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MEMORANDUM FOR: Edward L. Jordan, Chairman et -
Committee to Review Generic Requirements aaklr Y it
FROM: Frank J. Miraglia, Jr., Deputy Director [l i 4 B
Office of Nuclear Reactor Regulation (_,_.\//»
SUBJECT: WAIVER OF CRGR REVIEW OF PROPOSED GENERIC -

LETTER ON SOLENOID-OPERATED VALVE PROBLEMS

The subject draft generic letter is enclosed for your information. It is
requested that the convening of the Committee to Review Generic Requirements to
evaluate this generic letter be waived because it contains no new requlatory
requirements. Furthermore, the generic letter explicitly states, "no specific
action or written response is required by this letter."

The generic letter transmits a copy of an AEOD case study on operating experience
prob’ems with solenoid-operated valves and requests that licensees review the
information presented for applicability to their facilities and consider

act‘ons, as appropriate, to avoid similar problems. The study has been pub-
listed and already received some distribution as NUREG-1275, Volume 6,

"Op:rating Experience Feedback Report--Solenoid-Operated Valve Problems,"
Fetruary 1991,

The case study integrates much that has been learned over the past several

sears and provides a compilation of SOV problems. Examples are provided in
which 50V failures or degradations demonstrate the effect on, or potential to
affect redundant components, multiple safety trains, or multiple safety systems.
The study provides an in-depth evaluation of the root-causes of many SOV
failures. Solutions to many of the problems described in the study may already
be found by compliance with the existing equipment qualification and quality
assurance rules. We believe the licensees wil] have a more informed perspective
after reading the study and will not need to have additional requirements
imposed upon them.
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Please confirm that formal CRGR review is not required. We wish to issue the
generic letter as soon as possible. [f you conclude that the generic letter
should be discussed at a CRGR meeting, please contact Mr. Rossi of my staff,

Also contact Mr. Rossi if any additional information concerning the generic
letter is required.

/

Frank J.™ragli#; Jr., uty Director
Office of Nuclear Reactor Regulation

Enclosure:
Generic Letter
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ADDRESSEES: ALL POWER REACTOR LICENSEES AND APPLICANTS

SUBJECT: OPERATING EXPERIENCE FEEDBACK REPORT, SOLENOID-OPERATED
VALVE PROBLEMS AT U.S. REACTORS

This generic letter informs addressees of the availability 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 much that has been learned over the past several years and
provides a compilation of SOV problems. Events are described in which SOV
failures affected redundant safety components, multiple trains of safety
systems or multiple safety systems. Examples include the failure to close of
DOth 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
study also 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.

[t 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
hydraulically 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 reactor systems and
components have been attributed to SOV problems. To address specific SOV
failures, the Nuclear Regulatory Commission (NRC) has issued numerous
information notices 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. 1In addition, correcting
problems only in SOVs used in the specific application in which the probliem was
found can allow similar SOV dearadation to develop in other applications.



The NRC is concerned about the reliability of SOVs used in safety applications
and 1s censidering including aspects of SOV problems enumerated in the Case
Study in inspections such as Safety System Functional Inspections (SSFIs). 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,

While no specific action or written response is required by this generic letter,
1t 15 expected that recipients will review the information presented in the

case study for applicability to their facilities and consider actions, as appro-
priate, to avoid similar problems. If you have any questions about this matter,

please contact one of the technical contacts listed below or the appropriate
NRR project manager.

Sincerely,

James G. Partlow
Associate Director for Projects
Office of Nuclear Reactor Regulation

Technical Contacts: H. Ornstein, AEQD
(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
events resulted 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

n

(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,
auxihiary 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 n
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 faitures are provided.

Analysis of operating data indicates that the underlying or
root cause of many SOV failures are the hcensees” lack of
information or understanding of SOV requirements or

X

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. Asa 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 1s 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.
Speaific 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
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Figure 1 Simplified diagram of a two-way solenoid-operated valve
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Figure 2 Isometric drawing of ASCO dual-coil 8323 Figure 3 Schematic drawing of a Valcor solenoid-
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Figure 4 Schematic drawing of a Target Rock pilot e
assisted solenoid-operated valve
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OPERATING EXPERIENCE:
SIGNIFICANT EVENTS
INVOLVING COMMON-MODI
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It is interesting to note that the license: for North Anna
station stated in a deviation report (Kol 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
mitially from discussions with “industry representatives”
at equipment gualification (EQ) seminars in iate 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 ir 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-

Solenold Base
s~ Sub-Assembly

Core
Assembly

Port 2 o

DE-ENERGIZED

sure would act 1o retard or prevent the core subassembly
from dropping down (shifting) when de-energized. As a
result, de-energizing the valve would not ensure the valve
achieved its correct de-energized position (block off port
2).

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

In May 1988, the NRC issued Information Notice §8-24
(Ref.24), which informed licensees of two SOV failures
that were experienced at Kewaunee (Refl. 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.

Port 3

Solenold Base
| & Sub-Assembly

Assembly

To Control
Vatve - low

ENERGIZED

Figure 6 Schematic of a solenoid-operated valve illustrating effect of operating pressure differentials
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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 E to this report.

Plants that have experienced inad.ertent openings of
safety-related Target Rock SOVs are:

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

Arkansas Nuciear One Unit 1 (ANO-1) (1985), two
SOVs

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

River Bend (1986) and (1989), 3 SOVsand 10 SOVs
respectively

Harris 1 (1987), two SOVs
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 oceurred 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 Affecting Safety-Related
Equipment” (Refl. 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:

o Inadvertent actuation of six unidirectional 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 -
wary 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,

11

e 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.

In Reference 43, the licensee also noted that several years
earlier (1986) it had found three other Target Rock SOVs
that had to be re-oriented as a resuilt 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 tiis 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 Outside
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 1985, the con-
trol room operators attempted to reset the reactor pro-
tection system (RPS). RPS channel A was successfully
reset, but channe! B could not be reset.® This channel
configuration allowed the scram pilot SOVs to vent air,
resulting in reduced air header pressure. Excessive ieak-
age resulting from SOV wear also contributed to the

*Channel B remained tripped because of siuck contacts on the reactor
mode switch.

NUREG-1275
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5.2.2 Replacement Versus Rebuilding

2.1 MSIVs at Perry—1Ina lequate SOV Rebuild




remained in the valve undetected until it (they) caused
the SOV's failure.*

To preciude 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 SOVs 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 Erver 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 shatdown, the licen-
see tested the SRV that had not cycled during the trip
recovery and found another SRV that did not open on
demand (Refs. 35, 56).

The SRV fatlures 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 fatlure of both safety relief valves to open on demand
was attributed to excess Loctite RC-620 which was found
m 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 [our 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’ refucling outages. Most plants send their
SRVs and SOVs to Wyle for refurbishment every refuel-
ing outage. Some only send half of their SRVs and SOVs

*Tt s believed that one particle remained in the SOV, and that the parti-
¢le broke up during subsequent SOV operation.

NUREG-1275

to Wyle for such refurbishment during cach refueling
outage.

The problem encountered with Loctite RC-620 was one
of excessive application. Loctite RC-620 is an anacrobic
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 cavtions
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 SOVs' 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 SOVs when 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 ficld 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
SRV failure occurred on July 25, 1980, at Pilgrim (Ref.
32). A Target Rock SRV failed to open on a manual
demand signal. The failure was caused by excessive Log-
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.

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

On November 17, 1983, a control rod was observed to
have an excessive inscrtion time during a reactor scram
(Refs. 57, 58). The sluggish control rod insertion was
attributed to the failure of an SOV to shift position o
allow control air to be exhausted from the control rod’s
hydraulic control unit.** As a result, the licensee re-
placed the scram pilot SOVs associated with the control
rod that did not scram promptly and sent the scram pilot
SOVs to GE for failure analyses.

**The ASCO Model IHIVA-90-405 SOV, which was built by ASCO byt
was procured from GE s similar to the ASCO Maodel NPE316 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 stuggishly during the reactor scram of Novem-
ber 17, 1983. However, because it was behieved to have
inserted vathin 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 s 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 (Rel. 59), GE had recommended that when rebuild-
ing conirol rod drive (CRD) scram pilot valves, Loctite
242 adhesive/scalant 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
appearsd to be [ully cured and the excess had not been
wiped off. When the system returned 1o 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 icensee eliminated the use of
Loctite 242 from its rebuwilding process. Subsequently,
GE wssued 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 siicking problems at Peach Bottom
3, ASCO made a design change and replaced the acorn
nut with a nylon-hned locking nut that would not require
adhesive thread lockers to remain tight.*

The common-maode fatture 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

*Telephone discussion between 1. Shank, ASCO, and H. 1. Omstein,
NRC. hune 149, 198Y
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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 fatlure was
compounded by the fact that the licensee had rebuilt all
370 control rod scram SOVs during the previous refucling
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

5.2.3.1 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
MS1Vs 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
ceme 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 EPIDM discs to swell and fill the SOVs’
exhaust ports, which blocked the discharge of air in the air
actuator and increased the frictional force opposing SOV
core movement. The instrument air system was believed
to have been the source of the hydrocarbon contamina-
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 having Viton discs and
seals. Compared to EPDM, Viton is less susceptible to
hydrocarbon contamination, but it 1s 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 radivactivity in excess of 10 CFR Part 100
guidelines could result from a postulated transient or
accident™ (Rel. 63).
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§2.32 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 lcensee
quickly recognized that the service water intrusion af-
fected SOVs and pneumatic controllers including those in
the auxiliary feedwater (AFW) systems, primary and sec-
ondary pressure control systems, and the SOVs vequired
for containment isolation (trip vaives) tor both Units 1
and 2.

At the ime 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-
sec 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
continucd to blow down instrument air lines until no
maoisture 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™ SOVs, 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 fatlures 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. 1t 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.

*Telephone discussions between ). Lewis and 1. E. Wioniewiez, Vepeo,
and H. 1. Oenstein, 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. As a
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 solenowd 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 SOVsis
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 te 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 1 offices on Febru-
ary 7, 1989, to discuss repetitive failures of the auxiliary
feedwater system control valves (Ref. 70). The falures
occurred in January 1989 as a result of moisture in the
instrument air system. At the meeting, the hcensee 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 (0il 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

**Telephone discussions between F, Maiden and W, Murray, Vepco,
g gt 3 pe
and K. Thomas, ASCO, February 4 and 5, 1988



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

ALEOD staff views the April 24, 1987, service water intru-
sion into the instrument air system as a significant precur-
sor event. Although the air lines were blown down follow-
ing the water intrusion, the event resulted in widespread
degradation of SOVs, controllers, and air-operated valves
that had the potential for disabling many systems needed
1o achieve sale 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
guality 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 1o thoroughly
clean and inspect the equipment if water or other con-
taminant intrusions occur.

