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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

September 23, 1991

ADDRESSEES: ALL POWER REACTOR LICENSEES AND APPLICANTS

SUBJECT: OPERATING EXPERIENCE FEEDBACK REPORT, SOLENOID-OPERATED
VALVE PROBLEMS AT U.S. REACTORS
(GENERIC LETTER 91-15)

This generic letter informs addressees of a case study report of operating
experience problems with solenoid-operated valves (SOVs) prepared by the Office
for Analysis and Evaluation of Operational Data (AEOD) and published as ,
NUREG-1275, Volume 6, “Operating Experience Feedback Report--Solenoid-Operated
Valve Problems," February 1991 %copy enclosed). The case study integrates what
has been learned over the past several years and provides an extensive assessment
of SOV operating experience. The study describes deficiencies in design and
application, manufacture, maintenance, surveillance testing and feedback of
failure data, and concluded that problems with SOVs need additional attention

by the industry.. While the recommendations in the case study are not intended
to establish regulatory requirements, many of the problems described in the
report already are addressed by current environmental qualification and quality
assurance rules. .

In the study, several events are described in which SOV failures affected
redundant safety components, multiple trains of safety systems or multiple
safety systems. Three of the most significant events were isolated occurrences
involving the failure to close of both main steam isolation valves (MSIVs) in
the same line, the inability to start two redundant emergency diesel generators,
and simultaneous failure of several BWR control rods to insert. The examples
illustrate the vulnerability of safety-related equipment to common mode failure
or degradation of SOVs. The NRC is concerned about the reliabtlity of SOVs
used in safety applications. As part of NRC's ongoing regulatory activities,
inspections. such as Safety-System Functional Inspections (SSFIs) include the
reliability of SOVs as well as other components required by safety related
applications. The NRC also is providing technical advice to the Electric Power
Research Institute's (EPRI) Nuclear Maintenance Application Center (NMAC) to
assist in preparing an SOV maintenance guide. The first draft of the SOV
maintenance guide is anticipated to be available towards the end of 1991.

It has been estimated that many hundreds of SOVs are in wide-spread use in each
nuclear power facility. They are used in safety-related systems indirectly as
pilot operators working with control system fluid (such as pneumatic or hydrau-
lically operated isolation valves) and directly in fluid systems (such as

to vent the reactor vessel head or to supply air to the starting system for
emergency diesel generators). Many SOVs are also used in nonsafety-related
systems that can significantly affect safety systems (such as plant instrument
air drier systems). Over the years, many failures of plant systems and compo-
nents have been attributed to SOV problems. To address specific SOV failures,
the Nuclear Regulatory Commission (NRC) has issued numerous information notices
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Generic Letter 91-15 ~2- September 23, 1991

and bulletins that provide the immediately attributed root cause for the
failure. Because these communications frequently were focused on a specific
failure, licensees may have made assessments and taken corrective actions that
were focused on the specific failures and not on broader issues.

In the case study, the staff reviewed many SOV failures and degradations and
discussed those having a similar failure mechanism, thereby showing how only
slight differences frequently are all that separate operation from failure.
Correcting only one obvious and specific deficiency at a time without awareness
of other mechanisms for degradation may permit another problem in a short time
to lead to unnecessary recurrent SOV failures. In addition, correcting
problems only in SOVs used in the specific application in which the problem was
found can allow similar SOV degradation to develop in other applications.

No specific action or written response is required by this generic letter.
However, it is expected that recipients will review the information presented
in the case study for applicability to their facilities and consider actions,
as appropriate, to avoid similar problems. Since this generic letter and
enclosure do not contain new or revised regulatory requirements, the Backfit
Rule, 10 CFR 50.109, does not apply. If you have any questions about this
matter, please contact one of the technical contacts listed below or the
appropriate NRR project manager.

Sincerel

James G. Partlow
Asgociate Director for Projects
0ffice of Nuclear Reactor Regulation

Enclosure:
NUREG-1275, Volume 6

Technical Contacts: H. Ornstein, AEOD
(301) 492-4439

J. Carter, NRR
(301) 492-1153
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ABSTRACT

This report highlights significant operating events involv-
ing observed or potential common-mode failures of
solenoid-operated valves (SOVs) in U.S. plants. These
eventsresulted in degradation or malfunction of multiple
trains of safety systems as well as of multiple safety sys-
tems. 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 addi-
tional NRC and industry attention. This report also pro-
vides AEOD’s recommendations for actions to reduce the
occurrence of SOV common-mode failures.
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EXECUTIVE SUMMARY

The study analyzed recent U.S. light-water reactor expe-
rience (primarily 1984 to 1989) with solenoid-operated
valves (SOVs). It focused on the vulnerability of safety-
related equipment to common-mode failures or degrada-
tions of SOVs. The report presents information on over
20 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 oc-
cur. '

The study included common-mode SOV failures and deg-
radations 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 degrada-
tions 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 events. 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 fail-
ures and degradations that have been observed and rec-
ommendations 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 licensees’ 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 opera-
tion. Further complicating the situation is the fact that
many SOVs are “unrecognized” because they are pro-
vided as piece-parts of larger components. As a result, the
licensees have a limited knowledge of the SOVs’ opera-
tion and maintenance requirements, or their useful de-
sign life.

The report addresses widespread deficiencies that were
found in design and application, manufacture, mainte-
nance, surveillance testing, and feedback of failure data.

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

Specific technical information supporting these broad
recommendations is contained throughout the report.
Specific recommendations are provided in Section 9, in-
cluding a recommendation that an industry group take
action to improve the mechanism for communicating
SOV 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 SOV failures from reducing
plant safety margins.

NUREG-1275






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 dc power to control the flow of
hydraulic or pneumatic fluids under a wide variety of
conditions. They are used to control process fluid eithér
directly or indirectly as pilot controllers. It has been esti-
mated that the population of SOVs in safety systems at
U.S. LWRs is between 1,000 and 3,000 per plant (Ref. 1).
Boiling-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 qualifi-
cation testing to standards such as the Institute of Electri-
caland Electronics Engineers (IEEE) Standards 323, 344,
and 382, and are manufactured in accordance with the
Nuclear Regulatory Commission (NRC) quality assur-
ance requirements of Title 10 of the Code of Federal
Regulations, Part 50 (10 CFR Part 50), Appendix B. How-
ever, cases have been found in which plants use commer-
cial grade SOV 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 Bruns-
wick event resulted in a loss of containment integrity
through two separate flow paths when two sets of redun-
dant SOV failed to close upon demand. The NRC Office
for Analysis and Evaluation of Operational Data has re-
viewed and participated in followup work that the licen-
sees, the NRC regional inspectors, and the valve manu-
facturers 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 stud-
ies 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 ge-
neric nature of many of the observed failures.

The following are some of the significant common-mode
failure events that reduced plant safety margins and that
are discussed in this report.

*See NRC Information Notice 90-64, “Potential for Common-Mode
Failure of High-Pressure Safety Injection Pumps or Release of Reactor
gool%x;t ?u{sagg Containment During a8 Loss-of-Coolant Accident,”

ctober 4, .

¢ simultaneous common-mode SOV failures that re-
sulted in the failure of both emergency diesel gen-
erators to start at Perry

e simultaneous common-mode failures within the
scram System at Susquehanna

e common-mode scram pilot solenoid valve failures
that resulted in primary system leakage outside pri-
mary containment at Dresden

e losses of containment integrity at Kewaunee and
Brunswick

e  multiple safety relief valve and automatic depressu-
rization 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 prob-
lems at U.S. LWRs. This study provides several recom-
mendations to address the major deficiencies that were
noted during the review of the operating experience.

2 DESCRIPTION OF EQUIPMENT

There are many varieties of SOVs used at nuclear power
plants which are manufactured by many different compa-
nies. The basis of SOV operation is predicated on chang-
ing 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 passage-
ways inside the valve, changing the flow path within the
valve. A simplified version of a two-way SOV isillustrated
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 tempera-
ture and pressure conditions for liquid and gas service.
They are available with the following formats:

normal}y open or normally closed

fail open, fail closed, fail as is

normally energized or normally de-energized

ac or d¢ power, or both ac and dc power

two-way valves, three-way valves, four-way valves

direct lift, pilot assist, balanced disc, gate, modulat-
ing 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 ata
much higher price. SOVs that are qualified for Class 1E
nuclear service (meeting IEEE Standards 323, 344, 382;

NUREG-1275
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Figure 1 Simplified diagram of a two-way solenoid-operated valve

Figure 2 Isometric drawing of ASCO dual-coil 8323
solenoid-operated valve
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Figure 3 Schematic¢ drawing of a Valcor solenold- -
operated valve




Figure 4 Schematic drawing of a Target Rock pilot-
assisted solenoid-operated valve

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 Mechani-
cal Engineers [ASME] Section Il N” or NPT” stamps)
may cost several thousands of dollars.

3 USE OF SOLENOID-OPERATED
VALVES .

In many applications SOVs are used as alternates to
motor-operated valves (MOVs). SOVs are frequently
used as pilot operators to control air-operated valves
(AOVs). The advantages of using SOVs instead of MOVs
are that they generally have fewer moving parts, are com-
pact, and may be éasier to mount. They also have low
power requirements and have fast response times. Some
SOV manufacturers’ literature states that SOVs have
long qualified lives, have low initial and installed costs,
and require low maintenance.

The use of AOVs, MOVs, and SOVsis a matter of prefer-
ence of application that is determined by the utility, nu-
clear steam system supplier, and architect engineer; their
specific utilization is not a licensing requirement.

A partial listing of places where SOVs are used in both
safety and non-safety-related systems is provided below.
e BWR scram

e  reactor coolant pump seal

o safety injection

e  auxiliary feedwater

e primary containment isolation

e  high-pressure coolant injection/reactor core isola-
tion cooling

s  high-pressure injection

¢ automatic depressurization
¢  emergency diesel generator
e  instrument air

e  chemical volume control/charging and Iletdown/
boration

e  pressurizer control

e steam generator relief (power-operated relief
valves, atmospheric dump valves)

e low-temperature overpressurization protection

e  decay heat removal/residual heat removal

¢ component cooling water

e  service water

s  reactor head vent

e  reactor cavity/spent fuel/fuel handling

e torus and drywell/vent and vacuum

e  emergency dc power

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

e reactor building/auxiliary building (ventilation and
isolation) _

¢  main feedwater

¢  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 approxi-
mately half of the licensee event reports (LERs) and
nuclear plant reliability data system failure records for
years 1978 through 1984. -
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Appendix A of this report provides a list of over 200 LERs
describing SOV failures that occurred at U.S. LWRs be-
tween 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 attrib-
uted to those causes is shown in brackets.

o  Coil failure or burnout was attributed to design or
manufacturing deficiencies (early failure/end of life)
or an error in application (type of current, voltage
level, environmental conditions). [11%]

s  Valve body failure or leakage was attributed to de-
sign or manufacturing deficiencies, such as excessive
tolerances on internal parts; excessivé wear/degra-
dation of gaskets, O-rings, seals, or springs; or for-
eign materials preventing proper sealing. [13%]

s  Passageway blockage, internal binding, and sticking
were attributed to unidentified foreign substances
coating valve internals or to contaminants such as
dirt, corrosion products, desiccant, water or mois-
ture, incorrect lubricants, excessive lubrication, or
hydrocarbons. [14%]

o  Electrical malfunctions were attributed to faulty in-
ternal wiring, reed switch shorts or external wiring
with inadequate connections, splices, or grounds.
[11%)]

o  Design errors or misapplications were attributed to
incorrect valve configuration (normally open vs. nor-
mally closed, normally energized vs. normally de-
energized), incorrect designation of “fail-safe” con-
dition, incorrect electrical source (ac vs. dc, voltage
level), incorrect designation of environmental con-

" ditions (temperature, moisture, radxatlon), incorrect
desxgnatlon of maximum operating pressure differ-
ential, incorrect material selection (incompatibility
between elastomeric parts and process fluid con-
taminants), or incorrect valve orientation (horizon-
tal vs. vertical). [13%]

o Installation errors were attributed to incorrect
physical orientation (backwards, upside-down), elec-
trical source (ac vs. dc voltage level), or inadequate
electrical connections (e.g., loose connections, in-
correct grounds). [7%]

‘e Maintenance errors were attributed to incorrect de-
termination of useful life or time between over-
hauls, or inadequate preventive maintenance or in-
correct preventive maintenance. [6%)

NUREG-1275

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

The events described below were chosen as a representa-
tive set. Many of the events are viewed as precursors; that
is, had the common-mode failures occurred under differ-
ent circumstances or had the common-mode degrada-
tions worsened or persisted further without detection and
correction, the plants would not have responded to
design-basis events in accordance with the final safety
analysis reports. These events should not be construed as
being a complete set of common-mode failures and deg-
radations 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.”

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.

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 associated with high ambient tempera-
ture, internal heatup from energization, incorrect operat-
ing pressure differential, and incorrect valve orientation
are described below. Based on this experience, findings
and recommendations relevant to design application er-
rors are provided in Sections 7.1 and 9.1, respectively.

5.1.1 Ambient Temperatures

5.1.1.1 Main Steam Isolation Valves (MSIVs) at
Perry—Excessive Heat From Steam Leaks

On October 29, 1987, while performing MSIV stroke
time testing, three of the plant’s eight MSIVs failed to

*Common-mode malfunctions of SOVs caused muluglc dc ground
faults, as described in NRC Information Notice §8-86, Supplement 1
(Ref. 6), although not addressed as an issue in this report are included
in Appendix A.




close within the allowable time of 5 seconds as designated
in the plant’s Technical Specifications. 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.

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 opera-

tion. As a result, the three MSIVs that had failed to meet -

their stroke closure time requirements were declared op-
erable.

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 § 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 allow-
able times of the Technical Specifications.

Because of continued NRC concerns about MSIV reli-
ability, 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 con-
ducted 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 posi-
tion upon de-energization. The SOVs failed to shift posi-
tion 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 degradatlon of the EPDM seats
and discs. Samples of instrument air taken locally at the
MSIVs were analyzed for particulates and hydrocarbon
contamination. The analyses indicated that the air supply
was free of particulates and condensible hydrocarbons.
Further microscopic and spectral analyses performed at
an independent laboratory (Ricerca) conclusively elimi-
nated the possibility of impurities from hydrocarbon in-
trusion as a root cause of these failures (Ref. 10). How-

ever, as part of its corrective action to prevent future
failures, the licensee took steps to improve the mainte-
nance of the instrument air system. In addition, the licen-
see undertook an aggressive program toreview the effects
of all known steam leaks that could affect other safety-
related eqmpment

5112 MSIVs at Crystal River 3—Thermal
Aging—Incorrect Estimation of Ambient
Temperatures

In April 1989, NRC inspectors reviewed the environ-
mental 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 nor-
mally de-energized SOVs that are used to pilot the plant’
MSIVs (Ref. 11)

The licensee’s determination of SOV service life was
made based on non-conservative estimates of the ambient
temperature for the areas where the SOVs were located.
The licensee’s calculations did not 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 the
SOVs from 40 years to 8 years. As a result, the licensee is
replacing those SOVssooner than previously anticipated.

. l .13 Millstone 2—Thermal Agmg—Locahzed “Hot
Spots™ in Containment

In November 1988, an NRC inspection report (Ref. 12)
noted that the Millstone 2 environmental qualification
program recognized a significant reduction of the quali-
fied lifetime of eight Valcor SOVs that are used for press-
urizer and reactor vessel head vents. Originally the SOVs
were calculated to have qualified lives of 40 years based
on an ambient temperature of 120 °F. Although the
plant’s Technical Specifications rcqmré 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
degradatlon resulting from localized hot spots is not
unique to Millstone 2. 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.
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5.1.2 Heatup From Energization

5121 Grand Gulf 1—-MSIVs—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 internals, thereby keeping the SOV
from venting control air and hence keeping the MSIV
from closing. It is believed that after a piece of the EPDM
disc material became dislodged from the internals, the
MSIV closed.

Subsequent inspections by the licensee of the eight
ASCO dual-coil NP8323 SOVs piloting the MSIVs dis-
closed 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 annu-
lar impression made by the seat of the exhaust port, was
missing. It appeared that six of the eight SOVs had experi-
enced 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 ad-
hesive forces eventually led to the tearing off of the ex-
truded 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 symp--

tomatic of thermal degradation resulting from the exces-
sive time the EPDM materials were exposed to high serv-
ice 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 esti-
mated to have been 2.2 years for the inboards and 3.2

years for the outboards based upon environmental tem-
peratures 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 energization.- Subsequently, ASCO issued a
service bulletin (Ref. 20) providing licensees with heatup
data for all their nuclear qualified SOVs (NP series).**

5122 North Annaland2 and Surryland 2—
Thermal Aging (Self-Heating From
Energization)

In December 1986, Virginia Electric and Power Co.
(Vepco, now known as Virginia Power ) requested ASCO
to provide information regarding -the effects of “self-
heating” in continuously energized SOVs. ASCO’s re-
sponse indicated that a significant increase in tempera-
ture 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 af-
fected SOVs and determined that, contrary to previous -
analyses, 125 SOVs would require replacement at North
Anna 1 and 2 between the 1987 and 1989 refueling out-
ages (Ref. 23). The SOVs affected piloted air-operated
valves, many of which served containment isolation func-
tions. The systems affected were safety injection, reactor
coolant, main steam, component cooling water, contain-
ment 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.***

*Other EPDM discs in the same SOV that were exposed to slightly

higher temperatures were estimated to have had qualified lives of
1.6 and 2.3 years, respectively.

**Since the Preliminary case study report on solenoid valve problems
was for peerreviewin June 1990, an additional event of inter-
est occurred at Grand Gulf Unit 1 on July 27, 1990. The event in-
volved the failure of one and the degradation of several SOVs that
pilot thglant's main steam isolation valves (MSIVs). The licensee
attributed the SOV failure (which resulted in one MSIV being un-
able to fast close) and the degradation of several similar SOVS that
operate other MSIVs to increased drywell temperatures resultin,
from a safety relief valve leaking steam into the tail pipe. The Ioca%
temperatures near the SOVswere about 10 °F higher than whatwas
assumed when estimating the qualified lives of the SOVs. It ap-

that thisminor temperature increase was the primary reason

or the premature failure and degradation of the SOVs. This failure

occurred 11 months after these valves were installed although the

service life had been estimated fo be 1.1 years. More tolerant,

loniccr scrvice life components are needed. event is illustrative

of the problems described in this report and the need for industry
action,

***Telecopy communication between W. Murray, Vepco, and H. L.
Ornstein, NRC, December 19, 1989.
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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 utili-
ties 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.

5.1.3 Maximum Operating Pressure
Differential (MOPD)~ Multiple Plants

Many plants have experienced conditions in which SOVs
failed or could have failed to perform safety-related func-
tions because of excessive operating pressure differen-
tials. Figure 6 is a schematic diagram of an SOV, illustrat-
ing 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 pres-

aust
Port3
Solenoid Base
Sud-Assembly
Coll Coll
Core
Assembly
Va2t g port 1 Pot2  |-fem Flow
DE-ENERGIZED

sure would act to retard or prevent the core subassembly
from dropping down (shifting) when de-energized. Asa-
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 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 1 and 2 (Refs. 26-28). Subsequently, several licen-
sees 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 docu-
mentation to identify SOVs in containment is not readily
available and that containment walkdowns are necessary
for their identification.

o Pot3
NIp-
§ § Sub-Assembly
Col & & Colt
T Contol gl pon1 Pot2 |- Flow

Figure 6 Schematic of a solenoid-operated valve illustrating effect of operating pressure differentials
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It is not clear that all licensees have taken appropriate
corrective action on the issue of SOV overpressurization
as presented in Information Notice 88-24. This concern is
predicated on the Crystal River 3 event (Ref. 30) and a
followup discussion in which the licensee stated that its
review of the potential for SOV overpressurization as-
sumed the proper operation of in-line pressure regula-

‘tors, it did not address the consequences of pressure regu-
lator failures.* One of the events described in
Information Notice 88-24 involved the discovery at Cal-

vert Cliffs that several safety systeins were vulnerable to
single failures of pressure regulators in the alr supply

‘system.

.One of the earliest SOV overpressurization failures that
-were reported occurred in 1980 at the 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
until the reactor was shut down and the reactor coolant
system was depressurized. The spurious valve openings
were caused by excessive pneumatic (nitrogen) supply
pressure to the SOV controlling the SRV. The high nitro-
gen pressure exceeded the SOV’s MOPD, 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 MOPD. malfunctions, whereas
older three-stage SRVs having ASCO or AVC SOVsare
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 de-
vices (such as relief valves) to protect the SOVs against
excessive supply pressures. The issue of overpressuriza-

tion failures of SOVs in systems other than main steam
were not addressed in the information notice or the bulle-

The discovery of the potential for overpressurizing multi-
ple SOVs at the Vogtle plant was reported in Reference
33. The report described a situation in which SOVs con-
trolling the operation of all eight MSIVs could fail
because of overpressurization of the hydraulic fluid
resulting from overheating. The MSIV manufacturer
(Rockwell) had noted that a small steamline break in the
vicinity of the plant’s MSIVs 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. Asa

*Telephone discussion between L. Kluit, Florida Power Corporation,
and gl L. Ornstein, NRC, October 10 1989.

result of SOV overpressurization, both MSIVs on one or
more steamlines could allow uncontrolled blowdown of
more than one steam generator following a main steam-
line or feedwater line break. Essentially, if the hydraulic
actuator fluid for the MSIVs heated up by 12 °F the
MSIVs would not have closed on demand. The licensee’s
corrective action 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 SOV that had the potential to fail to
perform their safety-related functions as a result of over-
pressurization.

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 overpressunzauon

(Ref. 26).

In October 1980, Three Mile Island Unit 1 (Ref 34)
found that 11 SOVs were connected to line pressures in
excess of the maximum dictated by the SOVs* MOFPD. In
the case of Kewaunee and Calvert Cliffs 1 and 2, it was
found that failure of a nonqualified pressure regulator
could result in the SOVs being subjected to supply pres-
sures in excess of the maximum allowed by the SOVs’
MOPD.

Seven reported 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.

(2) Kewaunee, November 28, 1987 (Ref. 25)

* e  One pressurizer relief tank makeup contain-
ment isolation valve failed to close.

e  Onereactorcoolant 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 appli-
cations were also 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:
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o  Eight auxiliary feedwater system

e Eight steam generator blowdown isolation sys-
tem

e  Six reactor coolant pump bleedoff isolation
o Eighteen safety injection system (fill and vent)
(4) Pilgrim 1, July 19, 1988 (Refs. 35, 36, 37)

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

o  Four control room high efficiency air filtration
system damper controls (two in each train)

»  Onestandby gas treatment system damper con-
trol

e  One primary containment system RCS sample
line isolation valve
(5) Millstone 2, October 8, 1983 (Ref. 38)

One containment isolation valve failed as a result of
an air pressure regulator 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 be-
cause 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 licensee also
noted that the status of an unspecified
number of safety-related SOVs was unde-
termined because the “data base is incom-
plete as to solenoid make and model num-
ber.”

Unit3: Approximately 20 SOVs installed in
“safety valve configurations” had the po-
tential to fail because of overpressuriza-
tion.

Reference 29 did not list the specific systems in
which of these SOVs were used. However, the
licensee indicated that there are many additional in-
accessible SOVs that also may be susceptible to
overpressure failure. The licensee indicated that de-
termination of such vulnerability would be made
subsequent to future walkdowns when SOV name-
plate data could be obtained.
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(7) CrystalRiver3, November 8, 1988 andJanuarySand
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 im-
proper 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 mod-
els of Target Rock angle-type SOVs used for isolation
purposes are “unidirectional.” That is, they will experi-
ence undesired seat lifting when the backpressure (pres-
sure at the outlet port shown in Figure 4) is only 2 to § 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 isola-
tion valve (would not open inadvertently as a result of
high backpressures). Target Rock considered the inadver-
tent seat lifting to be an architect engineer/licensee “ap-
plication 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

Most solenoid valves because of the nature
of the operation of the valve, will stop flow
in only one (1) direction. By design, up-
stream pressure acts on the top of the disc,
forcing it onto its seat, thereby creating a

~ tighter seal. However, if downstream pres-
sure rises above upstream pressure, the disc
will tend to lift off of its seat, thereby allow-
ing flow.

Since Target Rock 6onsidered the inadvertent opening of
unidirectional SOVs to be an application problem, not an

*Telephone discussion between T, D. Crowley, Targct Rock Corpora-
tion, and H. L.Ornstein, NRC, January 24, 1990.



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 de-
tailed information with regard to inadvertent opening
and/or orientation of SOVs, which is attached as Appen-
dix 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 Bcnd (1986) and (1989), 3 SOVsand 10 SOVs
respectively

Harris 1 (1987), two SOV
Hatch 2 (1988), 12 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 de- -

scribed below.

