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AllSTilACT
-

This report highlights significant operating events involving observed or potential common-
mode failures of solenoid-operated valves (SOVs) in U.S. plants. These events resulted in
degradation or malfunction of multiple trains of safety systems as well as of multiple safety
systems. On the basis of the evaluation of these events, the Office for Analysis and Evaluation
of Operational Data ( AEOD) of the U.S. Nuclear Regulatory Commission (NRC) concludes that
the problems with solenoid operated valves are an important issue that needs additional NRC
and industry attention. This report also provides AEOD's recommendations for actions to reduce
the o:currence of SOY common-mode failures.
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EXECUTIVE SUMM AltY
_

The study analyzed recent U.S. light water reactor experience (primarily 1985 to 1989) with
solenoid-operated valves (SOVs). It focused on the vulnerability of safety related equipment to
common mode failures or degradations of SOVs. The report presents information on over twenty
representative events in which common mode failures or degradations affected, or had the
potential to affect, multiple safety systems or multiple trains of individual safety systems. While

*
plant safety analyses may not have addressed such common mode failures or degradations,
operating experience indicates they are continuing to occur.

* The study included common mode SOY failures and degradations that cut across multiple trains
of safety systems as well as multiple safety systems. Common mode SOV failures have
compromised front line safety systems and important support systems such as emergency ac
power, auxiliary feedwater, high pressure coolant injection, and scram systems, resulting in
reductions in safety margins. Many of the common mode SOV failures and degradations
observed were beyond the conditions analyzed in plant final safety analysis reports and are not
modeled in present-day probabilistic risk assessments (PRAs).

The events in which common mode failures of SOVs have affected multiple trains of safety
systems or multiple safety systems are considered to be legitimate precursors to more significant
escats. They indicate that actions are needed to ensure that important plant systems function as
intended in accordance with plant safety analyses and that plants are not subject to failures having
the potential for serious consequences. Root causes of common mode failures and degradations
that have been observed and recommendations to reduce the occurrence of common mode SOV
failures are provided.

Analysis of operating data indicates that the underlying or root cause of many SOV failures are
the licensecs' lack of information or understanding of SOV requirements or capabilities. For
example, most SOVs cannot tolerate contaminants, need preventive maintenance or periodic
replacement, and have a propensity for rapid aging and deterioration when subjected to elevated
temperatures. Compounding the problem is the fact that some SOV manufacturers do not provide
the users with adequate guidance regarding proper SOV maintenance and operation. Further
complicating the situation is the fact that many SOVs are " unrecognized" because they are

& provided as piece parts of larger components. As a result, the licensees have a limited knowledge
of the SOVs' operation and maintenance requirements, or their useful design life..

~ The report addresses widespread deficiencies that were found in design and application,
' manufacture, maintenance, surveillance testing, and feedback of failure data,

it is recommended that for safety related applications, licensees (1) verify the compatibility of
SOV design and plant operating conditions, (2) verify the adequacy of plant maintenance
programs, (3) ensure that SOVs are not subjected to fluid contamination (e.g., instrument air),
(4) review SOV surveillance testing practices, and (5) verify that SOVs used in safety related
applications have been manufactured, procured, installed, and maintained commensurate with
their safety functions,

ii
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Specific technical information supportir.g these broad recommendations is contained throughout
the report. Specific recommendations are provided in Section 9, including a recommendation-

that an industry group take action to improve the mechanism for communicating SOY failure data
to the manufacturers for early detection and resolution of potential generic problems. In addition,
recommendations are given with regard to addressing the root causes of SOV failures. Such
actions will assist in preventing common mode SOY failures from reducing plant safety margins.

.

0

9

o

|

|

iii



- .-_

1

|
|

CONTENTS

A ll S TRA CT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i
,

!

EX E C UTI V E S UMM A R Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

i INTRODUCTION 1.......................................
0

|
2 DESCRIPTION OF EQUIPMENT 2.............................

3 USE OF SOLENOID-OPERATED VALVES . . . . . . . . . . . . . . . . . . . . . . . 7

4 SOLENOID-OPERATED VALVE FAILURE MODES: APPARENT AND
R OOT C A U S ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5 OPERATING EXPERIENCE: SIGNIFICANT EVENTS INVOLVING
COMMON MODE FAILURES OR DEGRADATION OF SOVS 9..........

5.1 Design Application Errors 10..............................

5.1.1 Ambient Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.1.1.1 Main Steam Isolation Valves (MSIVs) at Perry -
Excessive Heat From Steam Leaks . . . . . . . . . . . 10

5.1.1.2 MSIVs at Crystal River 3 Thermal Aging Incorrect
Estimation of Ambient Temperatures . . . . . . . . . 12

5.1.1.3 Millstone 2 - Thermal Aging - Localized " Hot Spots" in
Containment 12.........................

5.1.2 Heatup From Energiration . . . . . . . . . . . . , . . . . . . . . . . . . 13

5.1.2.1 Grand Gulf 1 - MSIVs - Thermal Aging (Self-
Heating From Energization) . . . . . . . . . . . . . . . . 13

' 5.1.2.2 North Anna 1 and 2 and Surry 1 and 2 - Thermal
l Aging (Self Heating From Energization) . . . . . . . . 34

l** 5.1.3 Maximum Operating Pressure Differential (MOPD) Multiple
P l an t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5

5.1.4 Directional SOVs .............................,.19

| 5.2 M ai n te n an ce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

5.2.1 Inadequate Preventative Maintenance 21...................

iv
i

- - - . . , ~ , . . + . - - - . - - - -



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

5.2.1.1 Dresden 3 Boiling Water Reactor (BWR) Scram
System, Primary System Leak Outside Primary-

Containment ........................ 21

5.2.1.2 Perry Simultaneous Common hiode Emergency
Diesel Generator Failures . . . . . . . . . . . . . . . . 22

5.2.2 Replacement Versus Rebuilding . . . . . . . . . . . . . ........25

*
5.2.2.1 hiSIVs at Perry Inadequate SOV Rebuild . . . . . . 25

5.2.2.2 Brunswick 1 - Safety Relief Valves, SOV Rebuilding
Error involving Excess lectite . . . . . . . . . . . . . 26

*
5.2.2.3 Peach Bottom 3 Scram System, SOV Rebuilding

Error involving Excess Loctite . . . . . . . . . . . . . 27

5.2.3 Contamination ................................29

5.2.3.1 Brunswick 2 MSIVs Excessive Heat and Poor Air
Quality (liydrocarbons) .................29

5.2.3.2 North Anna 1 and 2 Multiple Systems, Oil and
Water intrusion ......................29

5.2.3.3 Susquehanna 1 and 2 Scram System, Oil and Water
Contamination .......................32

5.2.4 Lubrication . . . . 33............................

5.2.4.1 Multiple Plants Manufacturing Error, Residue-
Producing Lubricant ................... 33

5.2.4.2 Catawba Emergency Diesel Generators, Poor
Quality Air and Lubrication with Vaseline . . . . . 35

5.2.4.3 Common mode Failure of 16 MSIVs at Susquehanna
1 and 2 - Incorrect Lubrication . . . . . . . . . . . . . 36

5.2.4.4 Grand Oulf 1. LaShlie 1, and River Bend MSIVs-
Sticking SOVs, Foreign Unidentined Sticky
Substance (FUSS), Lubricant Suspected .......37

i

5.3 Sun'eillance Testing .................................39
f

*
5.4 Use of Non-Qualined SOVs ............................39

,

6 ANALYSIS AND EVALUATION OF OPERATIONAL EXPERIENCE . . . . . 40

6.1 Common mode Failures ..............................40 |

6.2 SOV Failure Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

6.3 Maintenance Problems ...............................44

y

.. -- -



6.3.1 Maintenance Problems . SOY Manufacturers' Contributions . . . . 44
-

6.3.2 Maintenance Problems Contribution of the Unrecognized SOVs . 45

6.3.2.1 Unrecognized SOVs in Emergency Diesel
Generators ......................... 46

6.3.2.2 Unrecognized SOVs in Auxiliary and Main Feedwater
System s . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7

6.3.2.3 Unrecognized SOVs in BWR High Pressure Coolant*

Injection Systems .................... 47
6.3.2.4 Unrecognized SOVs in Instrument Air Dryers ... 47

o

6.3.3 Maintenance Problems Contributions of Utility Programs and
Pract|Ces ................................... 47

6.3.4 Rebuilding vs. Replacement ....................... 48

7 FINDINGS .......................................... 49

7.1 Design Application Errors ............................. 49

7.1.1 Ambient Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
7.1.2 Heatup From Energization ........................ 49.

7.1.3 Maximum Operating Pressure Differential . . . . . . . . . . . . . . . 50
7.1.4 Unrecognized SOVs Used as Piece. parts . . . . . . . . . . . . . . . . 50
7.1.5 Directional SOVs .............................. 50

7.2 M ain tenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 0

7.2.1 Maintenance Frequency .......................... 50
7.2.2 Replacement Versus Rebuilding ..................... 51

7.2.3 Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
7.2.4 Lubrication ............................. 52

e 7.3 Surveillance Testing .................................52

7.4 Verification of the Use of Qualified SOVs ., ................ 52
4

7.5 Redundancy and Diversity ............................. 52

7.6 Feedback of Operating Experience ........................ 53

8 CONCLUSIONS ......................................., 53

8.1 Safety Significance / Risk Assessments . . . . . . . . . . . . . . . . . . 53

8.2 Need for Action ...............................55

vi

. - . _ - - _ -- -,



-- --

|

9 RECOhihiENDATIONS .................................. 56
-

9.1 Design Verincation .................................56

9.2 hi ai n t e nan c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 7

9.3 Surveillance Testing ................................. 58
,

9.4 Verincation of the Use of Qualified SOVs ................... 58

9.5 Redundancy and Diversity ............................. 58
*

9.6 Feedback of Operating Experience .......................59

10 R E F E R EN C ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t

FIGURES
/

1 Simplified diagram of a two way solenoid operated velve . . . . . . . . . . . . . . . . 3 [
2 Isometric drawing of ASCO dual-coil 8323 solenold. operated valve . . . . . . . . . 4 >

3 Schematic drawing of a Valcor solenoid operated valve . . . . 5............

4 Schematic drawing of a Target Rock pilot. assisted solenoid-operated valve . . . . . 6
5 hiSIV air pack from Perry Nuclear Power Plant, November 1987.......... 11

6 Schematic of a solenoid. operated valve illustrating effect of
operating pressure diffeten:ials . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . 16

7 BWR scram system illustrating leakage paths outside containment . . . . . . . . . . 23

TAllLES

I htSIV Air Pack SOV Failures (Sticking / FUSS / Lubricant) . . . . . . . . . . . . . . . 37 ,

2 Estimates of SOV Failures to Operate . . . . . . . . . . . . . . . . . . . . . . , . . . 43

APPENDICES .

A SOY FAILURES REPORTED IN LERS: 1984 1989
H TARGET ROCK CORPORATION INFORhiATION REGARDING SPURIOUS

OPENING AND VALVE ORIENTATION
C DISPOSITION OF ASCO DUAL-COLL 8323 SOVs USED FOR htSIV CONTROL
D GENERIC COhihiUNICATIONS ON SOVs
E ABBREVIATIONS

vii

. __-_________



- . _ . _ - . _

I

i

-

1 INTRODUCTION

All U.S. light water reactors (LWRs) designs include solenoid operated valves (SOVs) to
perform safety related and non safety related functions. SOVs are used to operate with ac or de
power to control the flow of hydraulic or pneumatic Guids under a wide variety of conditions.
They are used to control process fluid either directly or indirectly as pilot controllers. It has,,

been estimated that the population of SOVs in safety systems at U.S. LW1 is between 1,000
and 3,000 per plant (Ref.1). Bolling water reactors (BWRs) usually have more SOVs than
pressurized water reactors (PWRs) because of the extensive use of SOVs in BWR scram systems.,

Many SOVs used in nuclear power plants are dedicated / qualified valves, which have undergone
rigorous qualincation testing to standards such as the Institute of Electrical and Electronics
Engineers (IEEE) Standards 323, 344, and 382, and are manufactured in accordance with the
Nuclear Regulatory Commission (NRC) quality assurance requirements of Title 10 of the Code
of Federal Regulations, Part 50 (10 CFR Part 50), Appendix B. However, cases have been
found in which plants use commercial grade SOVs that have not been qualified to perform safety-
related functions.*

This study was initiated in 1988 after several repetitive failures of SOVs were experienced at
plants and after the simultaneous failure of four SOVs to operate on demand at Brunswick 2 on
January 2,1988 (Ref. 2). The Brunswick event resulted in a loss of containment integrity
through two separate flow paths when two sets of redundant SOVs failed to close upon demand.
The NRC Office for Analysis and Evaluation of Operational Data has reviewed and participated
in followup work that the licensees, the NRC regional inspectors, and the valve manufacturers
have performed following the SOV failures at Brunswick and several other plants.

A number of other significant operational events have occurred involving malfunctioning SOVs.
Previous studies of SOV failures (Refs.1, 3,4, 5) discussed SOV failure rates and provided a
characterization of the degradations or failures. This study addresses root causes and the generic
nature of many of the observed failures.

''

Some of the significant common rnode failure events that reduced plant safety margins and that
are discussed in this report are listed below,

i

I
simultaneous con mon mode SOV failures that resulted in the failure of both emergency*

diesel generators to start at Perry

simultaneous common mode failures within the scram system at Susquehannae

*

See NRC information Notice 9044 ' Potential for Comnon-Mode Failure of High Pressum safety injection Ittnps ut Reicane of Reanor

coolant Outside Containment During a Loner Release of Reanor Coolant Outside Containtrent During a lonof Coolant Accident?
Daober 4,1990.

I
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common mode scram pilot solenoid valve failures that resulted in primary systea leakagee

outside primary containment at Dresden
..

simultaneous common mode failures of MSIVs to close upon demand at Perry and
,

*

Brunswick

losses of containment integrity at Kewaunee and Brunswick*

multiple safety relief valve and automatic depressurization system failures at Brunswick*
,

Sections 5 and 6 of this report provide comprehensive reviews and evaluations of operational
experience and potential safety implications associated with SOV problems at U.S. LWRs. This
study provides several recommendations to address the major denciencies that were noted during '

the review of the operating experience.

2 DESCRII' TION OF EQUIPMENT

There are many varieties of SOVs used at nuclear power plants which are manufactured by many
different companies. The basis of SOV operation is predicated on changing the electrical status
of the valve's electro-magnetic coil, which in turn causes a shift of the position of an internal
core. The core acts to open or block the passageways inside the valve, changing the Dow path
within the valve. A simplified version of a two way SOV is illustrated in Figure 1. Figures 2
through 4 illustrate more complex SOVs that are made by three different manufacturers.

SOVs are available for use over a wide range of temperature and pressura conditions for liquid
and gas service. They are available with the following formats:

normally open or normally closed*

fail open, fall closed, fail as is*

normally energized or normally de-energizede

ac or de power, or both ac and de power*

i

two way valves, three way valves, four way valvese

direct lift, pilot assist, balanced disc, gate, modulating control* *

There is a wide range of sophistication and quality of SOVs. For example, mass produced SOVs
are available for home consumption for a few dollars each, whereas a limited production of
high-quality SOVs are available at a much higher price. SOVs that are qualined for Class IE
nuclear service (meeting IEEE Standards 323, 344, 382; American National Standards Institute
[ ANSI] N45.2; and 10 CFR Part 50, Appendix B, and 10 CFR Part 21 requirements; and having
American Society of Mechanical Engineers [ASME] Section 111 N" or NPT" stamps) may cost
several thousands of dollars.

2
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3 USE OF SOLENOID OPERATED VALVES
,

In many applications SOVs are used as alternates to m > tor-operated valves (MOVs). SOVs are
frequently used as pilot operators to control air operated valves (AOVs). The advantages of 1

using SOVs instead of MOVs are that they generally han fewer moving parts, are cornpact, andi

may be casier to mount. They also have low power requirejnents and have fast response times.
lorne SOV manufacturers' literature states that SOVs have lug qualified lives, have low initial
and installed costs, and require low maintenance.

,

Thc use of / OVs, MOVs, and SOVs is a matter of preference of appMation that is determined'

by the utHity, auck e neais system supplier, and architect engineer; their specific utilization is'

'

; not a licensing requiremnt.

A partial listing of pitec:, wher : SOVs are used in both safety and non safetyselated systems is
pwvided below,

e BWR scram

a n volant pa n; seal

nfety injectione

e auxiliary feedwater

o primary condurned isolation

high-pessure mant in|s lion / reactor core isolation coolinge
|

high ptasure injectione,

o automatic depressurimson

emergency diese) 2cneratoro

* instrumernir*

| e chemical volume wtrol/ charging and letdowa/boration
! *

e pressurizer control'

! spam generator relief (power @ated relief valves, atmospheric dump valves)e

! low ten 4erature overpressurization patectione

!
,

decay heat removal / residual heat terne ile

: 7
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* - component cooling water
_

e service water

o reactor head vent

e reactor cavity / spent fuel / fuel handling

torus and drywell/ vent and vacuum **--

e emergency de power
,

main steam (main steam isolation valves / auxiliary boiler)o

reactor building / auxiliary building (ventilation and isolation)e

e main feedwater

o condensate

4 SOLENOID-OPERATED VALVE FAILURE MODES: APPARENT
AND ROOT CAUSES

Previous studies (Refs.1, 3,4, 5) have noted that details of the failure mechanisms, the apparent
causes, or the root causes of SOV failures were not provided in approximately half of the
licensee event reports (LERs) and nuclear plant reliability data system failure records for years
12.78 through 1984.

Appendix A of this report provides alist of over 200 LERs describing SOV failures that occurred
at U.S. LWRs between 1984 and 1989. Almost 100 of those LERs described multiple failures
or degradations. The apparent and root causes of most (approximately 75 percent) of the SOV
failures reported in LERs between 1984 and _1989 are given below. The percentage of LER
failures attributed tc those causes is shown in brackets. .

Coil failure or burnout was attributed to design or. manufacturing deficiencies (early*

failureiend of life) or an- error in appilcation (type of current, voltage level,
..

environmental conditicns). (11%)

Valve body failure or leakage-was attributed to design or manufacturing deficiencies,*

such as excessive tolerances on - internal parts; excessive wear / degradation of gaskets,
0-rings, seals, or springs, or foreign materials preventing proper sealing. [13%)

Passageway blockage, internal binding, and sticking were attributed to unidentifiede

foreign substances coating valve internals or to contaminants such as dirt, corrosion

8
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products, desiccant, water or moisture, incorrect lubricants, excessive lubrication, or
hydrocarbons. (14%)-

- .

Electrical malfunctions were attributed to faulty internal wiring, reed switch shorts ore

external wiring with inadequate connections, splices, or grounds. (11%)

Design errors or misapplications were attributed to incorrect valve configuration (normally*

open vs. normally closed, normally energized vs. normally de-energized), incorrect
designation of " fail safe" condition, incorrect electrical source (ac vs. de, voltage level),=

incorrect designativt of environmental conditions (temperature, moisture, radiation),
incorrect designation of maximum operating pressure differential, incorrect material

- selection (incompatibility between elastomeric parts and process fluid contaminants), ori

incorrect valve orientation (horizontal vs. venical), (13%)

hstallation errors were attributed to incorrect physical orientation (backwards, upside-e

down), electrical source (ac vs. de voltage level), or inadequate electrical connections
(e.g., loose connections, incorrect grounds). [7%)

e Maintenance errors were attributed to incorrect determination of useful life or time
between overhauls, or inadequate preventive maintenance or incorrect preventive
maintenance. [6%)

5 OPERATING EXPERIENCE: SIGNIFICANT EVENTS INVOLVING
COMMON-MODE FAILURES OR DEGRADATION OF SOVS

| The events described below were chosen as a representative set. Many of the events are viewed
I as precursors; that is, had the common mode failures occurred under different circumstances or

had the common-mode degradations worsened or persisted further without detection and
correction, the plants would not have responded to design-basis events in accordance with the
f' al safety analysis reports. These events should not be construed as being a complete set ofm
common-mode failures and degradations of SOVs.

'

About 200 additional events are tabulated in Appendix A. Over 40% of the LERs in Appendix
! * A involved multiple SOV failures or degradations. Many other SOV failures do not meet the
| threshold for NRC reporting required by 10 CFR 50.73 and as a result, are not captured in the

LER data base.'
4

Many SOV failures which are not required to be reported in the LER data base are reported to
the nuclear plant reliability data system (NPRDS) data base. Reference 1 noted that all SOV
failures that were reported in LERs in 1978 to 1984 were also reported to NPRDS.

Common-mode malfbncuons of SOVs caused by muluple de ground faults, as deunbed in NRC Informauon No6ce 8846. Supplement 1|

(Raf. 6). although not addressed ss an issue in dus report are in.luded in Appenda A.

9
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Safety related SOVs at nuclear power plants have been manufactured by only a few companies;
therefore, a reader should not attempt to judge a manufacturer's quality on the basis of the._

population of events described in the report concerning any particular manufacturer's product.

5.1 Design Application Errors

Representative operating experience illustrating design application errors as osted with high
ambient temperature, internal heatup from energization, incorrect operatinF pressuie diffe'ential, '

and incorrect valve orientation are described below Based on this e,xperience, Ondings and
recommendations relevant to design application errors are provided in Sections 7.1 and 9.1,
respectively. '

5.1.1 Amblent Temperatures

| 5.1.1.1 hialn Steam Isolation Valves (MSIVs) at Perry - Execssive Ileat From Steam
12aks

On October 29,1987, while performing MSIV stroke time testing, three of the plant's eight
MSIVs failed te close within the allowable time of 5 seconds as designated in the plant's
Technical Speci6 cations. Two of the MSIVs were in the same main steamline. During
subsequent testing, each of the three valves closed within allowable times of the Technical
Specifications.

1
'

-Since the valves all stroked satisfactorily subsequent to their initial failures, the licensee believed
that the failures were due to the presence of impurities in the air pack SOVs controlling the
MSIVs and that the impurities were apparently discharged during subsequent MSIV operation.,

| As a result, the three MSIVs that had failed to meet their stroke closure time requirements were
declared operable.

These MSIV air packs consist of a single-coil three way SOV (ASCO NP8320), a dual coil
three-way SOV (ASCO NP8323), and three poppet type air pilot-operated valves (two , three-
and four way, manufactured by C. A. Norgren Co.). A photograph of one of the Perry plant's

MSIV air packs appears in Figure 5.
.

In response to NRC concerns, the licensee performed additional MSIV stroke testing. As a
result, on November 3,1987, the inboard and outboard MSIVs in one of the steam lines that had
the earlier failures again failed to close within the required 5 seconds (outboard MSIV closed in *

2 minutes and 49 seconds and the inboard MSIV closed in 18 seconds). Additional MSIV stroke
tests were performed, and both MSIVs again closed within allowable times of the Technical
Specifications.

10
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Because of continued NRC concerns about MSIV reliability, the licensee shut down the plant and
established a plan to determine the root cause of the MSIV failures (Refs, 7, 8,9). Intense-

investigative efforts were conducted by the utility to determine the root cause of the MSIV
failures. The failures of the MSIVs on October 29 and November 3,1987, were attributed to
the failure of the ASCO dual-coil Model NP8323 SOVs to shift position upon de-energization.
The SOVs failed to shift position because of degradation of their ethylene propylene diene
monomer (EPDM) seats and discs. The degradation was caused by high temperatures that had
existed in the vicinity of the SOVs as a result of several steam leaks.

,,

Originally, hydrocarbon impurities were suspected as having contributed to the degradation of
the EPDM seats and discs. Samples ofinstrument air taken locally at the MSIVs were analyzed

,'
for particulates and hydrocarbon contamination. The analyses indicated that the air supply wa:
free of particulates and condensible hydrocarbons. Further microscopic and spectral analyses
performed at an independent laboratory (Ricerca) conclusively climinated the possibility of
impurities from hydrocarbon intrusion as a root cause of these failures (Ref.10). However, as

] part of its corrective action to prevent future failures, the licensee took steps to improve the
maintenance of the instrument air system, in addition, the licensee undertook an aggressive
program to review the effects of all known steam leaks that could affect other safety related
equipment.

5.1.1.2 MSIVs at Crystal River 3 - Thermal Aging - Incorrect Estimation of Ambient
Temperatures

In April 1989, NRC inspectors reviewed the environmental qualification of electrical equipment
at Crystal River 3. Their review found that errors had been made in the licensee's determination
of the service life of 16 normally de-energized SOVs that are used to pilot the plant's MSIVs
(Ref. I1).

The licensee's determination of SOV service life was made based on noa-conservative estimates
of the ambient temperature for the areas where the SOVs were located. The licensee's
calculations did rot consider the localized elevated temperatures that the SOVs were subjected
to as a result of hot process piping. Recalculation of the service life of the SOVs using
representative ambient temperatures reduced the estimated service life of one SOVs from 40 years
to 8 years. As a result, the licensee is replacing those SOVs sooner than previously anticipated.

,

5.1.1.3 Millstone 2 - Thermal Aging - Localized " Hot Spots" in Containment
.

In November 1988, an NRC inspecticn report (Ref.12) noted that the Millstone 2 environmental
qualification program recognized a significant reduction of the qualified lifetime of eight Valcor
SOVs t t are used for pressurizer and reactor vessel head vents. Originally the SOVs were
calculaH to have qualified lives of 40 years based on an ambient temperature of 120 *F.
A% _ . the plant's Technical Specifications require that the " primary containment average air
temperature" does not exceed 120 'F, the licensee measured localized " hot spots" of 157 'F in
the vicinity of the eight SOVs. The licensee determined that the increase in ambient temperatures
from 120 F to 157 'F shortened the lifetime of the SOVs from 40 years to 12 years. The
problem of equipment degradation resulting from localized hot spots is not unique to Millstone 2.

12



Reference 13 lists several other plants that have experienced localized thermal hot spots inside
containment. In addition, NRC Information Notice 89 30 (Ref.14) noted that similar heating-

events have been reported since 1982. The information notice alerted licensees to the potential
for exceeding equipment's qualification specifications when the bulk temperatures are measured
by a limited number of sensors that may not be representative of ambient temperatures in the
vicinity of the SOVs.

5.1.2 IIcatup From Energization
,

5.1.2.1 Grand Gulf 1 - h1SIVs - Thermal Aging (Self-Heating From Energization)

'

On August 14, 1989, following a reactor trip, one MSIV (inboard "B" line) failed to close upon
demand (Refs. 15, 16, 17). The MSIV did close about 30 minutes later. The failure of the
MSIV to close was attributed to the failure of an ASCO dual coil NP8323 SOV, a piece-part of
the MSIV air pack. The licensee's investigation found a piece of EPDM from the SOV's disc
on the SOV's outlet port screen. The licensee concluded that the piece had been lodged in the
SOV's intemals, thereby keeping the SOV from venting control air and hence keeping the MSIV
from closing. It is believed that after the EPDM piece became dislodged from the internals,
the MSIV closed.

Subsequent inspections by the licensee of the eight ASCO dual-coil NP8323 SOVs piloting the
MSIVs disclosed that all eight had degraded seats, initial visual inspection did not reveal the
degradations that became apparent under microscopic examination. The EPDM seats of all eight
SOVs had cracks. However, on six of them, the raised portion of the seat, formed by the
annular impression made by the seat of the exhaust port, was missing. It appeared that six of the
eight SOVs had experienced similar sloughing of material from the seat.

The failure of August 14, 1989, is believed to have been caused by a piece of the EPDM disc
material that had been extruded into the SOV's exhaust port vent hole. The extruded material
had separated from the disc as a result of the adhesive and frictional forces when the normally
energized SOV was de-energized. The frictional and adhesive forces eventually led to the tearing
off of the extruded parts of the EPDM discs.