52.3.2 Suesquehanna 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
contarninants 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-
* At Susquehanna, each of the 185 control rods is rﬂoled by one ASCO
HV-176-816 SOV. Many other BWR control rods are piloted by
other madel ASCO SOVs, but two per control rod.

mode failures. Although Unit | expenienced the failures,
the potential for such failures also existed at Unit 2; the
scram and diverse scram systems of both units 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 | was operating
at 60 percent power, two control rods failed to insert
during individual rod scram testing. Further scram testing
revealed that a total of four rods would not insert and nine
additional rods hesitated before inserting. A 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 Techaical Specifications on June 13.
The licensee did not become aware of the June 13 mal-
functions until the October 6 failures were mvestigated.

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 mspection 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 repiacing
the polyurethane seats with a seat material capable of
operating at higher temperatures and having an improved
resistance to contaminants. The recommended matenal
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 |
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had polyurethanc 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 2t 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 pamary leak outside containment would have
significantly mereased.

5.2.4 Lubrication
£2.4.1 Multiple Plants —Manufacturing Error,
Residue-Producing Lubricant

The Kewaunee nuclear power plant experienced three
SOV failures on May 28, 1988 during surveillance testing
(Ref. 75). Two of the SOVs were redundant containment
isolation valves piloting the reactor coolant drain tank
discharge header isolation valves, The third SOV that
farled served as the pilot for the pressurizer relief tank
makeup solation valve. All three fatled 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
mstrument air or electnical power, The fallures 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 ccre
assembly (plug) contacts the SOV body (solenoid buse
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 licer-
see inspected two other ASCO NP8314 SOVs from the
same manufacturing lot that were installed adjacent to
the three SOVs that had failed. They had been instatled 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 labhoratones L aboratories 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
ahsorbed 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 cansed 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 fatlures 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 SOV« that were sent to Franklin Research
Center (FRC) in 1986, The Fort Calhoun plant had re-
ceved the largest number of suspect SOVs (79) in 1981,
Several of those SOVs failed at Fort Calhoun in 1981 and
1982. Three of the SOVs that failed at Fort Calhoun were
returned to ASCO for investigation. ASCO’s 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 NPR3 14
SOVs.

Fort Calhoun experienced a similar falure of another
energized NP8314 SOV 1n 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 ficensee provided 10 ASCO NP8314 SOVs 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).
Alter the deposits were cleaned away with acetone and
the SOVs were reassembled, they performed successfuily
for the duration of FRC's testing program, FRC's report
(Ref. 79) also noted that otganic 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 analysts 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
a lubricant 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 1o replace castor oil. We are not
aware of any subsequent Target Rock SRV failures that
have resuited 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 DDAG-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 cormmon-
mode failures of EDG starting air system inlet valves
(Refs. 81, B2, 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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de power to actuate the solenoid pilot to admit starting air
into the EDG.

The licensee has reported five instances of common-
mode failure of these 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-322-1., 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 lubricant. 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 iu 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-322-1.).*

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 2B
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 (Duke Power Corpora-
tion) and H. L. Orostein (NRC), June 25. 1990
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three-way and four-way valves and solenoid pilot valves
on al! 16 MSIVs had a hardened, sticky fubricant 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 gualification 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 SOVs in 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-1Lube
is an acceptable lubricant if it is apphed in a ‘thin film."™
AVC and GE had concluded that the problem experi-
enced with Parker Super-O-Lube in the 1985 qualiica-
tion testing was due to excess lubricant.”

On December 19, 1986, AVC sent NRC Region Hl 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 Cormn-
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.

*felephone discussions between T. Hotching, AVC, and NRC (S, Is-
rael, October 14, 1988, and H. 1. Ornstein, Apnl 12, 1989).

“*Telephone discussion betweenn M. Sievert, Commonwealth Edison
Company, and H. L. Ornstein, NRC, April 12, 1989,
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Houghton SAFE 620 and before installing the v dves,
Commonwealth Edison replaced the SAFE 620 with Dow
Corning Molykote 55M. The licensee had recognize 1that
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 licensce’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 behavior and, under
similar operating conditions, the Molykote 55M 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 o
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 malluncuons
were attributed to a sticky substance at the contact point
of the plug nut and core assembly interface (sce Figure 2).
The SOV malfunctions impaired or prevented the MSIVs
from closing within the times specified in the plant safety
analyses.

Table | summarizes events where MSIV air pack SOVs
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 fower dropping point than Super-O-Lube
(where drop[\ing posnt s an indication of the temperature it at
which the lubricant dries out)
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Table 1 MSIV air pack SOV failures (sticking/FUSS/lubricant)

Plant/
event date

Description
of SOV and
corrective action

Number of
stuck SOVs
and location

Other SOVs
having foreign
unidentified sticky
substance (FUSS)

Comments

Grand Gulf |
2/10/85

LaSalle 1
12/16/87

River Bend
9/3()/88

River Bend
12/1/89

ASCO HTXS8323* (Viton). Replaced
eight SOVs with ASCO NP8323
(having EPDM parts). See Section
5.1.2.1 for a discussion of the sub-
sequent failures of the reptacement
valves caused by thermai aging from
self-heating (August 1989).

ASCO NP8323 (Viton). Replaced
eight SOVs with like.

ASCO NP8323 (EPDM). Repiaced
eight SOVs with like. Attempted to
remove the factory coated lubricant
(Dow Corning 550) from SOVs, but
applied excessive amount of lubricant to
O-rings while reassembling, causing two
subsequent failures (December 1989).

ASCO NP8323 (EPDM). Replaced all
NP8323’s with new ones, but removed
factory installed lubricant from all
internal parts of the SOVs.

Two outboard lines
{A and C) one
inboard line (D)

One outboard hine
)

Two inboard lines
(B and C) {one in-
spected, FUSS
found)

Two outboard lines
(A and D), FUSS
found on both.

All others (five)

All others (seven)

One unfailed inboard
SOV inspected was
found to have FUSS.
Two outboard SGVs
inspected found

to have FUSS.**

One other SOV was
mspected (inboard),
it also had FUSS,
but less than what
was found on the
failed outboards.

In subsequent testing at ASCO, only
one of four additional valves mal-
functioned {leakage). However, the
failure of the outbeard (C) line SOV
was attributed to FUSS at the plug
nut and core assembly interface.

Three of the valves that did not fail in
the plant failed during subsequent
testing at ASCO, attributed to FUSS
at the plug nut and core assembly
interface.

Not all SOVs have been inspectel.
Some are being held for archival
purposes. Two outboard SOVS were
inspected at ASCO. The coil enclo-
sures of both SOVs had evidence of
moisture intrusion, indicative of
localized steam heating.**

Licensee believes FUSS was from
excessive application of Dow
Corning 550, which was used by the
licensee when lubricating the

O-ring subsequent to removing the
Dow Corning 550 from the SOVs’
internal metallic parts subsequent to
the 9/30/88 failures.***

“ASCO HTX8321 is not a nuclear-qualified SOV, it is a nonqualified commercial valve similsr but not identical to the NPR323.
*“Telephone discussion between 1. Shank, ASCO, and H. L. Ormstein, NRC, May &, 1989,
**“Telephone discussion between V. Bacanskas, River Bend, and H. L. Ornstein, NRC, December 12, 1989,



were able to support the weight of the plug nut 1o 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 falure 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 10 the failures of two ASCO dual-coil
NP8323 SOVsat River Bend on September 30, 1988, the
licensee replaced all eight dual-coil NP8323 SOVs with
new ones. However, before installing the new SOVS, the
licensee removed the factory-coated lubricant (Dow
Corning 550) from their internal metallic parts. On De-
cember 1, 1989, two of those replacement SOVs failed as
a result of sticking. The licensee attributed the sticking to
FUSS which was believed (but not confirmed by 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 SOVs, the cleaning and
reassembly procedures included a step in which the clast-
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 SOVs 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 clastomeric parts.

* According 1o ASCO, the plug nut weighs about 1 ounce while the
spnng farce w about 2 pounds. ASCO indicated thal after a similar
NP8323 SOV fallure ot WNP2, the licensee had performed a similar
demonstration. The sticky substance at WNP2 was believed o be
from excess lubricant (Dow Carning 5503 that had been apphied by the
licensee when the SOVs were rebuilt

**Telephone discussion between R, Lanksbury (NRC St Resident In-
spector at LaSalle Station) and IL L. Ornstein, NRC, December 22,
1989
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The inspection of the SOVs on the inhoard and outhoard
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 cach case, the licensee recognized the com-
mon-mode failure potential for compromising fast clo-
sure of inboard and outhboard 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 canses 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 lailed, it was de-
clared inoperable. Ai 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
srogram did not provide adequate guidance to the plant
staff regarding actions 10 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-yerr 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 10 wear of the core and spring
assembly caused by excessive heat from the solenoid be-
ing constantly encrgized. 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
asscmbly. 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 previous repairs. The licensee’s corrective
action was to realign the solenoid header. Three months
later the same SOV was again found to be leaking air.
This fourth failure was attributed to wear of the core and
spring 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 rebudt (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 1s 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 hife information; as such,
these valves are not included in the manufacturer’s defect
and reporting program (10 CER 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 fatlures mcluded 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 1 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 10 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 n 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

¢ 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 imited life piece-
parts of the SOVs (e.g., gaskets, seals, dia-
phragms, springs, and coils) on a timely basis
(e.g., Sections §.2.1.1, 5.2.1.2)

e failure to rebuild SOVs correctly (e.g., Section
5.22.1)

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 (de 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 5.24.1)

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

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

e 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
irips or complete train failures of safety systems
they are not required to be reported in the LER data

(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 tailure 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 penod (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
picce-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 1o recog-
nize that the SOV failures are mechanistic due 1o root
causes described throughout this report. For example,
when valves are misapplied, run at elevated tempera-
tures, improperly maintained, etc., their early failure,
degradatior and life shortening are assured. Under those
conditions, «he 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

Source

Estimated
failure rate

WASH-1400 (Tables 111 2-1, 2-2)

This study (NPRDS data Jan 1985-December 1989) assuming

quarterly testing

NUREG-1150 methodology NUREG/CR-4550, Vol.1

Seabrook PRA
NUREG/CR-4530, Vol. 6 (Grand Gulf PRA)

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

This study (NPRDS data Jan 1985-Dec 1989)

1x10-*/demand
7.1 to 8.7x10-3/demand

1.0x10-*/demand
2.4x10-3/demand
1.6x10-3/demand
7x10-8/hr

6.5 to 7.9x10-8/hr*

*Hourly fmlure rates were calculated using an NPRDS report of 1074 failures among 5110 SOVs during 155.4 million
cumulative hours (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 Failures operation
Valves/solenoid operated 3536 753 115.
Valve aperators/solenoid ac 723 140 19.7
Valve operators/solenoid de 851 181 20.7

Common-cause, common-mode failures result. Under
such conditions the average industry fatlure 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 auned 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 commor-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 §, it 1s clear that utilities
are not fully informed of SOV maintenance require-

ments. The neglect or oversight of SOV maintenance
oftentimes comes from the SOV manuficturers’ 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.”

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 SOVs 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-
placement 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 couls are ordered sepa-
rately (see Ordening 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 8.7.3, but they are not
specific with regard to preventive maintenance.

For example ASCO’s upgraded 1989 instructions state
that “while in service, the vaive should be operated peri-
odically to insure proper shifting.” The word “periodi-
cally” 1s 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
shou!d 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 Scal and Ross make SOVs
that are used in several different EIDG 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 1o
multiple failures of the Circle Seal and Ross SOVs (see
Section 6.3.2.1).