In April and May 1989, during testing conducted in re-
sponse to NRC Generic Letter 88-14, “Instrument Air
Supply System Problems Affectmg 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 unidi-
rectional SOVs would have resulted in the blowdown of

safety-related accumulators and would have prevented .

safety-related equipment from performing its safety func-
tions (Refs. 43, 45). For example:

e Inadvertent actuation of six unidirectionial SOVs on
loss of instrument air would result in bleeding down
the safety-related accumulators in the control build-
ing, the auxiliary building, and the fuel building. The
licensee postulated that rapid depletion of accumu-
lators 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 auxil-
iary 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.
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¢ Two unidirectional SOVs in the standby service
water system (ultimate heat sink) that could inad-
vertently open when subjected to accident condi-
tions.

¢  Two unidirectional SOVs were found in the instru-
ment air system that could inadvertently open on
loss of instrument air. Such opening would prevent
long-term operability of 16 safety relief valves, in-
cluding those of the automatic depressurization sys-
tem.

InReference 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 open-
ing. 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 mainte-
nance problems associated with maintenance frequency,
replacement versus rebuilding, contamination, and lubri-
cation are described below. On the basis of this experi-
ence, findings and recommendations relevant to mainte-
nance problems are provided in Sections 7. 2 and 9.2,
respectively.

5.2.1 Inadequate Preventive Maintenance

52.1.1 Dresden 3—Boiling Water Reactor (BWR)
Scram System, Primary System Leak Qutside
Primary Containment

During recovery from a reactor scram at 8l-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
85-95 (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 198S, the con-
trol room operators attempted to reset the reactor pro-
tection 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 leak-

age resulting from SOV wear also contributed to the

*Channel B remained tripped because of stuck contacts on the reactor
mode switch.
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reduced air header pressure. The reduced air header
pressure (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 first
three floors of the reactor building.

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 harden-
ing of the SOVs’ O-rings and diaphragms.

The safety significance of these component failures at
Dresden 3 is illustrated by the SDV degradations dis-
cussed below.

Afterareactor 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 con-
trolling the scram discharge system vent or the drain

R //”////Yﬂ'////”ﬂ////ﬂ//////////I//I/////////////////////I///MIV////I////////I////////I////////////I/

SCRAM AIR HEADERN

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 thé 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 im-
provements in their SDV systems so that there are redun-
dant 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 out-
side primary containment in the event of acommon-mode
failure of the SOVs piloting the SDV vent and drain
systems.

‘Telephone discussion between G. Strombach and E. Giebo, GE, and
H. L. Ornstein, NRC, June 23, 1989
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5§2.12 Perry—Simultaneous Common-Mode
Emergency Diesel Generator Failures

On February 27, 1987, the Perry nuclear plant experi-
enced simultaneous common-mode failures of both
emergency diesel generators (EDGs) (Ref. 53). The fail-
ures were attributed to excessive air leakage through
SOVs on each EDG’s control panel. The SOVs were
Humphrey Products Model No. TOG2E1-3-10-35, 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 mode. The
licensee had previously identified these SOVs for re-
placement because of observed air leakage. Work re-
quests had been initiated for replacement of the SOVs,
but at the time of their failures, the work requests had not
yet been implemeénted.

Discussions with the licensee and the EDG manufacturer
revealed the following information:*

¢  Thefailed SOVs had been in service for over 2 years
after being in storage for 7 years.

e Inspection of the SOVs found that the elastomeric
parts (Buna-N) were hardened.

¢  Thefailure was attributed to continuously energized
operation and associated elevated temperatures.

e  The Humphrey valves were purchased by Delaval as
commercial valves and were upgraded/dedicated for
nuclear service by Delaval. Delaval did not provide
specific maintenance instructions for the SOVs.

e  The changeout frequency of the SOVs is not speci-
fied in the Delaval Operator’s Manual; however,
Perry plant personnel stated that the changeout fre-
quency could be implied from the manufacturer’s
control panel environmental qualification report.

e  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.

e  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 electri-
cal relays.

This event highlights the concern with regard to the vul-
nerability of other nuclear power plants having Delaval

*Telecon H. L. Ornstein, NRC, and R. DiCola, Cleveland Illuminating
Co., May 29-30, 1990. Telccon H. LOmstcm, NRC, and D. Pesout
zigg S. oung, Cooper Industries (formerly Delaval), May 29-30,
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EDGs with Humphrey SOVs similar to the ones that
failed at the Perry plant in February 1987.**

5.2.2 Replacement Versus Rebuilding

§22.1 MSIVs at Perry—Inadequate SOV Rebuild

After determining the cause of the MSIV failures of Oc-
tober 29 and November 3, 1987, (discussed earlier. in
Section §.1.1.1) the licensee replaced or rebuilt the
ASCO SOVs on the MSIV air packs. Because of the
limited availability and long lead times for replacement
parts (air packs and ASCO dual-coil NP§323 SOVs),
rather than replace all of the MSIV air pack SOVs, the
licensee had to rebuild some (rather than replace all) of
the MSIV air pack SOVs. A description of the licensee’s
action is given below.

e  One entire air pack was replaced for the inboard D
MSIV.

e  One dual-coil NP8323 SOV was replaced for the
outboard D MSIV air pack. :

e  One dual-coil NP8323 SOV was replaced for an
inboard MSIV that had not failed previously. It was
replaced after inspection because it had been ob-
served to have sustained heavy damage to the elec-
trical coils as a result of moisture intrusion.

¢  Five dual-coil NP8323 SOVs were rebuilt, including
the inboard B MSIV that had failed on October 29,
1987.

The licensee conducted increased surveillance and test-
ing of the MSIVs after repairing and replacing the air
pack SOVs. The licensee initiated monthly operability
testing of the MSIV air pack SOV, quarterly fast closure
timing tests and inspections of the ASCO NP8323 dual-
coil SOV experiencing the high temperatures.

On November 29, 1987, while performing operability
testing, the ASCO dual-coil NP8323 SOV controlling the
inboard B MSIV 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.
Laboratory examination confirmed that the particles
were EPDM from the SOV’s O-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

**The NRC’s Accident Seg:encc Precursor program quantified this
event and estimated it to have a conditional oorc-damagc probability
of 2.3x10-4 (Ref. 54).
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remained in the valve undetected until it (they) caused
the SOV’s failure.*

To preclude additional failures from foreign particles re-
maining from the rebuilding process, as had happened on
November 29, 1987, the licensee replaced all eight ASCO
dual-coil NP8323 SOV’ with new ones. Furthermore, the
licensee stated that is was going to modify its preventive
maintenance program. In the future all Class 1E 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.

5222 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 licen-
see 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 Model 1/2-SMS-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 addi-
tional 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 Refer-
ence 53, the licensee noted that the manufacturer’s (Tar-
get 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 SOV 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
SRVsand SOVs to Wyle for refurbishment every refuel-
ing outage. Some only send half of their SRVs and SOVs

*Itis believed that one particle remained in the SOV, and that the parti-
cle broke up during subsequent SOV operation.
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to Wyle for such refurbishment during each refueling
outage.

The problem encountered with Loctite 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 application 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, be-
fore curing, the excess adhesive migrated to the interior of
the valves, bonding the SOVSs’ plungers to the bodies of
the valves.

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

The licensee’s assessment of the event (Ref. 55) con-
cluded that a common-mode failure, the inoperability 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. A similar
SRYV 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 Loc-
tite RC-620, which had caused the SRV’s solenoid plung-
er to stick to the valve’s bonnet. In this 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.

5223 Peach Bottom 3—Scram System, SOV
Rebuilding Error Involving Excess Loctite

On November 17, 1983, a control rod was observed to
have an excessive insertion time during 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 re-
placed the scram pilot SOV associated with the control
rod that did not scram promptly and sent the scram pilot

SOVs to GE for failure analyses.
**The ASCO Model HVA-90-405 SOV, which was built by ASCObut
was procured from GE is similar to the ASCO Model NP8316 valve.,




On January 14, 1984, during a reactor scram, another
control rod did not insert within the technical specifica-
tion allowable time of 7 seconds. The second control rod
had acted sluggishly during the reactor scram of Novem-
ber 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 inves-
tigation 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 sub-
stance on its core assembly. One of the SOVs that was
found to have the foreign substance on it exhibited stick-
ing during subsequent bench testing. The foreign sub-
stance 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) recom-
mendations. In its 1978 Service Information Letter (SIL)
128 (Ref. 59), GE had recommended that when rebuild-
ing 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 Loc-
tite 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 rec-
ommended that all BWR owners discontinue using Loc-
tite 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

‘Tele hone discussion between J. Shank, ASCO, and H. L. Ornstein,
, June 19, 1989.
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rod hydraulic control units to pilot the scram discharge
volume vent and drain valves. In the case of Peach Bot-
tom 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 stag-
gered basis from a “distributed checkerboard pattern.”,

5.2.3 Contamination

52.3.1 Brunswick 2 MSIVs—Excessive Heat and
Poor Air Quality (Hydrocarbons)

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 O-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 tempera-
ture 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 beheved
to have been the source of the hydrocatbon contamma

tion.

Because of the susceptibility of the EPDM parts to hydro-
carbon contamination, the licensee replaced all of the
SOVs with the same model SOV havmg 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 asone that resulted in “the loss of plant capabil-
ity to perform essential safety functions such that a poten-
tial release of radioactivity in excess of 10 CFR Part 100
guidelines could result from a postulated transient or
accident” (Ref. 63).
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5232 North Anna 1 and 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 1 and 2
instrument air systems (Refs. 64-67).* The licensee
quickly recognized that the service water intrusion af-
fected SOVsand pneumatic controllers including those in
the auxiliary feedwater (AFW) systems, primary and sec-
ondary 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 1 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.

About 2-1/2 hours after the intrusion occurred the licen-
se¢ 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 pres-
sure regulating valves were repaired on the evening of
April 24, 1987, and were satisfactorily tested around mid-
night.

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” SOV, there were dozens of
control valve failures. The bulk of the control valves that
failed were Fisher control valves. Integral to each Fisher
control 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.

‘Tele one discussions between J. Lewis and L. E. Wroniewiez, Vepco,
and EL L. Omstein, NRC, May 1989.
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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 personnel. Asa
result of such practices, repetitive malfunctions were ob-
served; the malfunctioning SOVs were not fixed or re-
placed 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 run-
ning a satisfactory surveillance was consid-
ered an acceptable practice by the licensee.

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 s
an appropriate corrective action to remove contaminants
because “cycling the affected valves blows the contamina-
tion from the lines and returns the SOVs to operable
status” (Refs. 68, 69). The North Anna licensee’s ap-
proach to maintenance of malfunctioning SOVs was not
consistent with the valve manufacturer’s recommenda-
tions. ASCO’s installation and maintenance instructions
and the 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 in-
spected for corrosion, sediment or other contaminants,
and cleaned accordingly.**

A meeting was held at NRC Region II offices on Febru-
ary 7, 1989, to discuss repetitive failures of the auxiliary
feedwater system control valves (Ref. 70). The failures
occurred in January 1989 as a result of moisture in the
instrument air system. At the meeting, the licensee ac-
knowledged 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 moisture
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 with-
out paying attention to its quality and indicated that sub-
sequent 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

“Telcr@(l-mne discussions between F. Maiden and W. Murray, Vepco,
and K. Thomas, ASCO, February 4 and 5, 1988.




system to ensure delivery of clean, dry, oil-free instru-
ment air.

AEOD staff views the April 24, 1987, service water intru-

sion into the instrument air system as a significant precur- -

sor event. Although the airlines were blown down follow-
ing the water intrusion, the event resulted in widespread
degradation of SOV, controllers, and air-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. Some of the systems that were
affected by malfunctioning ASCO SOVs (freestanding or
piece-parts of Fisher control valves) as a result of con-
tamination of the instrument air system are listed below.

Unit 1 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 event exemplifies the necessity for providing SOVs
with clean, dry, oil-free air, and the need to thoroughly
clean and inspect the equipment if water or other con-
taminant intrusions occur.

5233 Susquehanna 1 and 2—Scram System, Oil
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., hydrocar-
bons, moisture, and particulates) and high temperatures.
Because both Susquehanna units share a common instru-
ment air supply, the common-mode failure potential that
existed for both Unit 1 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 pro-
vide diverse scram capability to protect against common-
*Al t S uchanna, each of the 185 control rods is Fllotcd by one ASCO

176-816 SOV. Many other BWR control rods are piloted by

other model ASCO SOVs, but two per control rod.
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mode failures. Although Unit 1 experienced the failures,
the potential for such failures also existed at Unit 2; the
scram and diverse scram systems of both umts were vul-
nerable.

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 vol-
ume) A summary of the Susquehanna SOV failures is
given below.

On October 6, 1984, while Susquehanna 1 was operatmg ‘
at 60 percent power, two control rods failed to insert
during individual rod scram testing. Further scram testmg
revealed that a total of four rods would not insert and nine
additional rods hesitated before inserting. A similar 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 require-
ments of the plant Technical Specifications on June 13.
The licensee did not become aware of the June 13 mal-
functions until the October 6 failures were investigated.

The October 6 failures were attributed to common-mode
contamination of the instrument air system. The combi-
nation of contaminants (oil and/or moisture) and high’
temperatures (140 °F) caused the SOV internals to de-
grade and become stuck. The SOV polyurethane disc:
holder subassembly 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 contamination in the instrument air
and elevated temperature. The first laboratory (Franklin
Institute) cited the failure mechanism as hydrolytic de-
composition of .the polyurethane seats as a result of a
combination of moisture and elevated temperatures. The
second laboratory (GE) indicated that polyurethane seat
failure was caused by contamination 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
was Viton. The licensee replaced all of the SOV polyure-
thane seats on control 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 1
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had polyurethane discs that also were susceptible to the
same type of failure. Subsequently, the SOVsfor the vent
and drain valves also were replaced with different SOVs
(made by a different manufacturer, having Viton discs).

The scram system degradation at Susquehanna on Octo-
ber 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 sus-
ceptibility 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 dis-
charge volume (SDV) system component failure attrib-
uted 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 line isola-
tion 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 uni-
solated primary leak outside containment would have
significantly increased.

5.2.4 Lubrication

52.4.1 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 nu-
clear 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 attrib-
uted 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 licen-
see inspected two other ASCO NP8314 SOVs from the
same manufacturing lot that were installed adjacent to
the three SOVsthat 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 con-
tracted two laboratories (Wyle Laboratories and Akron
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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 lu-
bricant) that had been introduced during the manufactur-
ing process. P-80 is a water-based rubber lubricant used
by ASCO personnel to facilitate SOV assembly. Al-
though P-80 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 the rubber “leaving no residue or harmful
effect on the rubber.” Subsequent to SOV assembly (us-
ing the P-80 lubricant), the SOVs were cleaned before
leaving the manufacturer’s facility; however, minute
amounts of the P-80 lubricant remained 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 migrated 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-80 in the
assembly of SOVs as a result of the investigation.

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 notifi-
cation accounted for 231 suspect SOVs that were sent to
17 U.S. LWRs, 76 suspect SOVs that were sent to suppli-
ers 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 Research
Center (FRC) in 1986. The Fort Calhoun plant had re-
ceived the largest number of suspect SOVs (79) in 1981.
Several of those SOV failed at Fort Calhoun in 1981 and
1982. Three of the SOV that failed at Fort Cathoun were
returned to ASCO for investigation. ASCQO’s investiga-
tion 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 iden-
tify 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 Cal-
houn licensee provided 10 ASCO NP8314 SOV that had
been in continuously energized service for 18 months to
FRC for use in an NRC-sponsored SOV aging research



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 acceler-
ated 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 noted that organic deposits were found in
the NP8314 SOVs received from Fort Calhoun. FRC
believed that the sticky deposits that had prevented the
SOVs from functioning were due to an organic compound
that was introduced during the assembly of the valves;
however, a 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 been
-apprised of the sticking problem, however ASCO did not
find the source of the residue (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.

A similar case, in which another SOV manufacturer used
a lubricant to assist with SOV assembly, also resulted in
subsequent SOV performance problems. As noted in
Reference 80, Target Rock Corporation used castor oil as
alubricant to facilitate the assembly of its two-stage safety
relief valves (SRVs). After investigating several SRV fail-
.ures, it was found that castor oil, which was used to lubri-
cate silicone rubber O-rings, caused swelling and acceler-
ated degradation of the O-rings. Subsequently, Target
Rock discontinued using castor oil as a lubricant.
DAG-156 lubricant (carbon particles suspended in an
alcohol base) was used to replace castor oil. We are not
aware of any subsequent Target Rock SRV failures that
have resulted from the use of DAG-156.

Target Rock informed the author of this case study during
a visit to their facility (November 1988) that, paralleling
the use of P-80 at ASCO, Target Rock had used “mineral
oils” to facilitate SOV assembly. This practice was discon-
tinued in the mid-1980s and DAG-156 was chosen as a
replacement for mineral oils.

5242 Catawba—Emergency Diesel Generators,
Poor Quality Air and Lubrication With
Vaseline

The Catawba nuclear power plant experienced common-
mode failures of EDG starting 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. (Calcon). These
two-stage air-operated valves each have a Circle Seal
solenoid pilot valve that is normally closed and requires
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dc 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 valves. The valves stuck open when
a sticky, slimy substance formed inside the poppet portion
of the valve. The licensee determined that the substance
was the silicone 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 signifi-
cantly 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
failures (Calcon pressure sensors) the licensee concluded
that the sticking was caused by moisture interacting with
the Dow Corning 111 silicon tubricant. The source of the
moisture was the 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 replaced 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 sticking problem. In addition, the
licensee is preparing to change to the lubricant prescribed
by the valve manufacturer (GE silicon fluid G-322-L).*

5243 Common-Mode Failure of 16 MSIVs at
Susquehanna 1 and 2—Incorrect Lubrication

In July 1986, the Susquehanna licensee reported exces-
sive stroke time of the Unit 1 C outboard MSIV that
resulted from a failure of an Automatic Valve Corpora-
tion (AVC) SOV (model C4988-8). The failure was attrib-
uted to “poor workmanship from the factory” and “im-
proper lubrication, which would allow the valve piston to
jam at a certain place in the valve.” The failed AVC valve
was replaced with a new one.

Five months later (December 1986), while performing
monthly closing tests, the licensee found that the Unit 2 B
inboard 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. The

*Telephone discussion between R. M. McElwee %)uke Power Corpora-

tion) and H. L. Omnstein (NRC), June 25, 199
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three-way and four-way valves and solenoid pilot valves
on all 16 MSIVs had a hardened, sticky lubricant in their
ports and on their O-rings. As a result, motion of all the
SOVs was impaired, resulting in instrument air leakage
and the inability to operate all of the MSIVs satisfactorily.
The licensee also examined unused spares in the ware-
house and found that the lubricant had dried out in those
valves, leaving a residue. Several of the warehoused
spares were bench tested. They were found to be de-
graded and they also leaked. ‘ -

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-Lube could
cause SOVs in the MSIV air pack to malfunction. The
Parker Super-O-Lube was found to break down to an
adhesive, powdery substance when exposed to radiation
fields greater than 1x10E6 rad. Because of the potential
for breakdown of Parker Super-O-Lube and binding of
the SOVsin the air packs, the licensee changed the SOV
lubricant to E. F. Houghton SAFE 620.

In separate telephone conversations the SOV manufac-
turer (AVC) told the NRC staff that it had informed the
utility that E. F. Houghton SAFE 620 lubricant attacks
and degrades the aluminum in the AVC valves.* None-
theless, in accordance with utility purchase orders, AVC
shipped SOVs lubricated with E. F. Houghton SAFE 620
to two different utilities.

After the multiple failures occurred in December 1986,
GE informed the licensee that the Parker Super-O-Lube
is an acceptable lubricant if it is applied in a ‘thin film.””
AVC and GE had concluded that the problem experi-
enced with Parker Super-O-Lube in the 1985 qualifica-
tion testing was due to excess lubricant.”

On December 19, 1986, AVC sent NRC Region III a
letter, which AVC believed served as a 10 CFR Part 21
notification (Ref. 84). However, the notification did not
specifically state “Part 21 notification” and therefore was
not disseminated accordingly to alert all other potentially
affected utilities of the problem with E. F.-Houghton
SAFE 620 lubricant. The notification indicated that Com-
monwealth Edison also had purchased AVC valves lubri-
cated with E. F. Houghton SAFE 620. Commonwealth
Edison told NRC staff** that the AVC valves containing
E. F. Houghton 620 lubricant were replacements for
older model AVC SOVs that had been discontinued.
Before being notified by AVC of the problem with E. F.

*Telephone discussions between T. Hutchins, AVC, and NRC (8. Is-
rael, October 14, 1988, and H. L. Ornstein, April 12, 1989).

**Telephone discussion between M. Sievert, Commonwealth Edison
Company, and H. L. Ornstein, NRC, April 12, 1989.
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Houghton SAFE 620 and befére installing the valves,
Commonwealth Edison replaced the SAFE 620 with Dow
Coming Molykote 55M. The licensee had recognized that
Parker Super-O-Lube was the lubricant that had been
used in earlier equipment qualification testing and SAFE
620 was probably not an acceptable replacement.

Justification for the use of Molykote S5M instead of
Super-O-Lube was based upon the licensee’s engineering
analysis that indicated the similarities between Molykote
55M and Super-O-Lube. In retrospect, a detailed exami-
nation of these two lubricants revealed they may have
very different high-temperature behdvior and, under
similar operating conditions, the Molykote S5M would be
more susceptible to dryout.*** Because of these differ-
ences, it is not clear that Molykote 55M is an acceptable
“qualified” replacement for the Super-O-Lube.

With regard to problems of excessive 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.

5244 Grand Gulf 1, LaSalle 1, and River Bend—
MSIVs-Sticking SOVs, Foreign Unidentified
Sticky Substance (FUSS), Lubricant
Suspected

Between February 1985 and December 1989, the Grand
Gulf 1, LaSalle 1, and River Bend nuclear power plants
experienced sticking of ASCO dual-coil 8323 SOVsin 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 closing within the times specified in the plant safety
analyses.

Table 1 summarizes events where MSIV air pack S_OVs
have stuck at Grand Gulf, LaSalle, and River Bend.

In the case of LaSalle, it was demonstrated that the cohe-
sive/adhesive force caused by the foreign sticky substance
between the plug nut and the core assembly of an ASCO
dual-coil NP8323 SOV was significant and could have
been the cause of its failure. After the core assembly was
held 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

***Super-O-Lube consists of high molecular weight silicones whereas
Molykote 55M is a lighter weight methyl silicone oil thickened with
lithium soap having a lower dropping point than Super-O-Lube
(where dropging point is an indication of the temperature limit at
which the lubricant dries out).
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Table 1 MSIV air pack SOV failures (sticking/FUSS/lubricant)

Other SOVs
Description Number of having foreign
Plant/ of SOV and stnck SOVs unidentified sticky
event date corrective action and location substance (FUSS) Comments
Grand Gulf 1  ASCO HTX8323* (Viton). Replaced Two outboard lines Al others (five) In subsequent testing at ASCO, only
2/10/85 eight SOVs with ASCO NP8323 (A and C) one ' one of four additional valves mal-
(having EPDM parts). See Section inboard line (D) functioned (leakage). However, the
5.1.2.1 for a discussion of the sub- failure of the outboard (C) line SOV
sequent failures of the replacement was attributed to FUSS at the plug
valves caused by thermal aging from nut and core assembly interface.
self-heating (August 1989).
LaSalle 1 "ASCO NP8323 (Viton). Replaced One outboard line  All others (seven) Three of the valves that did not fail in
12/16/87 eight SOVs with like, ©) ' the plant failed during subsequent
' testing at ASCO, attributed to FUSS
at the plug nut and core assembly
interface.
River Bend ASCO NP8323 (EFPDM). Replaced Two inboard lines One unfailed inboard Not all SOVs have been inspected.
9/30/88 eight SOVs with like. Attempted to (B and C) (one in- SOV inspected was Some are being held for archival
remove the. factory coated lubricant spected, FUSS found to have FUSS. purposes. Two outboard SOVS were
(Dow Corning 550) from SOV, but found) Two outboard SOVs _inspected at ASCO. The coil enclo-
applied excessive amount of lubricant to inspected found sures of both SOVs had evidence of
O-rings while reassembling, causing two to have FUSS.** moisture intrusion, indicative of
subsequent failures (December 1989). ” localized steam heating.**
River Bend ASCO NP8323 (EPDM). Replaced all  Two outboard lines - One other SOV was Licensee believes FUSS was from
12/1/89 NP8323’s with new ones, but removed (A and D), FUSS inspected (inboard), excessive application of Dow
factory installed lubricant from all found on both. it also had FUSS, Corning 550, which was used by the
internal parts of the SOVs. but less than what licensee when lubricating the
was found on the O-ring subsequent to removing the
failed outboards. Dow Corning 550 from the SOVs’
internal metallic parts subsequent to
the 9/30/88 failures.***

*ASCO HTX8323 is not a nuclear-qualified SOV, it is a nonqualified commercial valve similar but not identical to the NP8323.
**Telephone discussion between J. Shank, ASCO, and H. L. Ornstein, NRC, May 8, 1989.
***Telephone discussion between V. Bacanskas, River Bend, and H. L. Omnstein, NRC, December 12, 1989.



were able to support the weight of the plug nut to prevent
it from falling.*

Because the licensee suspected the Dow Corning 550
lubricant (applied to the SOVs internals at the factory) to
be the cause of the sticking, the licensee considered re-
moving 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 removing the lubricant).
Those eight replacement SOVs have operated success-
fully 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 SOV, the
licensee removed the factory-coated lubricant (Dow
Corning 550) from their internal metallic parts. On De-
cember 1, 1989, two of those replacement SOVs failed as
aresult of sticking. The licensee attributed the sticking to
FUSS which was believed (but not confirmed by labora-
tory 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 Sep-
tember 1988 to remove the factory applied lubricant. The
licensee’s review of those procedures indicated that al-
though the Dow Corning 550 lubricant was removed from
the internal metallic parts of the SOV, the cleaning and
reassembly procedures included a step in which the elast-
omeric parts of the SOVs were relubricated with the same
Dow Corning §50 lubricant. Because there was more
FUSS on the cleaned SOVs that failed in December 1989
than on the factory assembled SOV that had failed Sep-
tember 1988, the licensee believed that the root cause of
the December 1989 failures was the licensee’s reapplica-
tion of excessive lubricant during the SOV 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 relubri-
cating the elastomeric parts.