The extrusion of EPDM discs is discussed in General Electric Company (GE) Service
'

Information Letter (SIL) 481 (Ref.18). SIL 481 notes that the intrusion of the disc into its
exhaust port may account for previous events involving the sticking of similar EPDM dual-coil
SOVs, but tearing of the discs had not been observed previously. It is believed that the tearing
and overall degradation of the dual-coil SOVs' EPDM discs at Grand Gulf was symptomatic of *

thermal degradation resulting from the excessive time the EPDM materials were exposed to high
service temperatures. The EPDM discs had been operating at elevated temperatures as a result
of the energization of the dual coils. The local temperatures inside the SOVs near the EPDM

- discs were approximately 325 'F inside the inboard SOVs in a 135 F drywell and 305 'F inside
the outboard SOVs in a 125 'F steam tunnel. The SOVs had been in service for approximately
4.5 years. However, the qualified lives of the degraded EPDM discs are estimated to have been

|
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2.2 years for the inboards and 3.2 years for the outboards based upon environmental
temperatures of 135 'F for the inboard SOVs and 125 'F for the outboards SOVs.'-

The NRC issued an information notice (Ref.19) on this event, noting the life shortening effects
of self heating from coil energizction. Subsequently, ASCC issued a service bulletin (Ref. 20)
providing licensees with heatup data for all their nuclear qualified SOVs (NP series).~

5.1.2.2 North Anna 1 and 2 and Surry 1 and 2 - Thermal Aging (Self-Ileating From
*

Energl2ation)

In December 1986, Virginia Electric and Power Co. (Vepco, now known as Virginia Power )
' requested ASCO to provide information regarding the effects of "s-lf-heating" in continuously

energized SOVs. ASCO's response indicated that a significant increase in temperature would
occur and that the temperature increase could result in a significant reduction in the qualified life
of the SOVs. The licensee recognized that previous estimates of SOV service life did not
account for the effects of self heating (Refs. 21,22). The licensee evaluated the affected SOVs
and determined that, contrary to previous analyses,125 SOVs would require replacement at
North Artna 1 and 2 between the 1987 and 1989 refueling outages (Ref. 23). The SOVs affected
piloted air-operated valves, many of which served containment isolation functions. The systems
affected were safety injection, reactor coolant, mam steam, component cooling water,
containment vacuum, radiation monitoring, sampling systems, instrument air, post accident
hydrogen removal, heating and ventilation, steam generator blowdown, gaseous vent, and aerated
drains.

The licensee recognized that Surry 1 and 2 were similarly affected, and Vepco engineering
informed personnel at the Surry station of this problem. Similarly, Surry 1 and 2 required early
replacement of 58 ASCO SOVs because of self heating -

It is interesting to note that the licensee for North Anna station stated in a deviation report (Ref.
22) that these findings were not reportable because the "NRC and utilities are aware of this issue
to some extent." In Reference 21, the licensee noted that it had learned of this problem initially
from discussions with " industry representatives" at equipment qualification (EQ) seminars in late
1986.

.

other EPDM dises in the same SOV that were exposed to siightly higher temperatures were estimated to have had quar.ried hves of 1.6

and 2.3 years respectively.e

~

Since the prehminary case study report on solenoid valve problems was luued for peer review in June 1990, an additional event of

interent occurred at Gnnd Gulf Unit i on July 27,1990. The event involved the failun of one and the degradation of several sOVs
that pilot the plant's main steam isolation valves (MSIVs). The licensee attnbuted the SOV failure (whish resulted in one MSIV being
unable to fast close) and the degradation of several similar SOVs that operate other MSIVs to increased drywell temperatures resuhing
from a safety rehef valve leaking steam into the tail pipe. The local temperatures near the SOVa were about 10' F higher than what
uas assunwd when estirhating the qualified lives of the SOVs. It appeared that this minor Lernperature increase was the p*imary reason
for the premature failure and degradation of the sOVs. This failure occurnd 11 months after these valves were installed although the
servic. life had been estimated to be 1.1 years. More tolerant, longer service life componenta are needed. This event is illustrative
of the nrublerna Jeneribed in this report and the need for industry action.

~

Teles yy communisat.on between W Murray, Vepeo. and H. L Ornstein. NRC, December 19,1989
.

|
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5.1.3 ; Maximum Operating Pressure Differential (MOPD) - Multiple Plants
4

--Many plants have experienced conditions in which SOVs failed or could have failed to perform
safety-related functions because of excessive operating pressure differentials. Figure 6 is a

--schematic diagram of an SOV, illustrating how an operating pressure differential in excess of its
maximum operating pressure differential (MOPD) can cause an SOV to malfunction. When the
SOV is in the de-energized position, pressurized fluid enters the valve at port 2 and is blocked
by the core assembly. If the pressure differential between ports 2 and 3 exceeds the MOPD, ,

the overpressure could lift the core assembly, resulting in leakage of fluid from port 2 to port 1
- and port 3.

'
In the energized position the core assembly is raised to block-the exhaust port (port 3).
.However, the excess pressure would act to retard or prevent the core subassembly from dropping
down (shifting) when de-energized. - As a result, de-energizing the valve would not ensure the
valve achieved its correct de-energized position (block off port 2).

For many SOVs, the MOPD rating does not appear on the nameplate or in the installation and a
maintenance instructions. Vendor catalogs need to be consulted to determine the MOPD ratings
for the SOVs.

In May 1988, the NRC issued Information Notice 88 24 (Ref.24), which informed licensees of
- two SOV failures that were experienced at Kewaunee (Ref. 25) and of the potential for additional
failures at Kewaunee and Calvert Cliffs I and 2 (Refs. 26 28). Subsequently, several licensees
informed the NRC of similar discoveries at their plants, where the potential for overpressurizing_

SOVs existed, which could prevent the SOVs from performing their safety-related functions. At
some plants, the task of verifying the potential for overpressurizing SOVs has been complicated
by the fact that documentation is not readily available. For example, Millstone 1 and 2 (Ref. 29)

_

and Crystal River 3 (Ref. 30), have reported that documentation to identify SOVs in' containment
is not readily available and that containment walkdowns are necessary for their identification.

It is not clear;that all licensees have taken appropriate corrective action on the issue of SOV
1

overpressurization as presented in Information Notice 88-24. This concern is predicated on the
J Crystal River 3 event (Ref. 30) and a followup discussion in which the licensee stated that its

review of the potential for SOV-overpressurization assumed the proper operation of in-line
,

pressure regulators, it did not address the consequences of pressure regulator failures.' One of
the events described in Information Notice 88-24 involved the discovery at Calvert Cliffs that
several safety systems were vulnerable to single failures of pressure regulators in the air supply

,
. system.

L ne of the earliest SOV overpressurization failures that were reported occurred in 1980 at the-O
Pilgrim plant. On_ October 7,1980, and again on October 31,1980, a safety relief valve (SRV)
. spuriously opened while the reactor was at power. On each occasion, the SRV did not reclose
' ntil the reactor was shut down and the reactor coolant system was depressurized. : The spurious

*

Telephone diwussion between I., Kluit. Florida Power Corporation and H.L Ornstein. NRC. October 10,1981

15

l
_- _ - _ - _ _ _ _ _ - _ - _ _ - _ _ _ _ - _ - _ _ _ _ - - - - - - - _ - - - -- -- - -- -



- .

* *
. .

i

Exhaust
Exhaust

g ort 3P
Port 3

, s

Sotered Base
Scienoid Base [ Sub-Assembly' / Sub-Assembly

| \ Ca /% Coa
C.c,

'

' / ,

$y/,b'I CoreCLiy . sbih|f Coro
--

k - $N tm5b
^ /'

7*, % j Assembly[ '

*
~

" 1/:e, Assenibly
$Y-j'n

i - lEMj; k lidE
>

</O
Port 2 4 FlowC Port 2 4 Flow 4 Port 1 ifge" Port 1 e

$Y $k$lfikN]MOk: idWilf 24 Pi y n w ;g3 n: v y
_ lV3ichPT$$$N?| _{ ., ,_._

ENERGIZED
DE-ENERGtZED

1:igure 6 Schematic of a solenoid-operated valve illustrating
effect of operating pressure differentials.

16

|



valve openings were caused by excessive pneumatic (nitrogen) supply pressure to the SOV
controlling the SRV, The high nitiegen pressure exceeded the SOV's h10PD, causing the SOV-

to shift position, which caused the SRV to spuriously open. |

The NRC issued an information notice and a bulletin based on these events. Information Notice
80-40 (Ref. 31) indicated that two stage SRVs with Target Rock SOVs are susceptible to such
hiOPD malfunctions, whereas older three-stage SRVs having ASCO or AVC SOVs are not. In
1980, the NRC issued Bulletin 80 25 (Ref. 32) requiring licensees to review and upgrade their,

SRV pneumatic supply systems and/or SOVs to ensure that the SOVs operate within their
maximum operating pressure, The bulletin required licensees to install protective devices (such
as relief valves) to protect the SOVs against excessive supply pressures. The issue of, ,

overpressurization fallares of SOVs in systems other than main steam were not addressed in the
information notice or the bulletin.

The discovery of the potential for overpressurizing multiple SOVs at the Vogtle plant was
reported in Reference 33. Reference 33 described a situation in which SOVs controlling the
operation of all eight hiSIVs could fail because of overpressurization of the hydraulic fluid
resulting from overheating. The htSIV manufacturer (Rockwell) had noted that a small steamline
break in the vicinity of the plant's htSIVs could cause an increase in the hydraulic fluid pressure
in excess of the maximum operating pressure differential for the SOVs. These SOVs were
manufactured by the Keane Company. As a result of SOV overpressurization, both htSIVs on
one or more steamlines could allow uncontrolled blowdown of more than one steam generator
following a main steamline or feedwater line break. Essentially, if the hydraulic actuator fluid
for the htSIVs heat:~ .;p by 12 'F the hiSIVs would not have closed on demand. The licensee's
corrective F.ction was to replace the SOVs with others having higher MOPD ratings,

in November 1987, the Kewaunee plant experienced two SOV failures caused by
overpressurization (Ref. 25). During review of these two SOV failures, the licensee found 58
additional SOVs that had the potential to fail to perform their safety-related functions as a result
of overpressurization,

in April 1988, the licensee of Calvert Cliffs 1 and 2 found that 40 SOVs in the two units could
fail to perform their safety related functions as a result of overpressurization (Ref. 26).

'

In October 1980, Three hiile Island Unit 1 (Ref. 34) found that 11 SOVs were connected to line
pressures in excess of the maximum dictated by the SOVs' htOPD In the case of Kewaunee
and Calvert Cliffs I and 2, it was found that failure of a nonqualified pressure regulator could

*
result in the SOVs being subjected to supply pressures in excess of the maximum allowed by the
SOVs' MOPD.

Seven repor ed events in which SOVs failed, or had the potential to fail, to perform their safety-
related functions as a result of excessive operating pressure differentials are briefly described
below.

(1) Vogtle 1, January 22,1987 (Ref. 33)

Eight main steam isolation valves could have failed to perform their safety function.

17
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(2) Kewaunce, November 28,1987 (Ref. 25)-

One pressurizer relief tank makeup containment isolation valve failed to close.*

One reactor coolant drain tank pump discharge header isolation valve failed. (its*

redundant containment isolation SOV had the potential for similar failure.)

"
Fifty-eight other SOVs in safety-related applications also were found to have the*

potential for overpressure failure.

(3) Calvert Cliffs 1 and 2, April 14,1988 (Refs. 26,27,28) '

The following 40 SOVs equally between Units 1 and 2, had the potential to fail:

* Eight auxiliary feedwater system

Eight steam generator blowdown isolation system*

* Six reactor coolant pump bleedoffisolation

Eighteen safety injection system (fill and vent)*

(4) Pilgrim I, July 19,1988 (Refs. 35, 36, 37)

The following six SOVs had the potential to fail as a result of overpressure:

Four control room high efficiency air filtration system damper controls (two in*

each train)-

One standby gas treatment system damper control*

One primary containment system RCS sample line isolation valve*

(5) Millstor.e 2, October 8,1988 (Ref. 38) '

One containment isolation valve failed as a result of an air pressure reguMor that failed
high. *

(6) Millstone 1,2, and 3, November 8,1988 (Ref. 29)

Unit 1: The MOPD requirements of 16 SOVs in safety-related functions
was unknown because of a lack of design information.

Unit 2: A total of 24 " harsh environment safety valves and their installed,

EEQ solenoid valves" had the potential to fail as a result of
overpressure (one of the 24 had failed on October 8,1988). The

18
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licensee also noted that the status of an unspecined number of
safety-related SOVs was undetermined because the " data base is-

incomplete as to solenoid make and model number."

Unit 3: Approximately 20 SOVs installed in " safety valve con 0gurations"
had the potential to fail because of overpressurization.

Reference 29 did not list the specific systems in which of these SOVs were used.,,

However, the licensee indicated that there are many additional inaccessible SOVs'

that also may be susceptible to overpressure failure. The licensee indicated that
determination of such vulnerability would be made subsequent to future walkdowns,

when SOV nameplate data could be obtained.

(7) Crystal River 3, November 8,1988 and Januray 5 and 11,1989 (Refs. 30,39,40,41)

The following five containment isolation valves had the potential to fail as a result of
overpressure:

Two on secondary side steam generator blowdown lines (one per steam generator)

Two on secondary side steam generator sample lines (one per steam generator)

One on a reactor coolant pump seal controlled bleed-off line

5.1.4 Directional SOVs

On the basis of searches of the NRC data bases, at least six plants have observed inadvertent
operation of safety-related Target Rock angle-type SOVs as a result of improper valve
orientation. As shown in Figure 4, upstream fluid pressure at the inlet port of the angle-type
SOV assists valve orientation; upstream fluid pressure at the inlet port of the angle-type SOV
assists valve disc seating. However, many licensees also have learned from their own operating
experiences and from followup discussions with the SOV manufacturer, that several different
models of Target Rock angle-type SOVs used for isolation purposes are " unidirectional.'' That,

is, they will experience undesired seat lifting when the backpressure (pressure at the outlet port
shown in Figure 4) is only 2 to 5 psi higher than the upstream or inlet pressure. As noted in
Target Rock Operation Manual TRP 1571 J (Ref. 42), the manufacturer has been aware of this

,

problem at nuclear plants since 1978. However, in the late 1970's, Target Rock developed an
SOV for use as a bidirectional isolation valve (would not open inadvertently as a result of high
backpressures). Target Rock considered the inadvertent seat lifting to be an architect
engineer /l censee " application problem" - not an SOV problem." The issue of unidirectional
isolation SOVs is addressed in some, but not all, Target Rock SOV users manuals. For example,
Reference 43 noted that the unidirectional qualities of the Target Rock angle-type SOVs are
described in Target Rock Manual TRP 1571J (Ref. 42), which states that

' Telephone dmunion between T.D. Crowley. Tarpt Rock Corporation, and li. L ornstein, NRC. January 24. 1990. I
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Most solenoid valves because of the nature of the operation of the valve, will stopflow
-

in only one (1) direction. By design, upstream pressure acts on the top ofthe disc, forcing
| It onto its seat, thereby creating a tighter seal. However, if downstream pressure rises
'

above upstream pressure, the disc will tend to hft offofits seat, thereby allowingflow.

Since Target Rock considered the inadvertent opening of unidirectional SOVs to be an application,.

i problem, not an SOV problem, Target Rock did not issue field service notifications to alert
,

owners of the SOVs affected by this problem. Target Rock recently provided AEOD with
detailed information with regard to inadvertent opening and/or orientation of SOVs, which is
attached as Appendix B to this report.

,

Plants that have experienced inadvertent openings of safety-related Target Rock SOVs are:

H.B. Robinson 2 (1980), unspecified number of SOVs

Arkansas Nuclear One Unit 1 (ANO 1) (1985), two SOVs
|

| Arkansas Nuclear One Unit 2 (ANO-2) (1985), two SOVs

| River Bend (1986) and (1989), three SOVs and ten SOVs respectively
|

| Harris 1 (1987), two SOVs

Hatch 2 (1988), twelve SOVs

The licensees re-oriented the SOVs to ensure that they would operate properly during accident
conditions. The most recent events that occurred at River Bend are described below.

L In April and May 1989, during testing conducted in response to NRC Generic Letter 88-14,
L " Instrument Air Supply System Problems Affecting Safety-Related Equipment" (Ref. 44), the

River Bend station found 10 Target Rock SOVs used in safety-related applications that would
inadvertently open during accident conditions upon loss of instrument air. The opening of those
unidirectional SOVs would have resulted in the blowdown of safety-related accumulators and

*

would have prevented safety-related equipment from performing its safety functions (Refs. 43,
45). For example:

,

1

(1) Inadvertent actuation of six unidirectional SOVs on loss of instrument air would result in
*

'

bleeding down the safety-related accumulators in the control building, the auxiliary
; building, and the fuel building. The licensee postulated that rapid depletion of

accumulators in the control building (in 3.7 minutes) would prevent proper operation of
| building dampers and would adversely affect cooling of safety-related equipment, control

| room cooling, and control room air filtration. Depletion of accumulators in the auxiliary
| building would affect building dampers resulting in the loss of cooling of safety-related

switchgear. Depletion of accumulators in the fuel building would affect building dampers
and would impact air filtration and prevent the maintaining of a negative building
pressure.

1
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(2) Two unidirectional SOVs in the standby service water system (ultimate heat sink) that-

could inadvertently open when subjected to accident conditions.

(3) Two unidirectional SOVs were found in the instrument air system that could inadvertently
open on loss of instrument air. Such opening would prevent long term operability of 16
safety relief valves, including those of the automatic depressurization system.

e
in Reference 43, the licensee also noted that several years earlier (1986) it had found three other
Target Rock SOVs that had to be re-oriented as a result of inadvertent opening. The licensee
had discovered that problem when the valves were subjected to leak rate testing. Those three,

SOVs had served as containment isolation valves in the containment hydrogen sampling system.

5.2 Maintenance

Representative operating experience illustrating maintenance problems associated with
maintenance frequency, replacement versus rebuilding, contamination, and lubrication are
described below. On the basis of this experience, Ondings and recommendations relevant to
maintenance problems are provided in Sections 7.2 and 9.2, respectively.

'

5.2.1 Inadequate Preventative Maintenance

5.2.1.1 Dresden 3 - Bulling Water Reactor (BWR) Scram System Primary System
Leak Outside Primary Containment

During recovery from a reactor scram at 81-percent power on September 19 1985, Dresden 3
experienced a leak of reactor coolant outside primary containment. The leakage path was
through the scram outlet valves and the scram discharge volume (SDV) vent and drain valves
(Refs. 46, 47, 48). The NRC issued Information Notice 85 96 (Ref. 49) to alert licensees to the
potential for reactor coolant leakage into the reactor building that could result from scram
solenoid valve problems. The information notice indicated that a similar event had occurred at
Dresden 2 in 1972; however, at that time the licensee did not determine the root cause of the
event.

.

After the reactor scrammed in September 1985, the control room operators attempted to reset the
reactor protection system (RPS). RPS channel A was successfully reset, but channel B could not
be reset / This channel configuration allowed the scram pilot SOVs to vent air, resulting in

,

reduced air header pressure. Excessive leakage ter"Iting from SOV wear also contributed to the
reduced air header pressure. The reduced air heac . riessure (38 psig) was sufficient to allow
the SDV vent and drain valves to open (opening pressure -8 to 15 psig), but it was not sufficient
to enable the scram inlet and outlet valves to reclose (-42 psig required to close). For

approximately 23 minutes, hot reactor coolant leaked outside primary containment into the
reactor building. The leak resulted in elevated radiation levels on the Grst three Doors of the
reactor building.

Channel B remained inpped because of stud contacta on the reestor nule swueh,

21
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In addition to the anomaly associated with the half scram configuration, degraded scram pilot-

SOVs contributed to the event. Testing showed that leaking scram pilot SOVs resulted in a
combined SDV air header leak of 25 scfm. The licensee found widespread wear, aging, and
hardening of the SOVs' O-rings and diaphragms.

The safety significance of these component failures at Dr:sden 3 is illustrated by the SDV
degradations discussed below.

,
%

After a reactor scram, the SDV and the scram instrument volume are in direct contact with hot
pressurized reactor water. A common mode failure of the pilot SOVs controlling the scram

,

discharge system vent or the drain valves could result in an uncontrolled release of reactor water
outside primary containment until the scram is reset (see Figure 7). Such an event occurred at
Hatch 2 in August 1982 (Ref. 50). Similarly a sluggish SOV piloting an SDV drain valve
caused water hammer at Brunswick 1, which resulted in damaged pipe supports in the SDV drain
system (Refs. 51,52). As noted in Reference 47, a severe water hammer in the SDV system
could result in an uncontrolled leak of reactor water outside the primary containment.

Discussion with GE has indicated that since information Notice 85 95 was issued, BWR owners
have made improvements in their SDV systems so that there are redundant SDV vent and drain
valves at all U.S. BWRs vs. only one vent and one drain valve per SDV header prior to the
modification,' However, it is not certain that all U.S. BWRs have manual handwheel overrides
for the SDV vent and drain valves to limit reactor water leakage outside primary containment in
the event of a common mode failure of the SOVs piloting the SDV vent and drain systems.

5.2,1.2 Perry - Simultaneous Conunon Mode Emergency Diesel Generator Failures

On February 27,1987, the Perry nuclear plant experienced simultaneous common mode failures
of both emergency diesel generators (EDGs) (Ref 53). The failures were attributed to excessive
air leakage through SOVs on each EDG's control panel. The SOVs were Humphrey Products
Model No. TOG 2El-310-35, which were supplied by Delaval as EDG piece-parts. The SOVs
are three-way air control valves that are continuously energized while the EDGs are in the
standby inode. The licensee had previously identified these SOVs for replacement because of
observed air leakage. Work requests had been initiated for replacement of the SOVs, but at the

,

time of their failures, the work requests had not yet been implemented.

Discussions with the licensee and the EDG manufacturer revealed the following information:'
,

The failed SOVs had been in service for over 2 years after being in storage for 7 years.*

Inspection of the SOVs found that the clastomeric parts (Buna-N) were hardened.*

*

Telephone diaeussion between G. 5 rombach and E. Giebo. GE, and HL Ornstein. NRC. June %),1989.

*

Telecon H.L. Ornstein. NRC, and R. DiCola. Cleveland lliuminaung Co., May 29 0 0, 1990. Telecon H L ornstem. NRC. and
D. P ema and S. Owyoung, Cooper indusines (formerly Delaval). May 29 4 0, 1990.
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The failure was attributed to continuously energized operation and associated elevated*

temperatures.-

The Humphrey valves were purchased by Delaval as commerc:al valves and were*

upgraded / dedicated for nucicar service by Delaval. Delaval did not provide specific
maintenance instructions ivr the SOVs.

The changeout frequency of the SOVs is not specified in the Delaval Operator's hianual;*
* however, Perry plant personnel stated that the changeout frequency could be implied from

the manufacturer's control panel environmental qualification report.

Although the SOV manufacturer has stated that SOV failures have occurred because of' *

incorrect use of lubricants on the Buna-N parts, the licensee was not provided with any
lubrication instructions.

The Perry plant upgraded the SOVs to ones with Viton instead of Buna N, and more*

recently, they replaced some of the Humphrey SOVs with electrical relays.

This event highlights the concern with regard to the vulnerability of other nuclear power plants
having Delaval EDGs with Humphrey SOVs similar to the ones that failed at the Perry plant in
February 1987.*

5.2.2 Replacement Versus Rebuilding

5.2.2.1 MSIVs at Perry - Inadequate SOY Rebuild

After determining the cause of the htSIV failures of October 29 and November 3,1987,
(dixussed earlier in Section 5.1.1.1) the licensee replaced or rebuilt the ASCO SOVs on the
htSIV air packs. Because of the limited availability and long lead times for replacement parts
(air packs and ASCO dual-coil NP8323 SOVs), rather than replace all of the htSIV air pack
SOVs, the licensee had to rebuild some (rather than replace all) of the htSIV air pack SOVs.
A description of the licensee's action is given below.

One entire air pack was replaced for the inboard D htSIV.*

.

One dual-coil NP8323 SOV was replaced for the outboard D htSIV air pack.*

One Dual-coil NP8323 SOV was replaced for an inboard htSIV that had not failed. *

previously. It was replaced after inspection because it had been observed to have
sustained heavy damage to the electrical coils as a result of moisture intrusion.

Five dual-coil NP8323 SOVs were rebuilt, including the inboard B htSIV that had failed*

on October 29,1987.

' Die NRC's Accident Sequence Pncurwr program quamifwd thisavent and estimated it to have a conditional core-damage probabihty'

of 2.3x104 (Ref.54).
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The licensee conducted increased surveillance and testing of the htSIVs efter repairing and-

replacing the air pack SOVs. The licensee initiated monthly operability testing of the htSIV air
- pack SOVs, quarterly tast clouc timing tests and inspections of the ASCO NP8323 dual coil
SOV experiencing the high temperatures.

'

On November 29,1987, while pu forming operability testing, the ASCO dual-coil NP8323 SOV
controlling the inboard B htSIV failed to change state when it was de-energized. Examination

*
of the failed SOV found that the failure was caused by foreign particles in the SOV. Labomtory
examination confirmed that the particles were EPDh1 from the SOV's 0-ring, which had been
replaced during the SOV's rebuilding process after the failure of November 3,1987 (Refs 9,
10).

'

Apparently, during the original SOV rebuilding process, the licensee did not completely
disassemble the ASCO dual coil NP8323 SOV. As a result, small particles remained in the
valve undetected until it (they) caused the SOV's failure.'

To preclude additional failures from foreign particles remaining from the rebuilding process, as
had happened on November 29,1987, the licensee replaced all eight ASCO dual-coil NP8323
SOVs with new ones. Furthermore, the licensee stated that is was going to modify its preventive
maintenance program. In the future all Class IE ASCO SOVs will either be replaced with new
valves or undergo complete disassembly and cleanout to ensure that no particles remain or are
introduced during the rebuilding process.

5.2.2.2 Brunswick 1 - Safety Relief Valves, SOV Rebuilding Error Involving Excess
Loctite

On July 1,1987, while attempting to control pressure following an unplanned automatic reactor
trip, an SRV failed to open on demand. Following shutdown, the licensee tested the SRVs that
had not cycled during the trip recovery and found another SRV that did not open on demand
(Refs. 55, 56).

The SRV failures were due to SOV failures. The two SOVs that had failed (Target Rock hiodel
1/2-ShtS-A01) are used to port air to the SRVs' actuators, allowing remote-manual opening of
the valves. The two SRVs that failed were part of the automatic depressurization system (ADS). -

The failure of both safety relief valves to open on demand was attributed to excess Loctite
RC-620 which was found in the internals of the related SOVs. Although two additional valves -

were found to have excess Loctite on the SOVs' internals, those valves did not exhibit signs of
binding.

The licensee determined, with the assistance of the SOV manufacturer, that Loctite RC-620 had
been used by the SOV manufacturer's field service representative while rebuilding the SOV
during a previous outage. In Reference 53, the licensee noted that the manufacturer's (Target

*

It is believed that one partdt remained in the SOV, and that the partide broke up dunng subsequent SOV operitx>n.
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Rock) field service representative had rebuilt all of the Brunswick 1 SOVs that actuate 11 SRVs
(seven ADS valves and four-non ADS valves). The licensee stated that the Target Rock field-

service representative had done SOV refurbishment work on the valves at Brunswick 1, but_he
had not done similar work on any SOVs that pilot SRVs at other plants. Target Rock field
representatives service the Target Rock SRVs for all U.S. BWRs (except for Browns Ferry 1,
2, and 3)'at Wyle Laboratories during the plants' refueling outages. Most plants send their
SRVs and SOVs to Wyle for refurbishment every refueling outage. Some only send half of their
-SRVs and SOVs to Wyle for such refurbishment during each refueling outage.

,

The problem encountered with 1.octite RC-620 was one of excessive application. Loctite RC-620
. is an anaerobic adhesive. Curing takes place in the absence of air. The SOV manufacturer's
refurbishment procedure specifies that Loctite RC-620 be applied to a locknut assembly beneath'-

- the valve plunger. The procedure cautions against appli:ation of excessive amounts of the
adhesive. The licensee concluded that the SOVs had excess amounts of Loctite RC-620 applied
to them, and that curing did not occur until after the valves were placed in the inerted
containment.- The licensee believed that, before curing, the excess adhesive migrated to the

. interior of the valves, bonding the SOVs' plungers to the bodies of the valves. .

The licensee concluded that even though only two ADS SOVs were found to malfunction, two
otner ADS SOVs had similar bonding as a result of excess Loctite RC-620; however, those
bonds were broken during the initial removal and handling of the SOVs when they _were removed
from the drywell and bench tested.

The licensee's assessment of the event (Ref. 55) concluded that a common mode failure, the
ir. operability of all 11 SRVs as a result of Loctite RC-620 bonding of all SOVs by one vendor
field service representative, is a reasonably credible event. The occurrence of a design basis
event under such conditions is outside the bounds of the plant's final safety analysis report.

'

"The NRC issued Information Notice 87-48 (Ref. 56) to notify licensees of the event of July 1,
1987. L A similar SRV failure occurred on July 25,1980, at Pilgrim (Ref. 32). A Target Rock

,

_SRV failed to open on a manual demand signal. The failure was caused by excessive Loctite
RC-620, which had caused the 5RV's solenoid plunger to stick to the valve's bonnet, inthis

7

: case, the excessive Loctite was used during the fabrication of the SRV, as opposed to the July
1,:1987 event at Brunswick in which the excess Loctite was applied during refurbishing,

.n

15.2.2.3- Peach Bottom 3 - Scram System, SOY Rebuilding Error Involving Excess
Loctite

L.
On' November 17,1983, a control rod was observed to have an excessive insertion time during

I 'a reactor scram (Refs. 57,58).- The sluggish control rod insertion was attributed to the failure
of an SOV to shift position to allow control air to be exhausted from the control rod's hydraulic
control-unit ' As a result, the licensee replaced the scram pilot SOVs associated with the control
rod that did not-scram promptly and sent the scram pilot SOVs to GE for failure analyses.