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-
ous common-mode failures that resulted in fatlure 10 start
two EDGs).

Skinner Electric—This manufacturer’s SOVs that are
used in Woodward governors on BWR HPCI 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 — Contribution
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 identify the
care required for the SOV, which is “unrecognized”
within the “overall system.” Examples have been ob-
served in

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

e auxiliary feedwater and main feedwater systems:
flow control regulators

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

e mstrument atr dryers: desiccant column regenera-
tion and cycling control systems



6.32.1 Unrecogrized 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.

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

During a trip to the Duane Arnold plant in reviewing
SOV experience, the author learned that subsequent to
the July 1982 diesel fatture (Ref. 102), the Duane Arnold
staff recognized the SOV's limited lifetime and the need
for SOV refurbishment or replacement. As a result, the
Duane Arnold personnel added SOV changeout to their
preventive maintenance program. However, several years
later, plant maintenance personnel made a decision to
eliminate changeout of that SOV from their preventive
maintenance program. The ra,. 'e for dropping such
preventive maintenance was thaw the SOV was cycled
only 7 seconds a month and such limited use did not seem
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 attending a TVA EDG training course applicable
to seven plants (Browns Ferry 1, 2, and 3; Sequoyah 1 and
2; and Watts Bar 1 and 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 start and
governor control systems.

*OECD NEA Incident Reporting System report number 0906, 00, No-

vember 29, 1988, “Diesel Generator Failure 1o Start, 1 eibstadt Nu-
clear Power Plant, February 4, 1988,

**Facsimile Transmission, 1. Shank, ASCO. 10 H. L. Ornstein. NRC,
February 17, 1989

***Rochester Gas & Electng Company, Ginna Station meémorandum,
“Failure of Solenoid Operated Valve 539338 ‘A’ Diesel Generator
Adr Start Valve ASV-1" from B, Popp, Degember 14, 1988

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 awr
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
$OVs. 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
§ 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.
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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 staft stated
that ASCO Class 1E SOVs with 30-year qualified lives did
not require any preventive maintenance for 30 years (Ref.
1043, 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 o 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,
1015).

ASCO's valve engineening 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 instrumient 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 SOVs on 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,

**Ietephone discussion, ). Osharne, Baltimore Gas and Electne Co,,
and . L. Ornstein, NRC, April 21, 1989
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with rebuilding SOVs, depending on individual SOV
manulacturer and model number. Additionally, there are
variations among SOV manufacturers with regard to pro-
viding test apparatus to check the soundness of vebult
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, ¢1c., 1o enable users 10
check the conditions of their SOVs, some other manulac-
turers do not make such information available. Questions
arise about the acceptability of new SOV if acceptance
criteria are not available.

Although ASCO notified hicensees that it has disconiin-
ued selling rebuild Kits for its nuclear power plant 5( Ws
(NP series) (Ref. 106), it is continuing to seil rebuild kits
for commercial SOVs and SOVs uvsed 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 hfe 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 parts in the rebuild
kits. For example, because of elastomeric (Buna-N) deg-
radation observed in SOVs used i 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 “usclul
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 bemng from the time
of kit manufacture, not from the time of rebuild.

As noted in Section 5, there have been several evems in
which common-mode failures resulted from incorrect re-
building of SOVs. The potential for common-mode SOV
{ailure 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 capabilitics and require-
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, ctc.). Maintenance programs also fail
to address the low tolerance SOVs have for operating
under adverse conditions that are significantly difterent
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 Temperatures

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.LL1), 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 SOVs are
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 nsk of sustaining “seem-
ingly” premature failures.

7.1.2 Heatup From Energization

Many comunon-mode SOV failures have occurred be-
causc 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, hicensees (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.

7.1.3 Maximum Operating Pressure
Differential

Many heensees have found misapplications in which
SOVs could be or were subjected to operating pressure
differenuals that could or did prevent them from operat-
ing. Although NRC issued information Notice 88-24

(Ref. 24) describing events, related to this issue, as noted
in Section 5.1.3, there is no assucance 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 SOVs at six plants as a
result of high back-pressure. The licensees did not recog-
nize or were not aware of the directional requirements of
the valves (sce 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 maintenance 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 mdicate that
periodically changing the elastomeric parts is necessary,
without spectfying 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).

NUREG-1275



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 10 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
SOVscorrectly is the fact that many manufacturers do not
provide adequate SOV documentation or testing appata-
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, (c.g.. Perry, River Bend, Salem, Grand Gulf,
and Duane Arneld) 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.

7.2.3 Contamination

Many comamon-mode SOV failures have been caused by
contaminants in the fluds that flow through SOVs, in-
strument air in particular (see Sections 5.2.3.1, 5.2.3.2,
8.2.3.3).

SOV contammation 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 matntenance of the instrument
atr systems. Some SOVs are more tolerant of contamina-
tion than others. For example, some SOVs can operate
with contiaminated air if the degree of contamination is
within the tolerance level of the SOVs. However, satisfac-
tory performance of most small SOVs for air-pilot service
require virtually contaminant-free air

Many SOV [allures are clearly attributed to subjecting
the SOVs to conditions beyond which they are designed,
such as particulates, raoisture, hydrocarbons, ete. Con-
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tributing to the problem is the fact that some _anufactur-
ers have specified the need for #1+an = 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 vainish-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 (sce Section 6.3.3) have been reported in
which SOVs fatled to actuate on demand during surveil-
lance testing, however, subsequent tapping (mechanically
agitating) the SOVs would ¢nable 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.

Similarly, as noted in Section 5.3, incorrect surveillance
testing led operators to operate a BWR with multiple
failed scram pilot SOVs,

7.4 Verification of the Use of Qualified
SOVs

The issue of environmental quahification of Class 1E elec-
trical equipment and SOVs has been addressed by utili-
ties in response to Bulletins 79-01, 79-01A, and 79-01B
(Refs. 112-114). Nonctheless, there are many instances
in which S8OVs 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,
nongualified SOVsare being used in safety-related appli-
cations without appropriate vertfication of product gqual-
ity and design control. In many mstances the SOVs lack
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e common-mode degradation of SOVsaffceting salety
injection, reactor coolant, main steam, component
cooling, and other systems at North Anna and Surry
(Section 5.1.2.2)

¢  simultancous common-mode failures of M5SIVs to
close on demand at Perry (Section 5.1.1.1) and
Brunswick (Section §.2.3.1)

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

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

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

¢  More than 30 inadvertent common-mode openings
of incorrectly oriented SOVs at six plants (Section
5.14)

e repelitive common-mode EDG fatlures at Catawba
(Section 5.2.4.2)

e 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
tmes of vulnerability could lead to core damage or to
serious offsite effects. Since SOVs are key components in
many plant safety systems, their ability to function is re-
quired to mitigate accidents. Therefore. it is concluded
that SOV problems represent a significant safety con-
cern.

Section § provides representative examples of over 20
recent events involving common-mode fatlures 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.
I'he 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, auxihary feedwater, high pressure

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

The high expectation that SOVs will meet their fung-
tional goals in reactor applications implies a tightly con-
trolled process that eliminates programmatic and system-
atic deficiencies and results in only random lailures.
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
1s a set of modern PR As, having the limitations of all 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 detall 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-made failures were
not modeled.

[t 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 meaninglully 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 corymon-mode SOV failures are not
self-correcting, they vill not be fixed unless corrective
actions are tazen, Responding in a meaningful way to the
SOV probiems presented in this report will require con-
siderable nuciear 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
onginal plant licensing. Generic and plant-specific ac-
tions are needed to correct the SOV problems in order to
restore the plants’ safety margins (o their original per-
ceived values.

The NRC, to date, has issued 37 generic communications
pertatning to SOV problems (see Appendix i)). 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 impiementation of the recormmendations
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 faitures. To reduce the po-
tential for common-mode faiiures, attention should be
focused on certain aspects of SOVs. The actions discussed
beiow 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 SOVs are 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 sot provided assurance that these devices
meet their functional goals. This study catalogs program-
matic and systematic deficiencies such as incorrect de-
stgns, 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

s life-shortening effects of elevated ambicnt tempera-
tures are considered in the determination of SOV
service life (Section 7.1.1)

o life-shortening effects 0. neatuy resulting from coil
energization are appropriately accounted for in the
determinations of SOV service life Section 7.1.2)

o 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 wi'l 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 cotl 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 clastomeric 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-
piete 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
72.2.)

Aggressive actions should be included in the SOV main-
tenance program to ensure that fiuids 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 manulacturers’ lubrication instructions should be
adhered to. Licensees should avoid substitution of similar
but not wWdentical 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-
cration 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 4s 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, conside ration should be given to
staggering survellance testing of redundant SOV,
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9.4 Verification o the Use of Qualified
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 theym
10 CFR Part 50, Appendix B, and appropriate Class 1L
requirements and (2) that they have been installed and
maintained appropriately to operate in a rmanner 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 SOVs (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 SOVs (different design or manu-
facturer).

9.6 ¥eedback of Operating Experience

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

10 REFERENCES

1.  V.P. Bacanskas, G. (. Roberts, (i, ). Toman, “Ag-
ing and Service Wear of Solenoid-Operated Valves
Used in Safety Systems of Nuclear Power Plants,
Volume 1. Operating Experience and Failure
[dentification,” Oak Ridge National Laboratory,
NUREG/CR-4819, ORNIL/Sub 83-28915/4/V1,
March 1987,

2. Carolina Power & Light Company, Licensee Event
Report 50-324/88-001, Revision 5, Brunswick
Steam Electric Plant Unit 2, February 19, 1990,

3. Burns and Roe, “Investigation of Valve Failure
Problems in LWR Power Plants,” ALO-73, April
1980.

4,  W. H. Hubble, C. F. Miller, “Data Summaries of
Licensing Event Reports of Va'ves at ULS. Com-
mercial Nuclear Power Plants, Jaovary 1, 1976 to



10.

1L

12,

13.

14,

15.

16.

December 31, 1978," EG&G Idaho, Inc.,, NUREG/
CR-1363, EGG-EA-5125, June 1980.

Institute of Electrical and Electronics Engineer,,
“IEEE Maintenance Good Practices for Nuclear
Power Plant Electrical Equipment; Work-in-
Progress Report, Evalvation of Maintenance and
Related Practices for Solenoid-Operated Valves in
Nuclear Power Generating Stations,” IEEE Power
Engineering Society, Nuclear Power Engineering
Committee, Subcommittee 3, Working Group 3.3,
1988.

U.S. Nuclear Regulatory Commission, Information
Notice 88-86, Supplement 1, “Operating With
Multiple Grounds in Direct Current Distribution
Systems,” March 31, 1989.

U.S. Nuclear Regulatory Commission, Inspection
Report 50-440/87-024, Perry Nuclear Power Plant
Unit 1, January 22, 1988.

Cleveland Electric Hlluminating Company, Licen-
sce Event Report 50-440/87-073, Revision 1, Perry
Nuclear Power Plant Unit 1, June 3, 1988.