*According to ASCO, the plug nut weighs about 1 ounce while the
sfspring force is about 2 pounds. ASCO indicated that after a similar
8323 SOV failure at QNPZ. the licensee had performed a similar
demonstration. The sticky substance at WNP2 was believed to be
from excesslubricant gow Corning 550) that had been applied by the
licensee when the SOVs were rebuilt.

**Telephone discussion between R. Lanksbury (NRC Sr. Resident In-
si%esc;or at LaSalle Station) and H. L. Ornstein, NRC, December 22,
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The inspection of the SOVs on the inboard and outboard
MSIV air packs at all three plants indicated that in almost
every case the SOVs, which had not failed, were degraded
in a manner similar to the failed SOVs, but to a lesser
degree. In each case, the licensee recognized the com-
mon-mode failure potential for compromising fast clo-
sure of inboard and outboard MSIVs on one or more
steamlines and replaced all the 8323 SOVs on the inboard
and outboard MSIV air packs.

The valve manufacturer and several laboratories con-
ducted 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 be-
tween the utilities, the SOV 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 con-
trol rods failed to meet their scram time testing require-
ments on initial attempts; however, when retested the
rods operated satisfactorily. As a result, both control rods
and their SOVs were declared to be operable. Subse-
quently, on November 25, 1989, one of those rods 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 de-
clared inoperable. At that time, the licensee conducted
an investigation to determine the root cause of the test
failures (Refs. 92, 93, 94).

The licensee’s root cause analysis found that a manufac-
turing error had been made at ASCO (failure to upgrade
polyurethane seats of the scram pilot SOVs with Viton),
and that the Perry plant may not have responded ade-
quately to a product recall notice that ASCO had sent
them (Ref. 94).

It is significant that the licensee’s surveillance testing
program did not provide adequate guidance to the plant
staff regarding actions to be taken when unsatisfactory
surveillance test results are encountered.

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 five failures 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 fail-
ures involved excessive air leakage. (One event is de-
scribed in Appendix A, Docket No. 50-261 LER
87-028-01).

Four of the five failures of the same valve (DA-19B) were
attributed to the SOV core and spring assembly. The first
failure was attributed to wear of the core and spring
assembly caused by excessive heat from the solenoid be-
ing constantly energized. The SOV was rebuilt (core and
spring assembly were replaced). The SOV’s second fail-
ure 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 occurred while attempting to start the diesel. The
failure was attributed to misalignment of the solenoid
header during previpus 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 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 and core assembly
replaced). On March 28, 1988, the same SOV that had
failed four times before (DA-19B) failed again. The fifth
failure was attributed to a worn 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, indi-
cated that the licensees have received little, if any, guid-
ance from the EDG supplier about preventive mainte-
nance 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 lim-
ited 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 § 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 fail-
ures 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 likeli-
hood for encountering common-mode SOV failures. Sec-
tion 9 provides recommendations that address the sys-
tematic deficiencies in the design application operation
and maintenance of SOVs noted in this report. Imple-
mentation of these recommendations will reduce the po-
tential for common-mode SOV failures. The root causes
of many common-mode SOV failures that have been ob-
served thus far are given below.

(1) Design/Application Deficiencies

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

e incorrect material selection such as incompati-
bility between SOV internal parts and fluids in
contact with the SOV (e.g., Section 5.2.3.3)

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

e  incorrect assessment of the life shortening ef-
fects of coil heating (e.g., Sections 5.1.2.1,
5.1.2.2)

(2) Inadequate Maintenance

e failure to replace or rebuild limited life piece-
parts of the SOVs (e.g., gaskets, seals, dia-
phragms, 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)

o 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, contrib-
uting 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., Sec-
tion 5.1.4., Appendix A)
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e incorrect electric current (dc vs. ac) (e.g., Ap-
pendix A)

e inadequate terminal or junction box connec-
tions as a result of inadequate manufacturer’s
guidance or architect engineer’s interpretation
of manufacturer’s guidance (e.g., Appendix A)

(4) Manufacturing Defects
e lubrication errors (e.g., Section 5.2.4.1)

o  defective materials—body, plug, springs, elas-
tomers (e.g., Ref. 77)

s tolerance/assembly errors such as incorrect
spring size or stiffness (e.g., Ref. 77, Appen-
dix A)

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

6.2 SOV Failure Rates

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

(1) Notall 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.

(2) Unless SOV failures are associated with reactor
trips or complete train failures 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 reli-

ability data system (NPRDS). For example, MSIVs,

flow regulators, governors that fail to function prop-

erly 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 percent of the plants’ safety-related
SOVs.

Coupling the difficulties of obtaining some definable
measure of SOV failure counts with the difficulty of as-
sessing the number of successful SOV challenges or sur-
veillance tests can, at best, lead to a crude estimate of
SOV failure rates. Nonetheless, recognizing the short-
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comings 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 fail-
ures 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 WASH-1400
and in the NUREG-1150 methodology. The NPRDS fail-
ure records include only failures for the SOVs them-
selves, 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, energiza-
tion mode, valve opening status, manufacturer, model, or
type. In view of the wide range of SOV variations, the
available failure data does not readily allow for the accu-
rate prediction of individual SOV performance or failure
rates.

In attempting toassess 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 indi-
cates that in addition to an underlying randomness in
SOV failure experience, there are additive biases which
are introduced by the widespread systematic and pro-
grammatic deficiencies in the manufacture, selection, ap-
plication, operation, maintenance, surveillance and test-
ing 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 re-
sults in underestimating the contribution of common-
mode or common-cause failures. It is important to recog-
nize that the SOV failures are mechanistic due to root
causes described throughout this report. For example,
when valves are misapplied, run at elevated tempera-
tures, improperly maintained, etc., their early failure,
degradation, and life shortening are assured. Under those
conditions, the real SOV failure probabilities may ap-
proach 1.0 at plants with poor control of these devices.



Table 2 Estimates of SOV Failures to Operate

Estimated

Source failure rate
WASH-1400 (Tables III 2-1, 2-2) ‘ 1x10-3/demand
This study (NPRDS data Jan 1985-December 1989) assuming 7.1 to 8.7x10-2/demand
quarterly testing
NUREG-1150 methodology NUREGICR-4550, Vol.1 1.0x10-3/demand
Seabrook PRA : 2.4x10-3/demand
NUREG/CR-4550, Vol. 6 (Grand Gulf PRA) 1.6x10-3/demand
NUREG/CR-4819, Vol. 1 (NPRDS data Sept 1978-July 1984) 7x10-8/hr

" 6.5 to 7.9x10-6/hr*

This study (NPRDS data Jan 1985-Dec 1989)

*Hourly failure rates were calculated using an NPRDS report of 1074 failures among 5110 SOVs during 155.4 million
cumulative kours (MCH) of SOV operation. The following is a breakdown of the SOV failure population and hours of

operation used in the calculation:
’ MCH of
Valves Fatlures operation
Valves/solenoid operated 3536 753 115.
Valve operators/solenoid ac 723 140 19.7
Valve operators/solenoid dc 851 181 20.7

Common-cause, common-mode failures result. Under
such conditions the average industry failure rates or typi-
cal treatment of common-cause/common-mode is not
representative of such valves. This issue is further dis-
cussed 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 intermina-
ble debate. Instead of continuing further on the highly
debatable issue of quantifying such failure rates, we be-
lieve that the thrust of the nuclear community’s efforts
should concentrate on correcting the programmatic and
systematic deficiencies associated with SOVs to reduce
the likelihood for their common-cause and common-
mode failures.

6.3 Maintenance Problems

6.3.1 Maintenance Problems—SOV
Manufacturers’ Contributions

Review of operating experience indicates that a substan-
tive number of SOV 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 maintenance require-
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ments. 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 EDG
manufacturers (ALCO, Colt/Fairbanks-Morse, General
Motors, Delaval, Cooper- Bessemer), valve manu-
facturers (Xomox), controller manufacturers (Fisher,
Masoneilan), etc. 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.” . : T

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

‘ASCO~—This manufacturer does not provide specific
quantitative recommendations for SOV maintenance or
refurbishment. This is even true for its nuclear qualified
Class 1E valves. Quoting ASCO’s installation and main-
tenance bulletin for NP8323 SOV that were provided to
purchasers between 1981 and 1989 (Ref. 95).

Preventive Maintenance
1. Keep the medium flowing through the
" valve as free from dirt and foreign
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material as possible. Use instrument
quality air, oil-free for Suffix “E”.

2. While in service, operate valve periodi-
cally to insure proper opening and
closing.

3. Periodic inspection (depending upon
medium and service conditions) of in-
ternal valve parts for damage or exces-
sive wear is recommended. Thor-
oughly clean all parts. Replace any
parts that are worn or damaged.

4. The valves may require periodic re-
Dplacement of the coils and all resilient
parts  during their installed life to
maintain qualification. The exact re-
placement period will depend on am-
bient and service conditions. Spare
parts kits and coils aie ordered sepa-
rately (see Ordering Information).
Consult ASCO for specific recom-
mendations in connection with the re-
placement of parts.

In 1989, ASCO upgraded the installation and mainte-
nance instructions for their nuclear qualified Class 1E
valves to reflect that the rebuilding kits for such SOVs
were no longer available (Ref. 96). Those new instruc-
tions 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.

For example ASCO’s upgraded 1989 instructions state
that “while in service, the valve should be operated peri-
odically to insure proper shifting.” The word “periodi-
cally” is not defined in the new 1989 installation and
maintenance instruction. In contrast, some earlier instal-
lation and maintenance instructions (1978 vintage) speci-
fied preventive maintenance to include monthly opera-
tion (Ref. 97). However, ASCO’s qualification test report
(Ref. 98) does note that the SOVs should be cycled peri-
odically, 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 installa-
tion and maintenance instruction sheet, but does not de-
fine periodic. ASCO’s 1989 instructions further state, “do
not exceed the qualified life of the valve....” However,
determining the qualified life of the SOVs, especially
normally energized ones, from the information provided
can 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 EDG air start systems.
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Those valves are not supplied with any preventive mainte~
nance or refurbishment recommendations. Lack of spe-
cific maintenance recommendations has contributed to
multiple failures of the Circle Seal and Ross SOV (see
Section 6.3.2.1). A _

Humphrey—SOVs manufactured by this manufacturer

that are used in EDG control panels are not supplied with -
any preventive maintenance or refurbishment instruc-

tions. (See Section 5.2.1.2 for a discussion of simultane-

ouscommon-mode failures that resulted in failure to start

two EDGs).

Skinner Electric—This manufacturer’s' SOV .that are
used in Woodward governors on BWR HPCl turbines are
not provided with any preventive maintenance or refur-
bishment 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 recom-
mendations. ‘ .

Target Rock Corporation—This manufacturer’s SOVs
come with specific preventive maintenance and refur-
bishment recommendations.

Valcor—This manufacturer provides specific recommen-
dations for maintenance or refurbishment of its N-

stamped SOVs. However, it is possible to purchase the
same valve without an N stamp. .

6.3.2 Maintenance Problems—Contﬁbution
of the Unrecognized SOVs '

In many cases plant maintenance and operations person-
nel are unaware of the presence of; or maintenance re-
quirements 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 1dentxfy the

care required for the SOV, which is “unrecognized”
within the “overall system.” Examples have been ob-
served in

s  emergency diesel generators: air start systems, gov-
ernors, and cooling water control systems

o auxiliary feedwater and main feedwater systems.,
flow control regulators

¢ BWR high-pressure oooling injection (HPCI) sys-
tems: remote shutoff controls, governors

e instrument air dryers: desiccant column regenera-
tion and cycling control systems




632, 1 Unrecognized SOVs in Emergency Diesel
- Generators

The operation and maintenance manuals for the diesel
engines and operator and maintenance personnel train-
ing are heavily weighted by the engine manufacturer’s
literature, which usually do not include information re-
garding the SOVs used in the EDG’s auxiliary systems.
Specific examples observed included those discussed be-
low.

Ata forexgn reactor slte, the EDG air start SOVs were not
on any preventive maintenance program. Failure of one
SOV due toaging 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 changeout of such resilient parts to all
its EDG air start systems.* Similar failures have been
observed at numerous U.S. plants, e.g., Three Mile Island
1*¢ (Ref. 99), Ginna*** (Refs. 100, 101), Duane Amold
(Ref. 102).

Dunng a trip to the Duane Arnold plant in reviewing
SOV experience, the author learned that subsequent to
the July 1982 diese! 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 Amold 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
maintenance program. The rationale for dropping such
preventive maintenance was that the SOV was cycled
only 7 seconds a month and such limited use did not scem
to require maintenance. The basis for implementing the
SOV’s preventive maintenance and the previous failure,
which resulted from age-related degradation, appeared to
have been forgotten. Subsequently, we were informed
that preventive maintenance on these SOVs would be
reinstated.

“While attendmg a TVA EDG training course applicable
to seven plants (Browns Ferry 1, 2, and 3; Sequoyah 1and
2; and Watts Bar 1and 2), the author learned that mainte-
nance literature for the General Motors Electro-Motive
Division (GM-EMD) diesel engine supplied by Morris-
Knudsen, does not include any instructions for refurbish-
ment or changeout of the SOVs in the EDGs’ air startand
governor control systems.

‘OECDNEAlneidentR S report number 0906.00, No-
. vember 29, 1988, “Dmm%mm:ﬂge to Start, Leibstadt Nu-
. clear Power Plant, February 4, 1988.”

**Facsimile Tnnsmmon. J. Shank, ASCO, to H. L. Ornstein, NRC,
February 17, 1989,

***Rochester Gas & Electric Com 8a.ny , Ginna Station memorandum,
“Failure of Solenoid Operated alve 5933B ‘A’ Dicsel Generator
Start Valve ASV-l. from B. Popp, December 14, 1988.

!
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6322 Unrecognized SOVs in Auxiliary and Main
Feedwater Systems

As noted in Section 5.2.3.2, a review 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 training
and maintenance practices.

6323 Unrecognized SOVs in BWR High-Pressure
Coolant Injection Systems

The Duane Arnold 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 turbine manu-
facturer 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 elastomeric parts of the SOV. Such
an undetected failure could result in failure to start the
HPCI system. Apparently, information provided by the
turbine manufacturer (Dresser-Rand, formerly Terry
Turbine) did not provide adequate maintenance informa-
tion about the SOV supplied as an internal part to the
Woodward governor (the SOV was manufactured by
Skinner Electric Co.). The Skinner Electric maintenance
instructions do not address preventive maintenance or
service life requirements for the SOV. The Woodward
governor service manual does not address SOV preven-
tive 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, discus-
sion with plant personnel and GE personnel indicated
that maintenance, refurbishment or replacement of the
SOVs are not addressed in any of GE'’s SILs.

6324 Unrecognized SOVs in Instrument Air Dryers

Review of a leading instrument air dryer manufacturer’s
operation and maintenance manual (Pneumatic Products
Corporation) indicated minimal guidance with regard to
SOV maintenance. The SOVs are required to cycle every
5 minutes to ensure that the air flows through the correct
desiccant stack to ensure proper air drying and acceptable
outlet dew point values for the processed air. Failure of
the SOVs could result in undetected high instrument air
moisture content that could lead to degradation and mal-
function of equipment utilizing instrument air, including
hundreds of other SOVs that perform safety-related
functions.

NUREG-1275



6.3.3 Maintenance Problems~ Contributions
of Utility Programs and Practices

Review of SOV failure reports and followup discussions
with plant personnel, NRC inspectors, and SOV manu-
facturers 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 1E SOVswith 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 elastomeric parts of the SOVs require more
frequent replacement.

After finding that SOVs would not shift their position on
demand during surveillance testing, it was common prac-
tice for plant personnel at the Brunswick and North Anna
stations to tap the SOVs (mechanical agitation). If a SOV
would change position when tested after the mechanical
agitation, no further maintenance would be performed,

and the SOV would be declared operable (Refs. 104,

105).

ASCO’s valve engineering department product engineer-
ing 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 serv-
ice. The ASCO manager’s discussions with plant person-
nel 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 SOV 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 mainte-
nance is tracked by the station’s reliability-centered main-
tenance (RCM) program. The RCM program has found
that instrument air dryer SOVs have a mean time be-
tween failure of 10 months. However the plants’ mainte-
nance program calls for replacement of such SOVson an
annual basis.** The failure of the instrument air dryer
SOVs can cause instrument air system degradation lead-
ing to common-mode failures of many other SOVs that
perform safety-related functions.

6.3.4 Rebuilding Versus 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

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

**Tele
and

hone discussion, J. Osborne, Baltimore Gas and Electric Co.,
L. Ornstein, NRC, April 21, 1989,
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with rebuilding SOVs, depending on individual SOV
manufacturer and model number. Additionally, there are
variations among SOV manufacturers with regard to pro-
viding test apparatus to check the soundness of rebuilt
SOVs; for example, Target Rock Corporation has mar-
keted a test fixture for licensees to test their rebuilt
SOVs.

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

Although ASCO notified licensees that it has discontin-
ued 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 ex-
isting 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 elastomeric parts, special
attention should be paid to the shelf life and on the actual
manufacturing date of the elastomeric partsin the rebuild
kits. For example, because of elastomeric (Buna-N) deg-
radation 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 elastomer (“useful life” being defined as the
sum of shelf life and in-service life). Limited by the
Buna-N parts, GE recommended a 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 re-
building 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
amount of SOV rebuilding done by any one individual
(see Sections 5.2.2.2, 5.2.2.3).

7 FINDINGS

The root causes of most SOV problems are traceable to
the lack of understanding of the capabilities and réquire-
ments of SOVs. Oftentimes plant operations and mainte-
nance programs do not address the short lifetimes of the
resilient elastomeric piece-parts of the SOVs (gaskets,
seals, diaphragms, etc.). Maintenance 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 understanding of the sensitive nature of certain parts
of the SOVs. Many users have learned, after using certain
SOVs, that they are unforgiving with regard to contami-
nants 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 multi-
ple 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 '_I‘cmperatures

Many common-mode SOV failures have resulted from
subjecting SOVs to ambient temperatures in excess of
their original design envelope. Such common-mode fail-
ures have resulted from localized steam leaks (see Section
5.1.1.1), incorrect estimates of ambient temperatures
(see Sections 5.1.1.2, 5.1.1.3), and failure to account for
ventilation system malfunctions (Ref. 107). Because the
useful qualified lives of the short-lived parts of SOVsare
halved by every temperature rise of 18 °F (Arrhenius
theory-Refs. 108, 109), seemingly minor increases in am-
bient temperatures above those considered in the SOV
design should not be allowed to prevail for extended time
periods without running the risk of sustaining “seem-
ingly” premature failures.

7.1.2 Heatup From Energization

Many common-mode SOV failures have occurred be-
cause the estimated service lives did not properly include
the life-shortening effects of heatup resulting from con-
tinuous coil energization (see Sections 5.1.2.1, 5.1.2.2).
Many licensees have been unaware of this situation. For
example, by incorrectly using the certificates of compli-
ance provided with ASCO’s NP-1 nuclear qualified
valves, licensees (Refs. 17, 21) have over-predicted the
service life of continuously energized SOVs. Use of ap-
propriate SOV heatup data in conjunction with Ar-
rhenius theory (Refs. 108, 109) has been found to be
acceptable v

7.1.3 Maximum Operatmg Pressure
Differential

Many licensees have found misapplications in which
SOVs could be or were subjected to operating pressure
differentials that could or did prevent them from operat-
ing. Although NRC issued Information Notice 88-24
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(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 regulator
failures has been appropriately addressed by all licensees
for all safety-related applications.

7.1.4 Unrecognized SOVs Used as
Piece-Parts

Many SOVs used in safety-related equipment are not
given prominent attention because they are used as piece-
parts of larger equipment. Specific preventive mainte-
nance requirements are not readily available for them.
Many 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 openings of safety-related SOVsat six plantsasa
result of high back-pressure. The licensees did not recog-
nize 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 Maintenance

Operating experience has confirmed that SOV mainte-
nance deficiencies can incapacitate multiple safety sys-
tems. The pervasiveness of maintenance deficiencies
highlight the need for implementing aggressive SOV
maintenance programs to prevent widespread common-
mode failures. Specific mamtenancc problem areas are
discussed below.

7.2.1 Maintenance Frequency

Lack of timely preventive maintenance (complete SOV
replacement or rebuilding of short-lived piece-parts of
SOVs) has resulted in many SOV failures (see Sections
5.1.2.1, 5.2.1.2, 6.3.2.1). Many SOV manufacturers have
failed to provide the users with definitive information on
the useful lifetime of the SOVs internal diaphragms, gas-
kets, O-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 specifying (or not specify-
ing) the allowable shelf lives of their SOVs and SOV
rebuild kits (see Sections 6.3.1 and 6.3.4).
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7.2.2 Replacement Versus Rebuilding

Rebuilding or refurbishing certain models of several
manufacturers’ SOVs is a difficult 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 (see Sections 5.2.2.1, 5.2.2.2).
Contributing to the difficulty of rebuilding or refurbishing
SOVs correctly is the fact that many manufacturers do not
provide adequate SOV documentation or testing appara-
tus to verify the effectiveness of the rebuilt or refurbished
SOV. As a result, post-rebuild testing at many facilities
merely involves cycling verification rather than perform-
ing appropriate tests normally performed by the manu-
facturer during initial SOV manufacture (see Sec-
tion 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 rebuild-
ing certain SOVs because improper rebuilding can result
in subsequent SOV failures and costly down-times. In
general, licensees have reacted favorably to ASCO’s re-
cent decision to discontinue supplying rebuild kits for its
NP-1 nuclear qualified SOVs (Ref. 109, 110). ASCO’s
decision to discontinue supplying SOV rebuild kits was
based on field experience, which indicated that many
ASCO SOV failures were caused by inadequate rebuild-

ing techniques.

7.23 Contamination

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

SOV contamination resulting from particulates, mois-
ture, and hydrocarbons in the instrument air system have
been a major source of common-mode SOV failures. In
many plants contaminants were introduced during origi-
nal construction. Many contamination problems have re-
sulted from poor design or maintenance of the instrument
air systems. Some SOVs are more tolerant of contamina-
tion 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, satisfac-
tory performance of most small SOV for air-pilot 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. Con-
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tributing to the problem is the fact that some manufactur-
ers have specified the need for clean air or instrument
quality air without quantification (e.g., maximum allow-
able 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-term SOV degradation such as
deterioration of EPDM parts as a result of hydrocarbon’
intrusion, formation of varnish-like deposits from heatup
of hydrocarbons, and residue formation from the interac-
tion of moisture, silicone lubricant, and heat, are areas of
concern. .

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

Several cases (see Section 6.3.3) have been reported in
which SOVs failed to actuate on demand during surveil-
lance testing, however, subsequent tapping (mechanically
agitating) the SOVs would enable them to actuate. As a
result, the SOVs were declared operable without ad-
dressing the cause of the original failures, thus leaving the
SOVs in degraded states vulnerable to future failures
upon demand.