*
ne ASCO Model HVA.90405 SOV, whkh is built by ASCO but was procured from GE is simdar to N ASCO Model NP8316 valve.
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I

On January 14, 1984, during a reactor scram, another control rod did not insert within the
technical specification allowable time of 7 seconds. The second control rod had acted sluggishly-

during the reactor scram of November 17, 1983. However, because it was believed to have
inserted within the technical specification allowable time on November 17,1983, no maintenance
was performed on its pilot SOVs at that time.

Subsequent to the second failure (January 14, 1984), the licensee undertook an extensive
investigation. That investigation revealed that, contrary to previous findings, the second control

*rod also had failed to meet its allowable scram insertion time limit on November 17, 1983.

Laboratory analysis of the two pairs of SOVs associated with the slow inserting control rods
revealed that one valve of each pair had a yellow varnish like foreign substance on its core '

assembly, One of the SOVs that was found to have the foreign substance on it exhibited sticking
during subsequent bench testing. ' Die foreign substance was originally believed to be a silicone
lubricant, but it was later identified to be Loctite 242. Loctite 242 had been introduced to the
SOVs during the rebuilding process, in accordance with the supplier's (GE) recommendations.
In its 1978 Service Information Letter (SIL) 128 (Ref. 59), GE had recommended that when
rebuilding control rod drive (CRD) scram pilot valves, Loctite 242 adhesive / sealant should be
used to secure the " acorn nut" on the solenoid housing to prevent it from loosening.

The Peach Bottom 3 failures were attributed to excess Loctite 242 that was used in the rebuilding
process. It had appeared to be fully cured and the excess had not been wiped off. When the
system returned to service, the Loctite 242 migrated and hardened and bonded the SOV's core
plunger to its base assembly. After determining the source of the sticking, the licensee
eliminated the use of Loctite 242 from its rebuilding process. Subsequently, GE issued
supplementary SIL 128 (Ref. 60), which recommended that all BWR owners discontinue using
Loctite 242 or any other chemical adhesive thread lockers on the acorn nut of the pilot SOVs.

GE had originally recommended using Loctite 242 to overcome loosening of the acorn nut, and
ASCO had agreed. Following the sticking problems at Peach Bottom 3, ASCO made a design
change and replaced the acorn nut with a nylon lined locking nut that would not require adhesive
thread lockers to remain tight."

The common-mode failure potential for the scram system at some BWRs exists because some
plants have used the same SOVs that are used to pilot the individual control rod hydraulic control '

units to pilot the scram discharge volume vent and drain valves. In the case of Peach Bottom 3,
the potential for multiple simultaneous failure was compounded by the fact that the licensee had
rebuilt all 370 control rod scram SOVs during the previous refueling outage. To reduce this -

common-mode failure potential, GE's SILs (Refs. 59, 60) recommended (not a binding
requirement) that CRD pilot SOVs be rebuilt on a staggered basis from a " distributed
checkerbroad pattern."

~

Telephone discussion between J. Shank, ASCO, and H.L ornstein NRC, June 19, 1989.
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5.2.3 Contaminntion
-

5.2.3.1 Brunswick 2 MSIVs - Excessive IIcat and Poor Air Quality (llydrocarbons)

On September 27,1985, during surveillance testing at Brunswick 2, three of eight pneumatically
operated MSIVs failed to fast close (Refs. 61,62). There are two MSIVs in series in each of
four parallel steamlines, Two of the valves that failed to fast close were on the same steamline.
An investigation of the failures found that the MSIVs failed to close because of disc-to-seat

*
sticking of the MSIV air pack SOVs (ASCO dual-coil Model NP8323). The internal 0-rings on
the SOVs also were found to be degraded; they were brittle, and several O rings were stuck to
the valve body. Several SOV discs came apart after becoming brittle: pieces of one SOV disc

* became wedged in the SOV's exhaust port, one disc stuck to the exhaust port, and another SOV
lost a piece of its disc.

Laboratory analysis of the three failed SOVs showed the presence of a significant amount of
hydrocarbon in them. The combination of hydrocarbons and elevated tempe ature caused the
EPDM discs to swell and fill the SOVs' exhaust ports, which blocked the discharge of air in the
air actuator and increased the frictional force opposing SOV core movement. The instrument air
system was believed to have been the source of the hydrocarbon contamination.

Because of the susceptibility of the EPDM parts to hydrocarbon contamination, the licensee
replaced all of the SOVs with the same model SOV having Viton discs and seals. Compared to
EPDM, Viton is less susceptible to hydrocarbon contamination, but it is more susceptible to
radiation damage.

This event was reported to Congress as an abnormal occurrence. The abnormal occurrence
report categorized the event as one that resulted in "the loss of plant capability to perform
essential safety functions such that a potential release of radioactivity in excess of 10 CFR Part
100 guidelines could result from a postulated transient or accident" (Ref. 63).

5.2.3.2 North Annn 1 nnd 2 - Multiple Systems, Oil and Water Intrusion

While performing maintenance operations at North Anna on the morning of April 24,1987, an
operator error resulted in a service water intrusion into the Unit I and 2 instrument air systems
(Refs. 64 67).* The licensee quickly recognized that the service water intrusion affected SOVs"

and pneumatic controllers including those in the auxiliary feedwater (AIAV) systems, primary
and secondary pressure control systems, and the SOVs required for containment isolation (trip
valves) for both Units 1 and 2.*

At the time of the event, Unit I was shutdown (mid-loop operation) and Unit 2 was operating
at 100 percent power. The licensee's immediate response to the event was to blow down the
affected instrument air lines while continuing to operate Unit 2.

' Telephone discussions b< tween L Uwis and L E Wroniewicz, Vep:o, and H.L Ornstein, NRC. May 1989
.
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About 2-1/2 hours after the intrusion occurred the licensee tested the Unit 2 AFW train A
(motor-driven AFW pump). The air-operated discharge valve and the back pressure regulating-

valve both malfunctioned rendering train A inoperable. About 3 hours later the licensee tested
train B satisfactorily.

.

Throughout the evening of April 24,1987, the licensee continued to blow down instrument air
lines until no moisture was observed. The AFW A discharge and pressure regulating valves
were repaired on the evening of April 24,1987, and were satisfactorily tested around midnight.

,

The cleanup procedure was not totally effective since there were low points in the instrument air
system that had not or could not be drained. The residual water that remained in the low points

'

of the instrument air system and the moisture and contaminants in the instrument air system
resulted in widespread SOV failures for almost 2 years after the service water intrusion event,
in addition to failures of freestanding" SOVs, there were dozens of control valve failures. The
bulk of the control valves that failed were Fisher control valves. Integral to each Fisher con *rol
valve is an ASCO SOV. The Fisher control valve failures were essentially failures of the ASCO
SOVs which are piece parts of the control valves. Examination of plant equipment failure
records noted that, between April 1987 and February 1989, there were approximately 50 Fisher
control valve (ASCO SOV) failures. It appears that those failures resulted from poor quality air
as a result of the April 24, 1987 water intrusion event and from poor maintenance of the
instrument air system.

In addition to these failure records, NRC inspectors noted (Ref. 65) many ASCO SOV failures
that had been observed during surveillance testing after April 24,1987, were not reported and
the SOVs were not repaired. The primary reason was that the SOVs that failed to operate during
surveillance testing operated properly after being tapped (" mechanical agitation") by plant
perscenel. As a result of such practices, repetitive malfunctions were observed; the
malfunctiodng SOVs were not fixed or replaced expeditiously; and the root causes were not
found or corrected on a timely basis. Characterization of the licensee's inservice testing practices
regarding SOVs was cited in Reference 65 as follows:

,

The process of tapping on solenoid valves and repeated cycling of valves prior to nmning
a satisfactory surveillance was considered an acceptable practice by the licensee.

.

i In a memorandum of February 10,1988, the Chairman of the North Anna station Nuclear Safety
and Operating Committee stated that successful stroking of the SOVs is an appropriate corrective
action to remove contaminants because " cycling the affected valves blows the contamination from *

the lines and returns the SOVs to operable status" (Refs. 68, 69). The North Anna licensee's
approach to maintenance of malfunctioning SOVs was not consistent with the valve
manufacturer's recommendations. ASCO's installation and niaintenance instructions and the

I licensee's telephone discussions with ASCO on February 4 and 5,1988 advised the licensee that,
after SOV contamination, the NP series SOVs should be inspected for corrosion, sediment or
other contaminants, and cleaned accordingly.'

' Telephone discussions betweer. F. Maiden and W. Murny Verco, and K. Thomas, ASCo, February 4 and 5.1988,
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A meeting was held at NRC Region II offices on February 7,1989, to discuss repetitive failures
~

of the auxiliary feedwater system controi valves (Ref. 70). The failures occurred in January
1989 as a result of moisture in the instrument air system. At the meeting, the licensee
acknowledged that widespread failures of SOVs, control valves, and air-operated valves had
occurred during the 21 months from the time of the service water intrusion into the instrument
air system in April 1987. A large number of repetitive SOV and control valve failures were
attributed to poor quality instrument air (oil and pioisture contamination in addition to the April

,

1987 service water intrusion). The licensee noted that attention had been focused on the quantity
of instrument air available without paying attention to its quality and indicated that subsequent
to a review of their instrument air system, a program was initiated to clean or replace the

,

affected equipment. The licensee also provided information on steps that were being taken to
improve the instrument air system to ensure delivery of clean, dry, oil-free instrument air.

AEOD staff views the April 24,1987, service water intrusion into the instrument air system as
a significant precursor event. Although the air lines were blown down following th.e water
intrusion, the event resulted in widespread degradation of SOVs, controllers, and ait-operated
valves that had the potential for disabling many systems needed to achieve safe shutdown. A
large number of SOV and control valve failures occurred at both Units 1 and 2 between April
24,1987, and January 1989 as a result of water, corrosion products, and residue from the service
water intrusion and from impurities introduced by poor quality instrument air. Som; of the
systems that were affected by malfunctioning ASCO SOVs (freestanding or piece-parts of Fisher
control valves) as a result of contamination of the instrument air system are listed below.

Unit I and 2

residual heat removal / low pressure safety injection

main steam relief (PORVs)

auxiliary feedwater

component cooling water

* Unit 2 only

containment isolation
.

containment fan cooling

main steam isolation

This ' vent exemplifies the necessity for providing SOVs with clean, dry, oil free air, and the
need . thoroughly clean and inspect the equipment if water or other contaminant intrusions
occur.

!
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-5.2.3.3 Susquehanna 1 and 2 - Scram System, Oli and Water Contamination

The Susquehanna plants _ have experienced common mode failures of SOVs that resulted in
multiple failures of control rods to insert, slow insertion of multiple control rods, and repetitive
failures of scram discharge volume vent and drain valves.' The SOV failures were linked to
contaminants in the instrument air system (i.e., hydrocarbons, moisture, and particulates) and j
high temperatures. Because both Susquehanna units share a common instrument air supply, the
common mode failure potential that existed for both Unit I and Unit 2 scram pilot SOVs also

*

existed for the SOVs that actuate backup scram valves for both units. The backup scram valves
are intended to provide diverse scram capability to protect against conimon mode failures.
Although Unit I experienced the failures, the potential for such failures also existed at Unit 2; i

the scram and diverse scram systems of both units were vulnerable.
'

- The Susquehanna SOV failures illustrate the potential for multi plant common mode failures
leading to events that are beyond the plant safety analyses (i.e., failure of multiple control rods
to insert and unisolated primary leak outside containment via the scram discharge volume). A
summary of the Susquehanna SOV failures is given below.

On October 6,1984, while Susquehanna I was operating at 60 percent power, two control rods
failed to insert during individual rod scram testing. Further scram testing revealed that a total
of four rods would not insert and nine additional rods hesitated before inserting. A similut event
occurred previously at Susquehanna on June 13, 1984, when several control rods hesitated
momentarily before inserting (Ref. 71). Two of the control rods that failed to insert on October

_

6 had not met the scram time requirements of the plant Technical Specifications on June 13. The
licensee did not become aware of the June 13 malfunctions until the October 6 failures were

' investigated.

The October 6 failures.wcre attributed to common mode contamination of the instrument air
' system. The combination of contaminants (oil and/or moisture) and high temperatures (140 *F)
caused the SOV. internals to degrade and become stuck. : The SOV polyurethane disc holder
subas:embly seats were found to be stuck to the SOV exhaust port orifice. This prevented air
from the scram inlet and outlet valve operators from bleeding off through the SOV exhaust ports,
which prevented the scram inlet and outlet valves from opening.

As reported in an NRC inspection report (Ref. 72), two independent laboratories examined the *

failed SOVs and concluded that the polyurethane parts degraded because of a combination of '
L : contamination in the instrument air and elevated temperature. The first laboratory (Franklin

.

| Institute) cited the failure mechanism as hydrolytic decomposition of the polyurethane seats as *

I a result of a combination of moisture and elevated temperatures. The second laboratory (GE)
indicated that polyurethane seat failure was caused by contaminatior, of the instrument air with
a synthetic diester oil (SDO, which is -a plasticizer). Both Franklin Institute and GE
recommended replacing the polyurethane seats with a seat material capable of operating at higher
temperatures and having an improved resistance to contaminants. The recommended material

At Susquehanna, each of the 185 control rods is piloted by one ASCO HV.176 816 SOV. Many other BWR control rods are pilotedi

by other model ASCO SOVs. but two per control rod.
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I

was Viton. The licensee replaced all of the SOV polyurethane seats on cor, trol rods and all the |
'

backup scram valves for Units 1 and 2. About half of the SOV discs for the Unit 2 control rods-

had already been replaced in 1983 with Viton discs.
;

The licensee's investigation found that the SOVs for the scram discharge volume vent and drain
valves on Unit I had polyurethane discs that also were susceptible to the same type of failure.
Subsequently, the SOVs for the vent and drain valves also were replaced with different SOVs
(made by a different manufacturer, having Viton discs).

,

The scram system degradation at Susquehr.nna on October 6,1984, was reported to Congress as
an abnormal occurrence (Ref. 73). The NRC staff concluded that the event involved a ' major

'
degradation of essential safety related equipment," and demonstrated the plant's susceptibility to
common mode failure. The failure caused a reduction in the required ' extremely high
probability' of shutting down the reactor in the event of an anticipated operational occurrence"
(Ref. 73). Another scram discharge volume (SDV) system component failure attributed to
contaminated air occurred at Susquehanna 1 on December 21,1984 (Ref. 74). During
surveillance testing, an SOV that controls the SDV vent and drain hne isolation valves
malfunctioned as a result of particulate matter that was lodged between the SOV's disc and seat.
As a result, the SDV vent and drain valves were stuck open. Since the reactor was at power, if
the SOV had failed to completely close after a scram, the potential for an unisolated primary leak
outside containment would have significantly increased.

5.2.4 Lubrication

5.2.4.1 Multiple Plants - Manufacturing Error, Residue-Producing Lubricant

The Kewaunee nuclear power plant experienced three SOV failures on May 28,1988 during
surveillance testing (Ref. 75). Two of the SOVs were redundant containment isolation valves
piloting the reactor coolant drain tank discharge header isolation valves. The third SOV that
failed served as the pilot for the pressurizer relief tank makeup isolation valve. All three failed
SOVs were nuclear qualified ASCO NP8314 DC valves that piloted air-operated valves. They
were normally open, normally energized, and were designed to close (fail safe) on loss of
instrument air or electrical power. The failures of the SOVs to shift position upon de-
energization were attributed to an amber-colored residue inside the SOVs. The residue was
found at the location where the SOV core assembly (plug) contacts the SOV body (solenoid base*

subassembly see Figure 6). The failed SOVs had been placed in service about 2 months before
their failure. The local ambient temperature was about 110 *F. The licensee inspected two
other ASCO NP8314 SOVs from the same manufacturing lot that were installed adjacent to the*

three SOVs that had failed. They had been installed at the same time as the ones that failed, but
were operated in the de-energized mode. The de-energized SOVs had performed satisfactorily. -

The licensee worked with ASCO and independently contracted two laboratories (Wyle
Laboratories and Akron Rubber Development Laboratory) to determine the root cause of the
failures. On the basis of these investigations, the licensee and ASCO concluded that the SOV
failures were most likely caused by the degradation of a lubricant (International Products
Corporation, "P-80" rubber lubricant) that had been introduced during the manufacturing
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process. P-80 is a-water based rub'ber lubricant used by ASCO personnel to facilitate SOV
assembly. Althougn P40 was an approved lubricant for use at ASCO's manufacturing facility,-

its use for the assembly of the NP8314 SOVs was not an explicitly approved procedure. P-80
product literature states that it provides " temporary slipperiness" for assembling rubber parts and
that it is absorbed into !be rubber " leaving no residue or harmful effect on the rubber."

- Subsequent to SOV assembly (using the P-80 lubricant), the SOVs were cleaned before leaving
the manufacturer's facility; however, minute amounts of the P 80 lubricant re nained trapped
within the internal cavities of the SOV. From the laboratory results, it was concluded that the

'

small amount of P 80 lubricant remaining in the SOVs r.agrated because of heatup from
energization, and degraded into an amber-colored sticky residue that caused the SOV
malfunctions. The investigation discounted Dow Corning 550 lubricant as the source of the
residue that had been found inside the NP8314 SOVs. ASCO has discontinued using P-80in the

'

assembly of SOVs as a result of 5 invstid.ct,.

On October 18, 1988, based on the above determination, ASCO issued a 10 CFR Part 21
notification regarding the potential failures of NP8314 SOVs (Ref. 76). The notification
accounted for 231 suspect SOVs that were sent to 17 U.S. LWRs, 76 suspert SOVs that were
sent to suppliers who most likely shipped them to unspecified plants as piece parts of other
equipment between 1981 and 1988, and 9 suspect SOVs that were sent to Franklin Rexarch

- Center (FRC) in 1986. The Fort Calhoun plant had received the largest number of suspect SOVs
'(79) in 1981. Several of those SOVs failed at Fort Calhoun in 1981 and 1982. Three of the
SOVs that failed at Fort Calhoun were returned to ASCO for investigation. ASCO's
investigation of those valves, incident report IR 3604, May 1982 (see NRC Vendor inspection
Report 99900369/ 88-01, Ref. 77), noted that the failures were due to sticking caused by a
varnish like residue. At that time, neither ASCO nor the Fort Calhoun licensee were able to
identify the source of the " acrylate ester residue found on'the plunger and sub-base assembly"
of the energized NP8314 SOVs.

Fort Calhoun experienced a similar failure of another energized NP8314 SOV in March 1982.
It was cleaned and returned to service (Ref. 78). The licensee stated that it would replace the

,

internals of all the NP8314 SOVs using new spare-parts kits. Subsequently, the Fort Calhoun J

licensee provided 10 ASCO NR8314 SOVs that had been in continuously energized service for
18 months to FRC for use in an NRC-sponsored SOV aging wsearch program (Ref. 79). FRC
also purchased nine new NP8314 SOVs from ASCO, which were shipped in April 1986, to be
used in NRC's SOV aging program (those SOVs were also listed in ASCO's 10 CFR Part 21 '

notification). Six of FRC's purchased SOVs, which were undergoing accelerated thermal aging,
failed prematurely (failure to shift position) as a result of organic deposits (sticky substance).
After the deposits were cleaned away with acetone 'and the SOVs were reassembled,-they *

performed successfully for the duration of FRC's testing program. FRC's report (Ref. 79) also q
noted that organic deposits were found in the NP8314 SOVs received from Fort Calhoun. FRC

,

believed that the sticky deposits that had prevented the SOV' from functior.ing were due to an Is

organic compound that was introduced during the assembly of the valves; however, e detailed |
analysis and final determination of the source of the deposits were not pursued by FRC because |
of budgetary restraints. In the course of the NRC's SOV aging research program, ASCO had i

been apprised of the sticking problem, however ASCO did not find the source of the residne*

(P-80) until after the Kewaunee failures in 1988. The failures of the NP8314 SOVs indicate that
P-80 was used to assemble the NP8314 SOVs as early as 1981 and as late as 1988.
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A similar case, in which another SOV manufacturer used a lubricant to assist with SOV-

assembly, also resulted in subsequent SOV performarice problems. As noted in Referent e 90
Target Rock Corporation used castor oil as a lubricant to facilitate the assembly of its twootage
safety relief valves (SRVs). After investigating several SRV failures, it was found that ca; tor

,

oil, which was used to lubricate silicone rubber 0-rings, caused swelling and accelerated -
-

degradation of the O-rings. Subsequently, Target Rock discontinued using castor oil as a
; lubricant. DAG 156 lubricant (carbon particles suspend:d in an alcohol base) was used to

,

replace castor oil. We are not aware of any subsequent Target Rock SRV fa: lures that have
resulted from the use of DAG-156.

"

Target Rock informed the author of this case study during a visit to theit facility (Nviember
.

1988) that, paralleling the use of P-80 at ASCO, Target Rock had u:ed "minernl oils" to ?
facilitate SOV assembly. This practice was discontinued in the mid 1980s and DAG-156 was
chosen as a replacement for mineral oils.

5.2.4.2 Catawba - Emergency Diesel Generators, Poor Qualty Air and Imbrication
with Vaseline

The Catawba nuclear power plant experienced commou-mode failure: of EDG surting air system
inlet valves (Refs. 81, 82, 83). The EDGs were manufactured by Delaval. The air start system
inlet valves, model T-3618, were made by California Controls Co. (Ccicon). These two-stage
air operated valves each have a Circle Seal solenoid pilot valve that is nornally closed and
requires de power to actuate the solenoid pilot to admit starting air into the EDG.

The licensee has reported five instances of common mode failure of these salves. The valves
stuck open when a sticky, slimy substance formed inside the poppet pordon of the valve. The
licensee determined that the substance was the siliconc lubricant, Dow Corning 111, that was
used on the valves. On five occasions, the licensee cleaned the valves and replaced the Dow
Corning 111 with Vaseline petroleum jelly. Calcon's recommended lubricant is GE Silicone
fluid G-322-L, which is significantly different from Dow Corning 111. The licensee did not
check for the compatibility of Vaseline petroleum jelly with the Buna N rubber used in the

' Calcon valve. Low nitrile Buna N rubber degrades when in contact with petroleum-based
products. After reviewing the EDG air start valve failures and other EDG pneumatic equipment

*
iailures (Calcon pressure sensors) the licensee concluded that the sticking was caused by moisture
interacting with the Dow Corning i1I silicon lubricant. The source of the moisture was tha
starting air system, the root cause was inadequate dryer maintenance (the licensee's failure to
changeout the spent desiccant).*

Subsequently, the licensee upgraded its maintenance on the air dryers, thereby lowering the EDG
starting air moisture content. In addition, the licensee cleaned the valves and replac-d the -

Vaseline petroleum jelly with Dow Corning 111 lubricant. These actions in conjunction with
more frequent changeout of the Calcon gas valve's elastomeric parts in accordance with the
Delaval owners' group plant-specific recommendations appear to have eliminated the valve
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sticking problem. In addition, the liceasce it preparmy to cbande to - lubricant prescribed by
the va've manufacturer IGE silicon fluid G-DLi'-

.q

I 5.2.0 Carruv.mordy Fnilure of 16 b!SJVs at Susipchanna 1 and 2 - Incorrect
Y.ubdaitiou

In b.Q W5, the licenw of a two-unit station reported excessive stroke time of the Unit 1 C
outboard AiSIV that resulted frotn a tailure of an Automatic Valve Corporation (AVC) SOV

,

(model C4988-8). The failure was attributed to " poor workmanship from the factory" and
- " improper lubrication, which would allow the valve piston tojam at a cenain place in the valve.",

The failed AVC valve was replaced with a new one,
,

Five months later 6)ecembec 1986), while performing monily closing teas, the licensee Dund
that the UnP. 2 B it taard MSIV did not stroke properly as a result of a failure of another AVC
SOV. The licensee shut down both units from 100 percent power and inspected the SOVs
piloting all 16 MSIVs. The licensee found that the AVC SOVs on all 16 MSIVs were damaged.

{NThe three-way and four-way valm and solenoid pilot valves on all 16 MSIVs had a harderled,
sticky lubricant in their ports and on their O rings. As a re: ult, motion of all the SO% u
impaired, resubing in instrument air leakage and me inabilitv it operate all of the hMh
satisfactorily. The hcensee the examined urused spa.res in tb warehouse and found that th? '

lubricant had dried out in thce v dves, leaving a residue. Several of die warehourd sparet were
bench tuted. 7ey were found to be degraded and they aho leaked, g}

The original " approved" or " preferred" SOV lubricant (based upon equipment qualification
testing) was Parker Super-O-Lube. However, later equipment qualification testing (1985) found
that the Parker Super-O Luje muld crase SOVs in the MSIV air pack to malfunction. The ''

Parker Sup'r-O Lube was found to break dowr. io an adhesive, powdery substance when exposed
to n.diation fields greater than 1x10E6 md. Because. of the potential for breakdown of Parker
Super-O-Lube nnd binding of the SOVs in the air packA che licensee changed the SOV lubricant
to E. F. Houghon SAFE 620.

In sepattte telephone co iversations the SOV manufacturer (AVC) told the NRC staff th~at it had
informed the utility that E. F. Houghton SAFE 620 lubricant attacks and degrades the aluminum
in the AVC valves." Nonethdess, Li accordance with u'tility purchase orders, AVC shipped
SOVs lubricated with E. F. Houghton SAFE 620 to two different utilities. *

After the e,ultiple failures co.:urred in! December 198fs GE informed the licensee that the Parker
Super-O Lube is an acceptable lubncant if it is aprikd in a ' thin film.'" AVC and GE had *

concluded that the problem e).peciefted with Parke*: Sap 2r O-Lube in the 1985 quali0 cation
testing was due to excess lubdcat."

.

- --.u -

'*

Telephone derse06 biturn R. It WElm (Duke P imer Corporation) and li.L C.nsteia NRC), June 25,1990.

~

Tv'erhane diasussiots beimn T. Hutchins AVC. a d NRe (S. lirael. October 14,1978, ard 11.1.. Ornstein. April 12. 1989).
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On December 19,1986, AVC sent NRC Region ill a letter, which AVC believed served as a 10
CFR part 21 notincation (Ref. 84), llowever, the notification did not speci0cally state *Part 21-

notincation'' and therefore was not disseminated accordingly to alent all other potentially affected
utilities of the problem with E. F. lioughton SAFE 620 lubricant. The notification indicated
that Cc nmonwealth Edison also had purchased AVC valves lubricated with F F, }{oughton
SAFE 620. Commonwealth Edison told NRC staff" that the AVC valves cv.iiaining E. F.
lioughton 620 lubricant were replacements for older model AVC SOVs that had ieen
discontinued. Before being notified by AVC of the problem with E. F. Houghton SAFE 620

*

and before installing the valves, Commonwealth Edison replaced the SAFE 620 with Dow
Corning hiolykote 55ht. The licensee had recognized that Parker Super O Lube was the
lubricant that had been uwi in earlier equipment qualincation testing and SAFE 620 was

*

probably not an acceptable replacement.

Justification for the use of biolykote 5$ht instead of Super O Lube was based upon the licensee's
engineering analysis that indicated the similarities between biolykote 55ht and Super O-Lube,
in retrospect, a detailed examination of these two lubricants revealed they may have very
different high temperature behavior and, under similar operating conditions, the Molykote 55h1
would be more susceptible to dryout." Because of these differences, it is not clear thr,t Molykote
SSM is an acceptable "quallned" replacement for the Super O Lube.

With regard to problems of excess;ve lubricant and the application of a thin film of lubricant,
it is interesting to note that a Commonwealth Edison plant had sticking problems with a similar
AVC SOV several years earlier. In that case, the sticking was attributed to not having enough
lubricant applied to the AVC valve.

5.2.4.4 Grand Gulf 1. LaSalle is and River Bend MSIVs Sticking SOVss Foreign
Unidentified Sticky Substance WUSS), Lubricant Suspected

Between February 1985 and December 1989, the Grand Gulf 1,1.2Salle 1, and River Bend
nuclear power plants experienced sticking of ASCO dual coil 8323 SOVs in the MSIV air packs
(Refs 9, 85 91). The SOV malfunctions were attributed to a sticky substance at the contact
point of the plug nut and core assembly interface (see Figure 2). The SOV malfunctions
impaired or prevented the MSIVs from ciosing within the times specified in the plant safety
analyses,

i

Table I summarizes events where MSIV air pack SOVs have stuck at Grand Gulf, LaSalle, and
River Bend,

e

in the case of LaSalle, it was demonstrated that the cohesive / adhesive force caused by the foreign
sticky substance between the plug nut and the core assembly of an ASCO dual coil NP8323 SOV
was signincant and could have been the cause of its failnre. After the core assembly was held

*
Telephone d.seunion betmeen M. Siesert, comnnnweshh reson Company, and H L Omstein. NRC. Apnl 12.1989.