U.S. Nuclear Regulatory ~ommission, Information
Notice 88-43, “Solenoid Valve Problems,” June
23, 1988,

UL.S. Nuclear Regulatory Commission, Inspection
Report 50-440/87-027, Perry Nuclear Power Plant
Unit 1, February 10, 1988.

U.S. Nuclear Regulatory Commission, Inspection
Report 53-302/89-09, Crystal River Unit 3, june 7,
1089,

U.S, Nuclear Regulatory Commuission, Inspection
Report 50-336/88-22, Millstone Nuclear Station,
Unit 2, November 8, 1988,
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U.S. Nuclear Regulatory Commission, 10 CFR
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APPENDIX A

SOV FAILURES REPORTED IN LICENSEE EVENT REPORTS
1984 through 1989

This appendix describes the licensee event reports of
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;
followed by a definition of each failure category.

Legend:
DOC NO. docket number
LER licensee event report number

REP FL. repetitive failure
TP/OUT  cause reactor trip or plant cutage

FC failure category
Failure Categories:
00  Other

01 Coil Failure
02 Valve Body Failure/lcakage

03  O-Ring/Gasket/Plug/Seat/Diaphragm/Spring
Failures/Leakage

04  Lubricant/Lubrication

05  “Sticking”

06  Internal Wiring/Reed Switch/Contacts
07  External Wiring

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

09

10
11

13

14
15
16
17

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

Excessive Environment Temperature

Moisture Intrusion (Electrical Shorts/Ground-
ing/Open Circuits)

Contaminants (Dirt, Water, Rust, Hydrocarbons,
Desiceants, etc.)

MOPD (Maximum Operating Pressure Differen-
tial)

Design Errvor (Other Than MOPD)
Equipment Qualification-Seismic
Equipment Qualification-Radiation

Inadequate Maintenance/Excessive Time Be-
tween Replacement or Overhaul

End of Life/Normal Wear

Still Under Investigation

Unknown

Unspecified

Personnel Error

Minimum Operating Pressure Differential

Required Closing/Opening Time Specifications
Not Met

Leakage Unspecified
Assembly Error (Plug/Diaphragm/Spring etc.)
Equipment Qualification (Electricai)
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Page No. 1

| z 11716790
| e
~
S -
; __ DOC PLANT EVENT LER NO. OF
| ro NO. WAME DATE NUMBER FAILURES
&
206 San Onofre 1 12730786 86-014-01 One
206 San Orofre 1 01/17/87 87-001 One
206 San Onofre 1 11710/87 87-016-C1 Seven failures
of four velves
>
ol 206 Sen Omofre 1 12/01/87 87-017  Two
206 San Onofre 1 12/16/87 87-018 Ore

SOLENOID -OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Ground Feeduater &

fault, Safety

moisture Injection

in Systes

iunction

LA

Ground Feeduater

fault

Slug Contairment

sticking lsolation,
Contsirment
Spray, Chargi
g

Not Safety

Specified injection
vent

Ground Plent

fault cool ing

moisture water

in SOV

housing

MANUFACY MODEL
NC.
Not Wot

Specified Specifi
ed

ot Kot

Specified Specifi
o

ASCC 206-380

ot Not

Specified Specifi
ed

ot Not

Specified Specifi
ed

ROOT REP CORRECYIVE
CAUSE FL ACTION
Moisture in No  New junction
junction box box installed
Inadequate Yes Eliminated
instailstion/v ground, tighten
ibration ed conections
Licensee Yes Secured SOVs
esttributed in sefety
sticking to position,
Dow Corning cleened valves
550 luwbricant and initisted
weekly testing
Uniknown Ko Repaired or
replaced SOV
Loose screws Yes The ground was
and inedequate eliminated by
seal. Root removing the
ceause not water inside
specified the solenoia
housing and
reseal ing the
housing.

REFERENCE TP/ FC
DOCUMENTS OUT

Corrective LER 87-007 Nc 11
action teken on
failed juction
box end seven
other
vulnersble
ones .

Vibration
caused
loosening of
terminel box
conduit locking
ring

Conducted
extensive
investig.
Repetitive
COmmOn - mode
feilures could
have rendered

§

trains of
multiple
systems inop.
SOV required lone
for venting SIS
to avoid water
hammer

The loose
sCrews were
probebly
stripped from
excessive
tightening.
Ref. Docs. LERs
206/86-014701,
and

361/87-001,031

o7

Insp Rpt  Wo

89-24

19

See
Ccomments



was

aced

filea
tenance
edures( inc

Discovered that Eone
8 single SOW
could degrade
contsinment
spray

system, result
g in
ontainment
overpressure
auring a LOCA
Kone

SOV

acceptad
ceclared
cperstional,
more freguent

tests

cycling
plannec
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> 11/16/90

=

z

o

1 DOC  PLANT

o NO. NAME

e |

o
213 Haddam Neck
213 wHaddam Weck
219 Oyster Creek

>

o 220 Nine Mite Pt 1

Nine Mile Pt 1

EVENT
DATE

LER
NUMBE R

09710785 85-024

01/14/88 88-0n

10/16/84 84-022

06/16/84 84-013

0&6/17/84 B4-014

NO. OFf
FAILURES

One

Four incipients

Three

Three

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

SYSTEN

Failed to Auxiliary

shift Feeduater
“gtuck™  System
SOV Contairment
operating isolation -
mode Steam
Generator
B owdown

Disphrogm Scram
Discharge
Vol ume

Seet Main steam
Leakage(2

), mispesi

tioned

wires

5 seat Main steam
ienkage /

1 stuck

open due

to

foreign

mat!

MANUFACT MODEL  ROOT
NO. CAuSE
ASCO NPB320  Unknown
Not Not Design
Specified Specifi Deficiency
ed
Not Hot Installed
specified specifi diaphragm
ed backwards .
Inadequate SOV
rebuitding and
inadequate
post-maintenan
ce test
Dresser/C 1525¥X Wear and
onsol . contaminants
Electrome suspected
tic
Dresser / 1525 VX For=ign
Consol . material
Electrome intrusion
tic (source not
stated)

REP CORRECTIVE
FL ACTION

Yes Replaced SOVs.

COMMENTS REFERENCE 71/ FC

DOCUMENTS  OUT

Ceuse of LER 85-005 %o 05

Initiated more sticking has

frequent
periodic
cycling

Corrected
cireuit
design, rather
than changing
the SOVs

instell
diaphram
correctly and
develop
improved

post-maintenan

ce testing
Yes ! refurbished,
2 replaced

Cleaned end
refurbished
SOvs

Yes

rot been

determined.

Same SOVs &s in

LER 85-005

Installed SOVs None
close upon
deenergiting
inetead of
opening upon
deenergizing
per design.
Cordition
existed for
seven yesrs
Caused slow
closure cf 3
sir-operated
SOV vent and
drain vslves

No

27

Retest of all 6 LER 84-014 No 03
valves found
o be

ing due to
wrerial lodged
in the seat
srea (see LER
84-014)
Retest of all 6 84-0% -+ R
SOVs (LER
84-013) found
all to be
leaking due to
foreign
material lodged
in the seat
ares
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DoC
NO

220

237
25
25
>
S wr

%7

267

SLTI-DTANN

PLANT
NAME

Nine Nite Pt *

Dresden 2

Millstone |

Millstone 1

Indian Point 2

Indian Point 2

Indian Point 2

EVENT LER NG, OF

DATE NUMBER FAILURES

11/01/85 85-021 One pius two
incipients

O7T/17/87 87-023 One

12/24/85 B85-034-01 Between three

and six

06/06/87 87-015-02 One

01704/84 84-00% One

11727784 B&-022 Two

02/02/87 87-003-01 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PARY

Jarmed
springs

Internal
passagews

y
restricti
on

1 core
spring,
many
discs

Excessive
{eakage

Failed
closed

Nor
Specifiad

Stuggish
performan
e

SYSTEM
Hain steam

Feeduater
(FWRV)

Control rod
drive

Containment
isolation -
post
sccident
sampi ing
Containment
purge

AFY Steam

Condensate

{storage
tank
isoiation)

MODEL
NO.

MANUFACT

Dresser/C 1525vX
onsol .

Electroma

tic

ASCO 8300

ASCO Not
specifi
ad

Target Not

Rock Specifi
ad

ASCO Kot
Specifi
od

Not Not

Specified Specifi
ed

Not Kot

Specified Specifi
od

ROOT
CAUSE

Wear

Wear

Deterioration
of the Suna-N
discs and &
detached
spring.

Plunger tube
scored

Not Specified
Not Specifiad
Design

deficiency
{sizing)

REP
FL

Yes

Yes

Yes

No

No

L

CORRECTIVE
ACTION

Replaced sil
three vaives

Repiaced SOV

SOVs rebuilt,
upgraded SPSV

meintenance

progrem per GE
SiL 128

Replaced
plunger tube

Replaced SOV

Recomnected
power leads to
SOvs

Enlarged SOV
orifice and
cleaned
regulator

COMMENTS

SOV is @
piecepart of
the FURV.

Feilure of
three control
rods to scram
was sttributed
to failure of
three to six
essocisted
scram pilot
solenoid
valves.

Kone

None

SOVs control
AFY turbine
inlet steam
isotlation
valves

SOV controls
AV, Slow
closure
atiributed to
orifice size.
Debris could
have aiso
contributed.

REFERENCE
DOCUMENTS

i

TP/ FC

o3

Yes 18

W7

2%
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SOLENOID-OPERATED VALVE FAILURE DATA
DOC  PLART EVENT LFR RO, OF FATLED SYSTEM MANUFACT MOREL ROCT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
N0,  NAME DALE NUMBER FAILURES Pant NO. CAUSE FL ACTION DOCUMENTS  QUT
249 Dresden 3 P1/712/85 85-001 One Manual Mein turbine Sperry FSDGAS4 Grease No Replsced SOV SOV controls None Yes 04
operator Vickers 012a contaimination overspeed trip
249 Dresden 3 09/19/85 85-018-01 One Hundred Disphrams Scram RSCO Not Wear Yes Rebuiit and Common -mode None Yes 03
Eighteen " Specifi replaced SOVs, failures
O rings, ad modi fied resul ted in
seals procedures, primary system
upgraded leak outside
system primery
containment
See Section
3.2.1.7 »f this
report
249 Presden 3 casa7/8r 87-013 One Coil Feeduater ASCO 8300 Shorted coil Ko Replaced SOV SOV controls None Yes 01
FURY sir
aperstor
250 TYurkey Point 3 12702784 84-031 Qe Not Containment ASCO Hot Kot Specified No Replaced SOV None LER250/84- Mo O3
Specified isolation specifi 99,020
{nitrogen ed
supply)
250 TYerkey Point 3 12713/84 BA-034 One Not cvcs ASCO ot Not Specified Yes Replaced SOV SOV controls See No 02
specified (isclation Specifi ADV. Ref, Comments
valve) ed Cocuments: LER
250/84-032,
251/84-009,84-0
20
250 Turkey Point 3 Cis13/85 B8S-002 One Cloggad WNot Not Not Not Specified Mo Cleaned air Similar None No 17
SOV air Specified Specified Specifi filters on occurrences:
filters ed this and other LER 250-84-034,
similar SOVs LER 250-84-031,
in beth units LER 251-84-020,
3 and & LER 251-84-009,
and LER
250-83-016
2508 Turkey Point 3 01/27/86 86-005 Two Mot Main steam ASCO 8316 1 internal o Replaced 1 2 independent None Yes 09
Specifiad (MSIV) interference, SOV, fuse SOV feilures
1 bent contact block pins discovered
pins at fuse were during testing.
block. straightened MSIV couldn't

on other SOV. be closed
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250

250

25¢

251

251

254

FLANT
KAME

Turkey Point 3

Turkey Point 3

Turkey Point 3

Turkey Point &

Turkey Pt &

Quad Cities 1

Quad Cities 1

EVENT
DATE

LER
HUMBER

08/03/86 856-031

01703787 87-002

09/13/87 87-023

07/15/87 87-015-01

09715789 89-011

02/05/85 85-001

NO. OF
TAILURES

One

One

One

Two

04/03/87 87-006-0% One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

specified

Coil

Internal
wiring

Ground
faulr

Plunger
stuck in
mig-posit
ton

Comectio
n to SOV
power
Lead

wiring
comnectio
n to coil

SYSTEM

Auxitiary/em ASCO

ergency
ferduaier

t ASCO

Ceoling
Water
Steam
Generator
Bl owdown
Contairment Not
Isclation

HPCI

High
Pressure
Cootant
Injection

MANUFACT

Target
Rock

Specified

MODEL
NO.