Sunﬂarly, as noted in Section 5.3, incorrect survexllénce
testing led operators to operate a BWR with multlple
failed scram pilot SOVs. ‘

7.4 Verification of the Use of Quahfied
SOVs

The issue of environmental qualification of Class 1E elcc-
trical equipment and SOVs has been addressed by utili-
ties in response to Bulletins 79-01, 79-01A, and 79-01B
(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 pro-
cured as commercial grade SOVs of questionable quality
and are not being maintained in a manner commensurate
with their intended safety function. «

Examples have been found where commercial grade,
nonqualified SOVs are being used in safety-related appli-
cations without appropriate verification of product qual-
ity and design control. In many instances the SOVs lack




verification that they can withstand the accident condi-
tions.postulated in plant safety analyses (See Ref. 115). A
common problem appears to be categorization of the
SOVs for use in EDG air systems. In many cases the
original equipment that contained SOVs as piece-parts
was certified or qualified to meet Class 1E requirements,
whereas the individual replacement SOVs were not (see
Section 5.4). -

75 Rédundancy and Diversity

The root causes of many common-mode failures of safety-
related SOVs have eluded many licensees’ detailed fail-
ure analyses (see Section 5.2.4.4). In many such instances
the search 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 instru-
ment air system contamination (oil, water, dirt) as the
cause of the FUSS, but plant operating history indicateda
prior history of air system contamination that could have
been a contributor to the problem. Similarly, the SOV
manufactunng process (see Section 5.2.4.1) and the licen-
see’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 mal-
functions. -

S_taggermg the maintenance, testing, and replacement of
redundant SOVs may represent a simple way of prevent-
ing common:-mode failures of redundant SOVs. In addi-
tion, 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, energiz-
ation mode, failure mode, or manufacturer) becomes ap-
parent. (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 manu-
facturers’ facilities (e.g., ASCO, June 1988; Target Rock,
November 1988; Valcor, December 1988; and AVC, Feb-
ruary 1990), discussions with other SOV manufacturers
(e.g., Circle Seal and Skinner Electric), and extensive
discussions with manufacturers whose equipment utilize
SOVs as piece-parts (e.g., Fisher Controls, Dresser-
Rand/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.
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SOV manufacturers are not aware of many failures of
safety-related equipment that may have been caused by
generic manufacturing or design deficiencies of the
SOVs. Conversely, when licensees purchase SOVs com-
mercially, 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 sub-
sequent to delivery. In one case, a major SOV manufac-
turer did not provide generic SOV defect information to
the end user because the manufacturer failed to under-
stand or properly implement the 10 CFR Part 21 require-
ments 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 SOV's can compromise
multiple trains of multiple safety systems. The fact that
hundreds, and in many cases thousands, of SOVs perme-
ate all important systems at all U.S. LWRSs, highlights the
necessity for reducing common-mode SOV problems that
could significantly 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 failures are a
safety concern because while credible, they are not ad-
dressed in plant safety analyses.

Operating experience shows that SOVs are vulnerable to
numerous common-mode failure mechanisms and their
failures can adversely affect numerous safety systems.
Examples given in Section S are illustrative of such
common-mode SOV events that resulted in reduced
safety margms ‘For arample,

s  simultaneous common-mode SOV failures that re-
sulted in the failure of both EDGs to start at the
Perry plant (Section 5.2.1.2)

e simultaneous common-mode failures within the
scram system at Susquehanna (Section 5.2.3.3)

e common-mode scram pilot solenoid valve failures
that resulted in primary system leakage outside pri-
mary containment at Dresden (Section 5.2.1.1)

e common-mode failures of two SOVs and the poten-

tial failures of 58 additional SOVs in multiple sys-
tems at Kewaunee (Section 5.1.3)
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e common-mode degradation of SOVsaffecting safety
injection, reactor coolant, main 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 (Section 5.1.1.1) and
Brunswick (Section 5.2.3.1)

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

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

e common-mode orientation errors affecting ultimate
heat sink, ADS SRVs, equipment cooling, control
room cooling, and other systems at River Bend (Sec-
tion 5.1.4)

e  More than 30 inadvertent common-mode openings
of incorrectly oriented SOVs at six plants (Section
5.1.4)

e repetitive common-mode EDG failures at Catawba
(Section 5.2.4.2)

s common-mode potential for failures of SOVs in aux-
iliary feedwater, reactor coolant, and safety injection
systems at Calvert Cliffs (Section 5.1.3)

These common-mode SOV 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 SOV are key components in
many plant safety systems, their ability to function is re-
quired to mitigate accidents. Therefore, it is concluded
that SOV problems represent a significant safety con-
cern.

Section 5 provides representative examples of over 20
recent events involving common-mode failures or degra-
dations of over 600 SOVs in important plant systems.*
Additional data is presented in Appendix A. The com-
mon-mode failures and degradations cut across multiple
trains of safety systems as well as multiple safety systems.
The recurrence of common-mode failures or degrada-
tions emphasize the need for timely resolution. Although
plant safety analyses do not address common-mode, mul-
tiple train/multiple safety system failures, operating ex-
perience indicates that they continue to occur. The com-
mon-mode SOV failures and degradations that have
occurred, which compromised safety systems such as
emergency ac power, auxiliary feedwater, high pressure

*There have been many other similar events. The events chosen here are
intended to be illustrative. They are not a complete set of all such
events.
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coolant injection, and scram systems, are illustrative of
the safety significance of SOV problems. k

The high expectation that SOVs will meet their func-
tional goals in reactor applications implies a tightly con-
trolled process that eliminates programmatic and system-
atic deficiencies and results in only random failures.
These expectations discount the possibility of interde-
pendent failures between similar devices.

These basic concepts also apply to quantifying hardware
failures in probabilistic risk assessments. NUREG-1150

-provides estimates of the risks of the five studied plants. It

isa set of modern PRAs, having the limitations of afl such
studies. These limitations relate to the quantitative meas-
urements of certain types of human actions, variations in
the management and organization, failure rates of equip-
ment, especially to common-cause effects such as mainte-
nance, environment, design and construction errors, and
aging. In the context of SOVs in NUREG-1150, random
failure rates were assumed 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-1150 did not extend down to the SOV itself.
Also, and consistent with the level of detail usually done
in risk studies, cross-system common-mode failures were
not modeled.

It is beyond the scope of this SOV case study to calculate-
the change in risk that might attend cross-system com-
mon-mode failures and systematic component deficien-
cies. 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 reason-
able 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 SOV failures are not
self-correcting, they will not be fixed unless corrective
actions are taken. Responding in a meaningful way to the
SOV problems presented in this report will require con-
siderable nuclear industry resources.

On the basis of the analysis of operating data, it is con-

cluded that the SOV 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-specific ac-
tions are needed to correct the SOV problems in orderto
restore the plants’ safety margins to their ongmal per-
ceived values.

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




generic communications alerted licensees to specific
SOV problems. On the basis of this study, AEOD be-
lieves that an integrated comprehensive program is
needed. Only in this manner will the root causes of SOV
problems described in this report be fixed. It is concluded
that integrated implementation of the recommendations
provided in Section 9 would reduce the likelihood of
common-mode SOV failures eroding 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 per-
formance, increased SOV reliability, thus reducing the

potential for common-mode failures. To reduce the po--

tential for common-mode failures, attention should be
focused 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 specific 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 shut-
down. 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
maintenance practices associated with SOVsare not com-
mensurate with the importance of the safety functions to
be performed. The controlling parameters that serve as
reference bounds for design and utilization of these com-
ponents have not provided assurance that these devices
meet their functional goals. This study catalogs program-
matic and systematic deficiencies such as incorrect de-
signs, 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 will satisfactorily perform their
safety functions. In addition, the biased, nonrandom, con-
current failures of redundant SOVs depicted by this expe-
rience are inconsistent with the single failure criterion
which is a bulwark in reactor safety.

9.1 Design Verification

Licensees should review SOV design specifications and
actual operating conditions to verify that all SOVs as-
sumed to operate in plant safety analyses are operated
within their design service life. The reviews should ensure
that
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¢ life-shortening effects of elevated ambient tempera-
tures are considered in the determination of SOV
service life (Section 7.1.1)

e life-shortening effects of heatup resulting from coil
energization are appropriately accounted for in the
determinations of SOV service life (Section 7.1.2)

e the potential for overpressure resulting from pres-
sure regulator failure or for hydraulic fluid heatup
has been considered in the selection of the SOVs
(Section 7.1.3)

In addition to verifying the adequacy of the high visibility
SOVs that perform direct safety-related functions, simi-
lar verification should be made for unrecognized SOVs
that are used as piece-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 op-
eration of the safety-related equipment that is dependent
upon them (Section 7.1.5).

9.2 Maintenance

Licensees should implement SOV maintenance pro-
grams to replace or refurbish SOVs* on a timely basis.
Thermal aging that results from elevated ambient condi-
tions and heatup from continuous coil energization
should be considered when establishing the frequency of
replacement or refurbishment. (Section 7.2.1.)

Because of the limited lives of their elastomeric or resil-
ient parts, SOVs should be replaced or refurbished prior
to the end of plant life in accordance with the manufactur-
ers’ recommendations. In the absence of specific manu-
facturers’ recommendations for replacement or refur-
bishment intervals and in absence of applicable failure
data, changeout of short-lived elastomeric and resilient
materials (or complete valve replacement) should be
done on the basis of material shelf life, and manufacture
date. However, changeout of elastomeric parts or com-
plete SOV replacement should be done more frequently
if operating conditions exceed the originally envisioned
design conditions or if field failure experience so dictates.

To reduce the potential for common-mode failures, con-
sideration 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

*SOVs in safety-related systems and systems that support safety-related
systems.
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and test properly, and improperly rebuilt SOVs can de-
grade 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)

Aggressive actions should be included in the SOV main-
tenance program to ensure that fluids flowing through
SOVs, instrument air in particular, are maintained free of
contaminants. If operational experience indicates a pat-
tern 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 con-
tamination assuming that the root causes of the contami-
nation problems have been corrected (for example, in-
strument air contamination problems were to be
addressed by licensees’ actions in response to Generic
Letter 88-14 [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 surveil-
lance testing, root-cause failure analysis, and timely re-
pair or replacement of malfunctioning SOVs in their op-
eration and maintenance personnel training (Section 7.3).

Licensees should review, and if appropriate, modify their
surveillance testing procedures. Procedures should ex-
pressly prohibit mechanical agitation (tapping) of SOVs
as a technique to assist successful operation during sur-
veillance 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 compo-
nent back in service, even though subsequent retest re-
sults may be satisfactory.

To minimize the potential for common-mode failures
affecting multiple SOVs, consideration should be givento
staggering surveillance testing of redundant SOVs.
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9.4 Verification of the Use of Quahﬁed
SOVs

Licensees should review all SOVs in safety-related appli-
cations (as well as applications that support safety-related
systems), particularly EDGs, to ensure (1) that they meet
10 CFR Part 50, Appendix B, and appropriate Class 1E
requirements and (2) that they have been installed and
maintained appropnately to operate in a manner consis-
tent 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, test-
ing, and replacement of redundant SOV's (such as MSIVs
for BWRs and containment 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 SOV (different desxgn or manu-
facturer).

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
making 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.)
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APPENDIX A

SOV FAILURES REPORTED IN LICENSEE EVENT REPORTS
1984 through 1989

This appendix describes the licensee event reports of 09
approximately 200 solenoid-operated valve failures that
occurred at U.S. light-water reactors between 1984 and
1989. A legend for the following table is provided below;

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

0  Excessive Environment Temperature

[

followed by a definition of each failure category. 11  Moisture Intrusion (Electrical Shorts/Ground-
ing/Open Circuits)

Legend: 12 Contaminants (Dirt, Water, Rust, Hydrocatbons,

DOC NO. docket number Desiccants, etc.)

13  MOPD (Maximum Operating Pressure Differen-

LER licensee event report number tial)
REPFL  repetitive failure 14  Design Error (Other Than MOPD)
TP/OUT  cause reactor trip or plant outage 15  Equipment Qualification-Seismic
FC failure category 16  Equipment Qualification-Radiation
Failure Categorics: 7 ween Reptacement ot Overtaal
00  Other 18  End of Life/Normal Wear
01  Coil Failure 19  Still Under Investigation
02  Valve Body Failure/Leakage 20 Unknown
03  O-Ring/Gasket/Plug/Seat/Diaphragm/Spring 21  Unspecified
Faﬂurgs/Leakage 22  Personnel Error
04 Lubricant/Lubrication 23  Minimum Operating Pressure Differential
05  “Sticking” 24  Required Closing/Opening Time Specifications

06 Internal Wiring/Reed Switch/Contacts
07  External Wiring

Not Met
Leakage Unspecified

27  Assembly Error (Plug/Diaphragm/Spring etc.)
Equipment Qualification (Electrical)

08 Installation/Maintenance Error-Physical (Back-
wards, Upside-Down, etc.) 28

A-1 NUREG-1275
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Page MNo. 1
11716790

206

PLANT
NAME

San Onofre 1

San Onofre 1

San Onofre 1

Sen Onofre 1

$an Onofre 1

EVENT LER NO. OF
DATE NUMBER FAILURES

12/30/86 86-014-01 One

01/17/87 87-001  One

11710/87 87-016-01 Seven failures
of four valves

12/01/87 87-017  Two

12/16/87 87-018 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL
PART NO.
Ground Feechiater & Not Not
fault, Safety Specified Specifi
moisture Injection od
in System
Junction
box
Ground Feeduater Kot Not
fault Specified Specifi
od

Slug Containment ASCO 206-380
sticking Isolation,

Containment

Spray,Chargf

L)
Not Safety Kot Not
Specified injection  Specified Specifi

vent od
Ground  Plant Not Not
fault cooling Specified Specifi
woisture water od
in sov
housing

ROOT
CAUSE

Mofsture in
Junction box

Inadequate

installetion/v

ibration

Licensee
attributed
sticking to
Douw Corning

550 lubricant

Loose screus

and inadequate

seal. Root
cause not
specified

REP CORRECTIVE
FL ACTION

No New junction
box installed

Yes Eliminated
ground, tighten
od connections

Yes Secured SOVs
in safsty
position,
cleaned valves
and initiated
weekly testing

No Repaired or
replaced SOV

Yes The ground was
elininated by
removing the
water inside
the solenoid
housing and
resealing the
housing.

COMMENTS REFERENCE TP/ FC
DOCUKENTS QUT

Corrective LER 87-001 No 11

action taken on
failed junction

box and seven

other

vulnerable

ones.

Vibration None
caused

loosening of
terainal box
condisit locking
ring

Conducted Insp Rpt
extensive 89-24
fnvestig.

Repetitive
common-mode

failures could

have rendered
independent

traing of

multiple

for venting SIS
to avoid uater

The loose See
screws were comments

prebably
stripped from
excessive
tightening.
Ref. Docs. LERs
206/86-016/701,
and

361/87-001,031

No 07

No 05

No 19

o 1
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Page No, 2
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206 Sen Onofre 1

206 San Onofre 1

206 San Onofre 1

213 Haddam Neck

EVENT LER
DATE NUMBER

RO. OF
. FATLURES

02/715/88 83-004-02 One

03/03/89 89-008  None

08/23/89 89-026  One

11/02/84 85-005  Two

SOLENOID-OPERATED VALVE FATLURE DATA

FAILED  SYSTEM MANUFACT WODEL  ROOT

PARY RO. CAUSE
sov Safety Target  S0EE-00 Still under
:l;m Injection  Rock 1 investigation
position
indicatio
n suitch
None Containment Not Not Design error
tire Specified Specifi
suppression ed
Failed to Recirc ASCO 206-380 Suspect
shift, system lubricant
ngticking (safety
slug® injection/co
mtaimment
spray)
Failed to Auxiliary  ASCO NP8320 Unknown

shift Feedwater
sgtuck® System

REP
FL

Yes

No

Yes

CORRECTIVE COMMENTS REFERENCE TP/ FC
ACTION DOCUMENTS OUT
SOV wes sov failure LER No 19
replaced. prevented bleed 206/81-020
Rodified off from double
maintensnce  disc gate valve
¢inc bornet.

tuding
{mplementation
of mfr's
recoemend for -
ney reed
suitch
calibration
Design Discovered thet None Mo 14
modification a single SOV
made could degrade

containment

spray

system, resultin

9 in

contafrment

overpressure

during a LOCA
Replaced SOV None LER 87-016 No ©3

SOV retested Sovs failed None No 05
scceptebly,  during testing.
declared SOvs required

operational, for

wore frequent auto-initiation
cycling tests of AFW
planned
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Page No. 3
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213

213

219

PLANT

Haddaa Neck

Oyster Cresk

Kine Hile Pt 1

Nine Mile Pt 1

EVENT  LER
DAYE NUMBER
09/10/85 85-024

01/14/88 88-001

10/16/84 84~022

06/14/84 84-013

056/17/84 84~014

RO. OF
FAILURES

Four incipients

Thres

Three

$ix

SOLEROID-OPERATED VALVE FAILURE DATA

FAILED SYSTEN MANUFACT MODEL  ROOT
PARY NO. CAUSE
Failed to Auxiliary  ASCO KPB8320 Unknown
shift Feoduster
“gtuck® Systea
SOV Containment Mot Not Design
operating Isolatfon - Specified Specifi Deficiercy
node Steam od
Generator
8L owdown
Diaphrags Scraa Not Not Installed
Discharge  specified specifi disphragm
Voluze od backuards.
Inadequate SOV
rebuf lding and
inadequate
post-maintenan
ce test
Seat Main steam Dresser/C 1525VX \Wear and
leakage(2 onsol., contaminants
) misposi Electroma suspected
tioned tic
wires
S seat  Mafn steam Dresser /7 1525 VX Foreign
leakage / . Cansol ., uaterfal .
1 atuck Electrons intrusion
open dus tie (saurce not
to stated)
foreign.
watt

REP CORRECTIVE

FL

ACTION

Yes Replaced SOVs.

No

Yas

Yes

initisted more
frequent
pericdic
cycling

Corrected
circuit
design, rather
than changing
the $0Vs

tnstall
diaghrea
correctly and
develop
improved
post-maintenan
ce testing

1 refurbished,
2 replaced

Cleaned and
refurbished

COMMEUTS REFERENCE TP/ FC

DOCUMENTS QUT

Cause of LER 85-005 No OS
sticking has

not been

determined.

Seme SOVs as in

LER 85-005

Installed SOVs None No 08
close upon
deenergizing
instead of
opening upon
deenergizing
per design.
Condition
existed for
seven years
Caused slouw
closure of 3
air-operated
SOV vent and
drain valves

None No 27

Retest of all 6 LER 84-016 No (3
valves found

stl to be

teaking due to

material lodged

in the seat

ares (sae LER

84-014)

Retest of all 6 84-013 o 12
SV (LER .
84-013) found

att to be

teaking due to

foreign

materfal lodged

in the seat

area
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245

245

T

247

247

PLANT
NAME

Nine Mile Pt 1

Dresden 2

Millstone 1

Millstone 1

Indien Point 2

Indien Point 2

Indien Point 2

EVENT LER NO. OF

DATE NUMBER FAILURES

11701785 85-021  One plus two
incipients

07/17/87 87-023  One

12/24/85 85-034-01 Between three

and six

06/06/87 87-015-02 One

01/04/84 84-001  One

11/27/84 84-022 Two

02/02/87 87-003-01 One

SOLENOID-OPERATED VALVE FAJLURE DATA

FAILED SYSTEM

PART

FACT MODEL
NO.

ROOT
CAUSE

Jarmed  Main steem Dresser/C 1525VX Wear

springs

Internal Feedwater
passagewa (FWRY)

14
., restrictf

meny.
discs .

Excessive Containment
leakage isolation -
post

accident

sampling
Failed Containment
closed  purge
Not AFW Steam
Specified

Sluggish Condensate

1eor0 Control rod
-'spring, drive

performen (storage

ce tenk

isolation)

onsol .

Electroma

tie

ASCO 8300

ASCO Not
specifi

- ed

Target Not

Rock Specifi
ed

ASCO Not
Specifi
ed

Not

Spec

Not
Spec

Not
ified Specifi
ed

Not
ified Specifi
ed

Veer

_Deterforation

of the Buna-N
discs and &

. detached

spring.

Plunger tube
scored

Not Specified
Mot Specified
Design

deficiency
(sizing)

REP CORRECTIVE

Ft

ACTION

Yes Replaced atl

three valves

Yes Replaced SOV

Yes SOVs rebuile,
upgraded SPSV
-maintenance

No

No

program per GE
SIL 128

Replaced
plunger tube

Replaced SOV

Reconnected
power leads to
SOVs

Entarged SOV
orifice and
cleened
regulator

COMMENTS

SOV is a
piecepart of
the

Fafiure of .

three control
rods to scram
was attributed
to fajture of
three to aix
associated .
scram pilot
solenoid
valves, '

None

Sovs control
AFM turbine
inlet steem
{sotation
valves

SOV controls
AOV. Slow
closure
attributed to
orifice size,
Debris could

-have also

contributed,

REFERENCE
DOCUMERTS

None

None

TP/ FC
ot

No 03

Yes 18

No 17

No 03

No 21

No 09

No 24
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249 Dresden 3
249 Dresden 3

249 Dresden 3

250 Turkey Point 3

250 Turkey Point 3

250 Turkey Point 3

250 TYurkey Point 3

EVENT LER
DATE NUMBER

01/12/85 85-001
09/10/85 85-018-01

08/07/87 87-013

12/02/84 84-031%

12/13/84 84-034

01/13/85 85-002

01/27/86 86-005

NO. OF
FAILURES

One

One Hundred
Eighteen

One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFEREKCE TP/ FC
PART NO. CAUSE FL ACTION DOCUMENTS OQUT
Monual Main turbine Sperry FSDG454 Grease No Replaced SOV SOV controls None Yes 04
operator Vickers 0124 contaimination overspeed trip
Diaphrams Scraa ASCO Not Wear Yes Rebuilt and  Cocmon-mode None Yes 03
' Specifi replaced SOvs, failures
0-rings, od wodified resulted in
seals procedures, primary system
upgraded leak outside
systea prisary
containgent.
See Section
5.2.1.7 of this
report
Cofl Feeduater  ASCO 8300 shorted coil No Replaced SOV SOV controls None Yes 01
FWRV afr
operator
Not Containment ASCO Not Not Specified No Replaced SOV  None LER250/84- No 03
Specified isolation specifi 09,020
(nitrogen ed
supply)
Not cves ASCO Not Not Specified Yes Replaced SOV SOV controls  See No 02
specified (isolation Specifi MV, Ref. Comaents
valve) od Documents: LER
250/84-032,
gtm-o&n.u-o
Clogged Not Not Not Not Specified No Cleaned air Similar None No 17
SOV air Specified  Specified Specifi filters on OCCUrTeNces:
filters od this and other LER 250-84-034,
similer SOVs LER 250-84-031,
in both units LER 251-84-020,
3and 4 LER 251-84-009,
and LER
250-83-016
Not Mein steam ASCO 8316 1 internal No Replaced 1 2 independent None Yes 09
Specified (NSIV) interference, SOV, fuse SOV fallures
1 bent contact block pine discoverad
pins at fuse wele during testing.
block. straightened MNSIV couldn't

on other SOV. be closed
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DOC  PLANT
RO, NAME

250 Turkey Point 3

250 Turkey Point 3
250 Turkey Point 3

251 Turkey Point &

251 Turkey Pt 4

254 Quad Citfes 1

254 oQued Cities 1

EVENY LER
DATE NUMBER

KO0, OF
FAILURES

08/03/86 86-031  One

01703787 87-002  One

09/13/87 87-023  One

07/15/87 87-015-01 One

09715/89 89-011  One

02/05/85 85-001  Two

04/03/87 87-006-01 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE
PART k0. CAUSE FL ACTION
Auxiliary/em ASCO 206-381 Uater entering No SOV replaced
specified ergency the SOV
feeduater
Cofl ASCO 8316  Not Specified No Replaced SOV
Cooling
Water
internal Steem Target 300525~ Faulty wires No Not Specified
wiring  Generator  Rock 1 going to Reed
Blowdown switch .
Ground  Contairment Mot Not Deterioration No  Cleaned and
fault Isolation Specified Specifi of insulating retaped wiring
(pressurfizer ed tepe from connections
sarpling) “normal
ageing” .
Plunger Feedwater  ASCD Not Forefon No Replace SOV.
stuck in Specifi materials from Develop
mid-posit o plant cleanliness
fon modifications controls for
instrument air
system tubing
Connectio KPCI Barksdale 1782508 Faulty No Repair
n to SOV Cc204 terminal terninal
power cormection and connections
lead vibration and secure
wires to SOV
housing
Wiring  HNigh Barksdale 1018433 Vibration/ined Yes Replaced coils
connectio Pressure Ace1 equate on failed SOV
n to coil Coolant connection/ina end three
Injection dequate others
support replaced at
units 1 and 2

SOV s a

COMMENTS

Sinilar See

occurrences:
LER 251-84-020,
and LER
251-84-009

None None

None None

None
piece-part of
AY

Forelgn None
materials were

metal particles

and thread

sealant

Failure of HPCI None
turbine tripend
reset SOVs

Hecl
inopersble.
Replaced SOV
coils with
never model ,
also added
wiring
restraint to
all four SOvs,