**
Superalmbe consists of high molecular weight aihcones wheren MolyLote $$M is a hghtet weight methyl sihcone oil thickened withi

hthium soap having e lower dropping point than Superotube (m here dntpmg pomt is an indwation of'he temperature hmit st which
the tubriesrs dries outh
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4 Table 1 StSIV Air Pack SOV Fe:Imres (StkkingtFL'SS/Luhricase . ,* ~

I'

'

Otkr SOVs
Deecriptiesi 7' N. er having fewv;gn j

| Plant / of SOY and Seuck SOVs unidristified sticky ;

f. event date corrective action and locaties seeintasice (5USS) Cessasseists ;

Grand Gulf I ASCO HTX8323* (Viton). . Replaced Two outboerd lines A!! ethers (five) In sob =equent testing at ASCO,osely [
*

12/10/85 eight SOVs with ASCO NPS323 (having (A and C) ene one of four a&fitional valves suust- |

! EPDM parts). See Section 5.I.2.1. inboerd (line D) functkined(leakage). However,the,

i for a diasseori of the subsequent failureof theoutboard(C)line SOV ;

i failures of the repiecernent was attribused to FUSS at the plog |

valves caused by thermal aging from not and core assembly ;.A.M. {
' self-heating (Aing;sst 1989). y

i

1 i
| LaSalle I ASCO NPS323 (Vieon). Replaced eight One outboard All others (seven) Three of the valves that ded not fail ,

! 12/I6/87 SOVs with like. ' (line C) in therient failed denng sub=cquest !

,t ,-
tes mg at ASCO,attribuecd to FUSS !.

}.
at the plug not and core assembly |

interface. I
I i
; i

! River Bend ASCO NP8323 (EPDM). Replaced tight Two inboard lines One enfailed inboerd Not all SOVs Imve been irgeced !

| 900/88 SOVs with like. Attergoed to remove (B and C) (one in- SOV inspected was Some are being held for mecli, val ,

!

j' the factory coeted labncant (Dow spected, FUSS fourx!) found to I ave FUSS. purpo=es. Teocuthnerd SOVswere

!- Corning 550) ' men SOVs bet applied Two outbnars SOVs gJ et ASCO. The coil
i excessive amount of Inbricant to O- impected famd a offweSOVshadev,dence

j rings while .c_ l.:ing, m two to have FUSS.- of moisture intruseon, anducative j

j subsequest failures (Dm 2 1989). of localimi steem beating.- }
!

River Bes:d ASCO NP8323 (EPDM). Replaced all Two outboerd lines One eti- r SOV was Licensee believes FUSS was from i

12/1/89 NP8323's with new ones, but .e..M (A and D), FUSS empecteo (inheard), excenniveapplicassonofDowConung ;

far wy installed labrscant from all found on both. ;* also had FUSS, but 550,which was insed by theIscen=ce
[e

internal parts of time SOVs. lest than what was wemm % ihe 0,ing sad =equesa y

found on the failed to removmg the Dow Corning 550 i

outbeerds fman the SOVs* sneeenal sneenthe parts |f ashampsent to the 9/30/88 innlures.- |i
i !

'

}
1

}.
$ "ASCO RTX8323 is are e nucleerprified 50V,it is a , ified ceaunewiel valve omrmler tw sue idemeief to the NFil323
1

!7elephone d.etweew= between f. Shock ASCO and M1. Ormeneen. NItc. Mey B. 9959 !.

!

! peles* wee dieemeene between V. Recons &es. Ither Bend, and H 1. Ornmein. NRC. Dece*4er 12.19*9. .
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|

vertically, the plug nut was pressed against the core assembly, and then the plug nut let go, the
adhesive forces from the foreign substance between the two surfaces were able to support the-

weight of the plug nut to prevent it from falling.'
1

Ilecause the licensee suspected the Dow Corning 550 lubricant (apphed to the SOVs internals at
the factory) to be the cause of the sticking, the licensee considered removing the factory-
installed lubricant from the eight new NP8323 SOVs that were installed after the failure of
December 16, 1987. In consideration of ASCO's concern that, without the internal lubricant,

,

ac powered SOVs could suffer fretting damage, the licensee installed the eight new NP8323-
Viton SOVs as they were received from the manufacturer (without removmg the lubricant).
Those eight replacement SOVs have operated successfully through 1989.~

,

Subsequent to the failures of two ASCO dual-coil NP8323 SOVs at River Bend on September
30, 1988, the licensee replaced all eight dual coil NP8323 SOVs with new ones. However,
before installing the new SOVs, the licensee removed the factory coated lubricant (Dow Corning
550) frorn their internal metallic parts. On December 1,1989, two of those replacement SOVs
failed as a result of sticking. The licensee attributed the sticking to FUSS which was believed
(but not confirmed by laboratory analysis) to be Dow Corning 550 lubricant.

During followup of the failures of December 1,1989, the licensee reviewed the procedures that
were used in Septernber 1988 to remove the factory applied lubricant. The licensee's review of
those procedures indicated that although the Dow CorninP 550 lubricant was removed from the
internal metallic parts of the SOVs, the cleaning and reassembly procedures included a step in
which the clastomeric parts of the SOVs were relubricated with the same Dow Corning $50
lubricant. Ilecause there was more FUSS on the cleaned SOVs that failed in December 1989
than on the factory assembled SOVs that had failed September 1988, the licensee believed that
the root cause of the December 1989 failures was the licensee's reapplication of excmive
lubricant during the 50V cleaning and reassembly process.

Subsequent to the failures of December 1,1989, the licensee's corrective action was to replace
all eight NP8323 dual coil SOVs with new ones, after removing all the factory applied lubricant
from them, without relubricating the clastomeric parts.

The inspection of the SOVs on the inboard and outboard MSIV air packs at all threc plants
' indicated that in almost every case the SOVs, which had not failed, were degraded in a manner

simibt to the failed SOVs, but to a lesser degree, in each case, the licensee recognized the
comw mode failure potential for compromising fast closure of inboard and outboard MSIVs

,

* on one ur more steamlines and replaced all the 8323 SO\ s on the inboard and outboard MSIV'

air packs.

|

| According to ASCO. the plug ..ut weighs about I nurwe while the spring force is about 2 pounds. ASCO indnsted that after a similar
*

NP832.3 SOY failure at WNP 2. the Iwenace had performed a similar demonstration. The stwty substance si WNP2 was beheved
to be imm exces. lubrwant (Dow Cornmg 550) that had been applied by the 1.censee when t's $0vs were rebuilt.

~

Telephone discussmn betw een R. Lankabury (NRC Sr. Resident inspection at tasall: Stationi and H.L. Ornusin. NRC). December 22.
1989,
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The valve manufacturer and several laboratories conducted extensive inspections and tests on the
8323 SOVs that had been replaced. There are no simple explanations for these failures

-

individually or as a group. The source (s) of the sticky substance (s) that resulted in multiple SOV
failures is uncertain. There is major disagreement between the utilities, the SOY manufacturer,
the reactor vendor and the laboratories regarding the root causes of the failures.

Internal SOV lubrication (by the manufacturer and in one case by the licensee) and poor air
quality are primary suspects.

,

5.3 Surveillance Testing

On July 22,1989, during scram time testing at the Perry nuclear power plant, plant personnel
'

observed two control rods failed to meet their scram time testing requirements on initial attemps;
however, when retested the rods operated satisfactorily. As a result, both control rods and thir
SOVs were declared to be operable. Subsequently, on November 25,1989, one of thnw .ods
failed its timing test twice but was retested satisfactorily twice, As a result, it was declared
operable. When the second control rod that also had failed twice on July 22,1989, was retested
on November 25, 1989, and failed, it was declared inoperable. At that time, the licensee
conducted an investigation to determine the root cause of tte test failures (Refs. 92, 93, 94).

The licensee's root cause analysis found that a manufacturir.[! . error had been made at ASCO
(failure lo upgrade polyurethane seats of tne scram pilot SOW with Viton), and that the Perry
plant may not have responded adequately to a product rect notice that ASCO had sent them
(Ref.94).

It is sign ficant that the licensee's surveillance testing program d d not provide adequate guidance
to the pl.mt staff regarding actions to be taken when unsatis%ctory surveillance test results are
e.rcatered,

l

5.4 Use of Non. Qualified SOVs

The H.B. Robinson plant which has Colt /Fairbanks Morse EDGs experienced six EDG air start
SOV failures during an 8-year period. There were Sve Talitres of one valve and one failure of
an identical, redundant SOV. The SOVs were commercial grade valves, model X833 134, made
by ASCO. The failures occurred from February 1,1980, through March 28,1988, and in each '

case the failures involved excessive air leakage. (One event is described in Appendix A, Docket
No. 50-261 LER 8bO28-01).

*

Four of the nye failures of the same valve (DA 198) were attributed to the SOV core and spring
assembly. The first failure was attributed to wra of the core and spring assembly caused by |
excessive heat from the solenoid being constantly energized. The SOV was rebuilt (core and
spring assembly were replaced). The SOV's second failure was again attributed to wear of the |
core and spring assembly. The SOV was rebuilt again (core and spring assembly replaced). The
third malfunction of the same SOV occused while attempting to start the diesel. The failure was
attributed to misalignment of the solenoid header during previous repairs. The licensee's
corrective action was to realign the solenoid header. Three months later the same SOV was
again found to be leaking air. This fourth failure was attributed to wear of the core and spring
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assembly. The SOV was rebuilt again (core and spring assembly replaced). Five months later
a redundant air start SOV (DA 23B) on the same diesel was found to be leaking air, it was-

rebuilt (spring ano core assembly replaced). On March 28,1988, the same SOV that had failed
four times before (DA 19B) failed again. The 6fth failure was attributed to a wom seat that
resulted in air leakage. The valve was replaced rather that being rebuilt. AEOD staff is unaware
of any subsequent failure of this replaced SOV.

Discussions with H.B. Robinson staff, and other licensees who's plants have Colt /Fairbanks-
* Morse EDGs, indicsted that the licensees have received little, if any, guidance from the EDG

supplier about preventive maintenance or replacement of the air start system SOVs. The SOVs
that are used for the Colt /Fairbanks Morse EDGs are commercial grade ASCOs that are supplied

* with limited maintenance or service life information; as such, these valves are not included in the
manufacturer's defect and reporting program (10 CFR Part 21).

6 ANALYSIS AND EVALUATION OF OPERATIONAL EXPERIENCE

6.1 Common-mode Failures

Examination of the events discussed in Section 5 and many of the SOV failures included in
Appendix A of this report indicate that the potential exists for common mode SOV failures that
could compromise multiple trains of diverse safety systems. Such common mode failures are not
assumed in plant safety analyses.

While it is not practical or suggested to perform safety analyses for all combinations of common-
mode SOV failures, it is feasible to take actions to reduce the likelihood for encountering
common mode SOV failures. Section 9 provides recommendations that address the systematic
deficiencies in the design application operation and maintenance of SOVs noted in this report,
implementation of these recommendations will reduce the potential for common mode SOV
failures. The root causes of many common mode SOV failures that have been observed thus far
are given below.

(1) Design / Application Deficiencies

,

incorrect specification of operating parameters such as MOPD (e.g., Sectione
* 5.1.3.) and valve orientation (e.g., Section 5.1.4)

incorTect material selection such as incompatibility between SOV internal parts ande

fluids in contact with the SOV (e.g., Section 5.2.3.3),

e incorrect specification of ambient (non accident) conditions (i.e., temperatures,
radiation, and moisture) (e.g., Sections 5.1.1.2, 5.1.1.3)

incorrect assessment of the life shortening effects of coil heating (e.g., Sectionse

5.1.2.1,5.1.2.2)
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(2) Inadequate Maintenance
-

i
,

e failure to replace or rebuild limited life piece parts of the SOVs (e.g., gaskets,
seals, diaphragms, springs, and coils) on ~a timely basis (e.g., Sections 5.2.1.1, ',

5.2.1.2)

e failure to rebuild SOVs correctly (e.g., Section 5.2.2.1)

e failure to maintain clean, dry instrument air, resulting in contaminants that cause "

long term common mode SOV degradation and failure (e.g., Sections 5.2.3.1, !

5.2.3.2)
,

e excessive lubrication of SOV internals, contributing to SOV failures (e.g., Section
5.2.4.3)

(3) Installation Errors

e incorrect orientation (backwards, upside down) installation at angles not in
- accordance with SOV qualification testing (e.g., Section 5.1.4., Appendix A) .

e incorrect electric current (de vs. ac) (e.g., Appendix A)

-inadequate terminal or junction box connections as a result of inadequatee

manufacturer's guidance or architcet engineer's interpretation of manufacturer's
guidance (e.g., Appendix A) ;

(4) Manufacturing Defects '

e . lubrication errors (e.g., Section 5.2.4.1)

defective materials body, plug, springs, clastomers (e.g., Ref. 77)e

e tolerance / assembly errors such as incorrect spring size or stiffness (e.g., Ref. 77, 4

Appendix A)
4 ,

faulty wiring / coil defects (e.g., Appendix A)*

6.2 SOY Failure Rates .

Utilization of existing SOY failure data can, at best, result in crude estimates of SOV failure
rates for the following reasons:

(1) Not all SOV failures are documented, in many cases SOVs are viewed as expendable
items, their failures are simply viewed as end of life, and replacements are installed
without any failure reports.
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(2) Unless SOV failures are associated with reactor trips or complete train 'ailures of safety
systems they are not required to be reported in the LER data base.-

(3) SOVs that are subcomponents or piece parts of other larger components or systems are
not always reported as SOV failures in the nuclear plant reliability data system (NPRDS).
For example, MSIVs, flow regulators, governors that fail to function properly because
the related SOVs have failed have not been reported as SOV failures as such. We
estimate that NPRDS contains explicit failure records for approximately 5 % of the plants'

*
safety related SOVs.

Coupling the difDeulties of obtaining some definable measure of SOV failure counts with the
*

difficulty of assessing the number of successful SOV challenges or surveiilance tests can, at best,
lead to a crude estimate of SOV failure rates. Nonetheless, recognizing the shortcomings of
estimating SOV failure rates, Table 2 lists SOV failure rates from several sources, including the
results of this study's query of the NPRDS data for failures that occurred over a five year period
(1985 through 1989).

The NPRDS data presented in Table 2 for the years 1985 through 1989 combined with demands
based on quarterly testing indicate failure rates of about 7 to 9 times higher than earlier estimates
which were used in WASil 1400 and in the NUREG ll50 methodology. The NPRDS failure
records include only failures for the SOVs themselves, do not include the unrecognized SOVs
used as piece parts of NPRDS reportable components, and do not include any information on
number of demands,

it should be noted that the SOV failure rate data listed in Table 2 does not distinguish between
SOV size, energization mode, valve opening status, manufactarer, model, or type. In view of
the wide range of SOV variations, the available failure data does not readily allow for the
accurate prediction of individual SOV performance or failure rates.

In attempting to assess the trend in SOV failures, NPRDS SOV failure rates were evaluated for
the years 1985 through 1989. The NPRDS data showed that the SOV individual failure rates
have been increasing; that is the 1989 failure rates are 14 to-79 percent higher than those of
1985.

* The estimation of common-mode or common cause SOV failure rates are subject to greater
uncertainties than the estimation of the random SOV failure rates. The SOV experience observed
at U.S. LWRs in recent years indicates that in addition to an underlying randomness in SOV

|
failure experience, there are additive biases which are introduced by the widespread systematic<

l and programmatic deficiencies in the manufacture, selection, applintion, operation, maintenance,

i staveillance and testing of SOVs which must be accounted for to accurately describe the actual
industrywide experience. Failure to account for the biases introduced by the aforementioned
widespread systematic and programmatic deficiencies results in underestimating the contribution
of common mode or common-cause failures, it is important to recognize that the SOV failures
are mechanistic due to Toot causes described throughout this report. For example, when valves
are misapplied, run at elevated temperatures, improperly maintained, etc., their early failure,
degradation, and life shortening are assured. Under those conditions, the real SOV failure

| probabilities may approach 1.0 at plants with poor control of these devices.
1
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Tshle 2 Estimates of SOY Failures to Operate

Estimated
Source failure rate

.

- WASH 1400 (Tables ill 21,2 2) 1x10''/ demand
.

This study (NPRDS data Jan 1985 December 1989) assuming 7.1 to 8.7x10'/ demand
quarterly testing

NUREG-il50 methodology NUREG/CR 4550, Vol.1 1.0x 10'/ demand

Seabrook PRA 2.4x10'/ demand

NUREG/CR-4550, Vol. 6 (Grand Gulf PRA) 1.6x10'/ demand

NUREG/CR 4819, Vol.1 (NPRDS data Sept 1978-July 1984) 7x10*/hr

This study (NPRDS data Jan 1985 Dec 1989) 6.5 to 7.9x10*/hr'

*
limrly failure rates were calculated using an NPRDS report of 1074 failuns among Sil0 SOVs during 153 A million cumulative hours (MCin
of Sov o~estion. The following is a treakdown of the SOV failurs population and hours of operatton used in the calculation.

MCil of
f,.dv_u Fettvres OPID.d.D

Valvea/Solennid Operated *536 753 115,.

Valve Operatorv5clenoid as 723 140 19.7

Valve Operators %Ienoid de 851 181 20.7

s

Common cause, common mode failures result. Under such conditions the average indt.stry
failure rates or typical treatment of common-cause/ common mode is not representative of such
valves. This issue is further discussed in Section 8.

Any exercise aimed at obtaining, meaningful common mode SOV failure rates based upon
| existing operating experience is a massive difficult one leading to interminable debate. Instead
j of continuing further on the highly debatable issue of quantifying such failure rates, we believe

that the thrust of the nuclear community's efforts should concentrate on correcting the
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programmatic and systematic denciencies associated with SOVs to reduce the likelihood for their
common-cause and common-mode failures.-

6.3 Maintenance Problents

6.3.1 Maintenance Problems SOY Manufacturen.' Contributions

Review of operating experience indicates that a substantive number of SOY failures are attributed,

to inadequate maintenance or refurbishment. As evidenced by several of the events discussed in
Section 5, it is clear that utilities are not fully informed of SOV rnaintenance requirements. The
neglect or oversight of SOV maintenance oftentimes comes from the SOV manufacturers' failure,

to provide SOV maintenance information to the SOV users or second level manufacturers such
as EDO rnanufacturers (ALCO. Colt /Fairbanks Morse, General Motors, De!aval, Cooper.
Bessemer), valve manufacturers (Xomox), controller rnanufactu,ers (Fisher, Masonellan), ete
Some SOV manufacturers are more prescriptive than others. Some manufacturers provide no
guidance on preventive maintenance. One manufacturer (Valcor) varies its recommendations
depending on whether the purchaser bought the " full documentation package."

Examples of the variation among SOV manufacturers' maintenance recommendations are
discussed below.

ASCO This manufacturer does not provide specine quantitative recommendations for SOV
maintenance or refurbishment. This is even true for its nuclear qtialiGed Class lE valves.
Quoting ASCO's installation and maintenance. bulletin for Np8323 SOVs that were provided to
purchasers between 1981 and 1989 (Ref. 95).

Prewntive Maintenance

1. A' rep the mediumflowing through the mlve asfreefrom dirt andforeign material
as possible. Use instrument quality air, oilfreefor S#r 'E'.

2. While in service, operate vahr periodically to insure proper opening and closing.

3. _ Periodic inspection (depending upon medium and service conditions) ofinternal,

wthe partsfor damage or excessive urar is recommended. 7horoughly clean all
parts. Replace any pans that are worn or damaged.

* 4. The vahrs may require periodic replacement of the coils and all resilient parts
during their installed life to maintain qualification. The e. tact replacement period
will depend on ambient and service conditions. Spare parts kits and coils are
ordered separately (see Ordering Iriformation). Consult ASCO for specific
recommendations in connection with the replacement ofparts.

In 1989, ASCO upgraded the installation and maintenance instructions for their nuclear qualified
Class IE valves to reDect that the rebuilding kits for such SOVs were no longer sailable (Ref.
96). Those new instructions do cite use of the instrument Society of America (ISA) air quality
standard ISA S.7.3, but they are not specific with regard to preventive maintenance.
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For example ASCO's upgraded 1989 instructions state that "while in service, the valve should-

be operated periodically to insure proper shifting." The word " periodically" is not defined in the
new 1989 installation and maintenance instruction. In contrast, some earlier installation and
maintenance instructions (1978 vintage) specified preventive maintenance to include monthly
operation (Ref. 97). }{owever, ASCO's qualification test report (Ref. 98) does note that the
SOVs should be cycled periodically, at a minimum of once a year. The qualification test report
notes that periodic cleaning and inspection should be done as outlined in the individual SOV
installation and maintenance instruction sheet, but does not define periodic. ASCO's 1989

'

instructions further state, "do not exceed the qualified life of the valve...." liowever,
deterrnining the qualified life of the SOVs, especially normally energized ones, from the
information provided csm be a complex process that is not clearly outlined by the manufacturer.

'

Circle Seal and Ross Circle Seal and Ross make SOVs that are used in several different EDO
air start systems. Those valves are not supplied with any preventive maintenance or
tefurbishment recommendations. Lack of specific maintenance recommendations has contributed
to multiple failures of the Circle Seal and Ross SOVs (see Section 6.3.2.1).

Ilumphrey SOVs manufactured by this manufacturer that are used in EDG control panels are
not supplied with any preventive maintenance or refurbishment instructions. (See Section 5.2.1.2

for a discussion of simultaneous common mode failures that resulted in failure to start two
EDGs).

Skinner Electric - This manufacturer's SOVs that are used in Woodward governors on BWR
liPCI turbines are not provided with any preventive maintenance or refurbishment
recommendations. ~

..

Sperry Vickers This manufacturer's SOVs that are used in the hydraulic controllers for BWR
recirculation pumps and main turbine trip systems are not provided with preventive maintenance
or refurbishment recommendations.

Target Rock Corporation This manufacturer's SOVs come with specific preventive
maintenance and refurbishment recommendations.

Yalcor - This manufacturer provides specific recommendations for maintenance or refurbishment '

of its N staniped SOVs. liowever, it is possible to purchase the same valve without an N stamp.

6.3.2 Maintenance Problems Contribution of the Unrecognized SOVs *

In many cases plant maintenance and operations personnel are unaware of the presence of, or
maintenance requirements of SOVs. This situation is common because there are many cases in
which SOVs represent only a small portion of a larger system or component, and the information
available to plant staff does not identify the care required for the SOV, which is " unrecognized"
within the "overall system." Examples have been observed in

* emergency diesel generators: air start systems, governors, and cooling water control
systems

4$
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auxiliary feedwater and main feedwater systems: flow control regulatorse-

BWR high-pressure cooling injection (HPCI) systems: remote shutoff controls, governorse

instrument air dryers: desiccant column regeneration and cycling control systemse

6.3.2.1 Unrecognized SOVs in Emergency Diesel Generators,

The operation and maintenance manuals for the dicsci er.gines and operator and maintenance
personnel training are heavily weighted by the engint manufacturer's literature, which usually,

do not include information regarding the SOVs used in the EDG's hoxiliary systems. Specific
examples observed included those discussed below.

At a foreign reactor site, the EDG air start SOVs were not on any preventive maintenance
program. Failure of one SOV due to aging of a Buna N diaphragm was undetected until its
redundant backup failed from the same cause. Failure of both SOVs resulted in failure of the
EDG to start. As a result of this experience, the station added refurbishment or changcout of
such resilient parts to all its EDG air start systems. Similar failures have been observed at
numerous U.S. plants, e.g., Three hiite Island l' (Ref. 99), Ginna" (Refs. 100,101), Duane
Arnold (Ref.102).

During a trip to the Duane / Told plant in reviewing SOV experience, the author learned that
subsequent to the July 1982 diesel failure (Ref.102), the Duane Arnold staff recognized the
SOV's limited lifetime and the need for SOV refurbishment or replacement. As a result, the
Duane Arnold personnel added SOV changeout to their preventive maintenance program.
However, several years later, plant maintenance personnel made a decision to eliminate
changeout of that SOV from their preventive rnaintenance program. The rationale for dropping
such preventive maintenance was that the SC was cycled only 7 seconds a month and such
limited use did not seem to require maintenance. The basis for implementing the SOV''
preventive maintenance and the previous failure, which resulted from age related degradatiu ,
appeared to have been forgotten. Subsequently, we were informed that preventive maintenance
on these SOVs would be reinstated.

*

While attending a TVA EDG training course applicable to seven plants (Browns Ferry 1,2, and
3; Sequoyah I and 2; and Watts Bar 1 and 2), the author learned that maintenance literature for
the General biotors Electro-hiotive Division (Ghi EhiD) diesel engine supplied by hiorris-

* Knudsen, does not include any instructions for refurbishment or changeout of the SOVs in the
EDGs' air start and governor control systems.

*

Facsimi's Transenission. J. shank, ASco to H L. Ornstein, NRC. rebruary 17.1989

~
Rochester Osa & Deetne company. Ginna station mernoranJum. *raiiurs of solenoiJ Operated Valve $933B 'A' Diesel Generator

Air Start Valve ASV.I.* from B her. December 14. 1988.
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6.3.2.2 Unitcognized SOVs ln Auxillary and Main Feedwater Systems
-

As noted in Section 5.2.3.2, a redw of failure data at North Anna 1 and 2 showed that as a
result of failure to recognize equipment needs, poor quality air was the root cause of the
SOV/ control valve failures. As a result, the licensee initiated a program for repairing and
replacing the SOVs and control valves as well as upgrading the air system quality and enhancing
plant personnel trainirg and maintenance practices.

*
6.3.2.3 Unrecognized SOVs in BWR liigh Pressure Coolant Injection Systems

The Duane Amold licensee reported the failure of the remote shutoff control system, which is
part of the turbine governor in the HPCI system (Ref.103).

,

Discussion with plant personnel and the t'urbine manufacturer indicated a lack of communication
between them regarding the potential for undetected failures of the SOVs. The licensee's report
noted that the failure was caused by aging of the clastomeric parts of .the SOV. Such an
undetecced failure could result in failure to start the HpCl system. Apparently information
provided by the turbine manufacturer (Dresser Rand, formerly Terry Turbine) did not provide
adequate maintenance infortnation about the SOV supplied as an internal part to the Woodward
govemor (the SOV was manufactured by Skinner Electric Co.). The Stdnner Electric
maintenance instructions do not address preventive maintenance or service life requirements for
the SOV. The Woodward governor service manual does not address SOV preventive
maintenance or service life. Although the service information letters (SILs) provided by the ;
nuclear steam supply system vendor (GE) address other aspects of HPCI turbine service,
performance and maintenance, discussion with plant personnel and GE personnel indicated that
maintenance, refurbishment or replacement of the SOVs are not addressed in any of GE's SILs,

6.3.2.4 Unrecognized SOVs in Instrument Air Dryers
J

Review of a leading instrument air dryer manufacturer's operation and maintenance manual
(Pneurratic Products Corporation) indicated mhtimal guidance with regard to SOV maintenance.

,

The SC%c required to cycle every 5 minutes to ensure that the air flows through the correct '

desiccant staci to ensure proper air drying and acceptable outlet dew point values for thet

processedeb Failure of the SOVs could result in undetected high instrument air moisture
content that could lead to degradation and malfunction of equipment utilizing instrument air,

,

including hundreds of other SOVs that perform safety related functions.

6.3.3 Maintenance Problems - Contributions of Utility Programs and Practices *

Review of SOV failure reports and followup discussions with plant personnel, NRC inspectors, 1

and SOV manufacturers showed that shortcomings in many utilities' SOV maintenance programs
and practices were a major source of SOV failures. Some examples are discussed below.

During an NRC inspection, Brunswick plant staff stated that ASCO Class lE SOVs with 30-
year qualified lives did not require any preventive maintenance for 30 years (Ref.104). The
licensee did not recognize the fact that the resilient or clastomeric parts of the SOVs require
more frequent replacerera.
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After finding that SOVs would not shift their position on demand during surveillance testing, it-

was common practice for plant personnel at the Brunswick and Nonh Anna stations to tap the
SOVs (mechanical agitation), if a SOY would change position when tested after the mechanical
agitation, no further maintenance would be performed, and the SOV would be declared operable
(Refs. lW,105).

ASCO's valve engineering department product engineering manager visited the Susquehanna.

plant to assist the utility in finding the root cause of the failure of a rebuilt ASCO SOV that had
failed after being returned to service. The ASCO manager's discussions with plant personnel
revealed that subsequent to rebuilding the SOV, plant personnel bench tested the SOV with poor,

quality service air instead of clean, dry instrument air. Inspection of the SOY revealed that oil
from the service air system had caused the SOV's second failure.'