206- 381

8316

300525
1

Not
Specifi
ed

WNot
Specifi
ed

Barksdale 1782504
€204

Barksdale 1018433

acel

POOT
CAUSE

wWatei entering
the SOV

Not Specified

Faulty wires
going to Reed
switeh
Detericration
of insulating
tape from
“normal
ageing”
Foreign
materials from
plant
modifications

Faulty
terminat
connection and
vibration

Vibration/inad Yes

equate
connection/ina
dequate
support

REP CORRECTIVE

FL

No

No

L

Ko

ACTION

SOV replacea

Replaced SOV

Mot Specified

Cleaned and

retaped wiring
connections

Replace SOV.
Develop
cleaniiness
controls for
instrument air
system tubing
Repair
terminal
connections
and secure
wires to SOV
housing
Replaced coils
on failed SOV
and thiee
others
replaced at
units 1 and 2

COMMENTS

Similar
OCCUrTences:
LER 251-84-020,
and LER
251-84-009
None

Rone

SOV is &
piece-part of
AOY

Foreign
materials were
metal particles
and thread
sealant

Failure of WPCI
turbine tripand
reset SOVs

HPCL
inoperable.
Replaced SOV
coils with
newer mode!,
aiso sdded
wiring
restraint to
ell four SOvs.

REFERENCE
DOCUMENTS

comiant

i

;

i

None

o
ot

Yes 03

Yes 06

No 07

LFR B5-001 Neo Q7
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poc
L)

255

355

259

PLART
WAME

Quad Cities 1

Palisades

Palisades

Browns Ferry 1!

Browns Ferry 2

EVENT LER
GATE NUMBER

07707789 89-011

04710786 86-017-01

01/14/87 87-001-C1

07703786 86-022

08/31/87 87-007-01

NO. OF
FAILURES

One

Three fail +
three incipients

Eight

Six incipients

Potential
failures all 3
units

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT MODEL
PARY NO.
8locked Emergency Not Not
sxnsust  diesel Specified Specifi
port generator ed

fire

protection
Valve Reactor Target 808-001
seat Coolant - Rock
leakage (head vent)
inadequat Containment Not ot
B isolation(hy Specified Specifi
isolation drogen ed
logic monitoring)
Mot Eces Rockwelil/ Not
Specified Atwood-Mo Specifi

reill ed

Loss of Contairment WNot Hot
sov Drywel | Specified Specifi
function Control Air ed

ROCT
CAUSE

Failed to
remove
manufacturer's
pretective
pipe plug and
also fsiled to
perform post
maintenance
opersbility
test

Metal shavings
in valve seat
ares,

AE design

error

Design error

Design error

REP
FL

No

Yes

No

wo

Yes

CORRECTIVE COMHENTS REFERENCE TP/ FC
ACTION DOCUMENTS  OuY
Remove System had been None Ne 02
protective inoperable fo
pipe plug and 51 weeks
test SOV for
operability
Repaired SOVs Discusses None Yes 12
and system spurious
flushed to openings of
remove Target Rock
remaining SOVs
metsl shavings
iscletion None None No 14
logic modified
Remove air Potentisl for None No 14
supply to overpressurizin
affected ¢ low pressure
actuator systems due to

use of non

qualified sOvs

{six in each of

three Browns

Ferry units)
Asplace “Ws Use of Ne 14
with gualificd non-quslified
ones SOVs could

srevent primary

conteinment

isclation. All

3 Browns Ferry

units affected.
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DOC  PLANT
NO.  NAME

260 Browns Ferry 2

267 M.B. Rebinson 2

261 H.B. Robinson 2

2567 H.B. Robinson 2

263 Monticetlo

EVENT LER
DATE NUMBER

NO. OF
FAILURES

06/06/89 89-018 One

05/13/87 &7-%07 Two

C7/15/87 87-020 One

11705/87 87-028-01 Two

10725789 89-032 One

SCLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PARY

valve Emergercy

sests diesel
generator
air start

Not Not
Specified Specified

Electrica Feedwater

t short (FuRV)

sov Diesel

internais Generator
Starting Air

Locse Hain steam

terminal (MSIV)

screw

MANUFACT MODEL
KO,

Salem 812-6

ASTO Net
Specifi
ed

Not Kot

specified Specifi
ed

Not Not
Specified Specifi
ed

Wot Not
Specified Specifi
ed

ROOT
CAUSE

Corrosion
debris from
starting air
system

Inadequate
instailations
of conduit
seals

water trapped
in SOV
condolet

interna!l wear

Not Specified

REP
FL

Yes

L)

No

CORRECTIVE
ACTION

Replaced SOV

install
correct seals

Wire was
repaired and
water removed
from the
condulet.
Other SOVs
examined for
simitar
problems .,
Replaced SOVs

Tighten

terminal screw

and inspect
simiiar SOVs

REFERENCE TP/ FC
DUCUMENTE  QuT

COMMENTS

Upgraded EDG LER o 12
air sys, did 259/86-008
maint, on it
prior to

event  but
debris was Le
there from
before.
Preceded by 2
similar
eventsisee ref)
Incorrectly
instal led
conduit seals
at entrance to
several harsh
environment 1€
qualified SOVs.
Potentiet for
moisture
intrusion

SOV s
piece-part of
Funy

None No 14

None Yes 11

SOV failures Hone o 18
caused venting
of starting air

None None No 0%
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Page No. e
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265

265

265

266

27e

2

2n

PLANT

Quad Cities 2

Quad Cities 2

Quad Cities 2

Quad Cities 2

Quad Cities 2

Point Beach 1

Oconee 2

Vermont Yankee

Salem 1

EVENT LER
DATE NUMBER

06/28/85 85-015

02718/87 87-004

09/18/87 87-012

12/10/87 87-020

04706/89 89-001

06/01/89 89-003

06/05/89 89-005

08/18/87 &7-009-0

12/31/84 B4-029

NO. OF
FAILURES

One

One

One plus two
incipients

Two potential

Not Specified

Ore

SCLENCID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT
FART
Not Reactor Versa
Specified Bldg. Vent.
System
Not Contairment ASCO
spec’ fied vacuum
Not Containment ASCO
specified Vacuum
Relief
wot Main Turbine Sperry
Specified Controt Vickers
Fluid
Not Turbogenerat Not
Specified or
ot Contairment ASCO
Specified isolation
(SG blowdown
sampling)

Inadequat RCS sampiing Terget

e cable Rock

sealing

Seat Automat ic ASCO

leakage Depressurizas
tion

Faulty Feedwater ASCO

slectrica (FURV)

i

connectio

n and

seat

| eakage

MODEL
NO.

See

comment

8317

8317

F3-S06G4
54-0124

Kot

Specified Specifi
ed

8302

Not
specifi
e

206-381

Not
Specifi
ed

REP CORRECTIVE
FL ACTION

ROOT
CAUSE

Mot Specifisd No SOV replaced

“Solenoid Mo
rusted and
corroded"
{reason/source
not stated)
Unknown

Replaced SOV

Yes Not Specified

Not Specified WNo Rplaced SOV
Not Specified WNo Pebuilt SOV
Mot Specified No Replace SOV
Failed to meet Ko Resealed
EQ connectors
requirements

for

potentially

submerged

valves

Dirt/corrosion Yes SOV cycled
products from

the sir supply

Not Specified Yes Replaced SOV

REFERENCE TP/ FC
DOCUMENTS OuUT

COMMENTS

VGS-4422-U-10-3 None No 20
1-38C
SOV is None No 20
piece-part of
vacuem breaker
air test

cyl inder

SOV is
piece-pert of
vacuum breaker
eir test
cylinder

Hone

LER 87-004 No 20

Hone Yes 02

Failed SOV
controls
turbine master
trip solencid
None

LER 87-020 Yes 2°

Units | and 3
were suspected
to have the
A

instel lation
deficiencies

i
s

None

SOV is &
piece-part of

i

Yes OV
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2r2

275

275
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PLANT

Salem 1

Salem 1

Salem 1

Ciablo Canyon 1

Piabie Canyon 1

Peach Bottom 2

EVENT LER
DATE NUMBER

01/31/86 86-003

02/20/86 B6-006

04/08/86 86-007

01/02/85 85-001

07724787 87-011

06/27/84 84-008

NO. OF
FAILURES

One

One

Eighteen
incipients

Two

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM HANUFACT MODEL

PART RO,

Seat Feedwater ASCO Not

leakage (FuRV) Specifi
ed

Broken Feeduster Kot

wire (FWRV) specified Sp.clﬂ
Electrice Post Not Io'
i accident Specified Specifi
connector sampling ed

s

Sov Hain turbine Not

“stuck (overspeed Specified Sp-ciﬂ

open™ protection)
Not Contairment Not

Specified isolation Specified Spnnﬂ

Contairment ASCO
Speciﬂed Isolation
{S8ET)

8320

ROOT REP CORRECTIVE
CAUSE FL ACTION
Probably Yes Two SOVs were
contaminated repiaced

air

instatistion No Replaced wire
error and and checiked
vibretion similar SOVs
Pesign/install No Instell
ation required

error, inadeque connectors
te
instatlation

procedures

Not Specified No Replaced SOV
Procedural Ne Perform
inadequacies necessary
verificetion.

procedures

Mot specified No Replaced SOV

COMMENTS

SOV is @
piece-part of
the FWRV. Dirt
and moisture
were detected
in air lines
causing other
associated
failures

None

18 SOVs on
units | and 2
had inadequate
comectors

None

Failure to
verify
penetration
isolation
subsequent to
So¥

replacement .
Potential
existed for &
single failure
to have
prevented the
ful filment of
the safety
function of the
SBGT system