REFERENCE
DOCUMENTS

comment

TP/ FC

out

Yes 03

01

Yes 06

LER 85-001 No

1

12

07

07
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11716/90
SOLENCIO-OPERATED VALVE FAJLURE DATA
DOC PLANT EVENT LER KO. OF FAILED SYSTEH MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PARY NO. CAUSE FL ACTION DOCUMENTS  OQUT
254 Guad Cities 1§ 07/07/89 89-01% One 8locked Emergency Mot Not Falled to No Remove System had been None No 03
exhoust diesel Specified Specifi remove protective inoperable fo
port generator ed manufacturer's pipe plug and 51 weeks
fire protective test SOV for
protection pipe plug and oparsbility
also feiled to
perform post
wafintenance
operability
test .
255 Palisades 04/10/86 86-017-01 Three fail ¢ Valve Reactor Targst 808-001 Metal shavings Yes Repafred SOVs Discusses None Yes 12
three fncipients seat Coolant - Rock in valve sest and system spurious
leakage (head vent) arsa. flushed to openings of
. remove Targat Rock
remaining SOve
: wetal shavings
255 Palisades 01/14/87 87-001-01 Efght Inadequst Contairment Wot Not AE design No Isolation None Nonhe No 14
] fsolation(hy Specified Spacifi error logic modified
isolation drogen ed .
logic woni toring)
259 Browns Ferry 1 07/03/85 B86-022  six incipients Not ECCS Rockwell/ Not Design error No Remove air Potentfal for None No 14
Specified Atwood-Mo Specifi supply to overpressurizin
rreill ed affected ¢ low pressure
actuator systeas due to
use of non
qualified SOVs
(six in each of
three Browns -
Ferry units) .
260 Browns Ferry 2 08/31/87 87-007-01 Potential Logs of Contairment Not Not Design error Yes Replace S0Vs  Use. of . None o 14
failures all 3  sov Drywell Specified Specifi with qualified non-quelified
units function Control Air od - ones SOVs could
pravent primary
C - s - containment
.- . : : - E isolation. ALl

3 Browne Ferry
units affected.
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263

261

261

PLANY
HAME
frouns

Ferry 2

N.B. Robinson 2 -

H.8. Robinson 2

#.8. Robinson 2

‘Monticello

~EVENT AR ‘N0, OF

DATE WUMBER  FAILURES

06/06/89 29-018 _ One

05713787 87-007 Two

07/15/87 87-020  One

11/05/87 87-028-01 Two

10/25/89 89-032  One

"SOLENOID-OPERATED VALVE ‘FATLURE DATA

FAILED  SYSTEN mm “MODEL
PARY M0,
Valve Ewergency  Salea 812-8
eeats _dteset

generstor

air stert
Specified-Specified Speciﬂ
Electrica Feedwater
L short (AWRV) speclﬂed spocifi

ed

' SV Diesel

Not Mot
internats Generator  Specified Speelfi
Starting Alr
Loose Mafn steam Not
terminal (MSIV) Specified Spaclﬂ
screw

RO0Y
CMISE

“Corrosion

‘debris from
startim afr
system

Jnadequate
frstal tations
of conduit
seals

Water trapped
in SOV

condolet

Internal wear

Not Specified

REP CORRELTIVE
FL ACTION

COMMENTS REFERENCE TP/ FC
DOCURENTS - OUT

Upgraded £0G = LER.

alr sys, dild  259/7858-008

meint. on it
prior to

- everg bt

debris wes be
there from

before,
Preceded by 2

- simiter
- everts(see ref)

Yes Install
correct sesls

No Wire wes
repaired and
water removed
from the
condulet.
Other SOVa
exenined for
similar-

problems,
No Replaced SOVs

No Tighten
terminal screw
and inspect
similar SOVs

. Ircorpeetly. Hone

fratatled

- conduit seels

at entrance to-
several harsh
envirorment 1€
cqual{fied sovs,
Potential for
misture

fntrusion

SV s None
plece-part of

FRY

SOV failures None
caused venting
of starting air
None None

o T2

o 14

Yes 11

No 18

No 09
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DOC  PLANT

265 Quad Cities 2

265 Quad Cities 2

265 Quad Cities 2

265 Quad Cities 2

265 Quad Cities 2

266 Point Beach 1

270 Oconee 2

271 Vermont Yankee

272 Salea 1

EVENT LER
DATE NUMBER

06/28/85 85-015

02/18/87 87-004

09/18/87 87-012

12/10/87 87-020

04/06/89 89-001

06/01/89 89-003

06/05/89 89-005

NO. OF
FAILURES

One plus two
incipients

Two potential

08/18/87 87-009-01 Not Specified

12/31/84 84-029

One

SOLENOID-OPERATED VALVE FAJLURE DATA

FAILED SYSTEM
PART

Not Reactor
Specified Bldg. Vent.
System

Not Containment ASCO

specified vacuum

Not Containment ASCO

specified Vacum
Relief

Not Main Turbine Sperry
Specified Control

Not Containment ASCO 8302

Fluid
Not Turbogenerat Not
Specified or
specified isolation
($G blowdown
saspling)
Inadequat RCS sampling Target
e cable
sealing
Seat Automatic

leakage Depressuriza

tion

Faulty Feedwuater

slectrica (FWRV)
l

connectio
n and
seat
leakage

MANUFACT MODEL

specitied Specifi
ed

ROOT
CAUSE

Not Specified No SOV replaced

“Solenoid
rusted and
corroded™

(reason/source

not stated)
Unknown

REP CORRECTIVE
FL ACTION

No Replaced SOV

Yes Not Specified

F3-SDG4 Not Specified No Rplaced SOV

Not Specified No Rebuilt SOV

Not Specified No

Failed to meet Mo

EQ
requirements
for
potentially
submerged
vatves

Replace SOV

Resealed
connectors

pirt/corrosion Yes SOV cycled

products from

the air supply
Not Specified Yes Replaced SOV

COMMENTS

REFERENCE TP/ FC
DOCUMENTS OQUT

VGS-4422-U-10-3 None

1-38C

SOV is
piece-part of
vacuum bresker
air test
cylinder

SOV is
piece-part of
vacusm breaker
air test
cylinder

None

Fafled SOV
controls
turbine master
trip solenoid
None

Units 1 end 3
were suspected
to have the
sane
installation
deficiencies

None
SOV is &

plece-part of
FWRV

No 20

No 21

LER 87-004 No 20

None

Yes 02

LER 87-020 Yes 21

None

None

No 21

No 28

No 12

Yes 09



1n-v

SLTI-DTANN

Page No. 10

11716790
SOLENOID-OPERATED VALVE FAILURE DATA
DOC PLANT EVENT LER ¥O. OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
RO, NAME DATE NUMBER FAILURES PART NO. CAUSE FL ACTION DOCUMENTS OUT
272 Salem 1 01/31/86 86-003 One Seat Feochiater ASCO Not Probably Yes Two SOVs were SOV is a None Yes 12
leskage (FIRY) Specifi contaminated replaced plece-part of :
ed air the FURV. Dirt
end moisture
were detected
in air lines
causing other
associated
faitures
272 Salem 1 02/20/86 86-006 One 8roken  Feedwater Not Not Installation No Replaced wire None None Yes 09
wire C(FWRY) specified sPecifl error and and checked
vibration similar SOVs .
272 Solem 1 04/08/85 85-007  Eighteen Electrica Post Not Desigr/instatl No (nstall 18 SOVs on None No 14
incipients [} aceident Specified Specifi ation required units 1 and 2
connector sampling error, inadequa connectors had inadecquate
s te connectors
installation
procedures
275 Diablo Canyon 1 01/02/85 85-001 Two SOV Main turbine Not Not Not Specified No Replaced SOV  None None Yes 21
“gtuck (overspeed Specified Specifl
open" protection)
275 Disblo Canyon 1 07/24/87 87-011 None Contairment Not llot " Procedural No Perform Faflure to None No 22
Specified jsolation  Specified Specifi inadequacies necessary verify
ed verification. penetration
Upgrade {solation
procedures subsequent to
SOV
replacement,
277 Pesch Bottom 2 04/27/84 84-008  One Not Contairment ASCO 8320  Not specified No Replaced SOV  Potential None No 19
Specified Isolation existed for a
(S86T) single failure
to have
prevented the
fulfilment of
the safety
function of the
SBGT system
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SOLENOID-OPERATED VALVE FAILURE DATA
00C PLANT EVENT LER 0. OF FAILED  SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART §0, CAUSE FL ACTION DOCUMENTS OUT
277 Peach Bottom 2 01/24/86 86-003 Two DC cofls Main Steam Automatic Not Under No The failed DC Faflure of 2 DC None Yes 19
(MSIV) Valve specifi investigation solenoids were SOVs in 2
Company ed replaced. separste lines
CAVC) caused closure
of MSIVs
277 Peach Bottom 2  05/29/87 87-008 Three Not Control room Not Not Piping No Reconnected  Sample lines to Hone No 20
Specified ventilation/ Specified Specifi configuration tubing to SOVs three SOVs had
radiation ed error properly been connected
monitoring incorrectly.
Affected
control rooms
at both units 2
and 3
277 Peach Bottom 2  10705/89 89-023 One 8inding Main steam Autometic 6910-20 Inadequate No Replaced SOV  Reference LERs See Yes 27
of SOV (MSIV) Valve manufacturer's and revised 277/86-003, comments
slug Company installation installation 278/85-018,
(AVC) instructions and 278/86-016
maintenance
procedures
278 Peach Sottom 3 09/30/85 85-015-01 One Leaked  ADS backup Target ot Not Specified Yes Replaced SOV  Previous See No 03
nitrogen Rock Specifi with an similor Comments
od upgraded one  occurrences
reported in
LERs 277/85-0%
and 278/85-05
278 Peach Bottom 3 07/11/84 85-018 One DC cofl Main stesm Automatic Not Reason for Yes Task force DC SOV failure None Yes 01
(Ms1v) Valve Co. specifi coil faflure recomended coupled with
od not specified testing of DC momentary loss
solenoids more of AC power
often and resulted in
analyze cause MNSIV closure
of future
failures.
278 Peach Bottom 3 07/19/86 86-016 One Cofl Main Steam Automatic Not Reason for Yea The dc coil on Similar reactor See Yes 01
(MS1V) Valve Specifi cofl faflure each MSIV's scrams in L985 comments
Corp. ed ot specified SOV was and
(AVC) replaced. 1986(defective
dc coll coupled
with ac power
interruption):
LERs
278/85-018,

277/86-03
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281

281

PLANT
NAME

Surry 1

Surry 1

Surry 2

surry 2

EVENT LER
DATE NUMBER

NO. OF
FAILURES

03728/84 84-007  None

11/12/87 87-031  One

01727788 88-001-01 Two

02/02/88 88-002-01 Two

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM
PART
Not Feedwater
Specified (FURV)
sov Contafnment
wiring fsolation
blocked
{solation
valve
operator
Ssov Contafnment
leskage
essurizer
vapor space
sampl ing)
Seat Reactor
leakage coolant
sampling
isolation

MANUFACT MODEL

NO.
Not Not
Specified Specifi
ed
Masoneila 3500
n (SoV series
unspecifi
ed)
Target 86v-001

isolation(pr Rock/ASCO /204-38
0

Valcor Vv526-56
83-19

26

12

ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
CAUSE FL ACTION DOCUMENTS QUT
Maintenence No Reconnected JA Imatrument air None No
had been done Lines to lines were
sithout proper SOV comnected to
epproved ports the wrong ports
procedures of 5 SOVs at
{nedequate Surry units 1
post ord 2
mafntensnce
testing
Irproper No Secured SOV Wiring to None No
installation : unspecified SOV
caused
mechanical
binding of
containment
fsolation
valve's
operator
Cause of SOV  Yes Repair or Electricions None Mo
Leakage not replace SOVs  trying to
specified. isolate leaking
Cause of wrong SOVs Lifted
lead Lifting: wrong leads
electrical
maintenance
"personnel
error®
Impurities in No SOVs replaced. None LER 83-001 No
reactor Inftiated
coolant system program to
water enhance
prevented material
complete seat exclusfon
closure, controls
Impurities
also caused
pitting of
valve
internals
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PLANT

NO. NAME

285 Fort Cathoun

Indian Point 3

Pilgrim

Pilgrim

EVENT
DATE

LER
NUMBER

NO. OF
FAILURES

05/01/86 86-003-01 Two

02/11/87 87-002

07/19/88 88-021

01/27/89 89-004

One

Four incipients

Two suspected

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Failure \aste gas

positions

of SOVs

reversed

Coil Containment
{eakage
control

Potential Primery

for containment,

exceeding control rm,+

MOPD turb bldg

limits HVAC/SGTS

Not Containment

Specified fsolation

MANUFACT MODEL  ROOT
NO. CAUSE
Not Not Personnel

Specified Specifi error
ed

ASCO 8308 Not Specified
ASCO 8320 Design error
and
NP8320
ASCO NP8320 Not Specified

REP
FL

Ko

Yes

No

No

CORRECTIVE
ACTION

Return SOVs to
correct
failure
positions

The failed
solenoid valve
replaced with
one of a
higher
tenperature
design. 3
similar SOV
cofls were
slso replaced.
Replace SOVs
uith ones
rated for
higher MOPD

Repaired leaks
and replaced 2
SOvs

REFERENCE
DOCUMENTS

COMMENTS TP/ FC

ot

Fail closed No 22
SOVs had been
changed to fail
open, resulting
in volume
control tank
leakage to
auxiliary
buflding.

The design of
no. 34 static
inverter was
jmproved to
allow isolation
of single
branch circuits
if a short
circuit
develops.
Faflure of

None

LER
85-001-00

Yes 11

None No 13
pressure
regulator would
result in
inoperability
of 4 SOVs due
to exceeding
MOPD Limits
Failure of 2
AOVs due to air
system leaks.

2 SOVs were
replaced as a
precaution
against
exceeding MOPD
Limits of the
SOvs

LER 89-002 Yes 21
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DOC PLANT
293 pilgrim

295 2ion 1

295 2ion 1

298 2ion 1

28 2iont

298 Cooper

EVENT  LER
DATE NUMBER
05703789 89-01S

08/08/85 85-029

10/716/88 88-020

01712789 89-001

11/22/89 89-022

08718786 84-018

NO. OF
FAILURES
One

Two

One

302 Crystal River 3 01/05/89 89-001-02 None

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEN
PART

MANUFACT MODEL  ROOT

CAUSE

Coil Mafn Steem Autometic 6910-02 *Rendom

(MSIV) valve 0 fatluren
Corp.
CAVC)
“Stuck® EDG buflding Not Not Not specified
pllot ventilation specified specifi
valve ed
Plunger Service ASCO 8320 Forefgn
stuck in  water material
mid-posit (piece of
fon SOV's
elastomeric
seat had
broken off)
Failed to Ventflation ASCO 8320  Veakened cofl
shift (service
water
building)
Plunger Service ASCO 8320 Mleakened
failed to water cofl®
open buflding ’
ventilation
Not Reactor Not Not Not Specified
Specified Recirculatio Specified Specifi
n System ed
Not Multipte ASCO 8320/NP Design

Specified systems

8316/83 error-MOPD

20

REP CORRECTIVE
FL ACTION

No Replaced SOV
asserbly

Yes Replaced SOVs

Yes Replaced SOV

Yes Replaced SOV

Yes Replaced SOV

No Not Specified

Yes Replaced SOVs

with others

having higher

MOPD rating

COMMENTS REFERENCE TP/

DOCUMENTS  OUT

None None Yes

40 such valves LER No
used in both  304/85-015
units,

Common-mode
faflures found
during testing.
Additional CMFs
ocurred next
day at unit 2,
SOV did not go None No
to "fafl safe®
position when
de-energized,
safety
fnjection could
have resulted
in reduced
essentfal W
flow
None No

None LER NO
295/89-001

None Nore No

See section See No
5.1.3 of this comments
report for

additional

info.

Reference

documents: LER

78-054, 83-023,

88-013

FC

01

(1]

12

01

01

21

13
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SOLENOID-OPERATED VALVE FAILURE DATA
DOC PLANT EVENRT LER NO. OF FAILED SYSTEM MANUFACT MODEL  ROOT
NO. NAME DATE NUMBER FAILURES PART NO. CAUSE
302 Crystal River 3  04/07/89 89-012  Eight incipient None Contairment ASCO 8320  Design error
isolation
(RX cavity
cooling
system)
302 Crystal River 3 04/18/89 89-015 One incipient Not Reactor Not Inadequate
Specified coolant punp Specified Speciﬁ seismic
s:al bleed instatlation
. - off E
302." Crystal River 3 . 09/26/89 B9-034 . Many potentially Electrica HVAC, Not Not Desfgn error
affected { power contairment Specified Specifi
supplies {solation, od
P [ Main steam
(MSIV)
302 Crystal River 3  09/05/89 89-035-01 25 potential Cofl Contairment Not Not Incorrectly
safety related under-rat cooling, Specified Specifi specified
LE I G e : ed (DC containment ed operating
voltage) isolation, voltage
NSCCCW, EDG
304 2zion 2 07711784 84-015 Not Specified Internatl Main steam Keane 51-170 Licensee could
- - Lo leakage (MSIV) not find cause
of faflure
304 Zfon 2 08/09/85 85-015 Two “Stuck® EDG building Not Not specified
pilot vent specified Speciﬁ ‘

valve

REP CORRECTIVE COMMENTS REFERENCE TP/
FL ACTION DOCUMENTS OuT
Yes Replace SOV 8 SOVs were See No
coils with affected. comments
cofls having Reference
correct documents: LER
tesperature 78-054, 83-023,
ratings 88-013,
89-001
No Modified SOV  None None No
supports
Ko Modified power Intermingling None Ho
supplies of 1E and
non-1E power
sources to SOVs
Yes Replace SOVs  NWone None No
with correctly
specified DC
voltages
No Three SOvs to None None No
be replaced
with
environmental |
y qualified
SOvVs .
Yes The valves Common-mode LER No

were replaced. failures found 295/85-029

during testing.

Also occurred

on unit 1 the

previous day.

40 such valves

on units 1 and

2.

FC

14

15

14

26

05
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DOC PLANT
NO. NAME

304 2ion 2

305 Kewasunee'

305 Kewaunee

305 Kewasunee

305 Kewsunee

EVENT LER
DATE NUMBER

02/03/87 87-001

07/02/84 84-013

12/16/84 84-020

02/11/85 85-005

11/28/87 87-012-01 Two failed plus
58 incipients

NO. OF
FAILURES

One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

SYSTEM

Mafn stesm
(MSIV)

0-Ring

Cofl Auxiliery
buitding
special
ventilation

Cofl Amilisry
buflding
special
ventilation

Cofl Auxilfsry

buitding
special
ventilation

Failed to Contairment
shift 1solatfon-P2
r
rel {ef ,make-

discherge

MANUFACT

Chicago
Fluid
Power

Johnson

Johnson

Johnson

ASCO

MODEL  ROOT
NO. CAUSE
NSV1-16 Marwfacturing

defect or

damage during
fnstatlation
Mot Specified

*C-XP

v-24

v-24 "Burnt out®

cofl, root
specified

Cofl "burnt
out,® root
cause not
stated

v-24

NPB314 Design error.
Conditions
exceeded SOVs!
MOPD Limits

REP CORRECTIVE
FL ACTION

No Replaced SOV

Yes The Johnson
valves were to
be replaced
with ASCO
NPS320 SOVS as
they fafled.

Yes The Johnson

SOV wes
replaced uith
an ASCO
NPE320.

Yes Repleced SOV
uith an ASCO

Yes Replace SOVs
and correct
regulator
settings so
that MOPD
ratings will
not be
exceeded

COMMENTS REFERENCE

DOCUMENTS

SOV failures
resulted in
infitiating
safeguards
ecquipment, 59
such $OVs
remaining would
be replaced
with ASCOs at
next outege
Due to
repetitive
faflures of
these Johnson
SOVs, they were
all being
replaced with
ASCO NPE320
SOVs on an
as-fail basis
Due to LER No
repetetive 84-013,020
failures of
these Johnson
SOVa, they were
all being
replaced with
ASCO NPA320
SVs on an
as-fail basis.
See Section
5.1.3 of this

report

82-03,28, No
81-34

LER 84-13 WNo

TP/ FC
or

Yes 08

L)

01

01

13
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ooc
NO.

305

309

309

m

n

PLANT

Kewaunee

Maine Yankee

Maine Yenkee

Salem 2

Salem 2

EVENT LER NO. OF
DATE NUMBER FAILURES

05/28/88 88-007-01 Three plus seven
incipients

087107856 86-005-01 One

05/23/88 88-005-02 Four incipients

01/28/85 85-001 One

05/22/89 89-011-01 None

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT
PART

Failed to Contairment ASCO
shift Isolation
(pzr relfef,
makeup
fsolation)

Ground Cardax Fire Chemetron
fault Protection

systen
Not HPS1/chargin R.G.
Specified g pump Laurence
suction vent

Failed to Emergency Masoneill

shift diesel an
generator

Not Main steam Not

Specified (isolation Specified
valve) -

MODEL
NO.

NP8314

5-020-0
074-8

620WA24
DCsSW

Not
specifi
o

Not
Specifi
ed

ROOT
CAUSE

Manufacturing
error
(unauthorized
use of
incorrect
lubricent)
Not Specified

Design error

SOV installed
backwards

Inadequate
surveillance
testing -

REP CORRECTIVE

FL

No

No

No

No

No

ACTION

Cleaned and
refurbished
the affected
SOvs

Replaced SOV

Modified
system

Reinstalled
correctly and
revised
maintenance
procedures
Modfified
testing
circuitry

COMMENTS REFERENCE TP/ FC
DOCUMENTS QUT
Initiated an  LER No 05

extensive root 87-012-01

cause snalysis.

See Section

5.2.4.1 of this

report.

sov failure No 21
tripped Cardox

system power

supply breaker,

disabling the . .. S
Cardox system.

sovs in high None No 16
rad, fields not

environ. qual.

Failure could

cause .. - o

uncontrol led

release of

radicactivity

SOVlsL.“ None No 08

Testing. ... Not Yes 14
deficiencies  Specified

would prevent

detection of

Sov failure

peficiency

existed at unit

2 alsa -
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DOC  PLANT EVENT  LER NO. OF

NO. NAME DATE  MUMBER  FAILURES

313 N0 1 05/06/85 88-001  Two

317 Calvert Cliffs 1 04701787 87-007-03 Four incipients
317 calvert Cliffs 1 08/22/89 89-015  None

317 Calvert Cliffs 1 11/13/89 89-020  None

318 Calvert Cliffs 2 09/05/86 85-006-01 One

321 Hatch 1 12/07/85 85-043-01 Not Specified

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Lifting Post

of accident

plunger sampling

(spurious

actuation

)

Unqualifi Auxiliary

ed Feechater

electrica

t

connector

s

None Todine
filter
dousing
system

Not Salt water

Specified cooling

‘Sﬂt Main Steam

leakage (atmospheric

)

Seat Contsirment

leaskege isolation
-multiple
systems

MANUFACT MODEL ROOT REP

NO, CAUSE FL
Target 80E-001 Design error No
Rock /81P-00
corp. 6N
Not Not Design error No
Specified Specifi

ed
Not Not Design error No
Specified Specifi (0 list

ed clessificatfon
Not Not Design error No
Specified Specifi (Q list

classification

ASCO 8300 Not specified No
Not Not Normal Yes
specified specifi equipment use

ed or wear

CORRECTIVE
ACTION

SOVs were
reoriented
correctly

Deficient
electrical
connections
were upgraded
with EQ
qualified ones
Replace with
seismically
qualified SOVs

Replace with
sefsmically
qualified SOvs
and power
sources

SOV internals
were replaced

Leaking
valves in 42
penetrations
repaired, rebui
it, or
replaced.

Sov faitlure

COMMENTS REFERENCE TP/

DOCUMENTS  OUT

LER No

368/88-001

Incorrectly
orfented SOVs

could open upon
small increases

in
backpressure.
See Section
5.1.4 of this
report

Two SOVs on
each unit found
to have
inadequate (EQ)
electrical '
connections

None Yes

None No
could prevent
fodine filters
from performing
their function
4 sovs in
safety system
not sble to
withstand
sefsmic event

None No

safety-related
SOVs not
sefsmically
quatified

None

None No

None LER 84-017 No

FC

03

28

15

15

03

18
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321

2

323

323

PLANT

Hatch 1

Hateh 1

Shorehem

Dfsblo Canyon 2

Diablo Canyon 2

EVENT  LER NO. OF

DATE NUMBER  FAILURES
04/15/87 87-004  One incipient
03/18/87 87-005  Two

11/15/89 89009  None

08/14/85 85-019-01 Three

12/21/85 85-022 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEN

PART

Not Main control

Specified room
envirorments
{ control

1.Missing Containment ASCO

lock nut  ventilation

2.5tuck
plunger

Not

Containment

Specified isolation

(RX buitding
standdy
ventilation)

Incorrect Main Steam
wiring to (NSIV)
SOV

Open

cireuit

Feeckiater

MANUFACT MODEL
m‘

Not Not
Specified ism:iﬁ

NPB321

A$CO

ROOT
CAUSE

AE design
deficiency

Unspecified

206-832 Design error,

SOVS were

206-380 orfented

Not None

Specified

Not Not
spacified s.gocm

incorrectly

Personnel

srror({incorrec
t undocumented
wiring change)

Inproper
wiring
fnetallation
snd bumped
Junction box

REP
FL

No

Yes

Yes

No

CORRECTIVE
ACTION

Redesign main
control room

environmentat
control system

1, Installed o
nissing lock
mit./ 2. Ko
corrective
action taken
on stuck SOV

Reorfent SOVs
to correct
positions
(verticsl vs.
horizontal)

Replaced SOV

The wiring
connection was
properly
reteriminated
other similar
SOvs!
terminations
were
inspected.