Calvert Cliffs 1 and 2 plant instrument air SOV's montenance is tracked by the station's
reliability centered maintenance (RCM) program. The RCM prograin has found that instrument
air dryer SOVs have a mean time between failure of 10 montns. However the plants'
maintenance program calls for replacement of such SOVs on an annual basis." The failure of
the instrument air dryer SOVs can cause instrument air system degradation leading to common-
mode failures of many other SOVs that perform safety related functions.

6.3.4 Rebuilding vs. Replacement

Review of SOV failure data indicates that inadequate rebuilding of SOVs has been a significant
cause of SOV failures. There is a broad range of complexity associated with rebuilding SOVs,
depending on individual SOV manufacturer and model number. Additionally, there are
variations among SOY manufacturers with regard to providing test appuatus to check the
soundness of rebuilt SOVs; for example, Target Rock Corporation has marketed a test fixture for
licensees to test their rebuilt SOVs,

Although some manufacturers provide values of acceptable coil voltages, leakage rates, etc., to
enable users to check the conditions of their SOVs, some other manufacturers do not make such
information available. Questions arise about the acceptability of new SOVs if acceptance criteria
are not available.,

Although ASCO notified licensees that it has discontinued selling rebuild kits for its nuclear
power plant SOVs (NP series) (Ref.106), it is continuing to sell rebuild kits for commercial

* SOVs and SOVs used in BWR scram systems (purchased through GE). Upon depletion of
existing NP series SOV rebuilding kits, replacement will be the only option available for them,

in addition to focusing attention on the useful life of SOVs being governed by the clastomeric
parts, special attention should be paid to the shelf life and on the actual manufacturing date of

*

Telephone discussion, L Shank. ASCO, and H.L Ornstein. NRC, May 11, 1989.

Telephone dia:ussion. L Osbocne. Bahimore Gas and Electric Co.. and H.L Ornstein, NRC. Arn! 21.1989.
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the clastomeric parts in the rebuild kits. For example, because of elastomeric (Buna N) |
degradation observed in SOVs used in BWR scram systems, GE recommended (Ref. 59) that

|

-

BWR scram system SOVs having Buna N parts be rebuilt periodically. The frequency of !

rebuilding should be governed by the "useful life" of the clastomer ("useful life" being defined
as the sum of shelflife and in service life). Limited by the Buna N parts, GE recommended a j
useful life of 7 years for scram system SOVs. The 7 years being from the time of kit !

manufacture, not from the time of rebuild.

*
As noted in Section 5, there have been several events in which common-mode failures resulted
from incorrect rebuilding of SOVs. The potential for common mode SOV failure resulting from
rebuilding errors may be minimized by staggering the rebuilding (if possible) or by limiting the 1

amount of SOV rebuilding done by any one individual (see Sections 3.1.2.2,5.2.2.3).
'

:

7 FINDINGS j

The root causes of most SOV problems are traceable to the lack of understanding of the
capabilities and requirements of SOVs. Oftentimes plant operations and maintenance programs

i

do not address the short lifetimes of the resilient clastomeric piece-parts of the SOVs (gaskets,
seals, diaphragms, etc.). hiaintenance programs also fail to address the low tolerance SOVs
have for operating under adverse conditions that are significantly different than those of the
controlled laboratory environment under which they were originally tested. in many cases, the
manufacturers have not provided the end users with a full undastanding of the sensitive nature
of certain parts of the SOVs. hiany users have learned, after using certain SOVs, that they att
unforgiving with regard to contaminants and local environmental conditions.

Deficiencies in selection, operation, and maintenance of SOVs have resulted in hundreds of SOV

failures, many of which were common mode failures that cut across multiple trains of safety
systems. The major findings in this case study regarding the root causes of common. mode SOV
failures are described below.

7.1 Design Application Errors

7.1.1 Ambient Temparatures

hiany common mode SOV failures have resulted from subjectin, to ambient temperatures
'

in excess of their original design envelope. Such common-me ulures have resulted frorn'

localized steam leaks (see Section 5.1.1.1), incorrect estimates ( . ambient temperatures (see
Sections 5.1.1.2,5.1.1.3), and failure to account for ventilation system malfunctions (Ref.107). *

Because the usaful qualified lives of the short lived parts of SOVs are halved by every
temperature rise of 18 'F (Arrhenius theory Refs. 108, 109), seemingly minor increases in
ambient temperatures above those considered in the SOV design should not be allowed to prevail
for extended time periods without running the risk of sustaining " seemingly" premature failures.

7.1.2 IIcatup From Energization

hiany common mode SOV failures have occurred because the estimated service lives did not
properly include the life-shortening effects of heatup resulting from continuous coil energization
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(see Sections 5.1.2.1,5.1.2.2). hiany licensees have been unaware of this situation. For
example, by incorrectly using the certificates of compliance provided with ASCO's NP-1 nuclear I

-

qualified valves, licensees (Refs.17, 21) have over predicted the service life of continuously I

L energized SOVs. Use of appropriate SOV heatup data in conjunction with Arrhenius theory |
(Refs.108,109) has been found to be acceptable.

7.1.3 - h!aximum Operating Pressure Differential i

.

hiany licensees have found misapplications in which SOVs could be or were subjected to '

operating pressure differentials that could or did prevent them from operating. Although NRC
issued Information Notice 88 24 (Ref. 24) describing events, related to this issue, as noted in,

Section 5.1.3, there is no assurance that the issue of over pressure that could result from pressure
i regulator failures has been appropriately addressed by all licensees for all safety related

applications.

7.1.4 Unrecognized SOVs Used as Piece parts

hiany SOVs used in safety related equipment are not given prominent attention because they are
used as piece parts of larger equipment. Specific preventive maintenance requirements are _not

f readily available for thern. hiany SOV failures have occurred as a result of the lack of
maintenance or replacement of such unrecognized SOVs (see Section 6.3.2).

.

7.1.5 Directional SOVs ,

Five licensees have reported experiencing undesirable spurious opening,s of safety-related SOVs
at six plants as a result of high back pressure. The licensees did not recognize or were not aware
of the directional requirements of the valves (see Section 5.1.4). In addition to reports of SOV
malfunctions that occurred because the valves were installed backwards, there are also reports
of SOVs that were installed upside down or at improper angles (see Appendix A).

.

7.2 hialntenance -

Operating experience has confirmed that SOV maintenance deficiencies can incapacitate multiple
safety systems. The pervasiveness of _ maintenance deficiencies highlight the need for,

implementing aggressive SOV maintenance programs to prevent widespread common mode
failures. Specific maintenance problem areas are discussed below.

*
7.2.1 hiaintenance Frequency

1.ack of timely preventive maintenance (complete SOV replacement or rebuilding of short livedi
piece-parts of SOVs) has resulted in many SOV failures (see Sections 5.1.2.1,5.2.1.2,6.3.2.1),
hiany SOV manufacturers have failed to provide the users with definitive information on the
useful lifetime of the SOVs internal diaphragms, gaskets, 0-rings, coils, etc. Some
manufacturers indicate that periodically changing the elastomeric parts is necessary, without
specifying the frequency of changes. .Other manufacturers do not even mention that any
changing is necessary. Similarly, there are wide variations among manufacturers with regard to

s
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specifying (or not specifying) the allowable shelf lives of their SOVs and SOV rebuild kits (see
Sections 6.3.1 and 6.3.4).

-

7.2.2 Replacement Versus Rebuilding

Rebuilding or refurbishing certain models of several manufacturers' SOVs is a dif0 cult task that
can be made even more difficult if it is done in place, requiring the workers to wear
decontamination or protective clothing. However, removal and reinstallation of N stamped

, ,

valves that are welded into the primary system are not simple, inexpensive tasks either.

Incorrect rebuilding or refurbishing of SOVs has caused many premature failures (sce Sections
'

5.2.2.1,5.2.2.2). Contributing to the dif6culty of rebuilding or refurbishing SOVs correctly is
the fact that many manufacturers do not provide adequate SOV documentation or testing
apparatus to verify the effectiveness of the rebuilt or refurbished SOV. As a result, post-rebuild
terting at many facilities merely involves cycling verincation rather than performing appropriate
tests normally performed by the manufacturer during initial SOV manufacture (see Section
6.3.4).

Discussions with plant personnel have revealed that many licensees, (e.g., Perry, River Bend,
Salem, Grand Gulf, and Duane Arnold) have chosen to discontinue rebuilding certain SOVs
because improper rebuilding can result in subsequent SOV failures and costly down-times. In
general, licensees have reacted favorably to ASCO's recent decision to discontinue supplying
rebuild kits for its NP-1 nuclear qualined SOVs (Ref. 109, 110). ASCO's decision to
discontinue supplying SOV rebuild kits was based on Geld experience, which indicated that many
ASCO SOV failures were caused by inadequate rebuilding techniques.

7.2.3 Contamination

Many common mode SOV failures have been caused by contaminants in the fluids that flow
through SOVs, instrument air in particular (see Sections 5.2.3.1,5.2.3.2,5.2.3.3).

SOV contamination resulting from particulates, moisture, and liydrocarbons in the instrument air
system have been a major source of common mode SOV failures. In many plants contaminants

.

'

were introduced during original construction. Many contamination problems have resulted from
poor de;ign or maintenance of the instrument air systems. Some SOVs are more tolerant of
contamination than others. For example, some SOVs can operate with contaminated air if the
degree of contamination is within the tolerance level of the SOVs. However, satisfactory *

performance of most small SOVs for air ilot service require virtually contaminant free air.

Many SOV failures are clearly attributed to subjecting the SOVs to conditions beyond which they
are designed, such as particulates, moisture, hydrocarbons, etc. Contributing to the problem is
the lact that some manufacturers have specified the need for clean air or instrument quality air
without quanti 0 cation (e.g., maximum allowable particle sizes and dew points).

Although licensees are taking actions to improve the quality of their plants' air systems, there is
concern for the residual effects of previous air system contamination (Section 5.2.3.2). Long.
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term SOV degradation such as deterioration of EPDM parts as a result of hydrocarbon intnision,
formation of varnish like' deposits from heatup of hydrocarbons, and residue formation from the-

interaction of moisture, siliconc lubricant, and heat, are areas of concem.

7.2.4 Lubrication

improper lubrication has resulted in many common-mode SOV failures. The improper
lubrication has been attributed to manufacturing errors (see Section 5.2.4.1) as well as licensee

i
,

errors. Errors include the wrong choice of lubricant (see Sections 5.2.4.2, 5.2.4.3), l
'

unauthorized use of incorrect lubricant (see Section 5.2.4.1), and use of excessive amounts of

lubricant (see Section 5.2.4.4).,

7.3 Surveillance Testing
i

Several cases (see Section 6.3.3) have been reported in which SOVs failed to actuate on demand
J

during surveillance testing, however, subsequent tapping (mechanically agitating) the SOVs i

would enable them to actuate. As a result, the SOVs were declared operable without addressing 1

the cause of the original failures, thus leaving the SOVs in degraded states vulnerable to future l

failures upon demand. l

l

Similarly, as noted in Section 5.3, incorrect surveillance testing led operators to operate a BWR l
|

| with multiple failed scram pilot SOVs.

7.4 Verification of the Use of Quallfled SOVs,

The issue of environmental qualification of Class IE electrical equipment and SOVs has been
addressed by utilities in response to Bulletins 79 01, 79 01 A, and 79-OlB (Refs. 112 114).
Nonetheless, there are many instances in which SOVs that were assumed in safety analyses to
operate to mitigate design basis events, have been procured as commercial grade SOVs of
questionable quality and are not being maintained in a manner commensurate with their intended
safety function.

i

Examples have been found where commercial grade, nonqualified SOVs are being used in safety.
;., related applications without appropriate verification of product quality and design control. in
| many instances the SOVs lack verification that they can withstand the accident conditions
! postulated in plant safety-analyses (See Ref.115). A common problem appears to be

categorization of the SOVs for use in EDO air systems. In many cases the original equipment
that contained SOVs as piece parts was certified or qualified to meet Class lE requirements,'

whereas the individual replacement SOVs were not (see Section 5.4).
i

|

| 7.5 Redundancy and Diversity

The root causes of many common mode failures of safety related SOVs have eluded many
licensees' detailed failure analyses (see Section 5.2.4.4). In many such instances the scarch for
the origins of foreign unidentified sticky substances (FUSS) have been inconclusive and
corrective actions were limited to cleaning or replacing the failed SOVs (e.g., Brunswick [Ref.

_

2] and Franklin Institute [Ref. 79). In some cases, the licensees discounted instrument air system
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contamination (oil, water, dirt) as the cause of the FUSS, but plant operating history indicated
a prior history of air system contamination that could have been a contributor to the problem.-

Similarly, the SOV manufacturing process (see Section 5.2.4.1) and the licensee's rebuilding
process (see Sections 5.2.2.1,5.2.2.2,5.2.2.3, Section 6.3.3) have been found to be the sources
of contaminants that caused common-mode SOV malfunctions.

Staggering the maintenance, testing, and replacement of redundant SOVs may represent a simple
way of preventing common mode failures of redundant SOVs. In addition, if the root causes of
persistent common mode SOV failures cannot be found, or cannot be eliminated, the need for

,

SOV diversity (with regard to model, energization mode, failure mode, or manufacturer)
becomes apparent. (See Appendix C for a discussion of an example of such a problem with the
ASCO NP8323 SOVs used for MSIV control at many BWRs.) '

7.6 Feedback of Operating Experience

On the basis of visits to several of the major SOV manufacturers' facilities (e.g., ASCO, June
1988; Target Rock, November 1988; Valcor, December 1988; and AVC, February 1990),
discussions with other SOV manufacturers (e.g., Circle Seal and Skinner Electric), and extensive
discussions with manufacturers whose equipment utilize SOVs as piccc-parts (e.g., Fisher
Controls, Dresser Rac.d/ Terry Turbine, Xomox Valves, California Controls, and Colt /Fairbanks-
Morse), it was found that there is no structured operational data feedback mechanism from the
licensees to the SOV manufacturers regarding SOV failures that have occurred at nuclear power ~

plants.

SOV manufacturers are not aware of rnany failures of safety related equipment that may have
been caused by generic manufacturing or design denciencica of the SOVs. Conversely, when
licensees purchase SOVs commercially, without 10 CFR 50, Appendix B, and 10 CFR Part 21
requirements, they are not fully apprised by the manufacturers of generic defects that are
discovered subsequent to delivery, in one case, a major SOV manufacturer did not provide
generic SOV defect information to the end user because the manufacturer failed to understand
or properly implement the 10 CFR Part 21 requirements that were applicable to its SOVs (Ref.
77) (also see Sections 5.1.2.2, 5.2.4.3).

8 CONCLUSIONS
.

Operating experience has demonstrated that common-mode failures and degradations of SOVs
can compromise multiple trains of multiple safety systems. The fact that hundreds, and in many
cases thousands, of SOVs permeate all important systems at all U.S. LWR 3, highlights the '

necessity for reducing common mode SOV problems that could signincantly reduce plant safety.

8.1 Safety Significance / Risk Assessments

Operating experience has shown that common-mode SOV failures have the propensity to cut
across multiple trains of safety systems, as well as across multiple safety systems. Cross train
and cross-system SOV futures are a safety concern because while credible, they are not
addressed in plant safety analyses.
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Operating expenence shows that SOVs are vuherable to numerous common mode failure |
-

mechanisms and their failures can adversely affect numerous safety systems. Examples given in i

Section 5 are illustrative of such common mode SOV events that resulted in reduced safety |
margins. For example, j

* simultaneous common mode SOV failures that resulted in the failure of both EDGs to
start at the Perry plant (Section 5.2.1.2),

!

simultaneous common mode failures within the scram system at Susquehanna (Section*
5.2.3.3),

common mode scram pilot solenoid valve failures that resulted in primary system leakagee

outside primary containment at Dresden (Section 5.2.1.1)

e common mode failures of two SOVs and f:e potential failures of 58 additional SOVs in
multiple systems at Kewaunee (Section 5.1.3)

common mode degradation of SOVs affecting safety injection, r actor coolant, maine

steam, component cooling, and other systems at North Anna and Surry (Section 5.1.2.2)

simultaneous common mode failures of MSIVs to close on demand at Perry (Sectione

5.1.1.1) and Brunswick (Secticn 5.2.3.1)

e common-mode failures of 16 MSIVs at Susquehanna (Section 5.2.4.3)

* simultaneous common mode failures of SRV/ ADS valves at Brunswick (Section 5.2.2.2)

common mode orientation errors affecting ultimate heat sink, ADS SRVs, equipmente

cooling, control room cooling, and other systems at River Bend (Section 5.1.4)

More than 30 inadvertent common-mode openings of incorrectly oriented SOVs at six*

plants (Section 5.1.4)

'

repetitive common mode EDG failures at Catawba (Section 5.2.4.2)*

common mode potential for failures of SOVs in auxiliary feedwater, reactor coolant, ande
' safety injection systems at Calvert Cliffs (Section 5.1.3)

These common mode SOY failures and degradations represent conditions that reduced the plants'
margins of safety. The occurrence of a design basis event during such times of vulnerability
could lead to core damage or to serious offsite effects. Since SOVs are key components in many
plant safety systems, their ability to function is required to mitigate accidents. Therefore, it is
concluded that SOV problems represent a significant safety concern.
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Section 5 provides representative examples of over 20 recent events involving common mode
failures or degradations of over 600 SOVs in important plant systems.' Additional data is-

presented in Appendix A. The common mode failures and degradations cut across multiple
trains of safety systems as well as multiple safety systems. The recurrence of common mode
failures or degradations emphasize the need for timely resolution. Althorgh plant safety analyses
do not address common mode, multiple train / multiple safety system failures, operating
experience indicates that they continue to occur. The common mode SOY failures and
degradatlons that have occurred, which compromised safety systems such as emergency ac ,

power, auxiliary feedwater, high pressure ecolant injection, and scram systems, are illustrative
of the safety significance of SOV problems.

The high expectation that SOVs will meet their functional goals in reactor applications implies
'

a tightly controlled process that eliminates programmatic and systematic c'eficiencies and results
in only random failures. These expectations discount the possibility of interdependent failures
between similar devices.

These basic concepts also apply to quantifying hardware failures in probabilistic risk assessments.
NUREO ll50 provides estimates of the risks of the five studied plants, it is a set of mcdern
PRAs, having the limitations of all such studies. These limitations relate to the quantitative
measurements of certain types of human actions, variations in the management and organization,
failure rates of equipment, especially to common cause effects such as maintenance,
environment, design and construction errors, and aging. In the context of SOVs in NUREG-
1150, random failure rates were t.ssumed for valves as a whole. In some cases, the valves were
operated or triggered by action from a solenoid operator. The modeling detail in NUREG il50
did not extend down to the SOY itself. Also, and consistent with the level of detail usually donc
in risk studies, cross system common mode failures were not modeled.

It is beyond the scope of this SOY case study to calculate the change in risk that might attend
cross system common. mode failures and systematic component deficiencies, indeed, the author
is not aware of any risk study where this has been done. For this reason, we cannot at present
meaningfully calculate the increase in risk that one could expect from the observed higher failure
rates from the NPRDS study. On the other hand, it is reasonable to suppose that if the SOVs
were designed, installed, and maintained in the environment for which they were intended, that
the failure rates would be diminished.

.

8,2 Need for Action

The root causes of common mode SOY failures are not self correcting, they will not be 6xed *

unless corrective actions are taken. Responding in a meaningful way to the SOY problems
presented in this report will require considerable nuclear industry resources.

*

There have been many when simdat evems. N events chonen here are interded to be illustreiive. They are run a cornplete neior all*
swh evems,
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On the basis of the analysis of operating data, it is concluded that the SOY problems outlined in-

this report need to be addressed to ensure that the margins of safety for U.S. LWRs remain at
the levels perceived during original plant licensing. Generic and plant specine actions are needed
to correct the SOY problems in order to restore the plants' safety margins to their original
perceived values.

The NRC, to date, has issued 37 generic communications pertaining to SOV problems (see.

Appendix D). Those generic communications alerted licensees to specine SOV problems. On
the basis of this study, AEOD believes that an integrated comprehensive program is needed,
Only in this manner will the root causes of SOY problems described in this report be fixed, itt

,

is concluded that integrated implementation of the recommendations provided in Section 9 would
reduce the likelihood of common mode SOV failures croding the margins of safety at LWRs.

9 RECOMMENDATIONS

Using a plant specific prioritization scheme based on the risk significance of the safety systems,
corrective actions need to be taken to address the root causes of SOV failures. Such efforts will
result in improved SOV performance, increased SOY reliability, thus reducing the potential for
common mode failures. To reduce the potential for common mode failures, attention should be
focued on certain aspects of SOVs. The actions discussed below need to be initiated to ensure
that the plants retain their margins of safety. Using a plant specinc risk based priority
methodology, the primary focus of these efforts should be on safety related systems and their
support systems that are required for safe operation and shutdown. Such a program would
provide the greatest return in improving safety margins.

The recommendations should be implemented because the controls on the design, fabrication,
installation, and maintenarice practices associated with SOVs are not commensurate with the
importance of the safety functions to be performed. The controlling parameters that senc as
reference bounds for design and utilization of these components have not provided assurance that
these devices meet their functional goals. This study catalogs programmatic and systematic
deficiencies such as incorrect designs, actual ambient temperatures outside of the design bases,
unaccounted for self heating of the solenoids, use of the wrong lubricants, and inadequate

,

surveillance practices. Taken in total, this experience does not provide assurance that the SOVs
iwill satisfactorily perform their safety funct ons, in addition, the biased, nonrandom, concurrent

failures of redundant SOVs depicted by this experience are inconsistent with the single failure
' criterion which is a bulwark in reactor i.afety.

9.1 Design Verification

Licensees should review SOV design speci6 cations and actual operating conditions to verify that
all SOVs assumed to operate in plant safety analyses * are operated within their design service
life. The reviews should ensure that

e life shortening effects of elevated ambient temperatures are considered in the
determination of SOV service life (Section 7.1.1)
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life shortening effects of heatup resulting from coil energ.2ation are appropriatelye-

accounted for in the determinations of SOY service life (Section 7.1.2)
'

the potential for overpressure resulting from pressure regulator failure or for hydraulic*

fluid heatup has been considered in the selection of the SOVs (Section 7.1.3) g

In addition to verifying the adequacy of the high visibility SOVs that perform direct safety- ,

related functions, similar verification should be made for unrecognized SOVs that are used as
pieec parts of flow regulators, governors, emergency diesel generator support systems, et cetera
(Section 7.1.4).

,

Licensees also should verify that directional SOVs are installed in orientations that will ensure
satisfactory operation of the safety related equipment that is dependent upon them (Section
7.s.5).

9.2 Mnintenance

Licensers should implement SOY maintenance programs to replace or refurbish SOVs' on a
timely bais. Thermal aging that results from elevated ambient conditions and heatup from
continuous coil energiration should be considered when establishing the frequency of replacement
or refurbishment. (Section 7.2.1.)

13ecause of the limited lives of their clastomeric or resilient parts, SOVs should be replaced or
refurbished prior to the end of plant life in accordance with the manufacturers' recommendations.
In the absence of specific manufacturers' recommendations for replacement or refurbishment
intervals and in absence of applicable failure data, changeout of short lived clastomeric and
resilient materials (or complete valve replacement) should be done on the basis of material shelf

' life, ar.d manufacture date. However, changcout of clastomeric parts or complete SOV
replacement should be done more frem.ntly if operating conditions exceed the originally
envisioned design conditions or if field f.tilure experience so dictates.

To reduce the potential for common mode failures, consideration should be given to staggering
the maintenance of redundant SOVs.'

.

Licensees should review their programs for rebuilding SOVs (with the exception of coils, which
are generally replaced) because certain SOVs are difficult to rebuild and test properly, and
improperly rebuilt SOVs can degrade plant safety. *

Numerous utilities have found that in many instances it is cost beneficial to replace SOVs rather
than to rebuild them. However, if licensees choose to continue to rebuild their SOVs, they
should obtain or develop test equipment to enable verification that the rebuilt SOVs meet all the
performance specifications of the original SOVs. (Section 7.2.2.)

SOVs in safety related sysicms and systems that suppon safety rciated systems.
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|

,

) Aggressive actions should be included in the SOV maintenance program to ensure that fluids
flowing through SOVs, instrument air in particular, are maintained free of contaminants. If ;

-

operational experience indicates a pattern of SOV malfunctions resulting from contamination
(such as moisture or hydrocarbon intrusion), the affected licensees should consider replacing |

SOVs that have been affected by previous air system degradation or fluid contamination assuming
that the root causes of the contamination problems have been corrected (for example, instrument
air contamination problems were to be addressed by licensees' actions in response to Generic
1.ctter 8814 [Ref. 44]). (Section 7.2.3.),

SOV manufacturers' lubrication instructions should be adhered to. Licensees should avoid
substitution of similar but not identical lubricants. However, if substitutions are made, their,

compatibility with all associated hardware should be verified. (Section 7.2.4.)

9.3 Surveillance Testing

Licensees should emphasize the importance of surveillance testing, root-cause failure analysis,
and timely repair or replacement of malfunctioning SOVs in their operation and maintenance
personnel training (Section 7.3).

,

Licensees should review, and if appropriate, modify their surveillance testing procedures.
Procedures should expressly prohibit mechanical agitation (tapping) of SOVs as a technique to
assist successful operation during surveillance testing. Procedures should include actions to be
taken when unsatisfactory test results are encountered, as well as a requirement to analyze and
evaluate the causes of the unsatisfactory results before declaring the component back in service,
even though subsequent retest results may be satisfactory.

To minimize the potential for common mode failures affecting multiple SOVs, consideration
should be given to staggering surveillance testing of redundant SOVs.

9.4 Verification of the Use of Qualified SOVs

Licensecs should review all SOVs in safety related applicatior.; (as well as applications that
support safety related systems), particularly EDGs, to ensure (1) sat they meet 10 CFR Part 50,
Appendix B, and appropriate Class lE requirements and (2) that they have been installed and

,

, maintained appropriately to operate in a manner consistent with the assumptions of the plants'
'

safety analyses (Section 7.4), if there is doubt regarding the acceptability of safety related
| SOVs, they should be replaced with appropriately qualified ones.

.

9.5 Redundancy and Diversity

Licensees should consider performing maintenance, testing, and replacement of redundant SOVsi

(such as MSIVs for BWRs and containtnent isolation valves for all types of LWRs) on a
staggered basis so that system failures are minimized (Section 7.5). Additional consideration
should be given to using diverse SOVs (different design or manufacturer).

|
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9.6 Feedback of Operating Experience
-

To improve SOV reliability, an industry group such as the Institute of Nuclear Power Operations
should initiate an SOV failure feedback program. The program should alert SOV manufacturers
to failures of their equipment by u.aking failure records of their specific SOVs available to them.
The NPRDS data base would be a logical source from which to provide this information.
(Section 7.6.)

.

4

o

4

.

,
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APPENDIX A
t

SOV FAILURES REPORTED IN LICENSEE EVEN"I' REPORTS
1984 through 1989
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This appendix describes the licensee event reports of approximately 200 solenoid operated valve 1
failures that occurred at U.S. light-water reactors between 1984 and 1989. A legend for the
following table is provided below; followed by a defmition of each failure category.6

legend:
.

DOC NO. docket numbe.-

LER licensee event report number

REP FL repetitive failure

TP/OUT cause reactor trip or plant outage

FC failure category

Failure Categories:

00 Other

01 Coil Failure

02 Valve Body Failure / Leakage

03 0 Ring / Gasket / Plug / Seat / Diaphragm / Spring Failures / Leakage

04 Lubricant / Lubrication

05 " Sticking"

06 Internal Wiring / Reed Switch / Contacts
o

07 External Wiring

08 Installation / Maintenance Error-Physical (Backwards, Upside-Down, etc.)

09 Installation / Maintenance Error-Electrical (Loose Contacts, ac vs. de, etc.)

10 Excessive Environment Temperature

- .



.

I1 Moisture intrusion (Electrical Shons/ Grounding /Open Circuits)
-

12 . Contaminants (Dirt, Water, Rust, Hydrocarbons, Desiccants, etc.)