REFERENCE TP/ FC
DOCUMERTS  OUT

None

i

i

i

Yes 12

Yes 09

Yes 27



Page No 11

t
| 7z 11716790
| = SOLENOID-OPERATED VALVE FATLURE DATA
| -
) ' DOC  PLANT EVENT LER NO. OF TAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENYS REFERENCE TP/ FC
| 2 NO.  NAME DATE NUNBER  FAILURES PARY 0. CAUSE FL ACTION DOCUMENTS  QUT
| >
: 277 Peach Bottom 2 01/24/86 86-003 Two DC coils Main §° . Jometic Not Under No The faited DC Failure of 2 DC None Yes 19
| (MSIV) ve specifi investigation solenoids were SOVs in 2
| ‘mmpary ed replaced. separste lines
JAVC) csused closure
of NSIVs
277 Peach Bottom 2 05/29/87 87-008 Three Hot Control room Not Not Piping No Reconnected Sanple Lines to None No 20
Specified ventilation/ Specified Specifi configuration tubing to SOVs three SOVs had
radiation ed error properly been connected
monitoring incorrectliy.
Affected
control rooms
at both units 2
and 3
277 peach Bottom 2 10705789 89-023 One Binding Main steam Autometic 6910-20 Inadequate Ko Replaced SOV Reference LERs See Yes 27
of SOV (MS1V) vsive manufacturer's and revised 277/86-003, comments
slug Company instatlation installation 278/85-018,
(AVC) inetructions and 278/86-016
ma intenance
procedures
278 Peach Bottom 3 09/30/85 85-015-01 One Lesked ADS backup Target Not Not Specified Yes Replsced SOV Previous See No O3
nitrogen Rock Specifi with an similar Comments
od upgraded one  occurrences
> reported in
i LERs 277/85-01
ro end 278/85-05
278 Peach Sottom 3 07711784 B5-018 One OC coil Main steam Automatic Not Reason for Yes Tesk force DC SOV failure None Yes 0
(MSIV) valve Co. specifi coil failure recomended coupled with
»q not specified testing of DC momentary loss
solenoids more of AC power
often and resuited in
anslyze cause NSIV closure
of future
failures,
278 Peach Bottom 3 07719786 B6-016 One Coit Main Steam Automatic Not Reason for Yes The de coil on Similar reacto~ See Yes O1
(NSIV) valve Specifi coil failure each MSIV's scrams in 1985 comments
Corp. ed not specified SOV was and
(AVC) replaced. 1986 (defective
dc coil coupled
with ac power
interruption):
LERS
278/85-018,

277/86-03
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Page No.
11/716/90

281

23

PLANT
NAME

Surry 1

Surry 1

Surry 2

Surry 2

EVENT LER RO. OF
DATE NUMBER FAILURES

03/28/84 84-007 None

11712787 87-031 One

0127788 38-001-01 Two

02/02/88 88-002-01 Two

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PARTY

Hot
Specified

wirirg
blocked
isolation
vaive
operstor

Seat
ieakage

SYSTEM

Feadwater
(FURV)

Containment
isolation

Containment

MANUFACT MODEL
NO.

Not Not
Specified Specifi
ed

Masoneila 3500
n (Sov series

unspecifi
ed)

Target B88v-001

isolation(pr Rock/ASCC /206-38
4]

essurizer

vapor space
sampl ing)

Reactor
coolant
sampi ing
isolation

Vaicor V526-56
a3-19

ROOT REP
CAUSE FL

Maintenance No
had been done
without

wproper
installation

Cause of SOV Yes
leskage not
specified.
Ceause of wrong
fead Lifting:
electricel

me intenance
“personnel
error®
Impurities in No
reactor
coolant system
water
preventad
complete seat
ciosure.
Impurities
also ceused
pitting of
velve
internals

CORRECTIVE COMMENTS
ACTION

Reconnected [A Instrument air

lines to tines were

proper SOV comnected to

ports the wrong ports
of 5 SOVs at
Surry units 1
and 2

Secured SOV Wiring to

unspecified SOV
caused
mechanical
binding of
containment
fscletion
valve's
operstor
Repair or fleciricians
replace SOVs trying to
isolate leaking
SOVs [ifted
wrong leads

SOVs replaced. Mone
Initisted

program to

enhance

material

exciusion
controls

REFERENCE TP/ FC
DOCUMENTS OQuUT

Nonz No 08

None No 09

None No 26

LER 88-001 Mo 12
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PLANT
NAME

58

285 Fort Calhoun

286 Indisn Point 3

293 Pilgrim

203 pilgrim

EVENT LER
DATE NUMBER

NO. OF
FAILURES

05/01/86 B6-003-01 Two

02711787 87-002

07719788 88-021

01/27/89 89-004

One

Four incipients

Two suspected

SOLENDID-OPERATED VALVE FAILURE DATA

FALLED SYSTEM

PRRY

failure \Waste gas

positions

of SOvs

reversed

Coil Containment
(eakage
control

Potential Primary

for containment,
exceading control rm, ¢
MOPD turb bldg
Limits HVAC/SGTS

ot Containment
Specified isolation

MANUFACT MODEL  ROOT REP CORRECTIVE
NO. CAUSE FL ACTION

Not Not Personnel No Return SOVs to
Specified Specifi error correct
ed tailure
positions

ASCO 8308 Mot Specified Yes The failed
solencid valve
replaced with
one of a

similar SOV
coils were
also replaced.
ASCO 8320 Design error Ne Replace SOVs
and with ones
¥PA320 rated for
higher MOPD

ASCO NPB320 WMot Specified No Repaired leeks
and replaced 2
SOvVs

COMMENTS REFERENCE TR/ FC
DOCUMENTS OUT

Faii closed None No 22
SOvVs hacd been

changed to fail

open, resulting

in volume

control tank

{eakage to

auxiliary

building.

The design of LER Yes 11
ro. 34 static 85-001-00
inverter was

improved to

aliow isolation

of single

branch circuits

if a short

circuit

develops.

Failure of None No 12

pressure
regulator would
result in
inopersbility
of 4 SOVs due
te exceeding
HoPD Limits
Feilure of 2 LER 89-0G2 Yes 21
AOVs due to air
system leaks.

2 SOVs were
replaced as a2
precaution
sgainst
exceeding MOPD
limits of the
SOvs
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PLANT
NAME

Pilgrim

Zion 1

Zion 1

Zion 1

Zion 1

Cooper

Crystal River 3

EVENT LER
DATE NUMBER
05/03/89 89-015

08708785 B5-029

10/16/88 88-020

01/12/89 89-001

11722/89 89-022

08718786 86-018

NO. OF
FAILURES

One

One

01705789 89-001-02 None

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM MANUFACT

PART

Coil ¥ain Steam Automatic

(MS1V) Valve

Corp.
(AVC)

“Stuck™ EDG building Not

pitot ventilation specified

valve

Plunger Service ASCO

stuck in water

mid-posit

fon

failed to Ventilation ASCO
shify (service
uater
building)
Piunger Service ASCO
failed to water
open building
ventilation
Not Reactor Not
Specified Recirculatio Specified
n System
Not Multiple ASCO

Specified systems

MODEL  ROOT
NO, CAUSE
6910-02 "Random

c failure”

Not Not specified
specifi
e

8320 Foreign
material
(piece of
Sov's
elastomeric
seat had

broken off)

8320 Weakened coil

8320  “Weakened

cofl™

Not Not Specified
Specifi
ed

8Z20/NP Design
B8316/83 error-M0PD
20

REP CORRECTIVE
FL ACTION

No  Replaced SOV
assembl

y

Yas Replaced SOVs

Yes Replaced SOV

Yes Replaced SOV

Yes Replaced SOV

No Mot Specified

Yes Replaced SOVs
with others
having higher
MOPD rating

REFERENCE TP/ FC
DOCUMENRTS  OUT

COMMENTS

None Yes 01

40 such valves LER No 05
used in both 304/85-015

units.

Common-mode

failures found

during testing.

Additional (MFs

ocurred next

day at unit 2.

SOV did not go  None N0 12
to “fail safe"

position when

de-energized.

Upon safety

injection coutd

have resul ted

in reduced

essentiel SW

flow

None No O1

None LER No 01
295/89-001

None

See section See Ko 13
5.1.3 of this comments

report for

sdditionsl

info.

Reference

documents: LER

7Te-054, 83-023,

88-013
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poc
NO

302

PLANT
NAME

Crystal River 3

Crystal River 3

Crystal River 3

Crystal River 3

Tion 2

Zion 2

EVENT LER
DRTE NUMBER

04/07/89 39-012

04/718/89 89-015

09/26/89 89-034

09/06/89 89-035-01

O7/11/84 84-015

08/09/85 B85-€15

NO. OF
FAILURES

Eight incipient

One incipient

Meny potentislly
affected

25 porential
safety related

Not Specifiad

SCLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

Sone

Not
Specitied

Electrica
| power
suppi fes

Coil
under -rat
ed (DC
voltage)

Internal
leakage

"Stuck®
pilot
valve

SYSTER MANUFACT MODEL
NO.

Contairment ASCO 8320

isolatien

(8% cevity

cool ing

system)

Reactor Not Not

coolant pump Specified Specifi

sesl bieed od

of f

HVAC, Not

ot
containment Specified Specifi
isolation, ed
Main steam

(MS1V)

Conteirment Not ot
cooling, Specified Specifi
containment ed
isolation,

NSCCOM, EDG

Msin steam Keane 51-170
msiv)

EDG building Not Mot
wvent specified Specifi
ed

ROOT REP
CAUSE FL

Design error  Yes

Inadecuste o
seismic
installstion

CORRECTIVE
ACTION

Replsce SOV
coils with
coils heving
correct
temperature
ratings

Mocti fied SOV
supports

Design error  No Modifisd power

Incorrectly Yes
specified
operating

voltage

Licensee could No

not find cause
of failure

Not specified Yes

suppl ies

Replace SOVs
with correctly
specified OC
vo! tages

Three SOVs to
be replaced
with
environmental
y qualified
SOvs

The valves
were replaced.

COMMENTS REFERENCE TPy FC
DOCUMENTS OUT

8 SOVs were See No 14
affected. comments

documents: LER
73-054, B3-023,

88-01%,
89-001

intermingiing None wWo 09
of 1 and

nor-1E power
sources to SOVs

Kone None Mo 14

Common-mode LER Mo 05
failures found 295/85-029
during testing.

Also occurred

on unit 1 the

previous day.