COMMENTS REFERENCE TP/ FC

DOCUMENTS OuT

Single SOV No 14
faflure could
conpromise
control room
hability

2 damper
faflures. (1
caused by
wissing lock
nut on SOV, 1
cauged by stuck
SOV plunger)

LER No 00
85-015-01

Common-mode None No 08
failures having
potential to
prevent
fulfillment of

safety
function
Undetected SOV LER 85-014 No 07
faflure caused
S wonth loss of
1 train of
ESFAS actuation
of MSIVs
SOV is a
plecepart of
the FWRV

LER Yes 09

275/85-030
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324

2%

324

324

325

325

PLANT

NAME

Brunsuick 2

Srunswick 2

'irum’uick 2

Brunswick 2

Brunsuick 1

Brunswick 1

EVENT LER NO. OF
DATE NUMBER FAILURES
09727785 £5-008  Three'

10715/85 85-011-01 Two

01/02/88 £8-001-05 Four

06/17/89 89-009-01 One

02/28/87 87-005-02 Two

07/01/87 87-019  One

SOLENOID-OPERATED VALVE FAILURE DATA

.FAILED SYSTEN MANUFACT MODEL  ROOY REP CORRECTIVE
PARY . CAUSE FL ACTION
Disc-to-s Main steam ASCO 8323  Hydrocarbon, NO Replaced SOVs
eat (MSIV) water and high
-sticking temperatures
caused
) degradation of
) : seat material.
DC cofl Main $tesm ASCO NPE323 Licensee No Replaced SOVs,
(Ms1V) suspected Extensive
chloride fatlure
corrosfon analysis
fnitisted.
failed to Contairment ASCO 206-832 Still under  Yes Replace SOVs,
shift isol./drywel frvestigation. Performing
L floor and Foundd debris extenafve
eqpmt drain and ofl film failure
sumps on one SOV. analysis
Suspect high
tesperatures
from gelf
heating of
energized SOvs
Failed to Drywell ASCO Not Suspected that No Replaced SOV
shift purge and specifi foreign
vent ed particulates
found in the
SOV had
attacked
elastomerfic
parts of the
sV
Discs Contairment Valcor  V52645- Not Specified No Replaced SOvs
{solation 5683-14
Stuck Main Steem Target 1/2-SM$ Excess Loctite Yes Refurbished
plunger  (MSRV) Rock ~A-01  used by sV

renufacturer's
field rep

COMMENTS REFERENCE
DOCUMENTS
Common-mode None

fatlures, See
Section 5,2.3.1
of this report.

None None

Four previous
similar
faitlures hed

experienced

Insp Rpt

Extensive None
enalysis of

root ceuse was

not totally

conclusive

SOV leakege None
found during

LLRY

See Section LER
5.2.2.2 of this 87-020-01

report

™/ FC
ouT

No 12

Yes 01

No 19

No 12

No 03

No 17
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11/16/90
SOLENOID-OPERATED VALVE FAILURE DATA
DOC PLANT EVENT LER NO, OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART NO. CAUSE FL ACTION DOCUMENTS OUT
325 Brunswick 1 07/03/87 87-020-01 Four Stuck Mafn steam Target 1/2-SMS Excess Loctite No Replaced SOVs See Section LER 87-019 No 17
plunger  (MSRV) Rock -A-01 used by 5.2.2.2 of this
manufacturer's report
field rep
327 Sequoysh 1 05/18/84 87-020 Not Specified Not Not Not Not Desfgn error No Plant 1E SOVs were None No 14
Specified Specified Specified Specifi modifcations not protected
ed to protect from water
vulnerable 1E spray which
equipment could emanate
from pipes
which were
wvulnerable to
: . . R an SSE
328 Sequoyah 2 08/30/84 84-014-02 One Seat Feedwater ASCO 8320 Design Error No Replaced SOV  An incorrectly None No 13
{eakage selected SOV
failed when put
in gervice
where its MOPD
limits were
exceeded
328 Sequoysh 2 06/11/88 88-026-01 Two Incorrect Auxiliary  Not Not Inadequate Yes Reconnected Incorrect None No 07
external feedwater Specified Specifi maintenance S0vs correctly external wiring
wiring level ed configuration to 2 SOvs
control - control
328 Sequoyah 2 06/06/88 88-027-01 ‘Not Auxiliary Not Not Inadequate Yes Replaced None None No 07
Specified feedwater  Specified Specifi electrical diodes missing
ed mafntenance from external
circuitry
connecting 2
SOVs
331 Duane Arnold 01/10/784 84-004 Two Blockage Standby ASCO 8316 Restriction in No Removed Restrictions  None No 23
of filtration SOV discharge restrictions,p prevented valve
internal path. (Adaptor lanned: to from satisfying
passagewa elbow and rebuild $Ovs  {ts minimum
Yy possibly and to upgrade operating
foreign air system pressure
material or differential
moisture from requirement
instrument

afr). Ageing
also
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DOC PLANT
NO. NAME

331 Dusne Arnold

331 Duene Armold

331 Dusne Arnold

333 Fitzpatrick

333 Fitzpetrick

333 Fitzpatrick

EVENT LER
DATE NUMBER

NO. OF
FAILURES

01/28/85 85-002-00 One

05/27/88 88-005

03/05/89 89-008

08/20/85 85-022

One

One

One

11722785 85-027-01 One

08/03/89 89-013

None

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Diaphregm High
pressure
coolant
inJection

Not Fire

Specified Suppression

Cofl Main steam
(MSIV)

Electrica Main steam

L fault (MSIV)

sov Main steem
unable to (MSIV)

seat

properly .

Not - Contairment

- Specified isotation

MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS
NO. CAUSE FL ACTION
Skinner  L20B515 End of No Replaced SOV  None None
Electric 0 Life/excessive
time between
mafntenance
Electro-M 2010008 Deafgn error No Replaced SOV  Licensee had  None
anual 3 and {nadequate upgraded SOV
(Chemetro post with an
n Corp.) maintensnce incorrect one.
testing Deficiency was
not found
during post
maintenance
Co testing.
ASCO NP8323 Moisture No Replaced SOV. 7 other similar None
intrusion from Tightened SOVs were
stesm leak / enclosure. subject to -
inadequate covers of mofsture T°
torqueing of other similar intrusion
enclosure SOvs, - faitlure due to
fasteners . common-mode
torqueing
: deficiency *:
ASCQ Not. Maintenance .- No SOVs replaced AC coil had None:
Specifi personmnel and rewired  been connected
ed error in correctly to. DC ‘source : -.
external and DC.cofl-had
wiring - -beery conected <.
to AC source
ASCO NPB323 Brass sliver No Clesned/refurb MSIV unable to None
due to cross - ished SOV close
threading air check other £
tine fitting for similar s
problem R Lo L,
Not. . Not Design error No Correct wiring None - ‘- None
Specified Specifi R error S I IR e
ed

REFERENCE
DOCUMENTS

TP/ FC
out

No 17

No 14

Yes 11

Yes 09.
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PLANT
NAME

Seaver Valley 1

Hillstone 2

Millstone 2

North Anna 1

North Anna 1

North Anna 1

EVENTY LER
DATE NUMBER

06/07/88 88-007

12/31/86 86-021

01/02/87 87-002

02/02/84 B4-005

07/28/84 84-014

11723/87 87-020

NO. OF
FAILURES

One

Two

One

6 failed and 54
incipients

Two

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL
PART NO.
Not Diesel Not
Specified generator Specifi
air start od
Broken Resctor Valcor v526-60
springs Coolant Head Engg 42-3A
{n SOVe Vent
Diaphragm Main 8262
leakage feeduater
(FWRV)
Electrice Contairnment valcor  Valcor
t-moistur {solation and ASCO 526ser{
[ ~hydrogen es
intrusion control/pass
Not Main stesa Not
Specified Vulcan  Specifi
ed
Not Main Steam Copes-vul Not
Specified (Atmospheric can Specifi
Dunp Valves) e«

ROOT REP
CAUSE FL

Not specified No

Suspect No
hydrogen
esbrittlement

Not specified Yes

Inadequate No
conduit

sealing

methods did

not meet wfrs
specs to meet
1EEE-324
qualifications
Not Specified No

Not Specified WNo

CORRECTIVE
ACTION

Replaced SOV

Repleced 17-7
PH springs of
all similar
Valcor SOVs

Inspected and
replaced

Replaced
failed SOVs
and sealed all
deficient
conduit seals

Overhauled SOV

Water
induction
circuits were
de-energized
in order to
start the
condensate
pupe and
begin
secondary
system
recovery
actions.

COMMENTS

EDG afr start
SOV foiled

Prior to event
these SOV8 had
been lesking
and hed been
isolated

None

6 sovs falled
and 54 SOVs
were installed
incorrectly in
both units

$low closure
resulted in
steam generator
overfill

To prevent
recurrence of
this type
event, an
evaluation to
instatll
additional
level suwitches
will be
performed,

REFERENCE
DOCUMENTS

None

None

None

None

TP/ FC
wr

No 22

No 03

Yes 02

No 09

No 24

No 02
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PLANT
NO. NAME
338 North Anna %

338 North Anna 1

338 North Anna 1

338 North Amna 1

T Ues cenbess

339 North Anna 2
R TS E TR SoL

R PR S B

T vlte

Tof wEYAT

EVENT LER NO. OF
DATE NUMBER FAILURES
01/08/88 88-002 One
03711788 88-011 Nine
03/15/88 88-012 One
ve %L
07/19/89 89-014 One
0‘/16[86 856007 One .-
- o ¥
1T EAES N P [ s

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL  ROOT REP
PART NO. CAUSE FL
Not Condenser  Not Not Not Specified Yes
Specified waterbox Specified Specifi
vacuum eod
Slugafsh Contairment ASCO NP-1 Design error Yes
operation isolation serfes
Not Component  ASCO Not Not Specified Yes
Specified Cooling Specifi
Water ed
O-ring  Turbogenerat Parker-Ha MRFN16M O-ring pinched No
or (EHC) nnefin  X0834 during SOV
refurbishment
by turbine
menufacturerts
maintenance
: team :
Not Reactor Masoneila Not - Not Specified No
Specified coolant n. Specifi e
( letdown ed
isolation)

CORRECTIVE
ACTION

Replaced SOV

Reworked SOVs
to meet
manufacturer's
fnstructions

SOV from
1-CC-TV-103A
was installed
on -
1-CC-Tv-1038,
and the SOV
from
1-cC-Tv-1038

was
refurbished
and § nstalledr

on
1-CC-TV-103A -
Replace O-ring

Replaced
solenoid

COMMENTS REFERENCE TP/ FC
DOCUMENTS  OUT

None None Yes 21

Faflure to LER No 14

follow 339/87-15-

menufacturer's 01

installation

instructions

modified the

SOvVs!

performence and

quatification.

None LER 88-011 No 02

Supplemental LER 88-013 Yes 03
info obtained

from Licensee
5/16/90, H.L.
ornstein/

C.H. Allen

Licensee stated None No 21
that the - - ’

ngolenotid was

degraded»
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V71690
SOLENOID-OPERATED VALVE FAILURE DATA
boc PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. RAME DATE NUMBER FAILURES PART NO. CAUSE FL ACTION DOCUMENTS QUT
344 Trojan 0h/16/87 87-009  Not Specified  Not Reactor Not Not Desfgn/inetall No Replaced None None No 28
‘ Specified coolant Specified Specifi ation error splices which
(PORV) od did not meet
£Q
installation
' requi rements
346 Oavis-Basse 09711784 84-013-01 One Not Main steam Control Not Not Specified Yes Replace or SOV is a None No 21
Specified (Atmospheric Component Specifi refurbish SOV plece-part of
Vent) Internati od the atmospheric
onal vent valve's
sir-operated
controller
346 Oavis<Besse - 01/03/86 86-006-01 Thirty-two cofl Not ASCO Not Faflure to No Replaced SOV Coils on EQ None No 17
incipients specified specifi perform cofls S0vs had been
od preventive in service
maintenance beyond their
when required qualified
’ , Lifetime
346 Davis-Gesse 12/07/87 87-015 One SOV Instrunent  ASCO 1179237 Not Specified No Replaced SOV, Faflure of SOV None Yes 21
vented  air dryer instrunent air caused loss of
afr dryers instrument
replaced with air/reactor
upgraded ones trip. O-rings
on several SOVs
in turbine
bypass systes
also found
) i degraded
348 Farley 1 -01/18/87 87-005  Two Not Contafrment ASCO 8316  Unknown No 1 50V closed Redundant SOVe None No 20
. ' Specified isolation on additional in one
(containment attempts. penetration
suRp Inboard SOV to failed to close
discharge) be inspected
subgequent to

shutdown.
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11716790
SOLENOID-OPERATED VALVE FAILURE DATA
DOC PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART NO. CAUSE FL ACTION DOCUMENTS OUT
348 Ferley 07/21/87 87-012 84 fncipients at {nadequat Not Not Not Root cause of No ALl accessible 84 SOVs at each None No 28
each unit e Specified  Specified Specifi inedequate sovs'installat unit were found
electrica ed splices end fons modified not to be
i terminations to an approved installed in
install. not stated EQ splice and accordance with
(splices/ termination  EQ requirements
terminals configuration (splices and
) on a priority junction box
: besis. connections)
352 Limerfck 1 05/09/88 88-017 One leskage Reector Bldg ASCO 8316  Not Specified No Replaced SOV  Licensee could None No 20
-slug Ventilation not determine
atuck in cause of SOV
mnid-posit failure,
fon Called a
“component
fajlure of
unknown cause¥
352 Limerick 1 03714789 89-019 None msry Electrica RX buflding Not Not Desfgn error No Sealed Potential for None No 07
incipients t ventitation Specified Specifi (EQ). electricat common-mode
failure/m ed Inedequate conduits failures
oisture conduit
intrusion sealing for
potential HELB
environment
354 Hope Creek 08/28/84 86-063 12 incipients Not Contafrment ASCO NPE316 ODesign error No Replaced all  Failure of None No 13
Specified Atmosphere twelve SOVs non-Q
Control with ones regulators
having a could have
higher MOPD caused failures
rating. of the SOVa.
354 Hope Creek 02/24/87 87-018-01 One Fafled to Main Steem Automatic Not Foreign No Replaced Foreign LER No 03
shift (MSIV) Valve Specifi material failed SOV and material in 87-037,038
Corp. ed inside SOV fts manifold SOV, Plunger in
(AVC) body, assenbly, SOV not per
menufacturing Replaced 7 design
defect, snd SOVs for other (incorrect
{nadequate MSIVs, Sent length),
{nstallation failed SOV to mounting screws
supplier (GE) on junction box
for smalysis were loose,



SLTI-DHANN

8-V

Page No,
11716790

DOC  PLANT

354 Hope Creek

361 San Onofre 2

361 San Onofre 2

366 Hatch 2

366 Hatch 2

366 Hatch 2

10/10/87 87-047

01/09/86 86-004

12/17/87 87-031-01 One

09/21/84 84-021

04/22/87 B87-008  One

01/20/88 88-004

SOLENOID-OPERATED VALVE FAILURE DATA

SYSTEM MANUFACT MODEL  ROOT
NO. CAUSE

Failed to Main Steam Target Not Inadequate

(MSRV) Rock Specifi protection of
ed MSRVS during
plant
construction
Feedwuater Not Not Moisture
specified Specifi intrusfon -
ed faulty conduit
connection
Corrosion Main Marotta MV233C Inadequate
of power Feedwater Scientifi / maintence
leads and (NFIV) c MV238C instructions
terminal Controls
Inc.
Main Steam ASCO Not Not Specified No
(MSIV) Specifi
ed

Feedwater Not Not
turbine Specified Specifi i
ed

Contafrment Target 75F-009 Inadequate

isolation Rock /7567F  instructions/
(many normal use and
systems) wear

Suspected

lubrication or
corrosion

" REP CORRECTIVE COMMENTS REFERENCE TP/ FC
FL ACTION DOCUMENTS OQUT
No The Failure caused None No 12

malfunctioning by intrusion of
SRV and its sandblasting
SOV piece-part grit which was
were replaced used during
in kind. plant
construction
The valves None None Yes 11
were replaced
and visual
inspections
made of the
conduit
connections of
similar SOVs
Replaced SOV, Water and LER Yes 12
terminal foreign 206/86-004
block,and materfal
power leads. intrusion
Sealed conduit (inadequately
connections sealed conduit
properly. connection)
Replaced None None Yes 03
gasket

Inspected and None None No 05
exercised SOV,

Deferred

repair or

replacement to

future outage

Reverse See Section LER No
orientation of 5.1.4 of this 366/86-020
many SOVs/ report

replace failed

o-rings
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DOC  PLANT

366 Hatch 2

369 McGuire 1

369 McGuire 1

EVENT LER
DATE NUMBER

02712/88 83-007

04/24/87 87-003

04729785 88-001

02/16/89 89-003

07/23/84 84-023

09/19/85 85-028

NO. OF
FAILURES

Twelve

Two

Two

One incipient

One

One plus three
incipients

SOLENOID-OPERATED VALVE FATLURE DATA

FAILED SYSTEM
PART

MANUFACT  MODEL

NO.

73K-001
475F-00

Not

Specified Specifi
ed

Not Containment Target
Specified fsolation - Rock
Torus
Drywell
Vacuum
Bresker
Seat Reactor Not
leakage Coolant
(pressurizer
high point
vent)
Leakage Containment Target
isolation Rock
(pass)

Not Containment Target
Specified isolation  Rock
Chydrogen
analyzer
sampl ing)

Seat Main Borg
deformati Feedwater Warner

on

Cable Post valcor
terminati accident

on sampl ing

sealing

80€-001

T4F

Not
specifi
ed

526-529
5-45

ROOT REP CORRECTIVE

CAUSE FL ACTION

Inadequate No Reversed

instructions/ orfentation/fo

design r unit one

deficiency installed
stronger
springs

Seat leakage No Replaced SOV
and installed
a collector
for any future
leskage

Backwards No Refinstalled

installation sovs in

due to reversed

inadecuate orientation

installation

instructions

Design error- No Refurbished

incorrect SOV. Checked

assessment of others for

sov similar design

Life-failure error

to account

for heatup due

to

energization

Hydraulic No Adjusted SOV

fluid was -and modified

leaking system

Personnel No ALl four

error valves were

(installation repaired,

not performed resealed.

per Wiring on all

installation other valcor

specification) 526 series
SOvVs at
station to be
upgraded and

seals replaced

COMMENTS

See Section None
5.1.4 of this

report

Concern for None
Lleak causing
corrosion
demege to other
components

See section
5.1.4 of this
report for
additional info

None

Vatve had
exceeded EQ
life 6 years
prior to
discovery of
problem

None

None None

Similar valves None
checked at Unft

2, and found to

be okay

REFERENCE
DOCUMENTS

TP/ FC
ot

No 08

No 03

No 08

No 14

Yes 03

No 11
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DOC PLANT
NO. NAME

McGuire 1

370 McGuire 2

370 McGuire 2

373 LaSalle 1

373 Lasalle 1

373 LaSalle 1

EVENT LER
DATE NUMBER

04/15/87 87-009

06/24/85 85-018-01

08/27/86 86-017

08/29/84 84-051

02/02/85 85-008

03/12/87 87-013

NO. OF
FAILURES

One

One SOV two
malfunctions

One SOV (3
mal functions)

Four

Six incipients

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL  ROOT

PART NO. CAUSE

System Main turbine Not Not Modification

perturbat Specified Specifi of design and

fon od maintenance

Cofl and Main Borg-Warn Not 1- coil

short feeduater er Specifi failure - not

circuit od specified. 2-
short circuit
- water spray
onto open
electrical box

Coil Main Borg Not Not Specified

Feedater Warner Specifi
ed

Electrica Main steam Crosby IMF-2 SRV lifted due

| ground (MSRV) Valve to short to
grourdd. Reason
for short not
specified

Diaphragm Reactor ASCO 8316 Diaphregms

s building lost their

ventilation resilience
Not Main Steam Not Not High drywell

Specified (NSRV)

Specified Specifi temperature
od

REP CORRECTIVE COMMENTS
FL ACTION
No Change Systea
maintenance operation logic
schedule to  and time of
avoid testing preventive
while at maintenance had
powsr. beenchanged.
Both factors
contributed to
8 reactor trip.
No 13- replaced second failure
SOV. 2- dried occurred prior
water from to coaplete
SOV instatlation of

Yes

No

Yes

No

ol«’:trlcal box replacement SOV

SOV cofl was None

replaced and

original coil

wag sent to

the

manufacturer

for snalysis.

Replaced SOV SRV Lifted
spuriously
three times

Rebuilt SOvVs, Will change

eycling $OVs to nuclear

frequency to qualified

be increased NPB316 model

Analyze Three $OVe

effects of declared

high drywslt inoperable.

tasperature Three SOVs
suspect due to
high ltocal

temperatures

REFERENCE
DOCUMENTS

LER
85-018-01

TP/ FC
T

Yes 00

Yes 01

Yes 01

No 11

No 03

No 10
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DOC PLANT
NO. NAME

374 LaSalle 2

374 LaSalle 2

374 LeSalle 2

374 LaSalle 2

382 wWaterford

387 Suscqueheanna 1

387 Susqueharnna 1

EVENY LER
DATE NUMBER
06/03/84 84-033

11720784 84-076

07/31/86 85-013

01/17/87 87-002

12/11/87 87-028

02725/84 84-010

06/13/84 84-044

NO. OF
FAILURES

One plus meny
incipients

None - Meny
incipients

One

Several
repetetive
failures

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PARY

Passagewa Contairment

y blocked {solation

Cofl Turbine
Stears Bypass

Electrica CRD, RCS

[} recire,

connectio RCIC,

ns service
water, floor
drain, air

Leakage Feeduater

sov Main Steem

"stuck (MSIV)

open®

sov Main atesm

“stuck (MSRV)

open®

Discs, Control Rod

seats Drive

COMMENTS REFERENCE TP/ FC

DOCUMENTS OUT

Other similarly None No 08
affected SOVs

were
repositioned or
replaced

None

None No 11

1E equipment  LER 86-012 No 28
used

unqualified
electrical

connections,
SOV model nos.
HVA-206, NP206,
NP-8320,
NP-8323
SOV body and
stem corroded,
SOV filled with
dirt, and
o-ring wes -
deformed
SOV fafled
during testing.
LER noted
previous
unrelated Sov
failure due to
open cofl,
SOV stuck open None
causing SRV to
remain open
See Section

None No 12

None Yes 05

Yes 05

None No 12

SOVs, upgraded 5.2.3.3 of this

MANUFACT MODEL  ROOY REP CORRECTIVE
RO, CAUSE FL ACTION
ASCO 206-832 SOV wes No Repositioned
improparly Sov
positioned
Not Not Junction box No Repleced SOV
Specified Specifi was full of
ed water of
. unknown origin
ASCO See Design error  Yes Repafred all
comment affected
s electrical
terminations
to meet
qualification
requirements
Valcor V52660- Root cause of Yes Refurbished
5292-16 corrosion, SV
dirt and
o-ring
deformation
not stated
Fluid TWXPATT Not Specified Mo Replaced SOV
Control  4-600x8
Ine. &5
Not Not Not Specified No Replaced SOV
Specified Specif{
ed
ASCO HY-176- Contamination Yes Refurbished
816 of the air
system and disc materfal
elevated from
tenperatures polyurethene

to Viton

report
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387

387

389
395

395

PLANT

St. Lucie 2

Summer

EVENT LER
DATE NUMBER

07/06/87 87-023

02/04/89 89-006

03/10/87 87-001

02727789 89-003

08/16/89 89-006
06/29/86 86-011

12/02/88 88-012-01

KO. OF
FAILURES

One

Three

Two'

One
One

None many
incipients

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Coil Containment
Vacuua
Relief

“Mechanic Suppression

ally r

bound* drywell
Vacuum
breaker

Not Reactor

Specified Buflding
Chilled
Water

Not Containment

Specified isolation
(recirculati
on pusp
chilled
water

Not Hydrogen

specified sampling
Electric Feeduwater

connector (FWIV)

Ground Main Steam ASCO Not

faults and

Feedwater

MANUFACT MOOEL  ROOT
w0, CAUSE
Circle Not “gurned open*
Seal Specifi coil
Controls ed
Circle Not Root cause
Seal - Specifi analysis
Controls ed planned but
not coaplete
yot
ASCO Not Not Specified
Specifi
ed
ASCO Not Not Specified
Speciff
ed
valcor 52600-5 Not specified
15
Not Not Oxidation of

Specified :s«:ifi connector pins

Design
S.Secifl deficiency

REP CORRECTIVE
FL ACTION

Yes Replaced coil

Yes Replaced

REFERENCE TP/ FC
DOCUMENTS OUT

COMMENTS

Open coil found None No 01
on same Vacuum

breaker in

10/82. A unit 2

vacum breaker

also had &

similar Circle

Seal SOV coil

failure in 4/87

One SOV falled, LER 87-023 Yes 19

failed SOV and however two
eight similar similar SOVs

ohes

No Replaced SOV

Yes Replaced SOV

No Replaced SOV

No Electrical

connector and

SOV were
replaced,

No Isolated SOV
contacts to
prevent
spurious
actuations

None None Yes 02

Licensee shut LER 84-036 No 21
down plant

ingtead of
continuing
operation at

reduced power

per tech specs

None None No 21

Nonhe None Yes 07

Fourd that None
ground faults

could cause
spurious SOV
actuations

No 14
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DOC PLANT EVENT LER MO, OF

NO, NAME DATE NUMBER FAILURES

395 Summer 02/17/89 89-003-01 None, 3
incipients

397 w2 03/22/84 84-027-02 Fifteen

397 wip 2 07/23/85 85-050  Two failures (1
SOV)

400 Shearon Harrfs 1 02/08/88 88-006 Two

400 Shesron Harris 1 05/13/88 88-012 Four

SOLENOID-OPERATED VALVE FAJLURE DATA

FAILED
PART

SYSTEM

Electrica Main steem

t (MSIV)
grounding

Ground  Main steesm
faults (MSRV)
Diaphragm Fire

/seat protection
Leakage

Fajled to Emergency
close service

water pump
seal water

supply

Failed to Emergency

shift or service
fully vater seal
close water supply

MANUFACT MCOEL
NO.