13 MOPD (Maximum Operating Pressure Differential)

14 Design Error (Other Than MOPD)
.

15 Equipment Qualification Seismic

16 Equipment Qualification Radiationo

17 Inadequate Maintenance / Excessive Time Between Replacement or Overhaul

18 End of Life / Normal Wear

19 Still Under investigation

20 Unknown

21 Unspecified

22 Personnel Error

23 Minimum Operating Pressure Differential

24 Required Closing / Opening Time Specifications Not Met

26 Leakage Unspecified

27 Assembly Error (Plug / Diaphragm / Spring etc.)

28 Equipment Qualification (Electrical)

,

I
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(Knputets CUT
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3 and 4 LEn 251-84-009,
erus LER
250-83-016

250 Turkey Point 3 01/27/86 86-005 Two Not Main steam ASCO 8316 1 internet wo septaced 1 2 f i-a.--. A .t hone Yes 09

interference, SOV, fuse 50v failures
1 bent contact block pins discoveredSpecified (M51v)

enring testing.
pins at fuse were

block. straightened Msty coutdm*t
on other 50V. be closed

_ - - _ _ - - _ _ _ _ _ _ _
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Page No. 6
50* 5m010-OPieATED WAtVE FrittJef DATA11/16/90

REP CometCTIVE
CDeqEuts effEntwCE TP/ FC

000JMENTS OUT

DOC PtAuf EVEuf LER WO. Of FAftED $7sfEM MAmufACT MODEL ROOT

#0. CAusE FL ACTIOu

DATE wtmeEt FAftURES PART
tes 03 "me. NAME

Auxillary /em ASCO
206-381 Water entering no 50V reptoced similar

see
occurrences: cameent

not
250 Turkey Point 3 06/03/M 86-C31 Orw the SOY LER 251-84-020,

specified ergency and LEnfeedweter
251-84-009- no 01acne

Colt Component ASCO 6316 mot specified so aeptoced 50V mene
'

01/03/87 87-002 One
250 Ts.:rkey Point 3 Cooting Yes 06mone

internet stema Target 300525- Faulty wires no not specified me;wUnter

wiring Generator eack 1 goire to seed I
250 Turkey Point 3 09/13/87 87-023 One

Cromd Conteirment mot Kot Deterioration no Cteened and
SOV f e e mone no 18sultch

Stowdoom
retoped wiring piece-part of

Specified Specif f of frsutsting connectiers AOV
259 Turley Point 4 07/15/87 87-015-01 One fault Isolation ed tape from

(pressuriser normeta

Ptunger feedester Asco not roteign no seplece 50v. Fereign mone no 12 isa mting) egeinga

meterials esere
speciff meteriets from Develop

cleant iness motet particles
251 Turkey Pt 4 09/15/89 89-011 One

stuck in ed plant
mid-posit modificetfone controle for and thread

inntrument atr seetontIon system tibing me OT
Fafture of NPCI moaeto sepair

serksdale 178250m Foutty turbine tripendterminstconnectio NPCI C2D4 terminet
n to 50V connection and cornectione reset SOVs

254 ound Cities 1 02/05/85 85-00f Two

and securepower vibration wires to SOVlead
housfng LER 85-001 no 07

wiring migh
serksdate 1018433 vibratien/ined Yes septoced colte NPC3on failed 50V Inoperable.

ACP1 egJete septoced SUV
254 Oued Cities 1 04/03/87 87-006-01 Orw connectio Pressure comection/ine colie vit%

end three
cfhersn to colt Cootent dequete reptoced et newer sedet,

Infettion stgport
units 1 and 2 also added

wiring

restraint to
att four 50Vs.

b 6

* ,

_ . - - _ _
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11/16/93 SDLEw0tD-OPER Af tD WAtvE F Af ttJRE DATA
.

DOC PtANT EVEuf LER WO. Of FAILED SYSTEM MAWtJFACT su0 DEL ROOT REP CORtECilVE CDMPutuis REFEREeCE TP/ FC
DOQPEsts OJT

NO. ItAME DATE utm0ER F AILtJRES PART NO. CAUSE FL ACTION

254 ouart Cities 1 07/07/89 89-011 One stocked Emergency not mot Failed to no Reseve systems had been mone no 06

enhaust dieset Specified Speciff reenove protective Inoperable fo

ed saanufacturer*e pipe plus and 51 weeke
port g w rotor

fire protective test 50v for

protection pipe plug and operability
steo f ailed to
perform post
meintenence
operabitity
test

80s-001 metet shavinge fee Repelred SOVs Dfecusees mone Yes 12

255 Petisodes 04/10/86 86-017-01 Three felt a vetve neoctor Terset
three incipiente meet Cootent - Rock in vetve seet and system opurious

flushed to openings oferee.leekage (heed went? Target Rockremove
remeining S0ve
nietet shavings

255 Pellendes 01/14/87 87-001-01 Eight inadecpset Conteirweent mot Not AE design Wo teotetton mene mone no 14

logic modifiedisolation (hy Specified Specifi errore
edisotsticn drogen

259 Bronne Ferry 1 07/03/86 86-022 Sim I cipients Not ECCS Rocliweit/ Not Design error wo menove air Potentist for wone no $4togle monitoring)

Specified Atwood mo Specifi supply to overpressurizin
effected g low pressure

rritt ed
actuator systeaus dJe to

use of ncn
<pJetified S0ve
(six in each of
three aroueis
Ferry inito)

260 3 rows Ferry 2 08/31/87 87-00T-01 Potentist Loss of Conteirument mot mot Design error Yes septoce 50ve use of mone no 14 ,

with quellfled non-quettfled
feltures ett 3 50W Drywett Specified specift 50ve couldones
units ftrction Controt Air ed prevent prfamry

contefrunent
isolation. Att
3 growns Ferry

tmits effected.



!
P.,e wo. s
11/1G/90 sotgmoto.ortaATED WALVE FAltuaE DATA

00C PLAWT EVENT LER . NO. OF FAILED ST5 FEM MAmufACT MCI)EL 2007 aEP ComaEttivE Costaf ; aEf tsf eri YP/ FC
000pituts CUT

w0. CAUSE TL ACTION

NO. ItAPE DATE NtsWER FAlltJRES PART

260 Brown Ferry 2 06/06/89 89-018 one vetve Emergency setem 812-6 Corrosion Yes Reptaced Sov tsport ded Eoc (En no 12
air ey., did 259/66-006debris from

seats dieset maint. en .'starting air
generator prior to
eir start

systne
event, tut

debris wee be
there from
before.
Preceded by 2
simiter
evente(see ref)

261 N.S. Robinson 2 05/13/87 87-007 Two not met A5co not tr % te Yes instatt accorreetty mone me 14

Spectfled Spectfled SpectfI instotiettons correct seete instetted
conduit seeis

ed of concksit
et entrance to

seats severet harsh
envirorwent 1E
cpastified SOVs.
Potentist for
sofeture
intruolon

Electrica feekter mot Not Water tremed so utre was SOV is mane Yes 11

repaired and piece-part of
261 n.S. Rd>inson 2 07/15/87 S7-020 One

I e% ort (FWitV) specified Specift in 50V
ed condolet water removed FWaV

f rom the
conckst et.
Other 50Vs
enemined for
simiter
problems.

sov ofeset mot mot internet weer me septsced 50ve 50v felturee mene no 18-

caused venting

261 N.S. Robinson 2 11/05/87 87-028-01 Two Internets Generator specified Specift of starting air

26S Monticetto 10/25/89 89-032 One Loose Main steen Not mot Not speciftwf to Tighten mone mane no 09 |Storting Air ed

terminst screw
tefielnet (nSty) Specified Specift and Inspected
screw simiter SOVs

* * b e

e
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Pege me. 9
11/16/90 sOLEmO!D-OPERATED WALVE SAILURE DATA,

00C PLAmi EVEnf LER mo. OF FAILED SY$ fem MAnt: FACT MG)EL ROOT mEP CCwafCTfvf CDesEmis affEatect tP/ FC
Doct>Emis OUT

=0. CAUSE fL ACTIOm
20. ILM OATE 1RAGEa FAltuRES PART

265 ound Cities 2 06/28/85 85-015 One mot acector verse see mot specified no sov reptoced vcs-4422-U-10-3 mone no 20

1-3sc
commentspecified stog. vent.

2;5 ound cities 2 02/18/87 87-004 h not Cont eirvaent AsCO 8317 -solenoid no septoced sov sov de mene no 21sys t a=

rusted and piece-part of
'

speelfied vacuuse vacuum breetercorroded"
ele test(reeson/mource
cytinder .

not stated)

265 ound Cities 2 09/18/87 87-012 h plus two not Coetoirr vnt ASCO 8317 Unkw Yes not specified sov is (En 87-004 no 20
piece-part of

inciplects spec t fled vocsem vecsam breener
metlof air test

cyttnder

265 ound Cities 2 12/10/87 87-020 one mot Main Tuebine sperry f3-s0G4 mot Specified me aptoced sov mone mone tes 02

Specified Controt Vickers 54 0124

265 ound Cities 2 04/06/89 89-001 one not Turboaceret mot mot mot specified no nebutte sov Felted sov Lia 87-020 vee 21Fluio

centreIa
SpecIfIed or Spectfied specifI turbine moeter

ed trip sotonoid

266 Point seech 1 06/01/89 89-003 One not Contelrunent Asco 8302 mot speelfled no neptoce sov mane mone no 21

Specifled isoletion
(SG btowch n

mot reited to meet no mesented units 1 and 3 mone no 28se#9 ting)

270 oconee 2 06/05/89 89-005 Two potentlet inadequet aCs sempting forget comectors were suopoeted
e cable Rock speciff E0 to have the

ed regatrements
seating osee

for instattettonpotentistty deficienciese h rged
wetves

271 verumnt Yankee 08/18/87 87-009-01 mot specified Seat Autoontic Asco 206-381 Dirt / corrosion Yee sov cycled mone mone no 12

ieekege Depressurira prodJcta fross
the air supply

2 72 seten 1 12/31/84 84-029 one Fautty Feedwater ASCO mot mot specified see acptoced sov sov la e mene ree 09tion
piece part of

electrica (fWav) Speelfl'
FWav

ed
t

comertio
n and
seat
t eska.ge

,

y
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Doge me. 10

* 11/16/90 SOLEmoto-OPERATED VALVE F AILtJtE DATA

00C PLAmi EVENT LER .NO. OF FAILED SYSTEM MAmufACT nm>EL ROOT mEP CORRECilvE CCpeqEm TS #EFEREuCE 'TP/ FC
DOCUMEmTS QJT

WO. CAUSE FL ACT10m

No. WAfE DATE elastER FAILURES PAAF

j 2 72 Sates 1 01/31/86 86-003 One Seat Feedwater ASCO mot Probably Yes Two SOVs were SUV le a mane Yee 12

Specift contaminated replaced piece-part of
the FWRV. Oletteskoge (Fwev)

' ed str end soisture
were detected

| in air Lines
causing other

associsted
f eitures

Instatlation so septoced wire mone Mme Yes 09

! 2 72 Seton 1 02/20/86 86-006 One eroken Feedweter mot mot
and checked|

wire (FURV) specified speciff error and
ed vibration simiter 50Vs

872 Sate 1 04/08/86 86-007 Eighteen Electrice Post mot mot Desiervinstatt No instatt 18 sovs on mene no 14

regelred inits 1 and 2
incipients t occident specified spectf f etim had inauwpate

ed error,1 6 connectors
connector sampling connectore

to
s instattation

275 Olabte Canyon 1 01/02/85 85-001 Two sov Main turbine not mot mot specified so neptoced sov mane mone Yes 21procedures

" stuck (overspeed Specified Spectfl

275 Olabio Canyon 1 07/24/67 87-011 mme mot Conteirveent mot mot Procedural No Per f orm falture to hone so 22edopen" protection)
necessary verify

Specified isolation specified Specif t inadegancies
verificett m. penetration

ed isolationups+ade
procedures stesequent to

50V
roptocement.

2TT Peach Bottcss 2 04/27/84 84-008 One mot Cont airvment ASCO 8320 mot specified no neptaced Sov Potentist mone no 19

existed for e
Specified Isoletion single felture

(58CT) to have
prevented the
futfitarnt of
the safety

ftection of the
58CT system

, .

* *

~ - - - ' - -

-
.. g - - - -
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Page Co. 11

11/16/90 50LEm0!D-OPERATED WALVE FAILUAE DATA
'

DOC PLAmi EVEuf LER #0.. OF FAILED SYSTEM MAmufACT M00EL ROOT REP Con #ECTivE CDe4Es t S REFEeENCE 1P/ FC
000JMEnts CUT

WO, CAUSE FL ACTlow

NO. mAME DATE wtmBER FAILtJRES PART

2TT Peach Bottom 2 01/24/86 86-003 Two DC coite Main steem Automatic mot under no the f ailed DC tellure of 2 DC sone Yes 19

(MSIV) vetve specift inweetigetton motonoion were Sove in 2
Company ed reptoced. seperate tines

caused closure
(AVC) of MStVs

Contret room mot mot Pipirs no accomected sempte tines to more no 20

tubing to 50ve three 50ve hadmot
277 Peach Settom 2 05/29/87 87-008 Three Specified ventitetion/ 5pecified Specift configuration

radiation ed error property been comected
incorrectly.

eenitoring Affected
contret roome
et both mite 2

! and 3

277 Peach Botton 2 10/05/89 89-023 ene sinding Mein eteen Autcastic 6910-20 Inadequate
no reptoced sov neference (Ene see .es 27

manufacturer *e end revised 277/86-003, consamt e

of $0V (Msty's volve
instatterion instettetton 278/85-018,

Capanyelog instructione and 278/86-016
(AvC) maintenance

procedJrte

teeted Aos beckte forget mot mot specified vee neptoced 50v Previous see so 03

with en eleiter Comments

278 Powh Bottom 3 09/30/85 85-0?5-01 One nitrogen Rock specift
tsgraded one occurrences

ed reported in
LErs 277/85-01
and 278/85-05

Yes 01

278 Peach sottom 3 07/11/84 85-018 one DC colt Mein stems Automatic mot Reeson for Yee insk force DC sov felture 'mene
recoseeded compted withVetve Co. opeelff coat felture

ed not specified testing of DC menentary toen(M5tv)
notenoids core of AC power
often end resulted in
analyre cause MStV clostre
of future
faitures. Yes 01

Colt Mein Steam Automatic mot Reeson foe Yes The de colt on Simiter reacter See
each Msty's scrase in 1985 cessernt s

(MSiv) Velve Speciti colt felture278 Peach Bottom 3 07/19/86 86-016 One

Corp. ed ret specified 50v wee ord

replaced. 1956(defectivo
(AvC) de coit coteted

with oc powee

interr etten):
LERS
278/85 018,
277/86-03

i
e

%

r

~ _ _ _ - _ _ ' _ _ _ . _ . _ _ . _ _ _
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99/16/90 totem 0!D-OPERATED VALVE fAltt.et DATA

DOC PLANT EVENT LER wo. OF FATTED STsTEM MANUfACT MODEL 9007 #EP C0t#ECf8VE CDUEEuts eftfotoCE TP/ fC
00C1DuEuf5 OUT

so. CAUSE FL ACTION

no. aNE DATE ut24SER - FAILURES PART

none so 08accomoeted IA Instrwarnt air

280 surry 1 03/25/S6 84-00T mone mot feeenster mot mot molnienance no
tines ta 1fnes were

Specif 6ed SpecifI had been done
ed without proper 50V corwweted tospecIfIed (FWEV)

the weerg psrts
approved porta

of 5 sovs etprocedsres Surry unite 1 j

inademmte and 2
poet
sumlntenance
testing

230 surry 1 11/12/87 87-031 orw Sov Conteirvent pesoneits 3500 taproper no secured Sov wiring to eene so 09

tempecif f ed SUV
wiring footetten n (50v serlee instettetton caused

i

blocked inspecif i sacchenicet
isetation ed) binding ef j

i

vsIwe cont einemt
isoletionoperator
velve's

operator

86V-001 Couse of Sov Tee Repsir or Electriciens eerw me 26

Scv Conteirvamt torget
01/27/88 88-001-01 Two isoletion(pr RockJASCO /206-38 teskoge not

reptoce 50vs tryirg to
Isolete teektne2S1 surry 2 testege

essurfrer 0 speelffed. Save fiftedCause of wrorg wrong teedsvepor space teed lifting:
sempling) etectrical

maintenence
persomet

error ~ tEr 88-001 so 12
Seet Reector vetcor v526-56 Importtles in so Sove roptoced. eene i

Initfeted '

02/02/88 88-002-01 Two 83-19' reactor
teekoge cootont281 Sorry 2 cootent system pregram to-

serpting e+ancewater
isolation musterietprevented

esclusioncerptete sent
controtsclosure.

legurities

etso caused
pitting of
velve
internets

s e
e e

.
..

- - - -~ -
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Page to. 13

11/16/90 90LEwoto-OPERATED VALVE FAltumE DATA

DOC PLAmi EVENT LER m0. OF FaltED SYSTEM MAbuf ACT M2El. ROOT REP CDPRECTIVE ConsuENTS EEFEREmCE iP/ FC
coctmteTS OUT

eo. CAUSE FL ACTION

20. MAME DATE esteqett F A t tt:RES PART

eane eo 22

fatture unete see not mot Persamel to seturn S0ve to Felt cleoed
ccrrect sove had timen

255 Fort Cathom 05/01/86 86-003-01 Two Specifled spectfl error chew to feltpoelt f ore fattureedof $0ve poettions open, rweutting
reversed in volume

controt cart
teekege to
eumltiery

buildiN.

286 tridian Point 3 02/11/87 87-002 One Colt contefrment ASCO 8308 mot Specified Tee The feited the design of LER vee 11

motonold wolve no. 34 static - 85-001-00
teetege reptoced with trwerter wee
controt one of a tarpoved to

higher ellow isolation
; tegerature of single

design. 3 brainch circuits
s6 miter SOW (f a she.,rt

coils were circuit
etso reptoced. develope.

295 Pitgria 07/19/88 88-021 Four incipients Potential Prisery ASCO !!320 Design error ao Septoce SOWS Failure of hone to 13
r

with ones pressure
and

for cont altunent, rated for regulator would
kPS320exceeding controt re,+ higher MOP 0 result in

MOPD turb btdg tnoperobitity

1imits MVAC/SCTS of 4 S0ve < sue
to exceeding
MOPD timits

ecentred teeke Felture of 2 tra 89-002 toe 21

25"3 Pilgris 01/27/89 89-004 Two suspected hot Cont airemt ASCO
ePS320 mot specified no and reptoced 2 AOve < sue to air

Specified lootetton S0ve system teoks.
2 SOVs were
reptoced es e
precmutien
egainst,

,e=ceedine een !

timits of the,

i
SOVsa

i
,

b

i
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Page No. 14

- 11/10/90 SOLEm0ID-OPERATED VALVE FAttumE DAT A

00C PtAmi EVEuf LER WO. OF FAILED 575 FEM stAmtJFACT 880 DEL ROOT
REP CotaECTFVE (L W ais REFEefmCE TP/ FC

DOCUMEmis OtJT
mo. CMJSE FL ACTION

h0. MAME DATE enA40ER FAtttjeES PART

Colt Main Stems Automatic 6910-02 *mendoe
no neptoced 50V soone mone fee 01

(MSIV) vetwe O failure * meseeably

293 Ptteria 05/03/89 89-015 One

Corp.

Wot Isot specified Yes septoced 50Vs 40 such vetwee LER
mo 05 i! (AVC)

used in tsoth 304/85-015
'

|
'

08/06/85 85-029 Two * Stuck" EDG tsuilding mot
|

295 Zion 1 pltet
ventitatton spec 4fIed spectff untts. '

ed Common-modevolve feitures fomd
daring teettne.

A.kittIonet Defa
ocurred nemt
day at mit 2.

Pt mgtr Service ASCO 8320 Forelen Tee Reptoced 50V 50V did not go Wene
to 12

!
to afeit esfe-enteriet

295 Zion 1 10/16/88 88-020 one stuck in water position idwn(ploce of de-energired.mid-posit 50V*s tfpon safetyion etestonerIc injection could
seat had have resulted
broken off) in redsed

essentiet $W
flow no 01

rested to ventitatim ASCO 8320 Weekened coit res septsceva 50V none

01/12/89 89-001 one
shift (service295 Zion 1

water
LER No 01

11/22/89 89-022 One
Plunger service AsCO 8320 -weekened vee septoced 50V Wonebuilding)

295/89 001
colta

feited to meter295 Zion 1
butidinoopen mone wo 21
wentitetion mot specified No not specified mone
Reactor mot wot

kot
Specified Recirculotto specified Speciff08/18/86 86 018 One

not multiple ASCO 8320/wP Design Yes septoced sove See section see no 13298 Cooper edn Systeve
with others 5.1.3 of this cosements

8316/83 error-MOPD302 Crystet River 3 01/05/89 89-001-02 kone specified systems hewing higher report for
20 MOPD reting additionet

Info.

Reference
docssnent s: LER
78-054, 83-023,
88-013

. .
o W

. - - .. ..
.

_
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Page Co. 15-
11/11/90 SOLEm0ID-OPERATED WAtvE f AttueE DAT A

DOC PLAaf (vEuf LER m0. OF FAltED SYSTEM MAnufACT MODEL 9007 REP CORRECTI4 CDetuTS REFERENCE TP/ FC
DocumE4YS Oui

WO. mAPE DATE museER FAIttNtE5 PART #0, CAUSE FL ACT10W

302 Cryotet River 3 04/07/89 89-012 Eight incipient Mone Cont eirweent ASCO 8320 Design error f ee Rept oce SOV 8 S0ve estre see no 14

coils with effected. commente
footerion colte having Reference
(RK cavity

correct doctsmente: LEt
cooling

temperature 78-054, 83-023,
eyotes)

ratinge 88-013,
89-001

302 Crystat niver 3 04/18/89 89-015 One incipient mot me.ctor mot mot innenpaste no Modified 50v mane mone. no 15 -

espporte
Specified cootent pomp Specified Specif f setemic

seat bleed ed Instettetton

off peodified power Interairgling mane no 09
Not mot Design error no

302 Crystal Alver 3 09/26/89 89-034 Many potentietty Electrice NVAC,
effect a t power conteirveent Specified speciff stepties of 1E and

non-1E pauser
eigpties iaetatIon, ed ocurces to S0ve

Mein eteen

302 Crystat alver 3 09/06/89 89-035-01 25 potentiet Colt cont eirveent mot mot sncorrectly Yee septoce sove mane mone no 14 -(MSiv)
with correctly

safety rettted teuser-ret cooling, Specified Specifi specified
ed (DC conteiriment ed opereting spectfled DC

voltage) leolation, voltage voltages

304 Zion 2 07/11/84 84-015 mot specified Internet Mairi eteen Keene 51-170 ticonsee could wo Three sove to mone
mone to 26NSCCCW, EDC

not find cause be reptoced
tenkoge (Mstv)

of failure with
envirorwentet t
y quellfled
sove

304 Zion 2 08/09/85 85-015 - Two -stuck- EDc building mot not not speciffed Yes the vetwee Cosenon-mode 1ER me 05

pite,t vent specified specift were reptoced. feitures foted 295/85-029
daring teeting.

ed
vaivc Also occurred

on snit 1 the
previous day.
40 such vetwee
on unite 1 and
2.

! [
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rege No. 16

11/16/90 SOLEm0!D*0PERATED VALVE FAltusE DATA

00C Pt_Auf EVENT LER NO. OF FATTED SYSTEM MAmufA: *]DE t ' ROOT REP cot #ECTIVE Ct>MEmTS SEfftEmCE TP/ FC
00CLMEu15 OUT

NO. CAUSE FL ACTION

NO. ISAME DATE NUMSER F A!!.1)RE S PART

o-ming' seein ste== Chicoso msv1-16 waresf acturine me septoced sov mone
mene Yes os .

304 Zion 2 02/03/37 87-001 One
(M5tv) Fluid -C-RP defect or

dommee durIngPower
instottotion

Cell Auxiliary Johnson V-24 Not specified Yes The Johnson S0y feitures 82-03,28, no 01
wetwee were to reeutted in 81-34

07/02/64 84-013 One
building be reptoced inttleting305 Kewounce
specist with ASCO esfeguards
ventitetson hP8320 save se equipment. 59

they felled. such Save
remaining would
be reptoced
with Ascos et
next outsee

LER 84-13 No 31

12/16/84 84-020- One Colt Auxiliary Johnson- V-24 " Burnt out' Yes The Johnson Due to

50v wee repetittwo
coil, root

building reptoced with feitures of305 Kewounce cause not
en ASCO these Johnsonspeclet

'specIfied
ventitation mP8320. S0ve, they were

ett being

reptoced with
ASCO NNL120
S0ve on en
ee-felt beste

Colt Ausiliary Johnson V-24 Colt aburnt Yee septoced 50v pue to LEn no 01

with en ASCD repetetive 84-013,020
out," root fattures of02/11/85 85-003 One building305 newsmee cause notspectet these Johnsonstatedwentitetten Sove, they were

ett beirg

reptoced with
ASCO WP8320
S0ve on en
es-fait beels.

11/28/87 87-012-01 Two f elted plus Faited to Conteirveent ASCO
mP8314 Design error. Yee septoce sovs see section

mone no 13

conditions and cor rec t 5.1.3 of this
; 58 incipients ehlft 1setorion-Pr305 rewounce exceeded 50Ve* regulator report

MOPO timite settings sor

relief mete- that MOPD
to,RCDT ratings will
discharge not be'

exceeded

, , , .

-. ,- -__.__________J
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DOC Pt.Auf EVEmi LER NO. OF fAltfD St$ FEM ftAmufACT MODEL ROOT 8tf7 CORRECTIVE CDe(N TS mEFEnf*CE TP/ FC

WO. EAfE 0 ATE MLp40ER FAlttstES PART =0. CAUSE ik ACit0W DOClostuis DJT

[

05/23/88 88-00T 01 Three plus seven Failed to Conteirv.ent A$CD
mP8314 stormsf acturlag so Cleaned smd Initteted en LER to 05

f ref plents ehtft Isotation ' error tefurbisheo entenolve root 87-012-01305 rewomee
(pre relief, (tsinuthorized the effected cause enetyste.

use of 50Vs See Section
mak etg> 5.2.4.1 of thisisolation) incorrect

tiericant)
report.

309 Refre lenkee 08/10/86 86-005-01 O m cromd Cardo= 7 ire cheaetron 5-020-0 mot Specified no aeptoced sw sov fatture
no 21

'

trigved Cor * n
fautt Protection 074-8

system power
system stsply breeker, ;

thereby
disabling the
Cardon system.

309 Maine Yankee 05/23/88 88-005-02 Four incipients Not MPSI/chargin R.G. 620uA24 Design error no *1odified sovs in high eene ao 16

Specified g pwp Lourence DCsu system red. fields not
environ. g;et.

suction vent Failure could
c ause
escontrotted
reteese of
radioactivit;
to non gmi.
sys* ce .

311 Setem 2 01/28/85 85-001 One Failed to Emergency mesoneitt mot 50V instetted so acinstetted 50W is a mene no 06

shift diesel en specift backwards correctly and pieceport of
revised EDG cooling

edgenerator maintenance esoter flow
procedJres control volve

311 Setem 2 05/22/89 89-011-01 mene not frein steem not mot Inernequate no modified festing mot Yes 14

Specified (isoletion specified specift survelttence testing deficiencies specified
!

velve) ed testing circuitry would prevent

detection o{
50W feiture
Deficiency

etieted at unit
2 also

,

w
-
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DOC PLANT EVEuf LER MO. OF FAILED SYSTEM MAWL4ACT MEEL ROOT Docs 4Eufs OtJT
#0. CAUSE FL ACTrow1

NO. EME DATE at94BER F AILtJRES - PART

tricorrectly (Er se es

313 Also 1 05/06/85 M-001 Two LIfeine Post forget 50E-001 Design error so sov, . sere
reoriented oriented Sove 366/88-001

of eccident Rock /51P-00 coerectly eeutd epart ts:en

ptisger sempting Corp. 6m meet 1 imroeses
(spurious in

actuatiori bactoressere-
See Seetion.

> 5.1.4 of this'

report
Yee 28mene

not mot Design error to Deffelent Two S0ve en
electri+;et. each mit fem d

t . Calvert Cliffs 1 04/01/8T 87-007-03 Four inciplente t#ugustift Ausittery317 ed feedwater Speciffed Speciff cervwetions to have

electrico were tegraded tem *quete (to)ed

1 with EQ electricot
connector quetiffed ones connectione

mene todine mot mot Desien error so neptoce with Sov feiture mene no 15
s

seismicetty could prevent
Specified Specif f (O tist cpattfled sove lodine fitters317 Cetvert c,Liffe 1 08/22/199 89-015 mene

fitter
ed ctessification from m fornir$dousing )system their fmctler

Not sett water mot mot Design error no neolace with & 50vs in mone to 15

seismitetty safety syttua

Specified cooling Specified Specifi (o list cpatified Savo ret able to317 Calvert Cliffs 1 11/13/89 89-020
Mone

ed cteestfication wtthstandenr1 power) solemic everitsources
power sources

ifpr5
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50LEWC10-OPEaATED WALVE F AILURE CATA11/16/90

|

REP CoerECYlvE C&esENis et8ENEeCE Tf/ FC
DOCUMENTS 007

00C PtANT EVENT EER NO. OF FAltED SYSTEM MAmufACT scEL 900t
wo. CAUSE F t. ACTION

uO. 2:AME DATE MUMBER FAILURE $ PART

Not Af des f on No Redesign mein Strapte 50V mone me 14

f Main controt No! control room felture coutd
t 04/15/87 87-006 One incipient mot Specifled Spectff 4:fleiency wirorment at compromise

321 Natch 1 Spec 8 fled room edenwieanswete control system control roem
l controt hability

lee ho 00
WP8321 Unspecit 4d Tee 1. Instetted a 2 deper

missing tock feltures. (1 85-015-01
1. Missing Contelr m t Asco
tock nut ventitation nut./ 2. ho caused tyr03/18/87 87-005 Two

321 match 1
2. Stuck corrective missing tock

rust on 50V,1oction tokenp!unger on etuck 50V caused by stuck
because it SOY plunger)
tested okay
stbeegsent to

fatture.