40 such valves

on units 1 and

2.
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PLANT

Zion 2

Kewaunee

Keswaunee

16

EVENT LER
DATE NUMBER

02703/87 87-001

07/02/84 8.-013

12/16/84 84-020

02711785 85-005

11/28/87 87-012-01 Two feiled plus

NO. OF
FAILURES

One

One

58 incipients

SOLENCID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM
PARY

O-Rirg Main steam
(NELIV)

Coil Auxiliary
building
special
ventilation

Coil Auxilisry
bufiding

specisl
ventilation

Coil Auxilisry
building

specinl
ventitation

Chicego
Fluid

failed to Containment ASCO

shife Isolation-Px

r
relief make-
@, RODT -
digscharge

MODEL  ROOT REP CORRECTIVE
NO. CAUSE FL ACTION
NSV1-16 Marnwfecturing ¥o Replsced SOV

~C-xP  defect or
damage ouring
instal lation
v-24 Not Specified Yes The Johnson
valves were to

be replaced
with ASCO
NPB320 SOVs as
they failed.
v-26 “Surnt out™ Yes The Jjohnson
coil, root SOV was
cause not replaced with
specified an ASCO
NPE320.

v-24 Coil “burnt Yes Replaced SOV

out, ™ root with an ASCO

csuse not

stated

NPE314 Design error. Yes RKeplece SOvs

Corditions and correct

exceeded SOVs' regulator

woPe Limits settings so
that MOPD
ratings will
not be
exceeded

COMMENTS REFERENCE
DOCUMENTS
None None

SOV failures 82-03,28,
resulted in 81-34
initisting
safeguards

equipment. 59

such SOVs

remsining would

be replaced

with ASCOs ot

next outage

Due to LER B4-13
repetitive

failures of

these Johnson

SOVs, they were

all being

repleced with

ASCO wPH320

SCVs on an

as-fail basis

Due to LER
repetetive 84-013,020
faiiures of

these Johnson

SOVs, they were

sl being

repisced with

ASCO NPB320

SOVe on an

as-fail basis.

See Section Kone
5.1.3 of this

report

TP/ ¥C

Tes 08
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SOLENCID-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 OuUT
305  Kewaunes 05/28/88 88-007-01 Three plus seven failed to Contsirment ASCO RPEY14 Menufacturing No Clesned and Initiated an LER Ko 05
incipients shift Isolation error refurbished extersive root B87-012-01
(prr relief, {unsuthor i zed the affected cause snalysis.
makeup use of SOvVs See Section
isotation) incorrect 5.2.4.1 of this
lubricent) report.
309 Haine Yankee 08/10/86 84-005-01 One Ground Cardox Fire Chemetron 5-020-0 Not Specified No Replsced SOV SOV failure No 21
fault Protection 074-2 tripped Cardox
system system power
supply bresker,
thereby
disabling the
Cardox system.
309 ®aine Yankee 05/23/88 88-005-02 Four incipients Not #PS1/chargin R.6. S20WA24 Design error Ko Modified SOvs in high Kone No 16
Specified g pump Laurence 0OCSW system rad. fields not
suction vent environ. qual.
failure could
cause
uncentrol led
release of
radicactivity
to non gqual.
systems.
311 Salem 2 01728785 85-001 One Failed to Emergency Masoneill Not SOV installed Ko Reinstalled SOV is a None No 08
shift diesel an Specifi backwards correctly and piecepert of
generator od revised EDG cooling
maintenance water flow
procadures control valve
311 Salem 2 05/22/89 8%-011-C1 None Mot Main steam  Not Not Inedequate e Modified Testing Not Yes 14
Specifisu (isclation Specified Specifi surveiileance testing ceficiencies Specified
valve) 2d testing circuitry would prevent
detection of
SOV failure
Deficiency
existed st unit
2 also



61~V

SLTT-OTUNN

Page No. 18

11/16/90
SOLENQID-OPERATED VALVE FAILURE DATA

DOC  PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT MODEL ROOT REP
NO. NAME DATE NUMSER FAILURES PART NO. CAUSE FL
313 ano 1 05/06/85 88-001 Two Lifting Post Target BOE-O01 Design error %o

of accident . Rock 7819-00

plunger sampling Corp. ]

(spur fous

ectustion

)

317 calvert Cliffs 1 04/01/87 87-007-03 four incipients uUnquelifi Auxiiiary Kot Kot Design error WMo
ed feeduater Specified Specifi
electrica ed
{
connector
s
317 Calvert Cliffs 1 Q8722789 89-015 None None Todine Not Mot Design error No
filver Soecified Specifi (G list
dous ing ed classification
system )
317 Calvert Cliffs 1 11/13/89 89-020 None Hot Salt water WMot Not Design error No
Specified cooling Specified Specifi (@ list
ed clessification
)
318 Catvert Cliffs 2 09/05/86 86-006-01 One Seat Hain Steam ASCO 8300 Not specified No
leakage (atmospheric
dump)
321 Hatch 1 12/07/85 BS5-043-01 Not Specified Seat Contairment Not Not Worme i Yes
leskage isolation specified specifi equipment use
-multipte ed or wesr
systems

CORRECTIVE COMMENTS REFERERCE TP/ FC
ACTION DOCUMENTS OUT
SOVs were Incorrectly LER N0 08
reorfented oriented SOvs  3468/88-001
correctly could open upon

small increases

in

backpressure.

See Section

5.1.4 of this

report
Deficient Twe SOVs on None Yes 28

electricel each unit found
connections to have
were upgraded iradequate (EQ)

with £Q electrical
quaiified ones connections
Replace with SOV failure None Wo 15

seismically could prevent
qualified SOVs fodine filters
from performing
their function
Replace with & SOVs in ¥one No 15
seismically safety system
qualified SOVs not able to
and power withstand

sources seismic event
power sources
for 5
safety-related
SOVs not
seismically
qualified
SOV internals None None No 03
were replaced
Leaking None LER 84-017 No 18
valves in 42
penetrations
repaired, rebul
it, or
replaced.
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e
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inc
t undocumented

errord

e r
rine

L

insta

ati

s rec

change )

or!

and bumped

unction

box

Yes

RRE v MME N
ACTION
Redesign mair Single v
ont w failure could
env rmenta wpromise

t sSystem At -
1 stalled o
missing <k
T No

ective
action taken

n stuck SOV

becay

tested okay

subssquent to
failure
Reor | er

t SOvs Common - mode

! orrect fellures having

posit s potential to

vertical vs prevent

horizonta fulfiliment of

safety

function

Replaced SOV Undetecled SOV
falture caused
5 month oss of
1 train of
ESFAS actuation
of MSivs

The wiring SV ‘s &

connection was of

properiy

reteriminated

sther similar

SOVs

terminations

were

‘nspected

s B
None " 14
ER N¢ 0
None N 8
‘
ER B¢ NO 7
LER Yes 09
275/85-030
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Page No. 20
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poc
L]

324

324

324

PLANT
NAME

Srunswick 2

Brunswick 2

Brunswick 2

Brunswick 2

Brunswick 1

Brunswick 1

EVENT LER NO. OF
DATE NUMBER FAILURES

09727785 85-008 Three

10715785 85-011-01 Two

01/02/88 88-001-05 Four

06/17/89 §9-009-01 One

02/28/87 87-005-82 Two

07/701/87 87-019 One

SOLENOID-OPERATED 'ALVE FAILURE DATA

FAILED
PART

SYSTEM

Disc-to-s Main steam

eat
sticking

DC eoil

(MS1V)

#ain Steam
(MS1V)

faiied to Containment

shift

isol . /drywel
L floor and
eqpmt drain
cumps.

Failed to Drywell

shift

Disce

Stuck
plunger

purge and
vent

Contairment
isolation

Main Steam
(MSRV)

MANUFACT MODEL  ROOT REP CORRECTIVE
NO. CAUSE FL ACTION

AL a3 Hydrocerbon, Wo Replesced SOVs
weter and high
temperatures
caused
degradation of
seat material.

ASCO NPE32T  Licensee o Replaced SOVs.
suspected Extensive
chloride failure
corrosion analysis

initisted.

AsSCo 206-832 Stili under Yes Replace SOVs.

investigation. Per ‘orming
Found debris extensive
end ofl fiim failure
on one SOV, aralysis
Suspect high

temperatures

from self

heating of

energized SOVs

Not Suspected that 8o Replaced SOV

specifi foreign

od particulstes

found in the
SOV had
eattacked
elastomeric
perts of the
SOV
valcor V52645- Mot Specified No Replaced SOVs
5683-14

ASCO

Target 172-SMS Excess Loctite Yes Refurbished
Rock ~A-01  used by sov
manufscturer's
field rep

COMMENTS REFERENCE
DOCUMENTS

Common-mode None
failures. See
Section 5.0.3.1
of this report.

None None

Four previous Insp Rpt
similar 88-08
failures had

exper ienced

Extensive Hone
snaiysis of

roct cause was

not totally
conclusive

SOV l{eskage None
found during

LLRY

See Section LER
5.2.2.2 of this 87-020-01

report

TP/ FC
¢ Thg

No 12

Yes 01

Nc 19

Ne 17
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aiso

4 11/716/90
o SOLENOID-OPERATED YALVE FAILURE DATA
E
&
¢ DOC PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT WIDEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
:) HO.  NAME DATE NUMBER FAILURES PARY RO, CRUSE FLL ACTION DOCUMENTS U7
by
325 Brumswick 1 07/03/87 87-027-01 Four Stuck Msin steam Target 1/2-S%S Excess Loctite §o Replaced SOVs See Section LER 87-019 No 17
plunger  (MSRY) Rock -A-01  used by 5.2.2.2 of this
pre~®acturer's report
field rep
327 Sequoysh 1 05/18/84 87-020 Not Specified Mot Mot ¥ot Not Yesign error Mo Plant 1€ SOVs were None LI Y
Specified Specified Specified Specifi modifcations not protected
ed to protect from water
vuinerable 1€ spray which
equipment could emanate
from pipes
which were
vulnersblie to
an SSE
328 Seauoysh 2 08/30/84 84-014-02 One Seat Fesduater AsCO 8320 Design Error No Replaced SOV An incorrectiy None No 13
leakage selected SOV
feiled when put
in service
where its WOPD
limits were
exceeded
328 Sequoysh 2 06711788 88-026-01 Two incorrect Auxilisry Mot Not Inadequate Yes Recomnected Incorrect None No 07
externsl feedwater Specified Specifi maintenance S0Vs correctly external wiring
> wiring level ed configuration to 2 Vs
s control controt
N 328 Sequoysh 2 56/06/88 88-027-01 Not Auxitisry Kot Hot Inadequete Yes Replaced Kooe None No 07
Specified feedwatsr Specified Specifi electrical diodes missing
- meintenance from external
circuitry
comnecting 2
SOvs
331 Dusne Arncld 01710784 84-004 Two Blockage Standby ASCO 316 Restriction in ¥o Removed R ostrictions None No 23
of filtration SOV discharge restrictions,p prevented valve
internal path. (Adaptor larned to from satisfying
DRSS agewa elbow and rebuild SOV its minieum
¥ possibly end to upgrade operating
foreign air system pressure
material or differential
moisture from requirement
instrument
air). Ageing
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Page No. 2
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SOLENOID-OPERATED VALVE FATLURE DATA
DOC  PLANT EVENT LER o . f FAILED SYSTEM MANUFACT MODEL  RCOT REP CORRECTIVE COMMENTS REFERENCE
NO.  NAME DATE NUMBER F2 .LURES P ART RO, CAUSE FL ACTION DOCUMENTS
331 Duene Arnold 01/28/85 85-002-00 One oi phragm Kigh Skinner L20BS1S End of ¥o Replaced SOV None None
pressure Electric © Lifesexcessive
coolent time between
injection maintenance
331 Duane Arnold 05/27/88 88-005 One Not Fire Electro-M 2010008 Design error Wo Repleced SOV  Licensee had  None
Specifiad Suppression asnusl 3 and inadequate upgraded SOV
{Chemetro post with an
n Corp.) maintenance incorrect one.
testing Deficiency was
not found
during post
ma intenance
testing.
331 Duane Arnold 03/05/89 89-008 One Coit Main steam  ASCO NPE323 Moisture No Replaced SOV. 7 other simiiar Hone
sy intrusion from Tighterad SOVs were
steam leak / enclors ure subject to
inadequate cover: of moisture
torqueing of other imilar intrusion
enclosure S0Vs. failure due to
fasteners Common - moce
torqueing
deficiency
333 Fitzpatrick 08/20/85 85-022 One Electrica Main steam  ASCO Not Maintenance No SOvs replacea AC coil had None
I fault (MSIV) Speciti personnel and rewired beer: connected
ed error in correctiy to DC source
external and OC coil had
wiring been connected
to AC source
333 Fitzpetrick 11/22/85 85-027-0% One sov Hain stesm ASCO WPE32S Brass siiver No Cleaned/refurb MSIV unable to None
unable to (MSIV) due to cross ished SOV close
seat thresding air check other
properly tine fitting for similar
problem
333 fitzpatrick 08/03/89 89-013 #one Not Containment Design error Wo Correct wiring None Sone