ROOT
CAUSE

Not Incorrectly
Specified spociﬂ designed
{solation
relay
Not Not
Specified Specifi
od to spurious

actuation due

to ground
faults

Not Not

Specified Spociﬂ diephragm
leakege not
specified.
Backwards

bornet due to

inadecuate
maintenance
79a-024 Source of
debris
accumylation

Target
Rock

not specified

799-024 Debris in
water

Target
Rock

sov
susceptibility

REP
FL

No

Yes

Root cause of No

Yes

Yes

CORRECTIVE COMMENTS
ACTION
Modified Common-mode
wiring faflure
potential for
all 3 Msivs
Replaced Events at WUNP
defective occurred during
SVs. Tested stertup
potentially testing,
affected SOVs. Common-mode
Voltage spike failure
suppression  potential.
diodes were  Previous
installed on similar events
all MSRV+ADS  at La Solle +
SOVs Susquehanna

1- Repleced  None
disphragm/valv

e seat, 2-

backwards

bonnet

"prepairede

The fafted Common-mode
SOVs were foilure
repoired. No affecting both
statement made trains of
about actions Emergency
taken for Service Water
removal of

debris or

prevention of

additional

debris

Repaired SOVs Common-mode
and blocked faflure,

off source of repetetive of
debris event described

in LER
88-06-01. Two
of the failed
SOVs had failed
as described
inthat LER.

REFERENCE TP/ FC

DOCUMENTS OUT

LER 88-012 No 07

LER
84-027-01

None

None

88-006-01

No

1%

12

14
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g 8

409

409

409

PLANT
NAME

Shearon Harris 1

La Crosse

La Crosse

La Crosse

La Crosse

La Crosse

La Crosse

EVENT
DATE

LER
NUMBER

09/09/88 88-026

12/03/84 84-022
04/20/85 85-008

05717/85 85-012

07/08/86 86-020

07/19/86 86-024

WO, OF
FAILURES

Eleven or more

-

One

12/09/86 86-036-01 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

Internat
/reed
suitch
wiring

Seat
Coil

Coil

Electrica
t short

Coil

SYSTEM

Contairment
isolation
(many
systens)

Isolation
Condenser
Control Rod
Orive

Control Rod
Drive

Control Rod
Drive

Reactor
cavity
ventilation

Controt Rod
Drive

MANUFACT HODEL

(8
Target Elsven
Rock models
ASCO 8210
Royat Not
Industrie Specifi
s ed
Royal Not
Industrie Specifi
s ed
Royal Not
Industrie Specifi
s ed
ASCO 8300
Royal Not
Industrie Specifi
s ed

ROOY
CAUSE

Ranufacturing
deficiency

Not Specified
Not Specified

Root cause of
wetal chip in
SOV seat not
specified
Uncertain,
water
intrusion or

REP
L

Yes

Yes

Yes

Yes

REFERENCE
DOCUMENTS

None

LER 81-13

There have been LER 85-08

CORRECTIVE COMMENTS
ACTION
Unqualified  Common-mode
parts of 1€ failure
harsh env. potential for
SOVs replaced 1€ SOVs for
with qualified harsh
ones. envirorments.
Corrective Sovs for
sction for ex-containaent
non-harsh eiw. also deficient.
SOVs not
specified.
Replaced SOV lions
Replaced SOV None
Replaced SOV None
Replaced SOV
7 previous
scrams due to
the scraa
solenoid
shorting out.
Replaced SOV ESFAS
actuation,
cascading event
Replaced There have been
several SOVe. 8 previous
Replacement of scrams cue to
$0ves will be these SOV
fncluded in  faflures. SOV
CROM that failed uas
preventive about 20 years
waintenance old. -

program

None

LER

85-08,86-0

20

1P/ FC
T

No 06

No 03
Yes 01

Yes 12

Yes 01

No 1

Yes 18
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410

410

414

414

416

416

PLANT
NAME

Nine Mile Pt 2

Nine Mite Pt 2

Catowba 2

Catewba 2

Grand Gulf 1

Grend Gulf 1

EVENT LER
DATE NUMBER

06/22/88 88-025

09/15/88 83-046

10/11/86 B86-045

06/27/86 87-031

NO. OF
FAILURES

Numerous
internal perts

None with
potential for
four

Efght

02710785 83-007-02 Three

09/25/85 85-038-01 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL
PART NO.
Nydraulic Feedwater Keene 33896

Control
Unit

Inedequat Control Not
e control building
circuit ventitation

separatio
n

Failed to AFM (ateem Not
shift

turbine)
O-rings, Emergency Calcon
seels diesel

generator

Core-plug Main Steem ASCO

vt Ms1v)

sticking

Coit Deywetl ASCO
equipment
drain

Not
Specified ;d’pedﬂ

adnission to Specified sPeclﬂ

T-3618

1320

ROOY REP CORRECTIVE COMMENTS
CAUSE FL ACTION
Forefign object No Replsced SOV, SOV s
in SOV, due to also replaced pfece-pert of
merufacturing simitar SOVsa  level control
deficiency or in other velve
fafture to traina becsuse
fratall filter of serfous
screen degradation of
thelir
. fnternals .
Design error Mo Modified single foflure
Clreuitry could result in
loss of both
diviafons of
control room
afr filtration
sV - Reconnected SOV failure
incorrectly SOV properly defeated manual
fnstalled per stert
on incorrect capebility of
design drawing ARM turbine
Poor quality Yes Clean SOVs, Common-mode
afr and {mprove air failures, See
{mproper quality, use Section 5.2.4.2
tubrication correct of this report
(ubrfcant
RUss Replaced all 8 See section
HS1V SOVs 5.2.4.4
Excessive Fefled SOV Licensee stated
corrosion replaced with that the SOV
within the a duplicste did not need to
cofl housing be
bet{eved to be environmentally
caused by sested
water which
entered during
plant
construction

REFERENCE TP/ FC

DOCUMENTS OUT

None Yes (3
None No 14
None No 08
None No 04
None Yes 05
None " 11
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416

416

416

416

423

PLANT

Grand Gulf 1

Grand Gulf 1

Grand Gulf 1

Grand Gulf 1

Millstone 3

EVENT LER
DATE NUMBER

NO. OF
FAILURES

07/30/856 85-026-01 One

01/08/87 87-001

03/15/88 88-010

08/14/89 89-013

09/06/86 86-051

One

One and seven
degreded

Not Specified

SOLENOID-OPERATED VALVE FAJLURE DATA

FAILED SYSTEM MANUFACT MOOEL  ROOT REP
PART NO. CAUSE FL
Coil Control Rod ASCO 1050602 Particulate No
Drive 5P1 accusulation
on the valve
seating
surface
SOV Offgas ASCO 8320 Not specified No
failed in sampling
wmid-posit
jon
Locse Control Rod ASCO ot Cause of loose No
terminal Specifi connection not
box od found
connectio
n to S$Ovs
Elastomer Main steem ASCO NP8323 Cracked and Yes
seats deformed seats
due to
excessive time
between
ts
“failed Feeduater Not Not Intermittent Ko
electrica Specified Specifi open circuit,
Lly» ed root cause
unknown,
suspect
vibration and
stean
impingement

from & packing
leak

CORRECTIVE COMMENTS REFERENCE TP/ FC
ACTION DOCUMENTS OUT
Replaced SOV, Particulate None No 12
systea filters accumulation
to be checked resulted in an
and saxpled inavertent
for control rod
particulates withdrawal
Not specified Modified system None No 00
- specific
actions taken
regaiding SOV
not stated
The loose Licensee to None Yes 07
terminal evaluate design

cohnection was changs to

cleaned & inprove

tightened. reliability of
Other SOV pouer leads
terminal

connections

checked, all

were okay

Replace or See Section LER
refurbish all 5.1.2.1 of this 416/85-007
affected 50Vs report

Yes 17

All local None Yes 01
terminations

on the SOV

wiring to be

checked for

tightness

during the

next shutdown.

Kone
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423

423

423

424

424

440

PLANT
NAME

Millstone 3

Rillstone 3

Millstone 3

Vogtle 1

Vogtle 1

Perry

EVENT
DATE

LER
NUMBER

03/07/87 87-0038

05/06/87 87-024

09/23/57 87-034

01/22/87 87-002

04724788 88-013

06/30/86 86-030

NO. OF
FAILURES

One

Eight incipients

SOLENOID-OPERATED VALVE FAJLURE DATA

FAILED SYSTEM
PART

Coil
Copen
clreuit)

Feedwater

SOV would Emergency
not shift diesel

within  generator
spec air start
Coil Feedunter

Potential Main Steam
for MOPD

Coft Feedwater

Seat Containment

leakage Vessel and
Drywell
Purge

MANUFACT MODEL  ROOT

skinner
Electric

Circle
Seal
Controls

Skinner
Electric

Keane

Skinner
Electric

CAUSE

V516620 Cause for open Yes Replaced SOV

cireuit not
specified

N2990-9 Not specified No Failed air

617

0

Not
specifi
ed

VSH5620 Root cause of Yes Replaced SOV

cofl failure
Copen circuit)
not
determined.
Cofl was
uithin its
“cquatified
Lifer

Design error

V516559 Coil burnout

0

8320

Suspected dust
from

. fnstrument air

prevented

proper valve
sealing

REP CORRECTIVE COMMENTS REFERENCE TP/ FC
FL ACTION DOCUMENTS OUT
SOV was LER 85-051 Yes 00
operating
within its
“design Life®
Falled SOV None No 20
start SOV end resulted in
the diesel's slow (out of
redundant SOV spec) EDG
were replaced starting time
uith new ones
SOV controls LER Yes 01
hydrautfe oft  87-08/85-0

flow to IV 59

Potentfal for No 13
conmon-mode
MOPD fatlures
hydraulic due to heatup
system to of hydraulic
Limit pressure fluid. See
to below MOPD Section 5.1.3
Limits of this report,
No Replaced SOV SOV is a
ond similar  piece-pert of
SOV on other AV controlling
train of FWIV ALV
control system
Yes Replaced SOV Another valve
on same air
tine was found
to have a
similor problem

No Installed a
relief valve
on esch

None

None No 01

None No 12



SLTI-DFANN

8E-V

Page No. 37

11/16/90
SOLENOID-OPERATED VALVE FAILURE DATA
DOC PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART NO. CAUSE FL ACTION DOCUMENTS OUT
&40 Perry 09/16/86 86-062 One Leaking Reactor Not Not Not Specified Mo Cycled to stop None None No 03
by relief water Specified Specifi leaking.
port cleanup od Subgequently
repaired the
valve
440 Perry 02/27/87 87-009 Two Alr Emergency Humphrey TOG2E1- Failure due to Yes Replaced Both Simultaneous None No 17
leakage Diesel Products 3-10-35 extended SOVs. common-mode
(through Generator service with Returned failure of both
elastomer Control Air high local failed SOVs to diesels. Delay
ic parts) tesperatures EDG in repairing
and continuous wanufacturer leaking SOVs
energizetion. for analysis. contributed.
SOV in sve Will upgrade See Section
two years and preventive 5.2.1.2 this
never had PM maintenance report.
and elagtomers
440 Perry 10/29/87 87-073-01 Five SOVs on two Elastomer Mafn steam ASCO NP8323 Heat and Yes Replaced or Common-mode Insp Rpt  Yes 10
occasions ic seats, (MSIV) moisture from refurbished failures. See B87-024
discs, steam leaks SOVs Section 5.1.1.1
etc of this report
for additional
information
440 Perry 03/10/88 88-010 One Core Auxiliary ASCO 8320 Inadequate No Replaced SOV. Failure of SOV None No 17
shaft Building (no) Ingtituted @ results in loss
weor ventilation preventive preventive of RWCU room
maintenance maintenance cooling
for this SOV program
(replace when upgrade to
foil). Valve replace those
had been in SOVe every 2
service for years
over 5 years
440 Perry 02703789 89-004  One Not Auxiliary  ASCO 8320  Not Specified Yes Replaced SOV Licensee LER 88-010 No 19
Specified building investigating

ventilation root cause
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440 Perry

454 Byron 1

456 Braidwood 1

458 River Bend

458 River Bend

EVENT = LER
DATE NUMBER

11725789 89-030

01/729/86 86-003

09/15/89 89-010

05/02/89 89-022

04/06/89 89-024

KO, OF
FAILURES

Two plus many -

"suspect®

Ten potential

potential for
six

SOLENOTID-OPERATED VALVE FAILURE DATA

FAILED SYSTEN MANUFACT MODEL  ROOT

PARY No. CAUSE

Seat Scram ASCO H176-8 Marufacturing

16-1 defect
Spurious Main steam Not Mot Ground fault
operation Spacified Specifi
ed

Coil Containment Valcor  V526-53 Cofl leads
Isolation 95-1 labeted
(hydrogen backwards
snalyzer)

Spurious Affected Target 77kk-01 Backwards

opening many Rock 3 instatlation
systems, due to
Afr, ADS/SRY, inadequate
Main installation
Steam(MSIV) instructions

Spurious Affected Target  77XK-01 Backwards

opening  many Rock 3 installation -
systems, design error.
Inst air Inadequate
accums, See installation
comment instructions.

REP CORRECTIVE
FL ACTION

Yes Replace failed

and "suspect®
SOVs

No Replaced other
electrical
equipment
associated
with the
ground faults

NO Replaced with
different
model SOV

Yes SOVs
reinstalled in
reverse
orfentation

Yes Reversed
orientation of
SOVs

COMMENTS REFERENCE TP/ FC
. DOCUMENTS OUT
Conmon-mode
failures, See
Section 5.3 of
this report for
additional

information
None

None No 03

None Yes 07

Also replaced 5 None No 09
other similar
SOVs. Licensee
investigating
source of
mislabeling
(menufacturer
vs. plant)

See Section
5.1.4 of this
report for
additional
details

LER 89-024 No 14

Potential LER 89-022 No 08
common-mode

failures, Six

SOVs had the

same

instatlation

deficiency.

See section

5.1.4 of this

report
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DOC  PLANT
NO. NAME

461 Clinton

461 Clinton

461 Clinton

483 Callaway

483 Callaway

528 Palo Verde 1

EVENT LER
DATE NUMBER

NO. OF
FAILURES

03/06/87 87-009  One

04/14/89 89-019  Not Specified

11/29/89 89-037 O

01/02/85 85-001 One

02/20/86 86-002-01 None

08/08/85 85-052 TWo or more

incipients

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

sov Fuel Not

failed in Building

mid Ventilation

position

Electrica Main steam Seitz

L (MSIV)

connectio

ns

0-rings Vacuum GPE

relief Controls

(sov
unspecifi
od)

Not Feeduater Not

Specified

Electrica Reactor head Not
l

vent and
connector chemical
s volume

control

potential Post
insulatio accident

n sanpling
breakdown

/shorts

to ground

MANUFACT MODEL

Specified Speciif
ed

specified Specifi
ed

Specified Specifi
"

Airmatic Not

ROOT REP CORRECTIVE
CAUSE FL ACTION

Not Specified Mo Replaced SOV

Design error No Install hest

(EQ). shrink tubing

1nadequate per EQ

electrical requirements

connector

sealing

Inadequate No Refurbished

preventive SOV, replaced

maintenance 0-rings

Licensee Yes Replaced SOV

considered

this to be a

random failure

Construction Yes Not Specified

and startup

prograa

deficiencies

Design error No Affected SOVs
were shielded
to reduce post
accident
radiation

COMMENTS REFERENCE
DOCUMENTS
None None

Failed to meet Kone
EQ installation
recui rements

No scheduled  None
preventive
maintenance

program.

Failure

discovered

during stroke
testing

SOV is & None
plece-part of

FUIV hydraulic
opsrator

On 2 occasions None
licensee found

it had not

installed
erwironoentally
qualified
connectors on

SOVs as

required (3

$0Vs)

$0vs control Nohe
afr-cperated

sazple flow

control valves

TP/ FC
ot

No 03

No 08

No 03

Yes 00

No 28

No 14
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TARGET ROCK CORPORATION INFORMATION
REGARDING SPURIOUS OPENING AND VALVE ORIENTATION*

*Please note the American Society of Mechanical Engineers has &ranted the NRC permission to reproduce ASME Technical Paper 81-PVP-39
(pages B-15 through B-21) by telecopy dated February 12, 1991.
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,ﬁ r Target Rock Corporation, 1966E Broadhollow Rd., P.O. Box V, Farmingdate, N.Y. 11735-0917
) (e

SUBSIDIARY, CURTISS-WRIGHT CORPORATION Refer to E-19670

Page 1 of 4

July 12, 1990

Dr. Hal Ornstein

U.S. Nuclear Regulatory Comm.
AEOD 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 valve.
2. Unexpected 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-energized valve, wherein inlet pressure (Ps), enters radially inward,
and provides an upward force on the piston portion of the main disc. Control
pressure (Pc) acting 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

. these pressures. Should the 1ifting force exceed the closure forces, the valve
will 1ift. The valve will remain open until the downward force overcomes the
lifting force, where upon the valve again closes, and the closure force builds up
to full value again.

FAX: (516) 203-4949 ~ Telephone: (516) 293-3800 EASYLINK: 5106000141
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TYPICAL PILOTED SOLENOID VALVE  pase 2

Page 2 of 4
CONFIGURATION
FIXED CORE WHERE »
- M F,= MAGNETIC ATTRACTIVE FORCE
ELECTRICAL:
POWER ) F,= SPRING LOAD FORCE
Kg= SPRING RATE
SOLENOID COIL d X = PLUNGER DISPLACEMENT
N |v | P~ CONTROL PRESSURE
T .
Y Py~ SUPPLY PRESSURE
T A \:' —— AIRGAP p . DISCHARGE PRESSURE
.
)i Ay~ PISTON AREA
MOVABLE CORE _—\\S. : Ag® MAIN DISC SEAT AREA
d p A > PILOT VALVE SEAT AREA
L ‘ a,» INLET ORIFICE AREA
a,~ PILOT VALVE EFFECTIVE AREA

// | AIN D

- L [}
i
// PN
. /T /.
' DISCHARGE

INLET ORIFICE —/ (a) ORIFICE (a,)

PILOT VALVE
CMAGNETIC) FORCE UP - Fg

FORCE DOWN - F, « K_.X « (P, -Pd) Ay

MAIN DISC
FORCE UP = Pg (Ap-AdJ * Pd <Ay

FORCE DOWN = P_ .A
P FIGURE 1
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The problem is most severe when the first of two valves mounted in series opens
rapidly, permitting full supply pressure to be sharply introduced to the second
valve. In the reactor head vent application, full 2500 PSI fluid pressure may
suddenly be applied to the second valve when the upstream valve is opened. This
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 to
Westinghouse and Combustion Engineering. Westinghouse Engineers produced an ASME
paper on the subject and thus made it available for all utilities. Target Rock
had offered the attached memo, V. Liantonio to D. Vater, which introduced these
documents and were sent in response to all utilities upon request. Note that one
suggested fix is to rotate the valve on the pipe axis to direct the bonnet tube
downward. This permits the bonnet tube and central chamber to be filled with
condensate (water) which offsets the valve spurious opening action.

Improper Flow Direction - also addressed under 5.1.4.1 entitled "Incorrect
Orientation™ 1s the concern with valve mounting direction relative to flow
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.
- This option was selected because of limitations of the other choices. These other
choices are : a) Balanced disc design b) Miniaturized disc with heavy return
sgring; 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
hole through the disc. Hence, equalized forces result with flow under the
disc. Consequently, with flow introduced in either direction, 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 balance,
however, can only be effective within reasonable 1limits of machining
tolerances. As the pressure differential across the valve increases, minor
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
high enough to overpower the pressure times seating area force. The
limitation, of course, is the valve full flow capacity which may be 100 to
200 times smaller than available in a piloted design.

B-3 NUREG-1275



E-19670
Page 4 of 4

(c) Check valve in disc - since in most applications, it is simply required that
the valve not permit flow in a reverse direction, a check valve in the main
disc has been provided. The check valve will permit valve downstream
pressure to enter the control chamber (above the piston of a unidirectional
disc) whenever the downstream pressure is higher than control pressure. This
builds up control pressure to keep the disc closed. 1In this design, flow,
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 comments. These will be offered as soon as possible.

Very truly yours,
TARGET ROCK CORPORATION

DN Lnistris
Vito Liantonio

Manager, Application
Engineering Group .

VL/so

Attachments

cc: R. Langseder
K. Wenzel
T. Crowley
E. Bajada
R. Glazier
S. Karidas
File - NRC

NUREG-1275 B-4




MEMO

October 2, 1984

TO: 0.K. vater
FROM: V. Liantonic
SUBJECT: Spurious Opening of Pilot Operated Solenoid Valves

REFERENCES: 1) Target Rock Report #2866; Solenoid Valve Response to
inlet Pressure Transient, 12/17/80

2) ASME Publication 81-PVP-339, 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 is 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 2ll practical pressure transient rates applied

to the valve inlet. Also, one of the easiest methods to achieve this s

to mount the valve with the:bonnet tube directed downward, or as a minimum,
below the horizontal.

The worse case scenarlo 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 psi/sec or higher. This build up must also
exceed two times the pressure existing in the control chamber, immediately
prior to the application of the pressure increase. Should transient

pressure buildup be predictably slow, therefore, no special consideration

is required.

Recommendations:

1 = For valves discharging liquid to ambient (as is the case of the last
valve in the chain of reactor head vent valves), mount the valve with
the bonnet tube below the horizontal.

2 = Where possible, maintain positive pressure at the valve discharge port
(See Reference 1).

3 - Locate valves discharging to ambient where spurious opening will not
compromise personnel or plant safety. PR ’ . .
' b. T <ete é"“‘
Vito Liantonic
Manager, Engineering
Vil/¢j

cc: Messrs: D.M. Pattarini
Code Engineers

Attachments - References 1 and 2.
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sStatic Condition A)

Static Condition B)

Static Condition C)

RESULTS:

STARTING AT STATIC CONDITION (A): (Ref. Tabla I)

The test valve and piping system was flushed

with water to remove most of the trapced air.

Scme quantity of air probably was retained in

the upper region of the valve bonnat tube since

this area is out of the normal flow stream. (see
Table I for test data).

7he test valve and piping system was drained, purged
with air,then pressurized at S00 psig with

Argon gas. Some small quantity of water probably
was retained in the area of the valve disc due

to the bonnet tube position of approximately a0°
frcm vertical. (see Table II for test data)

The test valve and piping system was drained,
purged with air, and vented to establish atmospheric
conditions within the system. (sea Table III

for test datal

A series of pressure transients were initiated after establishing a
watar fillad system at O psig. or slightly higher to prevent the
entranca of alr. The piping system was reduced to this pressure
level bafors each transient test.

The transients wara conducted by increasing the pressure within the
piping from 0 psig to:100, 200, 300, 400, 500, 750, 1000, 1500, 2000,
and 2500 psig. At each pressurs level, at least one test was

conducted at a transient rate of 2500 psi per second.

NUREG-1275
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STARTING AT STATIC CONDITION (C):(Ref. Table III)

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 atmosgheric pressure prior to introducing water

at pressures of 100, 150, 200, 300, 450, 500, 700, 800, and 200 psig.

The transient rates varied from 250 to 2750 psig per second.