Containment ASCO
206-832 Desiwn err";r, wo teorient 50Vs Cossoon-mode

wone No 06
fattures havingto correctNot $0Vs were

5peciffed isolation 206 330 oriented
posi t t one potentf at to11/15/89 89-009 wone

322 shoreham (ex tuilding 8m orrectly 'sve*tical vs. prevent
sten @y no#20: stet ) fulfillment of
ventitation) safety

ftnction

Personnet
Yes Reptsce*$ SOY Uridetected 50V LER 85 014 mo 07

failure causedincorrect stain stema Not mone
errer(l't h ree 5 month toes of

323 Otabto Carwon 2 08/14/85 85-019-01 three wiring to (MStV) Speci f ied
t unooctav-nted 1 train of

50V wiring change) ESFAS actuation
of R5twa

4 The wiring sov is a tre Yes 09
215/e5-030

open reedwater mot mot taproper connection was r*eceport of
specified specif t wiring the FWRV

323 Diablo Canyon 2 12/21/85 85-022 One
circuit ed instattation property

reteriminatedand txasped
other simiterjtnction bem
50Vs'
terminations
were
inspected.

_ _ _ _ _ _ _ _
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page so. 20
11/16/90 SOLEMOID-OPitatED VALyE f alitJRE DATA ,

DOC Pt.AN T EVENT LER NO. OF FAILED SYSTEM MANUf ACT se00EL 200f REP CORsECTIVE CDoututs offEsteCE TP/ f t
000JMEuYS OUT .

.0. CALT FL ACilok

WO. RAME GATE iduMSER FAILUffS PA2T

r e -modo mone eo 12

324 Srtsiew1ck 2 09/2T/85 85-006 Three Disc-to-o fleir steme AsCD a323 p>drocarbon, wo neptoced sovs
fattures. Seeunter and high

est (Rsly) Sectfon 5.2.3.1temperatures
sticking of tSis report.

caused
degradation of
aest esterf et. mone Yes 01

oc cett seein stese AsCo mP8323 ticensee no septoced SOvs. sone

324 erssimulck 2 10/15/85 85-011-01 two suspected Eatenefwe
06 1V) chlor 6de felture

corrosion enetyste
inittsted.

Falled to Contalrauent ASCO 206-832 stilt under Yes Reptoce 50Va. Four previous insp Apt No 19

investigetton. Performing similar 88-06
324 trasiewick 2 01/02/88 88-001-05 Four shift teot./drywet

Found debris entensive feltures had
i floor and

end oil film felture been
equat drafn on one 50V. enetysis emperierced
strys Suspect high

tesperatures
from self
heating of
energiaed 50Ve

f elted to Orywett ASCO Not suspected that no neptoced 50V Extensive mene No 12
enetyens of

324 Srsnswick 2 06/17/89 89-009 01 One specift foreign
shift purge and root cause teas

er* porticutetee ret totettywent fourid in the coretusive
SOY had
attac%ed
etestameric ,

>parts of the
no aeptoced 50vs SOV teeksee mone no 03ggy

Discs contaltvoent Vatcor v52645- wot specified fotsid d sine
S25 erssiewick 1 02/2S/87 87-005-02 Teo footetton 5683-14 LLRt

S etek sueln steen Target 1/2-5875 Encess tectSte Tee eefurtetshed
See section tER no 17

3.2.2.2 of this 87-020-01 ,

;.ltnger (Mstv) Rock -A-01 unsd by Sov

merstfactteer's report j325 Brtsieulck 1 07/01/87 87-019 One

fletd rep
>

t

!

|
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$0LEmCID-OrtantED WALVE f Altt*E DATA* 11/16/"JO

REP CICCf 7VE CDeW eis sEFEffeCE tt/ FC
tests ot/r

Evimi LEt mo. OF F a t L' D SY5ttee stamuraCT serEL #00T
so. cat /SE ft ACTrom

CATE utpeER FAltuRES PARTDOC P' .Ami

1/2-Sws Encese lectite me Replaced Scvs See sectlen
Lta 87-01, se 17WO. RAV

5.2.2.2 ef thlestuck mein etes. Tervet
plunger (sestv) acct -4-01 tsed by

325 srunerick 1 07/03/87 87-020-01 Four repert
omwssf et turer * e

ow o. 16field rep
me Ptent tf Sove were

327 Segmysh t C5/18/% ST-02b' mot si.ecified met set not met Design error ret protectedvedi f er ' sw
SpectfIed SpecIffed Specifled SgecIf f to pret i free water

ed wuineren ' ?E spes - elch

twto mtecosips*at
f a pipee
d ich were
winerable to
en SSE

Seet reed,eter a5CD 8320 Desirs Err *r me **placed See An fecerrectly mene se 13

satceted SCe
08/30/84 84-014-02 Or* felted eAen gast

328 Sens yak 2 ieenese la service
eswee its fe0PD
t?mits were
exceeded

stew- me or
ves senewwcted Incervect

set met t w ee sovs correctly estermt wirigIncerrect Ataritie<y
Specified Specifi maintenance to 2 50Lfe328 Seg mysh 2 06/11/88 88-026-01 Tee > esternet fecebeter ed configuration

uffing tewet centret eene se e7
centret vee acptoced mene

met Austtiary met mot Inadagtet e
diesas eiestnespectfled Spaciff electricet frog estefml06/06/88 88 027-01 Speelfle) feed eter328 sersmyeh 2 ed neintemnce
ciretsitry

cersecting 2

50Vs

stechese sescrfy asco 8314 sestriction la se ec=ewed
teetrictlene merw se 23

restricefens,p preveated votweSCy eischerge frem setfefying
331 Duane Arnold 01/10/84 84-00f two

ef filtretion tomad tapotte. (Adopter j

rehritd SCW, its miniese 'Internet elbow erw$ and to aggrade eperetlegpeesegewe reweibly
y foreign air systte pressure

differentlet
seteriet er rc9sirementeersture from

|
J instrurwat

eir). Ageing

etso

|

[
l
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11/16/90 50 lee 010-OPERATES vatvt tatttJtt DATA

DOC PLAsf EVEst LER e0. Of FAILED SYSTEse meer> Fact mmtt e00T eEP comettisvt Caoutets efttetsCI TF1 FC
DocumEsts aft

=0. CatJ5E fL ACTIOr

eO. mAME DATE supWER FAlttJPES PAff

331 Duane hemtd 01/28/85 85-002-00 ore
elephropa eig' skimer (2Dg515 End of we septoced 50v sene pare no 1T I

pressure Electric 0 tife/eeceeelve ,

tfee betweerscoolent ;

emIntenonce

331 Duane Arnold 05/27/88 85-005 One #ot Flee Electro-m 2010008 Deely* arror ao septeewd 50v Licormee bed mww no M 3inJectien
teperaded Sov

Specified Suppreesten erunt 3 and tw, gsete
with en

(C>eertro poet
incorra . w . ,

n Corp.) enintenance Deficle.ty use [t ee t!=
ret found [

esine poet ;

malete w "
'

testing.
fee 11 <

Colt seeln eteen ASCO ePS323 moleture me septeced sov. 7 other sistter more f
intruelers from Tightened SUwe were '

331 Duane Arnotd 03/tE.*89 89-008 one
(pr$1v) eteen test / enclosure eihject to

j lnearpsete co ece of eefeture |

i
j terweing of other steller intruston ,

emlosure SL9e. felture ese so I
;

f common-mod * '
-

feetow tortpsein6
f def4ciency

-

Ifee (9
Electrice mein eteen ASCO mot seeintenance so sove replaced AC ce6L had earw

[and rewired toen corvweted
! 333 titzpetritt 08/20/85 85-022 (Me S m tfl pereennet,

ed error in correctly te JC eeurce .L feutt (eSiv)
and DC colt todesternet t>rea cormectedwiring
to aC source

Cteense/refurts sesty owbte to mane so 12

50v seeln eteem ASCO ePS323 scoe ettver me
333 fItapetrick 11/22/85 85-027-01 t>e due to croce tened Sov etere !

enable to testv) threedtng air ctsect ottier i

seet Line fitting for sletter fproperty praeten
mone se 07 !

333 fitzpatrick 06/03/89 89-013 wone mot Conseirnent not mot Design error so Correct wiring more ;

error
Specified isoletten specified specifi i

!

l

I

i
i

e ee <



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

. _ _ _ .

6 s e a

I
rese me. 23
f t/16/1P2 $0LEWOfD-ceteatED vatwE f attunt cata

DOC PutsT EVEst LER WO. Of FAILED $15 tear separJfact sucDft e00T etP CW eECitwE COosEsts effteteCE ter pC.
Dec.eursts otyT

WO. mAME DATE WJueEt T Altt.WES PART #0. CAUSE FL ACiteur
I

1

Je wwm set mot specified so septoced 50V EDG eir stort mane se 22
e

334 Seewer vettey 1 06/07/88 88-007 one not Dieset Sov fe6ted
SpecIfIed generetor Spec 4fI

air stort ed

3% settletone 2 12/31/86 86-021 Two eroken teoctor vetcor v526-40 suspect me ReplacM "T-T Prior to event mane no c3

sprirge Cootent eeed Enge 42-3A ",; g F# cerings of these Scwe had
.

in S0ve Vent Corp. sombrittIaument att eielter been iestleg

welter Sowe and had been
footsted

mene vee 02

3M nlitetene 2 01/02/87 87-002 One Ofsphroese seein ASCC S262 mot specified Tee Inspected erus eene
replaced

teoksee fe m ter

338 worth Arne 1 02/02/84 86-005 6 felled and 54 Electrice Centeir e nt volcor
vetcor InertegJete we septoced 6 50v5 felled mene se e9(FidRV)

inclpients t-selstur footation and ASCO $26eeri conth. sit felted Sete eruf 54 50ve
end seated ett were instettedes eestInee -bydreem

enethode did deficient Scuterrectty in
intrumfers cetret/ pees

net meet ofrs cordait seate both smite
spece to aseet
IEEE-324
OJet i f icotiere

338 morth Ame 1 07/28/86 86-014 One mot seein steam Ceces not mot specified me overhouted 50v slow closure mene se 26

reoutted in
Specified Vulcon Speciff

atese gmerator
ed !

everfitt

338 Worth Anno 1 11/23/87 87-020 Two set eroin Steme Cepes-wut mot not Specified me wever To prevent mene to 02 >

; Ivesctlen recurrence of ;

Srwcified (Ateengeeric con Specift
circuite were thle type

IDisup vetwee) ed de-energi red em, en
!

in order to ewetuation to
s! efect the f emtet t

cervsmeete arkit tleret
pures and tewet switches ,

twsin wilt tw

seconderi performed.
sye*'w
rec - y

octi e 4
,

I I

i

i

!
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i
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Peee no. 24
SOLEsotD-OPEtATED VALVE f atttjef Da7A91/ M

WEP CriereECTIVE (Destafs etsEetect ter FC
m.ourets e37

DOC PLANT EVEst LES NO. Or 7alLED ST5fEne se**Jf ACT 8ePEL 200T
ao. CJetf5E ft aCitter

WO. IHWE DATE selguett fatttJeES PMT
Yes 21mene

met Spectffed vee septocee sty mene
set condewer set met

Speciffed unterben Speelfled specift
338 isorth arma 1 01 fos /M e5-002 ow

vectase ?M pewsried SOWS Fef twe te LE# as 14ed

338 soorth Ame 1 G3/11/88 88-011 uine sitesish centeivw=mt Asco
mP-1 eeel p error fe4 tew 339/97- t5-

to meet
eperetfen toetetien doct sree*o ===r8ecewer's ofeertee

menu
instesset tere instettetten

instetsttlere
modified the
30we*
gwrforumswe end
upsetifIcetlen.

LER 88-011 se C2
met Specified Yes sov free mene

met Component Asco not 1-CC-Tv-103A

338 morth Ama 1 03/15/88 88-012 t>e scociff esse testettedSpecified Coetlne ed
Water en

1-CC-TV-1038,
erwf the Sov
fece
1-CC-Tv-103s
mees

refurbished
end festetled
en
1-CC-tv-103A LER 88-013 vae O!Septoce 0-ring Seggtwet

Tw 6.,cet Perher-see eetfuldse O-efne placbed se info obtelandO-rig
or (ENC) crwfin 30634 daring sov free'tIceveee

338 porth Arne 1 07/19/99 99-014 t>e
refortriehsent 5/16/90, n ta
t:y turbine Ornstein/
amewfecturer's C.W. Atten

meintenance
teast se 21
met specified me septoced Liccasee eteted mere

w ito mot eetereld thet the
mot eesctor

339 Iserth Ame 2 3&/16/96 86-007 the Scociff *eetene(d unsaSpectfled coete m
(lettkwe chagreeered

Isetetion)

$ e
e <

-

. _ _ . _



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

4 e e .

I
foge so. 25

,1
11/16/90 SOLEuOtD-CPteiTED vatvt safttpf OATA

i

CCC PLANT EVEeT LER WO. OF fatted SYSTEu NeutaCT *elcTL FET #fP CtwetCTIVE Dyestets etFteteCE TF/ tt !

200K1Ests a.4
so. CAtf5E FL ACitos

eO. mAME DATE stpete FalttjeES PANY

344 Trojen 04/16/87 87-009 mot specified met feector wet met Deelyviewtett me acptoced ear, == se 23 i
t

specified coetent scecified Specif f etten eerer splices * lth
eed ret eretedEPony) ,

te '

icet etIetlere
6

regriremonte

set poln eteese Ceetret met met specified Yee e+ptoce er ser to e were se 21 |

refurt>Esh Scv place-pert of j

346 Devis-Seese 09/11/84 84-013-01 Orw Specified (Ateeegewric Ce Smif f the et e le
Vent) interneti ed went volww*e

erwt ofr-eversted
ctretret ier

346 Dowle-seeee 01/03/86 86-006-01 Thirty-too Colt tot ASCO Set Fellure te me Septoced Scv Celle m EO see to 77

incipiente agwcified speelf t perfere colle S0ws Ned tseere
in service

ed prowentlwe teywuS theirmeinteem ve
h required tytse t (f s,d

|lifetim

346 Dowle seese 12/07/87 87-015 crw Scv frut-taent AsCO 1177237 met speelfied me septoced sev, fellare of 50r ow
Tes 21

instrument air caused itwo ef i

|wested air dryer E=trumentdryers
elr reptocod witte eftfreactor !sg y eded enee trip. O-ti m *

en severet sove
In turtplew

typewe eyete=
stee fotew!
degroord

343 Ferley 1 01/18/87 87-005 Too set Conteirment ASCD 8316 tHrene to 1 Sov cteeed sciewtont save were me 20

en edtfitieret in ene
Spectfled feetetion ettempte. penetrotten

(conteiro*nt irtwierd 50W to felted to cteee
sure tw impected
discharge) stese<pasat te

!

shtetdourt.
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19/16/90 20t_Esoto-CPEe A1D VeLW F Alste( WA

i

i etP CMetCT!vE CopeuEstS Rf ftei CE TF/ FC

DOC PLAsf EVENT LER No. OF FAILED SYSitu MAsufACT mtE(L WOOT toc 1put et5 mT
a0. CAUSE FL ACTIDe

m0. mapE DA7E utpWER fAILtJRES PART

me 28Att acceseltple M S0ve et each mene |meet cause of so
50we'fnetettet ett were foundmet set

344 Fortey 1 07/21/87 37-012 86 incipiente et I W ==t met Specified speciff f W =te Iere modified ru:t to beSpecified eptices andeach wilt e ed to en ayeroved futelled invtectrice tererInstlene
t cet steted EO eptice and accordence with
trutett. tensination E4 reestremente

,

'

fegniceef confleuretten (optices seid
terefnete en a priority jtrictlen ben
) beste. comections) me 20

teoksee meector stds AsCo
8316 set specified me septoced sov Lice me, ceuto morenot detemine

-etug ventitettert cause of S0W352 Limerick 1 05/09/88 M-Str one
t

felture. !stucit in Cetted amid-peelt "ecoupenent
ion ife(ture of

,

wenemn cause"
Peteediat for sene se OT i

Electrice as tusilding met met Desteri error me Seeted j
electricot caseman-mde '

incipiente t
wentitetten specified Specif t (EO). conduite fel;uree

f352 Limerick 1 03/14/99 99-019
mene eeny

ed inadegaste
felture/o ceruhelt

+
efeture eeeting for

!intruelm mELS

08/2S/86 86-063 12 incipients met Centairment ASCO
meS316 peelen error me neplaced ett felture of eene me 13 Ipotentfet environment

f
twelw S0 ire ven-e '

specified AteesgAere with eres reeuteters354 pape Creek
Centret having e ceutd have

higher sq0PO ceused fettures
retime, ef the 10Wo.

Felted to mein ste== Aatasetle set recelgn me septoces reresyn ten se C3 ,

fetled sryr end metectet in 87-037,038 ;
i

eM f t testv) ve?ve sectift ==teriet its manifold Sow,Ft w in [354 toege recek 02/24/87 87-018 01 are
Corp. ed irmide SUV

oneesety. S0W cet per
[

tevC) tsedy,
omnufacturing eeptoced T deelen

[
SCWs for other (incertectdefect, and
m$tVs. Sent tengtti),

inedequete feited 50t to ameting screwsinstetteteen steptier (GE) en itmetien tme
for enetysis were loose.
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DOC Pt. ANT EVENT LER mo. OF FAILED SYSTEM sumufACT se0CEL 2007 REP C3rsttflvt (XpenEmT5 *Ef teteCE TP/ st
D00seEw1S cui

=0. CAUSE F t. ACTION

eO. RArdE DATE st.suoER FAILusts PAaf i

f
Fattod to mein Stese forget mot insetsmte me the Felture caused sorw me 12

i

e%ift (MSEW) fock Specift protection of entfurictlening tpr letruslen of
354 mcpe Crees 10/10/87 87-04T One

ed astve < bring SRV and ita sortbt asting
!

S0W piece-pect grit edhich mes
fplant

constructlen were repieced ured dJrirg
!

in kirut. plant
corwtetztlen

Yes 1*

361 sen Orefre 2 01/09/86 86-004 Two Colt Feednseter mot eet peoisture to The wetwee mone sone,

j
spec 4fIed Scoc4fI intrueien - were reptsced

i

ed foutty coruktt and wIsuet t

cerinection irscecttone
ende of the [
corwAst t

|comectiorie of
>

simiter 50ve
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TARGET ROCK CORPORATION INFORMATION-

REGARDING SPURIOUS OPENING AND VALVE ORIENTATION'
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July 12, 1990

o

Dr. Hal Ornstein.

U.S. Nuclear Regulatory Com.
AE00 MNB 9715
Washington, D.C. 20555

Subject: Preliminary Case Study Report on
Solenoid Valve Problems at
U.S. Light Water Reactors.

Dear Dr. Ornstein,
The subject report was reviewed and the following comments relative to spurious
opening and/or valve orientation are hereby offered.

in Section 5.1.4, two separate basic problems were discussed. Solution, by
re-orientation of the valve in one type problem is not necessarily the fix for the
other.

The two basic problems are: _
1. Unexpected short term (spurious) opening of a unidirectional vDv,e.
2. linexpected reverse pressurization (long term) opening of a unidirectional

valve. - . . .

figure 1 is a representative sketch of a unidirectional valve. The figure depicts
a closed, de energi7ed valve, wherein inlet pressure (Ps), enters' radially inward,.

,

I

and provides an upward force on the piston portion of the main disc. Control
pressure (Pc) acttng in opposition, negates this lifting force and additionally
provides valve closure force by its effect on the disc port area (Ad). With the.'

pilot valve closed, Pc equals Ps. At the introduction of an inlet pressure surge,
supply pressure is momentarily higher than control pressure, until control
pressure re-establishes equality with supply pressure by the flow of fluid thru

'
%

the inlet orifice (al). Consequently there is a time delay- in equalization of
Should the lifting'f ge exceed the closure forces, the valveThe valve will remain ope (n until the downward force overcomes thathese pressures.

will lift.
lif ting force, where upon the valve again closes, and the closure force builds up'

| to full value again.

.

*
' h 9
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TJe problem is most severe when the first of two valves mounted in series opensintroduced to the secondrapidly, permitting full supply pressure to be -sharply
valve. in tM c:actui head vent application, full 2500 PSI fluid pressure mayThissuddenly be applied to the second valve when the upstream valve is opened.
has caused short burst valve opening as evidenced at the H. B. Robinson 2 plant
for example.

The anomaly was immediately analyzed and simulation tested as reported in the
Target Rock Report # 2866. A series of presentations were made, specifically te

*

Westinghouse and Combustion Engineering. Westinghouse Engineers produced an ASME

paper on the subject and thus made it available for all utilities. Target Rock

had of fered the attached memo, V. Liantonio to D. Vater, which introduced theseNote that onedocutents and were sent in response to all utilities upon request.'

suggested fix is to rotate the valve on the pipe axis to direct the bonnet tube
This permits the bonnet tube and central chamber to be filled withdownward.

condensate (water) which offsets the valve spurious opening action,

also addressed under S.1.4.1 entitled "locorrectimproper Flow Direction -

is the concern wi th valve mounting direction relative to flowOrientation"
direction. Following normal instructions, the flow through a unidirectional valve
is over the disc. However, there have been applications where the Architect
Engineers (AE) have deliberately opted to install valves such that normal flow is
under the disc and intentionally require the valve to operate as a check valve.These otherThis option was selected because of limitations of the other choices.

a) Balanced disc daign b) Miniaturized disc with heavy returnchoices are :
spring; and (c) Standard unidirectional disc with a check valve installed through
the disc.

(a) In the case of a balanced disc, the piston area is designed equal to the
seating area. As a result, inlet pressure " sees" the same area in opposite
directions, resulting in a zero differential force. When inlet pressure is
introduced under the disc it is ducted above the piston by a large transfer

Hence, equalized forces result with towgder thehole through the disc.
disc. Consequently, with flow introduced in either directiori, the pressure

< times area forces are balanced, and spurious opening would not take place,
nor will the valve open simply.,by direction of flow. The force blance,
however, can only be' effective within reasonable limits of machining

As the pressure differential across the valve increases, minortolerances.
differences in piston area compared to disc seating area cause large force
inbalances. Nor full ported valves, pressure differentials beyond 500 psi'

require abnormal machining precision and thus not generally used.

(b) A Simple design that can be controlled with flow in either direction is a
direct acting design using a small disc and a heavy spring. In this way''

pressure may be applied in either direction, with the spring force selected ,

enough to overpower the pressure times seating area force. Thehigh
limitation, of course, is the valve full flow capacity which may be 100 to
200_ times smaller than available in a piloted design.

_ _ _
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Check valve in disc - since in most applications, it is simply required that(c) the velve not permit flow in a reverse direction, a check valve in the main
The check valve will permit valve downstreamdisc has been provided.

pressure to enter the control chamber (above the piston of a unidirectionalThisdisc) whenever the downstream pressure is higher than control pressure.In this design, flow,builds up control pressure to keep the disc closed.
normally over the disc, is controlled by pilot valve command; while flow, ,

introduced under the disc, will build up control pressure and keep the valve
closed (for emergency only).

.

Note that there may be some other areas of the subject report that could generate
additional cconents. These will be offered as soon as possible.

Very trv'y jours,-

TARGET 00CK CORPORATION

'{}$5 h,U$<~sO
Vito Liantonio
Manager, Application
Engineering Group

VL/so
Attachments
cc: R. Langseder

X, Wenzel
T. Crowley |
E. Bajada
R. Glazier
S. Karidas .

'

File - NRC
.
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October 2, 1981:-

T0: 0.K. Vater

FROM: V. Llantonio

$UBJECT: Spurious Opening of Pilot Operated Solenold Valves- ,

REFERENCES: 1) Target Rock Report 12866; solenoid Valve Response to
Inlet Pressure Translent, 12/17/B0

,

2) A$ME Publication 81-PVP-39, April 1981, Spurious Opening
of Hydraulic Assisted Pilot Operated Valves An

investigation of the Phenomenon.

.

The two referenced documents provide an adequate understanding of the
subject phenomenon. The design of most pilot assisted valves will develop ,

a transiently applied force tending to open the valve when a rapidly
applied pressure increase is sensed at the valve inlet. The most effective
deterrent to this action 15 to maintain the valve filled with liquid. The
pressure build up in a liquid filled control chamber is fast enough to
prevent valve opening for all practical pressure transient rates applied
to the valve Inlet. Also, one of the caslest methods to achieve this is
to mount the valve with the bonnet tube directed downward, or as a minimum,
below the horizontal.

The worse case scenario is one where the bonnet' tube is filled with a gas
(usually air at atmospheric pressure) and a pressure build up occurs at
the valve inlet. The pressure build up, however, was required (per Reference
1) to occur at a rate of 250 psl/sec or higher. This build up must also
exceed two times the pressure existing in the control chamber, Imediately
prior to the application of the pressure increase. Should transient
pressure bulldup be predictably slow, therefore, no special consideration
is required.

3 ,.

'

Recomendat ions
,

1- For valves discharging liquid to ambient (as is the case of the last'

valve in the chain of reactor head voit valves), mount the valve with
the bonnet tube below the horizontal. , , , ., ,

''
2- Vhere possible, maintain positive pressure at the valve discharge port

($ee Reference 1).
%,

3- Locate valves discharging to ambient where spurlous opening will not
compromlSe personnel or plant safety.

&y .~ , 4. . ,,.

. .,

Vito Llantonio
Manager, Engineering

VL/c)
cc Messrs: 0.M. Pattarini

Code Engineers

Attachments - References 1 and 2.

. -
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/'*- Static condition A) The test valve and piping systern was flushed-

with water to renove most of the trapped air.

Serie quantity of sir probably was retained in

the upper region of the valve bonnet tube since
,

this area is out of the nctual flow stream. (see

Table I for test data).*

Static condition B) The test valve and piping systers was drained, purged

with air,then pressurized at 500 psig with

Argon gas. Some small quantity of water probably

was retained in the area of the valve dise due

to the bonnet tube positicri of acproximately 40*
.

f rcus vertical. (see Tabis II for test data) ,

( Static Condition C) The test valve and piping system was drained,
'

,

'
purged with air, and vented to establish atmospheric

I conditions within the system. (see Table III

for test data)
.

PISU1.TS:
|

$ TARTING AT STATIC CONDITION _Q): (Ref. Table 1)

A series of pressure transients were initiated after establishing a
'

4

water filled system at 0 psig. or slightly higher to prevent the

erittance of air. '!he piping system was reduced to this pressure'

s

! level before each transient test. ,,

1
.,

The transients were conducted by increasing the pressure within thel

piping 'trom 0 psig to:100, 200, 300, 400, 500, 750,1000,1500, 2000,
; W
t

I and 2500 psig. At each pressure level, at least one test was
( conducted at a transient rate of 2500 psi per second.

_ I
... .. .....
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sT?pIHo At STAT!c ccNotTION l_c) :(Re f. Table !II)
.

These tests were conducted with the valve and piping drained and

purged with air prior to each transient as in -(B) above, except

the system was at atmospheric pressure prior to introducing vater .

at pressures of 100,150, 200, 300, 450, 500, 700, 800, and *100 r.sig.
4

The transient rates varied frem 250 to 2750 psig per second.'

At a number of these tt:st points, the main disc lifted momentarily,

allowing various amounts of water to flow before re-seating against

upstream pressure. Because of the limited flow cap ,ility of the

tust facility, when the disc opened, the pressure transient rate
S.

I could not be - maintained. Because of this, the are ,4cy of the rate

( - of pressure change' measured frein the actual recording of the test

may be in error.

In some cases, an increase in the transient rate did not result in
I

increased water flow through the valve.

A review of the data indicates that the condition at which a pressur;
4

ltransient,is most likely to cause the valve disc to momentarily open,

is one where the valve and piping is charged with air at atmospheric

pressure prior to a pressure transient that introduces water into the "

system at a rate in excess of 250 psi per second.'

#Water filled systems and air filled systems pressurized to 500 s.ig,
. ,. - - ..

4ppear to be able to withstand far greater pressure transient rates

than air filled systems at atmospheric pressure witput causing
the valve disc to momentarily open.

k

|
.
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v.' . one tra..sient test was conducted st , ting at 500 psig static'

|
'

pressure 4 thin the sysses. W e pressure was then increased to

1500 psig. At a rate of 7750 psi per second, there was no evidence

of water flow through the valve during thf s test, indicating that.

the valve disc remair.ed seated.

of the 18 pressure transient tests conducted, only one resulted

in water flow f rca the valve outlet. This test was conducted in

the range of 0 to 100 psig at a rate of 1700 psi per second.

