or used 
in support of shutdown and startup operations. In the 1984-1990 study, systems normally operating had the 
highest failure rate. The increase in failure rate for testing only systems may be largely attributed to the number of 
failures involving: imnroner seatine: as well as the differences in NPRDS filtering and utilitv reDorting txactices. 
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Cases involving improper seating made up the largest percentage of failures. The percentage of failures attributed 
to this failure mode increased fiom 45% in the 1984-1990 study to 64% in 1991. This result was probably 
somewhat affected by the difference in the 1984-1990 vs. the 1991 NPRDS filtering processes. 

Failures detectedprogrammatically increased from slightly over half of all failures (54%) in 1984-1990 to just 
over three-fourths (77%) in 1991. For signifcant failures only, failures were detectedprogrammatically in 73% 
of the cases, indicating that this result was not greatly affected by the filtering process. 

The percentage of failures detected by leak testing increased fiom 20% in 1984-1990 to 41% in 1991. Failures 
detected by nonintrusive means accounfed for only 1% of the total, showing no increase from the 1984-1990 time 
period. It is possible, however, that some valves in degraded condition may have been detected through use of 
nonintrusive methods, but were repaired prior to failure and therefore not reported to NPRDS. 

Failures characterized as significant in extent of degradation declined fiom 53% of the total in 1984-1990 to only 
36% in 199 1. This result was likely to have been affected by NPRDS filtering practices, which for 199 1 tended to 
include more moderate failures for analysis than did the 1984-1990 study. 

NPRDS reporting practices continued to show evidence of improvement, observed by a decline in the number of 
parameters characterized as unknown/other, miscellaneous, etc. The number of narratives reporting failures 
caused by general wear also decreased, and the number of characters per narrative continued the upward trend 
identified inNUREG/CR-5944, Vol. 1. 

Information related to specific valve type yielded a failure distribution composed of 35% &$@ston check valves, 
33% swing check valves, 12% unknown, and the remainder composed of tilting disc, duo/double disc, stop, in- 
line, and other valves. 

Most failures, regardless of valve type, were related to improper seating. Over 75% of the stuck closed failures 
occurred in lift/piston type check valves, and stuck open failures occurred primarily in lijiipiston and swing type 
valves. Failures involving restricted motion/flw occurred most often in swing checks. Loose/damagedpart 
failures involved either unknown or swing check valves in approximately 80% of the failures characterid. 

4.2 Conclusions 

Based on a comparison with the results of NUREGKR-5944, Vol. 1, for check valve failures occurring during the 
1984-1990 time period, fmdings for 1991 indicate a general improvement in check valve failure detection methods 
and overall extent of degradation. Failure rates for most parameters showed a general decline, and NPRDS reporting 
practices continued to improve. 

Information related to parameters not included in NPRDS was gathered through review of manufacturer publications 
and through utility solicitation, and provided insight into relationships heretofore unavailable. Although general 
check valve population information was unavailable to provide normalization (and therefore relative failure rates), 
failure distribution characterization by specific valve type and specific valve type vs. failure mode was presented in 
absolute terms. 

4.3 Recommendations 

It is recommended that annual updates to this report be continued to ensure that the trends in check valve fail- 
related issues continue to be observed as practices and requirements change. It is also recommended that 
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summary 

analyses take into account trends related to the use of nonintmsive testing and diagnostics. Finally, it is strongly 
urged that future analyses also include information related to valve type, and that an overall check valve population 
database be conslructed to include information not available through NPRDS but required for the calculation of 
relative failure rates. 
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Appendix A 

Figure A- 1 shows four common types of check valves used in nuclear power plants and considered for this report; 
swing, duo/double disc, lift, and tilting disc. Essential features of each valve are labeled. Section 3.15.2 provides 
cross-correlation data by specific valve type vs. other parameters. 

HINGE 
piN7 f A R M  

HINGE 

L SEAT 

Swing check valve 

L P L U G  

Lift check valve 

Duoldouble disc check valve 

Tilting disc check valve 

Figure A. 1 Some common check valve types 
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