At a number of these test points, the main disc lifted momentarily,
allowing various amounts of water toc flow before re-seating against
upstream pressure. Because of the limited flow capability of the
test facility, when the disc cpened, the pressure transient rate
could not be maintained. Because of this, the accuracy of the rate

of pressure change measured from the actual recording of the test

may be in error.

' In scme caseg, an increase in the transient rate did not result in

increased water flow through the valve.

A review .of the data indicates that the Condition 2t which a pressure
transient is most likely tc 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 ajr filled systems pressurized to 500 psig,
appear to be able to withstand far greater pressure transient rates
than air filled systems at atmospheric pressure without causing

the valve disc to momentarily open.

tov POLT L1093
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One transient test was conducted starting at 500 psig static
pressure within the system. The 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 thig test, indicating that

the valve disc remained seated.

Of the 18 pressure transient tests conducted, only one rasulted

in water flow frcm 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 immediately after bleeding thea accumulator

to atmospheric pressure and recharging to 100 psig. Apparently air
entered the piping system during this operation causing tha valve

disc to memoentarily lift during the following tast. Three additional
tests wera conductad 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. Tablea II)

After purging, ths valve and piping system was charged with gas
(Argen) at 500 psig. Thaese conditions wera eastablished pricr to

each pressura transiaent,

The transients wers 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 S5C0 psi per second.

There was no evidenca of water flow from the valve ocutlet during

thesae tests.

tov 2088 L1093
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TABLE I

WATER FILLED SYSTEM PRIOR TO TRANSIENT TESTS

TRANSIENT STATIC PRESSURE SYSTEM PRESSURE! TRANSIENT WATER
NO. PRIOR TO TRANSIENT |@ CCMPLETION OFE PRESSURE ACCUMULATION
PSIG (820) TEANSIENT ' PATE TOTAL
PSIG | PSI/SEC. C.C.
1 Atmospheric 1000 I 750 None
2 Atmospheric 1000 | 5350 None
3 Atmospheric 1500 3500 None
4 Atmospheric 1500 11,000 None
H 500 1500 7750 None
6 Atmospheric 2000 4750 None
7 Atmospheric -2500 7000 None
8 Atmospheric 750 5500 None
9 Atmoscheric 500 | 4250 None
10 Atmospheric 400 i 3750 Nene
11 Atmospheric 300 2500 None
12 Atmospheric 200 | 1000 Neone
13 Atmospheric 200 1000 None
14 Ammospheric 200 3750 None
15 Atmospheric 100 1700 215
16 Atmoshperic 100 2000 None
17 Atmoshperic 100 2750 None
18 Atmoshperic 100 2250 None
107 ¢O3T (1093 l
B-11 NUREG-1275



CmeIvEd v

arPF3VED BY

SaEPARLD Y .

em——— -

TARGET FOCK CC

EAST FARMINGDALE

SFORATION
LCNC ISLAND, N. V.

racas 6 o¢d

AR POoRnTY

-
Paajescy TAZ-3

TABLE II

GAS CHARGED SYSTEM PRIOR TO TRANSIENT TESTS

TRANSIENT STATIC PRESSURE ‘SYSTEH PRESSURE | TRANSIENT WATER
NO. PRIOR TO TRANSIENT , @ COMPLETION OF | PRESSURE~ ACCUMULATION
PSIG "!‘PA.NSIENT RATE TOTAL
PSIG c.C.
1 500 1500 2000 None
2 S00 1500 | 2500 None
3 SQ0 1500 3000 None
q 500 1500 3000 | Nona
S S00 1500 3000 | None
[] 500 1600 3750 | Nona
7 500 1900 4000 None
] 500 1900 5500 Nona

Ly 2047 L100)
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TABLE 11X

AIR FILLED SYSTEM PRIOR TO TRANSIENT TESTS

TRANSIENT STATIC PRESSURE : SYSTEM PRESSURE | TRANSIENT WATER
NO. PRIOR TO TRANSIENT |@ CCHPLETION OF ;PRESSURE ACCUMULATION
PSIG (AIR) TRANSIENT RATE TOTAL
PSIG PSI/SECOND c.c.
1 Atmospheric _700 1750 1750
2 Atmospheric 700 * 1900 380
3 Atmospheric 800 i 2500 300
4 Atmospheric 900 t 2000 85
H Atmospheric S00 1250 : 20
[ Atmospheric 900 1200 None
7 Atmospheric 300 1000 50S
8 Atmospheric 450 1000 38S
9 Atmospheric S00 1500 95
10 Atmospheric S00 750 | None
11 Atmespheric 300 1800 | 110
12 Atmospheric 300 2750 25
13 Atmospheric 300 250 None
14 Atmospheric ' 300 1100 t 35
15 Atmospheric 300 1750 25
16 - Atmospheric 300 1500 8s
17 Atmospheric 300 500 None
18 Atmospheric 300 600 20
19 Atmospheric 200 2100 None
20 Atmospheric 200 1750 S0
21 Atmospheric 200 2000 70
22 Atmospheric 200 500 None
23 Atmospheric 200 $00 12
24 Atmospheric 200 750 None
25 Atmospheric 150 1250 None
26 Atmospheric 100 1000 None
27 Atmospheric 100 1200 None
i__28 Atmospheric 100 1200 Nona

fov #O1LT Lia93
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Ao = orifice sres
Ag = pisten ares
Ag = plug sest sres
c = discharge coefficient
L * gpring preload
t = gcceleration due te gravicy
| 9 = pneumscic spring ccnstant -
Ky = mechanjcal spring constane
[ = polytropic exponent
Pe ® gtesdy-state chamber pressuce
Pi = gteady-state inlet pressuce
Pic = jnlet cransient pressure
re « chamber pressure at forée reveral point
(pie/a)d
Po * valve cutlet pressure
Ve ® gir volume
Vi ® initiel air compressed volume
Vet ¢ gicr flov volume
Ve = ¢ontrol chamber volume
Ve = piston displacement volume
Ve ® vater flov volume
Y ® compressible flow expansion facter
afey = eritical pressure drop
[ ®» densicy
4 = ¢cfee (sec)
¢ s displacerent
. = ratio of pressure surge to steady-state
: pressure
Ly ® sum of forces
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Spurious Opening of Hydraulic-
Assisted, Pilot-Operated Valves—
An Investigation of the
Phenomenon

This paper investigates the spurious opening phenomenon of hydraulic-assisted.
pilot-cperated valves. The equations governing the valve response were developed
10 provide an insight into the phenomenon. Sensitivity studies were then performed
to demonstrate the possidility of this type of valve spuriously opening under certain
pressure transient events. The deductions were later confirmed by tests to skow how
¢ typical pilot-operated valve might respond 0 pressure transients in water solid
and compressible fluid media. The significance of this phenomenon is discussed in
terms of its effect on valve usage.

INTRODUCTION

The dergnds for nuclesr valves to withstand
sdverse environment of radistion and temperasture
and at the same time be sble to sustain high
seismic 10ads have spurred innovative use of fluid
medis to assist conventional electric operstors in
valve sctuation.' This class of vaslves is gener~
ally referred to ss hydraulic-assisted, pilot-
cperated valves, Figures la and 1b and 2a and 2b
shovw two versions of the valve design. BSasically,
the valve incorporates & pilot valve in conjunc~
tion with gystem differencial pressure across the
vslve to cpen or close the valve port. The pilot
valve can be external, ss in Figure la, or
{nternal ss in Figure 2a. Although these valves
are ususlly electric solencid-operated, they could
be pneurstic, or even manual.

Referving to Figure la, with the pilot valve
closed, the control chamber pressure builds up to
inlet pressure value. The resulting force differ-
ential on the msin valve plug plus the force on
the compression spring closes the valve. With the
pilot velve opean; as in Figure 1b, there is &
direct flow path betveen the control charber to
the valve cutlet port. The chamber pressure sub-
sequently drops to the lavel of downstream pres~
suce. A pressure differencial builds up across
the main valve plug, thus opening the valve. la
the second version of hydraulic-assisted, piloc~
cpetated valve, the pilot valve is internal.
Referring te Figure 2a, vith the pilot valve
ctosad, the pressure in the 2ontrol chanber
incresses to the level of the inlet pressure.
Vhen che eontrel chamber pressure force sxceeds
the {nlet pressure focce, the force diffecential
ce.oses the valve, shueting ¢ff flov. dcwever,
when the pilet valve is open, &3 shown in Figure
2b, the control chamber §s vented. The venting
creates an opening pressure differencial across
the main velve plug, opening the valve.
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Use of chis type of valve offers .i!nificnnt
advantasges over cenventionll'HO!Qr-or Ol!tﬁp(tltcd
globe valves in certain spplicstions. Chief awong
them sve veight reduction end overall valve
cospactness with a Jov center of ;flvity-. Valve
veight end center of gravity contribute signifi-
cantly to piping stresses and to the attendant
corrective piping support cost. Therfforc.
lightening the valve veight and reducing the .
center of gravicy ace very desiradle festures in
valve design. Another significant advantage is
the fact that the valve can be toctally electrie=
operated thus permitting IEEE qualification and
still provide fasc fail-safe closure copabilicy.
These, and other advantages, have contributed to
the incressing usage of these valves in nuclear
pover plants.

Hovever, there are inherent and latent limits~
tions with chis valve as wvith any other valve,
This psper investigates one of these limitations
vhich is the potential for the valve to spuriously
open under severs step-up pressure transients,
Spurious opening phenomenon is defined as & closed
valve suddenly opening snd reclosing without »
signe) or electric pover input. This phenorsnon
has been called *hicupping” snd "burping”. It was
first noted by the suthors to occur vhen valves of
this type vers subjected to severe step-up pres—
sure transients. 1In this paper, ve shall develop
valve response ecustions in verious fluid media to
show when the valve would open.

RESPONSE EQUATIONS

Response times will be cslculated for three
systems. The first case is an sir-to-sir systens
vhen the valve jg sir~-filled and suddenly exposed
to higher pressure siv. The sscond case is a
vetar-to-air system vhen the valve is inicially
sir=filled and suddenly exposed to higher pressure
vater. The last casze is the water~to-water system
vhen the valve is wvster~filled and suddenly
exposed ¢o higher pressure vater.

Fefore the analysis can proceed, it is
necessary to define what constitutes a2 severe -
pressure transient that would be of concern. To
do this, ve refer to Figure 3, vhich shows
scheratically 3 fully sested hydraulic-assristed,
pilot-operated glode valve.

In this seated position, the fellovin'
relations exist:

Po Ap ¢ Fo> Py (Ap = Ag) « Pg A,

)
and
P = P (2)
If ve neglect Py and ¥,, Equation (1)
reduces to:
Ap > (Ay = Ay) (8]

Equation (3) confirms whst ve know already,
which is that the piston ares has to de grester
than the difference of tte piston and the seat
aress to provide hydraulic assiscance.

NUREG-1275

let us nov exsmine vhat hagpens vhen the valve
is suddenly exposed to a2 pressure rise. Pecause
the refill crifice is generally too srall to
quickly bdalance pressures betueen the inlet and
the control chamber, the valve begins to lifc.
then the valve plug is on the verge of opening,
the following conditions exisc:

Pe Ap® Fg = Pip (Ap = Ag) « Py A,
(e}
and
Pe< Pje (3

Neglecting F, and Py, Equation (4) ceduces to:

Pe Ap = Bie (A, - Ay) (6)
or
A -a P CF, T° m
P s [ i

Eouastion (7) provides the ratio of pressure
transient to steady-stace inlet pressure that must
be evsluated for valve stadility. Whae chis reans
is that scep-up pressure transients, vhich ace .
less than g times che normal steady state pres-
sure need not be considered as posing any
concern. 1f, hovever, the step-up pressurs is
equal to, or greater than, a times the steady-
state pressure, the valve can open, depending on
the fluid medium. The opening process continues
until the control chamber pressure reaches
Pic/a, at which point the valve begins to
reclose. The position where the valve plug
momentarily stops and begins to reclose is
veferred to in this paper as the force reversal
peint.

ANALYSIS

To evaluate the valve stability, cthe analysis

_proceeds to calculate the response time required

B-16

for the valve to reach tha force revarsal poiat.
If the time i3 very insignificant or a very small
fraction of the normal opening time, che valve
will rerain closed. If, hovever, the response
time is a significant fraction of, or is even
equsl to or greater than the normal valve opening
tire, the valve vill be open.

Case 1: Air-te-Air Transient

The valve is sir-filled and is suddenly
exposed to higher pressure sir.. Figuras éa, L.
and 4c illustrate vhat vould happea if the valve
sputiously opens.

Let Vo be the'volume of the control
chamber. Therefore, at the force reversal point
ss showm in Figure 4b, )

Vesvy eV 3)

[ 4

“here

o~
..

Ve ® Vi * Y5



Assuming isentrepic congression of ariginal air in
the chacber,
r ln

v (S - (10)
v.i vc (") .

The flow through the refill orifice is

Te 4F
V... YCA (J.:...&‘.‘), (1)
at [} L ]

The piston volume displacement is
Vo®Apd 012)
Tc determine the piston volume displacesent we
have to perform & force dalance st the force
reverssl point by sectingIF * 0

Therefore,

¥ K ¥ -? (Ag = Aq)
o ¢ Kol ¢ ¥yl it (Ap s us

Neglecting Fy and X, Equation (13) reduces to

Kgé = Pig (Ag=ag) T (18)
(-14
P (A ~4)
¢ = ..L.i!__'_ Q13)
]

vhere K, is the pneumatic spring constant defined by

2
P, A
X, ?_v_f._:_ (16)
[

Substictuting Equation (16) inte fquation (13),

ve have
P, A : A v
f ’ ’

? A : v
Sinec—:—-‘-‘:—!—‘—'., then § @ %“A 1?7)
¢ . . i »

The piston volume displacement bacomes
Vo = Vg/n (18)

fubstituting Equatfons (9), (10), (11), and (18)
irte Foustion (8), we have:

. . P Un 1[::41'.
Ve * "'T" v, c-;ﬁ) . (m. -_—’ )f](m
f

Solving for time, t, ve have

rp 4
e (%)) -

Y 2 (20)
YCA JI—-ﬂ
° .

Case Il: Water-to~Air Transient

B-17

In the vater-to-sir trangient, the valve is
air=filled and is suddenly exposed to & step-up
higher pressure vater. Figures Ss, Sb, and S¢
i1lustrate the valve dynsmics. As in the
sireto-gir ¢ase, Figure 5b corresponds to the
force reversal point. At this point, the
following relationships existe:

Ve ® Vgi * ¥, ¢ Vp (21)
vhere , -
Py = '
A
vci * 'e(i;) ta)
®r..
v, " (c nLN— _)t 23
and
VpeApt Co 26)
The displacement § is given for this case as:
v ’ '
s
&= ;—A’ (23%)

Thcreferc; the piston volume ﬁilpla:cnnt becomes

Pe)
(=S
e

v =

» (26)

a2 'nﬂ

Combining Equatians (22), (23), and (26)

1
r = 2ga?
Voev, 9 & e AG\}—’S) . an
[ 4

Solving for time,

ol
e, N ne
'e [l .- (;;) (T)]

Y]
c k‘[' er
L] [

(28)

L 2
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Case 111: Vater-to-Vater “rarsient

in the wvater—-to-vater transient case, the
valve is initially filled vich vater and suddenly
subjected to higher step-up pressure. This case
is congidered to be of no concern for the sirple
fact that vater it virtuslly incompressible with &
bulk sodulus of 300,000 psi, hence there is no
piston displacement. In this csse, therefore, the
valve remains closed in spite of the pressure
changes.

Discussion

In the foregoing analyses, ve have developed
the eauations describing the response times for
sir-to-air system and vater-co-air svstem. AL
this cire, therefore, it is important to restate
the criteris for opening. To do this, ve would
like to point out that most of these valves
rormally open fully hetveen 0.1 and 0. $ seconds.
Therefore, sny valve vhich responds to & pressure
surge in less than 102 of its ncromal opening time
vill not open. Usieg this criterion, ve evaluated
the response tires for an air-to-air csse end a
vacer-to-air case for 2 hypo:hct:eal valve using

~ the psrameters tsbulated in Table 1. The resulcs
of the lnalys:s are plot:ed in Figure 6. As can
be seen, the sir-to-air system is rather insensi-
tive to pressure surges vhile in the water-to-air
sysctem the valve opens.
TABLE 1
Valve Parameters
valve Size = 1 inch
Ve = 4.2 ind
Ag * 0.002 in?
a*2
C = 0.65
Normal Cpening time 0.5 sec.
Pc = 15 psis
Test
To verify the validity of the analysis, s
limiced test was conducted to demonstrate the
phenomenon. Figure 7 illustrates the test setup.
Three tests vere conducted to sirulate each of the
three cares. The results of che tests are
sumwarized in Table 2.
TABLE 2
Test Results
System Pe (paia) P (peda) Burping
Air-to-air 500 1500 None
500 1900 None
Vater-to-air 13 200 Yas
15 500 Yes
15 900 Yes
Water-to-vater 15 100 None
13 500 Noae
15 1000 Kona
15 2000 None
4
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REMARKS

Based on the results of che analysis and the
tests, it appesrs that this phenomenon is rost
likely tc occur vhen this type of valve, in & gas
or stesw application, is suddenly exposed to
high-pressure veter. There is very little
like)ihood that this vill occur in air-te-air or
vater-to-vater systems.

Although the foregoing analysis is based on
step change, fast pressure transients, thevre are
actually very few occasions vhere such events
occur. These types of transients can, howvever, be
produced by wvater hammer. Algo, they can be
generated by opening sny fast~scting upstresm
valve in s series double isolation applicacion.

On che basis of the above observations, valve
usage should be judiciously made co prevent the
valve being exprsed to fast transients, thus mini-
mizing the likelihood of a spurious opening.
Additionally, valve location should be such that,
if the valve happens to open spuriously, the
resultant leskage through the main seat would not
compromise personnel and plant safecy. .
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APPENDIX C

DISPOSITION OF AUTOMATIC SWITCH COMPANY (ASCO)
DUAL-COIL 8323 SOLENOID-OPERATED VALVES
USED FOR MAIN STEAM ISOLATION VALVE CONTROL

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 § 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 primar-
ily 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 recom-
mends the use of a pair of single-coil NP8§320 SOVs. Two
NP8320 SOVs can be configured to perform the function
of one NP8323. Because of the single-coil construction of
the NP8320 SOVs, ASCO anticipates that they will per-
form more satisfactorily than the NP8323 SOVs under
adverse service conditions.

In anticipation of ASCQ’s discontinuance of the NP§323
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

*References are identified in Section 10 of the report.

**Telephone discussion between J. Nanci, R. A. Hiller Company, and
H. L. Ornstein, NRC, September 10, 1990.

company has assembled five MSIV air packs for baseline
testing. The SOVs to be tested in the MSIV air packsare

ASCO: NP8320V (two valves configured as rec-
ommended by ASCO in References
110, 111 and two new SOVs (NS series),
including one having a low operating
coil temperature)

A new model SOV manifold

A new model SOV having no dynamic
seals and designed especially for MSIV
application

AVC:

Valcor:

It should be noted that the choice of a replacement for the
NP8323 SOV can affect the qualification of the overall
MSIV air packs (e.g. seismic/dynamic loading). Final se-
lection of replacements for the NP8323 SOV should
address this issue. In the past, GE was actively involvedin
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 &
consolidated effort with the Hiller Company to qualify
MSIV air having suitable replacements for the
ASCO NP8323. ***

**sTelephone discussion between C. Nieh, GE, and H. L. Omstein,
NRC’,) December 1989.
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APPENDIX D

GENERIC COMMUNICATIONS ON SOLENOID-OPERATED VALVES

Document Date Title
Bulletin 75-03 March 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

Bulletin 79-01A June 6, 1979 Environmental Qualification of Class 1E Equipment (De-
ficiencies in the Environmental Qualification 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 Duringa
Scram at a BWR

Bulletin 80-17 July 18, 1980 Failure of 76 of 185 Control Rods to Fully Insert During

Supplement 1 a Scram at 8 BWR

Bulletin 80-17 July 22, 1980 Failures Revealed by Testing Subsequent Failure to

Supplement 2 Control Rods to Insert During a Scram at a BWR

Bulletin 80-23 November 14, 1980 Failures of Solenoid Valves Manufactured by Valcor En-
gineering Corporation

Bulletin 80-25 December 19, 1980 Operating Problems With Target Rock Safety Relief
Valves at BWRs

Circular 81-14 November §, 1981 Main Steam Isolation Valve Failures to Close

- Information Notice 80-11

Information Notice 80-39

Information Notice 80-40

Information Notice 81-29

Information Notice 81-38

Information Notice 82-52

Information Notice 83-57

Information Notice 84-23

March 14, 1980
October 31, 1980

November 7, 1980

September 24, 1981
December 17, 1981

December 21, 1982

August 31, 1983

April 15, 1984

Generic Problems with ASCO Valves in Nuclear Applica--
tions Including Fire Protection Systems

Malfunction of Solenoid Valves Manufactured by Valcor
Engineering Corporation

Excessive Nitrogen Supply Pressure Actuates Safety-
Relief Valve Operation to Cause Reactor Depressuriza-
tion

Equipment Quantification Testing Experience, Equipment
Qualification Notice No. 1

Potentially Significant Equipment Failures Resulting
From Contamination of Air-Operated Systems

Equipment Environmental Qualification Testing Experi-
ence—Updating of Test Summaries Previously Pubhshed :
in IN 81-29

Potential Misassembly Problem With Automatic Switch
Company (ASCO) Solenoid Valve Model NP 8316

Results of NRC Sponsored Qualification Methodology
Research Test on ASCO Solenoid Valves
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Document Date Title

Information Notice 84-53  July 5, 1984 Information Concerning the Use of Loctite 242 and
Other Anaerobic Adhesive Sealants

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 Materials Used in Safety-
Related Equipment

Information Notice 85-17 March 1, 1985 Possible Sticking of ASCO Solenoid Valves

Information Notice 85-17  October 1, 1985 Possible Sticking of ASCO Solenoid Valves

Supplement 1

Information Notice 85-47  June 18, 1985 Potential Effect of Line-Induced Vibration on Certain

Information Notice 85-95

Information Notice 86-57

Information Notice 86-72

. Information Notice 86-78
Information Notice 87-48

Information Notice 88-24

Information Notice 88-43
Information Notice 88-51

Information Notice 88-86
Supplement 1

Information Notice 89-30
Information Notice 89-66
Information Notice 90-11

Information Notice 90-64

Target Rock Solenoid-Operated Valves

December 23, 1985 Leak of Reactor Building Caused by Scram Solenoid Valve Prob-

July 11, 1986

August 19, 1986

September 2, 1986
October 9, 1987

May 13, 1988

June 23, 1988
July 21, 1988
March 31, 1989

March 15, 1989
September 11, 1989
February 28, 1990

October 4, 1990

lem :

Operating Problems With Solenoid Operated Valves at
Nuclear Power Plants

Failure of 17-7 PH Stainless Steel Springs in Valcor
Valves Due to Hydrogen Embrittlement

Scram Solenoid Pilot Valve (SSPV) Rebuild Kit Problems

Information Concerning the Use of Anaerobic Adhesive/
Sealants

Failures of Air-Operated Valves Affecting Safety-Related
Systems

Solenoid Valve Problems
Failure of Main Steam Isolation Valves

Operating With Maultiple Grounds in Direct Current
Distribution Systems

High Temperature Environments at Nuclear Power Plants
Qualification Life of Solenoid Valves

Maintenance Deficiency Associated With Solenoid Oper-
ated Valves

Potential for Common-Mode Failure of High-Pressure
Safety Injection Pumps or Release of Reactor Coolant
Outside Containment During a Loss-of-Coolant Accident

NUREG-1275
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AEOD

ANSI
AOV
ASCO
ASME

AVC

BWR

CALCON
CFR
CRD

EDG
EPDM

EQ

FRC
FUSS

GE
GM-EMD

HPCI

APPENDIX E

ABBREVIATIONS

automatic depressurization system

Office for Analysis and Evaluation of
Operational Data

American National Standards Institute
air-operated valve ‘
Automatic Switch Company

American Society of Mechanical Engi-
neers -

Automatic Valve Corporation
boiling-water reactor

California Controls Co.
Code of Federal Regulations
control rod drive ‘

emergency diesel generator
ethylene propylene diene monomer
equipment qualification

Franklin Research Center
foreign unidentified sticky substance

General Electric
General Motors Electro-Motive Division

high-pressure cooling injection

IEEE

LWR
LER

MCH
MOV

MSIV
MOPD

NPRDS
NRC

PORV
PRA
PWR

RCM

SDV
SIL

Sov
SRV

VEPCO

Institute of Electrical and Electronics
Engineers

light-water reactor
licensee event report

million cumulative hours
motor-operated valve
main steam isolation valve

- maximum operating pressure differential

nuclear plant reliability data system
Nuclear Regulatory Commission

 power-operated relief valve

probabilistic risk assessment
pressurized-water reactor

reliability-'centéréd maintenance

scram discharge volume
service information letter
solenoid-operated valve
safety relief valve

Virginia Electric and Power Co.
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