This test was initiated inrnediately af ter bleeding the accumulator

to atJnospheric pressure and recharging to 100 psig. Apparently air

entered the piping system during this operation causing the valve

( disc tc tecnoentarily lif t during the following test. Three additional

tests were conducted at this pressure level at rates of 2000, 2250,
.

and 2750 psi per second with no evidence of water flow from the

valve outlet.

STARTING AT STATIC CONDITION!(B) , (Ref. Table II)
- c

Af ter purging, the valve and piping system was charged with gas

(Argen) - at 500 psig, nose conditions were established prior to
,

'

each pressure transient.
.

~' The transients were conducted by introducing water into the piping

system at pressures of 1500,1600 and 1900 psig at rates of 2000,

2500, 3000, 3750, 4000 and 5500 psi per second.

There was no evidence of water flow from the valve outlet during

these tests.

l
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WATIN FII.1.ED SYSTD4 PRIOR '!V TPA;4SIENT ':TSTS_

.-

SYSTT.M PRESSUREI TRANSIENT
WATER
ACCU'Af1ATIONSTATIC PRESSURE 9 CC4PLETION Or! PPESSURE

. .

F RANSIENT !T
PR.IOR TO TR.WSIENT ' PATE TOTALHO.
PSIO U1 0) '|T? ANSI ENT

,

PSI /SEC. * C.C.
2 PSIO i

None
4 1000 1 750__~

None
*

1 i Atmosphe r ic
1 1000 I $350

~

2 i Atmospheric
i 1500 l 3500 1one

4 ( Atmospherte | 1500 I_ 11,000 None i

3 i Atmospherte

i 1500 1 7750 None

5 500
I 2000 1 4750 None

6 Atmospheric
f . 2500 1 7000 None

7 Atmosphe ric
750 1 5500 Mone

Atmos phe ric
500 _.

I 4250 None'

8
9 Atmospheric

400 1 3750 No: e

10 Atmosphe ric
300 | 2500 None ,

11 ,f; w spheric 200 ( 1000 None __ ,

12 Atmospheric
200 1 1000 None

_ 200 1 3750 None i
13 jAtmospheric
14 Atmospheric

! 1700 215
100

15 Atmospheric 2000 None
100

16 Atmoshpe ric . 2750 None
100

17 Atroshpe ric 2250 ; None _q
100 1Atanoshperic ,

18 !
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CAS CHARCED SYSTEM PRIOR TO TPANSIEffr TESTS

s

TPANSIENT STATIC PRE 55 uke ' SYSTEM PPISSUPI TPANSIENT KATER

No. PRIOR 70 TPANSIENT 3 CC9LETION Cr PPISSURI- ACCU:'ULATION
MrAL

f'PATEPSIG TPANSIENT
\ PSIG ] C.C.* ' '

'

fNone1500 2000
1 500

~

t 2500 ! None
2 t 500 i 1500

3 I 500 1 1500 | 3000 i tiene

1 1500 ( 3000 t None
4 500
5 500 1500 3000 i None

500 1600 3750 i None
_6_

500 1900 4000 i None
7

1900 ,5500 1 None
B 500 i

.

'
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TABLE III_'% -

AIR TII.11D SYSTTM PRIOR TO TPR4SIENT TESTS |

STATIC PRESSURE
3YSTEM PRESSUPI TP,ANSIENT WATER | ,

' i

j TPANSIENT
PRIOR TO T?NISIENT

9 CC4PLET!ON OF PRES $UPI, ACCU.MU!ATION
No.

| PSIG(AIR) TPNISIENT ' RATE TOTAI.

PSIG , PSI /SECOND C .C .
.

700 1750 1750 j

1 At.sosphe ric
700 1900 1 380

800 , 2500 1 300 j2 At:nospheric

3 At;nosphe ric
900 f 2000 1 85 |

4 Atmospheric
i 1250 1 20 J

5 At.mospheric 900__
| 1200 I None

6 Atmospheric 900
300 l 1000 1 505

7 Atmosphe ric
450 1 1000 i 385

Atmospheric
8__

At:nosphe ric 500 i 1500 t 95 ,

i
9 ( None
10 Atmospheric L500 1 750 __

110.'' i 1900 i

11 Atmospheric
12 Atmospheric 3; 2750 ! 25

250 t None-

/
13 Atmospheric ,

300 1100 4 35 _

14 Atmosphe ric
300 1750 1 25

15 Atmospheric
300 1500 1 85

16 Atmospheric
17 Atmospheric 300 500 i tiene

18 Atmospheric 300 600 l 20

19 Atmosphe ric 200 2100 i None

20 Atmospheric 200 1750 50

2L Atmospheric 200 2000 70

22 Atmospheric 200 500 None __

900 12
23 Atmospheric 200 '

24 Atmospheric 200 | 750 None

25 Atmospheric 150 1250 None

26 Atmosphe ric 100 1000 None

1 27 Atmospheric 100 1200 None ,,

i 28 Atmospheric 100 1200 None
,
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Spurious 0?ening 01 SydrauLic-
'

Assistec , ?i'ot-0?eratec Va ves- .

L.1.Ezekoye l

igat. n o" 1<1eAn ,nvest. ios,-eest
*

u. amica Plenomenon,

Mar ager

Thns paper snvesttgotts Ihr scuroous opening phenomenon of hydraulac.ossisted.
polot. operated volves. The equernons gostenons the valve responst tre cestroped,* nn,.nq ,

sey r,qnouse tutt t Cors . to proundt en ensight ente the phenomenon. Sensittvery studots vert then performed'
p,niguign. ps.

to demonstratt the possubelity of this type of volvt spursously opensng under certosn
pressure transuent events. The deductions were unter confirmed by tests to show how |

o typocol pilot. operated valvt moght respond to pressure trenssents en meter solnd
I and compressoble flund medoa. The sngnufoconce of thus phenomenon u descussed in

attms ofits effect on volvt usagt.

L

NOPINCtATt'tf 1 trip 000CT 1 CN

The deesade for euclear valves to withstand* orifice eres advetse environment el radiation and terpetatuteA,
A * piston ates and et the same ties be able to sustun highp
A, plus seat stes saiseic 16 ads have stutted innovative use of fluide

discharge coe f ficient *edia to assist conventional electric operators is.c
spring prele8dr, * acceleration due to stevity valve octuation. This class of volves is genet-a

ally refetted to es hydraulic * assisted pilota3 pneus-stic spring ccostant
enhanical spring constant operated valves. Tigurae la and in and la and 26eg,

shew two versions of the valve design. lasically,e
( r,

polyttopic esponent the valve incorporates e pilot valve in conjwec=
' =n

steady-state chsaber pressure tion with systt a dif tetential pressure across theep,
steady-state inlet pressute valve to open of close the valve pott. The pilo;pg a

inlet transient presevre! Pgg thamber pressure et lote * tevet81 point vs)ve can be enternal. as in Tigwte 14. or*

pg internel se in Figvte Is. Although these valvec. ,

(pit e ) are vsvolly electric solenoid operated. they cwld/ .

velve outlet pretsvre be pnevestic, or even eenval.p, .

air volvoev, .

initial air compressed volusie Refetting to Figure 14. with the pilot valveev,g
v, . air flow voluee closed, the control chamber pressure builds wp to

*

control chaeber volume inlet pressure valve. The resulting force differ *V, e

piston displatement volure ential on the win valve plug plus the force onv, =

. water flow volves

. corpreceible flow espansion f actor the co,ptession spring closes the valve. k'ith thev,

pilot vales open* as in Figure Ib. there is aT. critical pressure drop ',

apeg direct flow path between the control chaeber to=

density the valve outlet port. ' The chseter presswee subae
o

time ( set)a sequently dtops to the level of devnetream pres *t
displacteent A pressure dif f erential builds up 4ctosea

e . regio of pressure sutse to steady-state the esin valve plus, thws opening the valve. In
sure.

.
..

pressure the second versloe of hydraulic-assisted, pilot-
IF = no of fetus opetsted valve, the pilot valve is ' inters 41.

Referring to Figure f a, with the pilot valve
closed, the pressure se the tentrol chanbet
inctesses to the level of the inlet petssure.

I Vhen the control chseber pressure f orce esteeds
the inlet pre ssure fette. tSe force e f ferential

C nir tvise be >e Panssat v ae's & 's.*1 >*t.0011 **e
batic v' c|osea the vabe, sP.uting a f! !Dw. 2tti e'. e r .*

i _

n
Soc 6tri o* Maca L*ac a E+cassas tot p<nension a tae Jo.ai Centarence of w+ien the. pilot velve ie opea as shove in fIgste

vnuts and pie'as. Maienini. Netsas Eps aeuwit aae Sotas D, th centul dah is mtd. ge Weg j,

##6e Preuvee

Oms.ons. hne 21.ll. ,itst. Denem Coo <ase. Maavsenet entami st ANEcruto an openin prunte dif fuential utou !

!
w se..,, . . mi a. < si. valve plug. opct ing 'he vabe.

4-. . i . iML'j :. . . .a2..
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e.w e..o. e het ,,,,, s o.n ,,e v.iee

ise .,tue t m ;|; ; ;|3.;, m " M ,4' sei .
- s sVMen, e.Msed to e ,,esev,e ,,se. ,,,s.se-

the ,e nn ennt e is ,te,,an, t oo s..n ,e
m, et

sw,,,

,vico , ,,,, ate ,,e,,,,,, ,,, ,,, ,b,.d vee. .,e s ov" ~; ,,,,,o,,

, i e h e v . i v e , i c " u, , , , ,e,e, d . v t . " ,.''''''''I I''',"II'
,,,,, ,,,

,,,'' the toeittel thes= bet, the volve gegime to | git,,edv o.
,,e., e,e we,,,t

I i"- men ne waive ,ius ,a e, De ve,,, e, e,e ue,.
-,ee-.g'';;$j;;gmaggseepesteess with 8"

the followbg teeditions esigt: 1
wei,,t lP pb8 8 T4 H lo H .IseM ly (8
eertettive P pieg support eest.eed redwtiet the y8 g P , yo , 9it gb*A)*p A,i s o
g iggge,seg the velve weithtdunstle f utuus in )

o f grad u 8H v"Y
Another eifelfle8M 88veM8f e lecoetet

valve design.
g, f ut Ost the velve ces to totally eleurie+

,

operated thve persittleg !!It quellfiution edis M* sale tiesvte topability.,8, ,It

still provide feetadvoet8 tee. h8ve contributed to#

the (ecreasief vedre *f thne who in eWlen
Meplecties Fe eed 7,, Equation (m) reduces toiD u e, sed othet

(4)i p ' Fit (Ap * As)powe r t e n s . Pc Alimite.yowever. Dere are jahertet ud lateet*

tiens with this valu so with sey other valve. ,,

levestitetes one of these liettationsw ie papet i ) p
whip is the potentiel for the valve to spur ous y It it (Up

opec under severe step-up pressure transitette - T' * i~' *I'*A

Spurlows operiep leveo*vnen is (aficed as a closed
I'

valve suddeely opeci's aed reclosies without
e

This phnerecon tovstion (7) provides the ratio of pressure1

sippel or elet t ric power ieput. It was
hu been e slied "hicuppies" and "butties".the authors to ouur when ulves ofbe evslveted f or valve stability. Wat this Maps

t reesieet te s teedy-s tate iMes pre ssvg. that ma,t
first noted by
this tyre were subjected to severe step *vp pres *In this paper, we shall developless than e tiMs the ectmel steady state pres *

is that sitp*vp pressure treesients, wh(ch ste

sure treesieMs.eeustions in vefieve fluid Pedu to aute eted mot be eensidered as posief anyvelve tepperet
ehow w& en the volve would opp. if , howevet , the ste p-up pte s sure isc ont e n,

enval to, et greater them. e tiMs ne steady +
#15p0N5f 100A110NS state pressure, the velve ten open depending oo

the livid medive. The openifig protese contieves
Response times will be telculated for three vetil the coettel tbsmber pressute feathes

The first case is en sit *to-eir systed pit s. et which point the velve beglee te/l dsysters.
when tre velve is alt-filled ud sudden y espose reclose. The position where the velve plug

The euend esse is a eacementarily stops aed begise to rectees is'

( to higher pressets eit. ielly
water.co eir systes when the valve is feit ref etted to le this paper as the fette reversal
sit-filled and suddecly espond to hither pressure po in t .

'

The last tsee le the ustet*to-water systes
when the valve is water filled eed evddenly
water.

AW Al.T lll,

esposed to higher pressute water. To evolvste the velve stability, the aeslysis
Fefore the analysie ten peaceed it le proceeds to teltelete the respoese time tetvited

enneary to deffee what constitutes a severe for the velWe (9 teeth the f ette teverpel Poist.
pregevre tesesient Det would be of Contern. !! the tiene le very lesignificaet er a very smellTe

.so this, we ref er to figure 3. which shows f raction of the notsal opening time, the valve
uhematically a folly ae,ted hydraulic *essisted, will tenein closed. If howeveree the respoose

time le a significest itsetion af, or is eveepilot eyerated plebe volve.
eevel to or preetet thee the cofmal velve opesieg

le this seated position the following tiene, the velve vill to opee,
,

relatione esists *

Case it Alt.c o- Air Tr ansient.f

p + f, p P j ( Ap * Ag) * Pe Asp A (I) The valve is air.{{lled and is suddoelygq

'/ l esposed to highet pressure alt. Figures es. 46,

end &c illustrate what would happen if the valve
.

J and
m s ,vriousir opee..

; r, ri m
he the volveie of the coattellet VeIf we ceplect t sed fe, tavation (t) Therefore et the force teversal pointo chaeber.

feduces tot es shown in figvte 44
(3) (g)

p > ( A, - As) V, a y, e v,A

Iqvuion (3) confirms what we know alre ady.
,

where
the piston eres hee to be greaterwh ic h is (bst e, Mthan ne dif feece of tre pistoa sed the eest v, e v g . e,g

provide hydrevlie assistance.
d areas t6

+

"

.1 2
i',4

,

- , e-
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.

- s i,w-ing 'i s ent r e tic scett e s e ien of ot it tasi e s t ist tolving fet t i re , , , s e k e y ,
.

~

'

*e oerter.

f'e
P t/n

(10) (g)- G f 'c
v, * v, ([,) . - n01

2,,,''
TCA -

e e

ve flow t>tovth the re fill ett fite is
Ceee llt Vater to-Air Tesasient

23 aP*
in the water-te-sit transient, the valve is

(III * I '* I I I I ' d ' *d I ' 8 'd d " I Y * * P' 8 ' d ' ' * 8 t ' '*"'YCt *y =
et e e higher presswee water. Tigvtes $s $b, sed Se

illustrate the velve dynamics. As in the *

sit-to-eit case. Tigwre Sb correspoede to the
ne pisten volum displacewat is g ,,, ,,,,,,,g ,,g,g, gg ggg, ,,,,,, ,3,

gg) following relationships esist t
,

'

(21)Y * '41 * 'v * vptto determine the piston volwre displaceetet we
have to perform a force belance et the forte * " '
reversal point by setting 1T * 0

1i .

Thatefore, p

an- -

*i * P
F , * V ,4 * f ,4 * Pit Up*As) i

(13)

l'e glet t ing T, and I,. Itve t ten (13) reduces to

o) of8AP"),- v. - (c A on
t. ,,,o, ,r o)

et
a fid

?;, D , A,)
n5)4 * ,

a y, Ap4 (26)

where r, is the paevestic sprieg constant de fired by g gg g, g,

4* (2HnP g A, - n.) ,,,. ,
a

Therefore. the pistee velvoe displace,ent becomes 9

Substituting ttunion (16) into f euation (15). 1
T P -

Y, * [ t *
) on)** have ,

.

* A,) V, Combiniet tesetions (21). (33). end (16)i,f, A
i

; - ( p--) ( ,, P4 = -

e
f P

.

t

V , * V, _f )*( ) * (C A, '') t (21)
p a y 'I.

[,-*e.then4* (17)Since *
,

'

' soiin <-ii .
> e ,iston voi..e ,is,io e - nt ,e.o.e.

v, . v,/ n (13) ,
F -

i - ([g) * (d)
(
' '"h*titutler taustions (9) . (10) (11), and (18) v

ae
icie rivation (g), s, p.,,,

,, g)
; sal"

P 1/n f O pa , - l C A,
,

,.)

' , * t ;;-) V, ( ) +(TCA, 3 -.a
, *,

(19) *

,

*
.

'l

3

i

2 fi
;
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n.,stie s'etee selesse **sesteel egyspag
,

j', t >, w,t e t .t rve t e r t r a e s t e mt t e se . the gases on ske tesvits of the eeslyses sad ts e

,elve is (eitially filled with salet eed s wd do el y tests, it appests that tkis pheco*ecen is test
< subjected to bif>er step wp premute. This,t ese labely te ocawf when this type of velve. an a gas

is goesidered to be of no seneeta fet the steple -of stese etplication, is swedecly esposes to
feet that wetet is wittwelly intoepressible with 4 > igm.,,esswee water. There is very little
tvik eedwive of 300.000 poi, heete there es e* l ik e l ihood t>st this will ettwe le aitatesit et
tieten displetesvat. In this esse, therefore, the , waterat e-wete r s ys tees.

,elve repetes closed de spite of the 9fessure
<> septs. 'Althowth the foregoing sealysis is vened on

step sesepe, f eet presswee traesients thete sie
Ol s e wo s ite ettwelly very few etteslees where sweh eveets

octut. These types of transleets ten, howevet. be~

18 the forepeine snelyHs, we have developed prodwted by wetet heeleet. Alse. they 48* be
< ~j the gewegione describlep the response times for feetrated by opening any festaattiep westfesa

eit te-eir systee and waterate air systee. At valve in a settes dowbie isolation application.

this tiet. theefore. le is ieport set to restate
the teiteria for openier. To de these we would en the basis of the above observatioes valve
line te point out that cost of these valves vsase should be juditiously made to prevent the'

-

<
coree tly open fully bet 6een 0.1 sed 0 5 setoeds. valve being es pied to fast trensieets, thws mini-
Tveterete, any valve which resroeds to a pressure rising the likelihood of a sputtows opening.
surge in less than Itti of its eevoel oteeing eine Additienelly, velve lotetion should be such that,
vill cet open. (*sier this et ite r ion , we ev olva t ed if the valve kaptees to open sputiously, the
the respe*#e tires for se eit-to-air esse end e tesvitant lesbase throwth the esin seat would eet
vetet*te*eit case for a hypothetical volve weief t reptoeise Per sonee l and pleet s a f e ty.
the pote.e te r s t ebwleted in Table 1. The te svite
of the snelysi. are pletted in Tipwre 6. Ao can Acthout0cttsry

be seen, the air-te eir systee is rather lenecei-
tive to pressure sugges while in the waterato air The euthors wish to thsak Fr. A. he of
systes the velve Spees. Vestleghouse Valve terineetiep let his assistae*,

in collecting the test dets.

TAlt! I-i
velve persaeters

l' velve $1se = 1 inch-
e * 6.2 in)v

o * 0.002 in.2A

e*1
C = 0.65
r t.el ep,mier t ime 0.5 see.e

pc * 15 pois

test

Te verify the validtty of the snelysis, e
,.
' 'lleited test was tendweted to desienstrate the

phecerveen. -fiFvfe ? I'lvstrette the test setup.
Three test s were seedvetsd to slewlete eeth of the
t> tee esses. The results of the teste are
sveverised in Table 3. -

* *
I TABLE 3
I feet seeults

t .

Systee Fe (ps is) P g g (psis) Butping

Alt-to air 500 1500 stone
.

500 1900 pene
[.

1

Water-to air 15 200 Tee
IS $00 % Tee

.

IS 900 Yes

Ve t e r- t o-w e v er IS 100 iseee
15 300 Inese; h
15 1000 pone

|, 15 2000 Nece

.

-

4-

*
.

\*
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APPENDIX C

DISPOSITION OF Alrf0AIATIC SWITCII COMPANY (ASCO)
'

DUAL COIL 8323 SOLENOID-OPERATED VALVES
USED FOR MAIN STEAM ISOLATION VALVE CONTROL,

,
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Many plants have experienced problems with dual-coil 8323 solenoid operated valves (SOVs)
-

manufactured by the Automatic Switch Company (ASCO). These valves have been used as
control valves for the main steam isolation valves (MSIVs). Several examples are provided in
Section 5 of the case study report. ASCO issued two field notifications (Refs.110, 111)*
addressing NP8323 SOVs. The notifications stated that the NP8323 SOVs have no defects and
that their malfunctions were pdmarily caused by foreign materials, aggravated by adverse service
conditions. Furthermore, because ASCO does not envision significant changes in the service,

conditions that the NP8323 SOVs are subjected to, ASCO is phasing out the sale of those valves.
As an alternative, ASCO recommends the use of a pair of single-coil NP8320 SOVs. Two
NP8320 SOVs can be configured to perform the function of one NP8323. Because of the single-a

coil construction of the NP8320 SOVs, ASCO anticipates that they will perform more
satisfactorily than the NP8323 SOVs under adverse service conditions.

In anticipation of ASCO's discontinuance of the NP8323 SOVs, the MSIV air pack manufacturer
(R. A. Hiller Company) has initiated a program to select a suitable replacement of the ASCO
NP8323 SOVs.' The Hiller company has assembled five MSIV air packs for baseline testing.
The SOVs to be tested in the MSIV air packs are

ASCO: NP8320 V (two valves configured as recommended by ASCO in References
!10,111 and two new SOVs (NS series), including one having a low
operating coil temperature)

AVC: A new model SOV manifold

Valcor: A new model SOV having no dynamic seals and designed especially for
MSIV application

It should be noted that the choice of a replacement for the NP8323 SOVs can affect the
qualification of the overall MSIV air packs (e.g. seismic / dynamic loading). Final selection of
replacements for the NP8323 SOV should address this issue. In the past, GE was actively
involved in the qualification testing of MSIV air packs which were used at many plants. GE has
indicated that as a result of ASCO's discontinuance of NP8323 SOVs they are trying to interest
owners of boiling-water reactors to support a consolidated effort with the Hiller Company to

'

qualify MSIV air packs having suitable replacements for the ASCO NP8323.-

Q

Referwnces are identified h Section M of the report.

Telephone dm:ussion between L Nanci R. A. Hi!Ier Company, and H.L Ornuein. NRC September 10.1990.

~

Telephone discussion between C. Nieh, GE, and H.L. Ornstein, NRC. December 1989.
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Document Date Title-

__

Bulletin 75-03 hiarch 14, 1975 Incorrect Lower Disc Spring and Clearance
Dimension in 8300 and 8302 ASCO
Solenoid Valves

Bulletin 78-14 December 19,1978 Deterioration of Buna-N Components in'

ASCO Solenoids

5
Bulletin 79-Ol A June 6,1979 Environmental Qualification of Class IE

Equipment (Deficiencies in the
Environmental Quali6 cation of ASCO
Solenoid Valves)

Bulletin 80-14 June 12,1980 Degradation of BWR Scram Discharge
Volume Capability

Bulletin 80-17 July 3,1980 Failure of 76 of 185 Control Rods to Fully
Insert During a Scram at a BWR

Bulletin 80-17 July 18,1980 Failure of 76 of 185 Control Rods to
Supplement 1 Fully Insert During a Scram at a BWR

Bulletin 80-17 July 22,1980 Failures Revealed by Testing Subsequent
Supplement 2 Failure to Control Rods to Insert During a

Scram at a BWR

Bulletin 80-23 November 14, 1980 Failures of Solenoid Valves Manufactured
by Valcor Engineering Corporation

Bulletin 80-25 December 19, 1980 Operating Problems With Target Rock
Safety Relief Valves at BWRs

e

Circular 81-14 November 5,1981 Main Steam Isolation Valve Failures to
Close

4
Information Notice 80-11 March 14,1980 Generic Problems with ASCO Valves in

Nuclear Applications Including Fire
Protection Systems

Information Notice 80-39 October 31,1980 Malfunction of Solenoid Valves
Manufactured by Valcor Engineering
Corporation

I

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



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

Document Date Title-

Information Notice 80-40 November 7,1980 Excessive Nitrogen Supply Pressure
Actuates Safety Relief Valve Operation to
Cause Reactor Depressurization

#Information Notice 8129 September 24,1981 Equipment Quantification Testing
Experience, Equipment Qualification
Notice No.1 ;

Information Notice 81-38 December 17, 1981 Potentially Significant Equipment Failures
Resulting From Contamination of Air-
Operated Systems

Information Notice 82-52 December 21,1982 Equipment Environmental Qualification
Testing Experience - Updating of Test
Summaries Previously Published in IN
81-29

Information Notice 83 57 August 31,1983 Potential hiisassembly Problem With
Automatic Switch Company (ASCO)
Solenoid Valve hiodel NP 8316

Information Notice 84-23 April 15,1984 Results of NRC Sponsored Qualification
hiethodology Research Test on ASCO
Solenoid Valves

Information Notice 84-53 July 5,1984 Information Concerning the Use of !actite
242 and Other Anaerobic Adhesive
Scalants

Information Notice 84 68 August 21,1984 Potential Deficiency in Improperly Rated
*Field Wiring to Solenoid Valves

Information Notice 85-08 January 30,1985 Industry Experience on Certain hiaterials
Used in Safety-Related Equipment r

information Notice 85-17 Afarch 1,1985 Possible Sticking of ASCO Solenoid
Valves

Information Notice 85-17 October 1,1985 Possible Sticking of ASCO Solenoid
Supplement i Valves

- _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _ - _ _ _ _ _ _ - - -___
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Document Date - Title
-

,

E Information Notice 85 47 - June 18,1985 Potential Effect of Line Induced Vibration
on Certain Target Rock Solenoid Operatedc

Valves
N _j

information Notice 85 95 December 23,1985 leak of Reactor Building Caused by Scram
Solenoid Valve Problem e.

I
Information Notice 86-57 July 11,1986 Operating Problems With Solenoid

Operated Valves at Nuclear Power Plants
!-

Information Notice 86-72 - August 19, 1986 - Failure of 17 7 PH Stainless Steel Springs
in Valcor Valves Due to Hydrogen - r
Embrittlement -

'

. information Notice 86 78 September 2,1986 Scram Solenoid Pilot Valve (SSPV)
Rebuild Kit Problems

Information Notice 87-48 October 9,1987 Information Concerning the Use of .
Anaerobic Adhesive / Sealants

,

Information Notice 88 24 May 13,1988 Failures of Air-Operated Valves Affecting
Safety-Related Systems

Information Notice 88 43 June 23,1988 Solenoid Valve Problems

Information Notice 68 51 July 21,1988 Failure of Main Steam Isolation Valves

Information Notice 88 86 -March 31,1989 -Operating With Multiple Grounds in Direct
- Current Supplement 1 Distribution Systems

.J Information Notice 89-30 : March 15,--1989 High Temperature Environments at
-

' Nuclear Power Plants

9 Information Notice 89 66 September 11,'1989 Qualification Life of Solenoid' Valves

Information Notice 9011 February 28,1990 Maintenance Deficiency Associated With
Solenoid Operated Valves

.
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- Document Date Title

i

information Notice 90 64 October 4,1990 Potential for Common-Mode Failure of !
High-Pressure Safety injection Pumps or
Release of Reactor Coolant Outside
Containment During a Loss-of Coolant t ~"
Accident

! I
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ADS automatic depressurization system-

i

AEOD Office for Analysis and Evaluation of Operational Data

ANSI American National Standards Institute

") AOV air-operated valve

ASCO Automatic Switch Company

8
AShiE American Society of hiechanical Engineers

AVC Automatic Valve Corporation

BWR boiling water reactor

CALCON California Controls Co.

CFR Code of Federal Regulations

CRD control rod drive b

EDG cmergency diesel generator

EPDhi ethylene propylene diene monomer

EQ equipment qualification

FRC Franklin Research Center

FUSS foreign unidentified sticky substance

i
GE General Electric

Ghi Eh1D General hiotors Electro-hiotive Division

HPCI high-pressure cooling injection



|

IEEE Institute of Electrical and Electronics Enginects

LWR light-water reactor

1.ER licensee event report

..,
hiCII million cumulative hours,

t
' h10V mo:or-operated valveI

htSIV rnain steam isolation valve

hiOPD maximum operating pressure differential

NPRDS nuciear plant reliability data system

NRC Nuclear Regulatory Commission

PORV power-operated relief valve

PRA probabilistic risk assessment l

PWR pressurized-water reactor
,

RChi reliability-centered maintenance

SDV scram discharge volume I

t' SIL service information letter

SOVg solenoid-operated valve

SRV safety relief valve

VEPCO Virginia Electric and Power Co.

.