Not ot
Specified isclation Specified Specifi error
ed

TP/ FC
our

No 17

No 14

Yes 11

Yes 09

No 12
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DOC  PLANT
NO. NAME

334 Beaver Valley 1

336 willstone 2

336 miltstone 2

338 North Anna 1

338 North Anna 1

338 North Anna 1

EVERT LER
DATE NUMBER

06707788 83-007

12/31/86 85-021

01/02/87 87-002

02/02/84 84-005

07728/84 84-01

11/23/87 87-02¢C

MO, OF
FAILURES

One

Two

One

5 failed and 54
incipients

One

Two

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTER WANUFACT
PARY
Not Diesel Johnson
Specified generator

sir start
Broken Reactor Valcor
springs Coolant Nead Engg
in SOVs  Vent Corp.
Diaphragm Main ASCO

Lesikage
(FURV)

feadwater

Electrica Containment valcor

i-moistur isolation
e -hydrogen
intrus ion control/pess

Kot Main steeam
Specified
Nov Main Steam

and ASCO

Copes
Vulcan

Copes-vul

Specified (Atmospheric can

Dump Velves)

MODEL  ROOT

NO. CRUSE

Not Not specified

Specifi

ed

V526-60 Suspect

42-3A4 hydrogen
eabrittiement

8262 Not specified

Valcor [Inadequate

S26seri conduit

es sealing
methods did
not meet mfrs
specs to meet
TEEE-324
quslifications

Not Mot Specified

Specifi

ed

%ot Not Specified

Specifi

ed

REP
FL

Ho

No

Yes

L

Mo

CORRECTIVE
ACTION

Replaced SOV

Repisced 17-7
PH springs of
ell similear
Vaicor SOVs

Inspected and
replaced

Replaced
failed SOVs
and sealed sll
deficient
conduit seals

Overhauled SOV

Water
induction
circuits were
de-energized
in order to
stert the

punps end
begin
secondary
system
racovery
sctions.

EDG sir start
Sov failed

Prior to event
these SOVs had
been l(esking
and had been
isolated

None

6 SovS failed
end 54 SOVs
were installed
incorrectly in
both units

Slow clesure
resulted in

steam generator

overfill
To prevent

this type
event, an
evaluation te
instatl
eadditional
level switches
will be
performed.

REFERENCE
DOCUMENTS

None

Nene

i

TP/ FC
out

No 22

Yes 02
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BOC PLANT
NO.  NAME

338 wNorth Anna 1

338 wNorth Anna 1

338 North Amna 1

338 wNorth Amne 1

339 North Amne 2

EVENT LER
DATE NUMBER

01/08/88 88-002

03711788 88-011

03/15/88 88-012

Q7719789 89-014

04716/86 86-007

NO. OF
FAILURES

One

Hine

One

One

SOLENO!D-CPERATED VALVE FAILURE DATA

FAILED SYSTEM
FARY
Kot Condenser

Specifiad waterbox

Sluggish Contairrent
operation isoleiion

Not Compor ant
Speci®ied Coouing

eter

0-ring
or (EHC)
Mot Reactor
Specified cclant
{{etdown
isclation)

MANUFACT MODEL  ROOT

NO. CAUSE FL
Hot Not Not Specified Yes
Specified Specifi
ed
ASCO ne-1 Design error Yes
series
ASCO Not Not Specified Yes
Specifi
ed

Turbogenerat Parker-Ha MRFNISM Y-ring pinched ¥o

X0834  du ing SOV

refurbishment

by turbine

manufacturer's
maintenance

team

Not Specified WNo

nnefin

Masoneils Mot
n Specifi
ed

REP CORRECTIVE

ACTION
Replaced SOV

Reworked SOVs
to meet
marufacturer's
instructions

SOV from
1-CC-TV- 1034
was installed

on
1-C-Tv-1638,
and the SOV
from
1-CC-T¥-1033

was
refurbished
erd instailed

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

Repleced
solenoid

COMMENTS

None

Failure to
follow
manufacturer's
installation
inetructions
modified the
Sovs'

and

performance
qualification.
hone

Supplemental
info cbtained
from {icensee
5716790, H.L.
Ornstein/
C.W. Allen

Licensee stated
that the
ssolenoid was
degraded"

REFERENCE TP/ FC
DOCUMENTS QUT

None Yes 21
LER Ko 14
339/87-15-

o1

LER 88-C11 N0 02

LER 88-013 Yes 03

None No 21
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SOLENOID-OPERATED VALVE FAILURE DATA
DOC  PLANT EVENT LER NO. OF FAILED SYSTEM MANUFACT MODEL  ROOT REP CORRECTIVE COMMENTS REFERENCE TP/ FC
NC. NAME DATE NUMBER FAILURES FARY NO. CAUSE FL ACTION DOCUMENTS OUT
348 Farlev 1 07/21/87 87-012 B4 incipients at Inadequat Kot wot Not Root ceuse of WMo All accessible 84 SOVs at each Nene N0 28
each unit e Specified Specified Specifi inadequate SOVs'installat unit were found
electrica ] splices and ions modified not to be
L terminations to an approved installed in
install. not steted EQ splice and accordance with
{splices/ termination EQ requirements
termirels configuration (splices and
) on a priority junction box
basis. connect ions)
352 Limerick 1 05/09/88 88-017 One leskage Reactor Bldg ASCO 8316 Not Specified No Replaced SOV Licensee could None No 20
-slug ventilation not determine
stuck in csuse of SOV
mid-pesit failure.
ian Called &
“component
failure of
352 Limerick 1 03/14/89 89-01% None many Electrica RX building Not Not Design error No Sealed Fotential for None Ho 07
incipients i ventilation Specified Specifi (£Q). electrical common - mode
failure/m ed Inadequate conduits failures
oisture conduit
intrusion sealing for
potential RELR
environment
354 Hope Creek 08/28/86 86-063 12 incipients ¥ot Contairment ASCD NPB314 Design error No Replaced all Failure of None Ne 13
Specified Atmosphere twelve SOVs non-9
Control with ones reguiaters
having a could hsve
higher woPD caused failures
rating. of the SOvVs.
3154 Hope Creek 02/24/87 37-018-01 One fuiled to Main Steam  Automatic Not foreign No Replaced Foreign LER No 03
shife (MSIV) valve Speciti materisl failed SOV and material in 87-037,038
Corp. ed inside SOV its manifoic SOV, Plunger in
(AVC) body, assembly. SOV net per
manufacturing Replaced 7 design
defect, and SOve for other (incorrect
inadequate MSivs. Sent length),
instatlstion failed SOV tc mounting screws

supplier (GE) on junction box
for analysis were loose.



The

mal functioning

SRV and its
iece-part

scad

The valves
welre eplaced
and visus
inspectiors
mede of the
conckiit
comnections of
similar SOVs
Inadequate es Replaced SOV, water and
intence terminal 5;_-,'.,-.;”1
cace and ) { nstructi block , and materis
termina « 0 power leads intrusion
1 ock } Sealed conduit (inadequately
comnect
properiy
Replaced
gasket

Suspected Inspected and
nadequate exercised SOV
lubrication or Deferred
corrorion repair or
repl acement to
future outage
Leakage ( 9 009 Reverse
orientation of
many SC
repince falled

Ws

C ngs
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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 REFERERCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART NO. CALISE FL ACTION DOCUMENTS OuT
366 Hatch 2 02712788 88-007 Twelve Not Containment Target 73k-001 Insdequate No Reversed See Section None No OB
Specified Isolation - Rock JT56-00 instructions/ orientstion/fo 5.1.4 of this
Torus ¢ design r unit one report
Drywell deficiency installed
Vacuum stronger
Breaker springs
368 mnO 2 04/24/87 B7-003 Two Seat Reactor Net Not Seat leakage No Repleced SOV Concern for Kone No O3
leakage Coolant Specified Specifi and installed lesk causing
(pressurizer ed a8 collector corrosion
high point for any future damege to other
vent} teakege components
388 ANO 2 04/29/85 88-001 Twe Leakage Conteirment Target B0E-001 Backwards No Reinstalled Ses section None Ne 08
isclation Rock installation Sovs in 5.1.4 of this
(pass) due to reversed report for
inadequate orientation additional info
instatiation
fnstructions
368 AnO 2 02/16/89 8%-003 One incipient Not Containment Target T4F Design error- No Ekefurbished Veaive had None No 14
Specified isolation Rock incorrect SCV. Checked exceeded EG
(hydrogen sssessment of others for Life § years
analyzer sov similer design prior to
sampling) tife-failure error discovery of
to sccount problem
for heatup due
to
energization
369 McGuire 1 07723784 84-023 One Seat Main Borg Kot Hydraui‘c No Adjusted SOV  Mone Kone Yes 03
deformati Feedwater warner Speciti flu'd was and modified
on aod tesking system
369 McGuire 1 09719785 85-028 One plus three Cable Post valcor 526-529 Personnel No ALl four Similar vaives None No 11
incipients terminati sccident 5-45 error valves wzre checked at Unit
on sampl ing {instailation repaired, 2, and found to
seal ing not performed reseated. be ckay
per Wiring on atl
installarion other Valcor
specification) 526 series
SOVs at
station to be
upgraded and

seals replaced

THNN

-1y

SLLl
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11716790
SOLENQID-OPERATED VALYE 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
369 McGuire 1 04715787 B7-009 One Systea Main turbine Not Not Modificetion No Change System None Yes 00
perturbat Specified Specifi of design and maintenance operation logic
ion ed maintenance schedule to and time of
avoid testing preventive
while at maintenance had
power . beenchanged.
Both factors
contributed te
a8 resctor trip.
370 McGuire 2 06724785 85-C18-01 One SOV two Coil and Main Borg-Warn Kot 1- coil No 1- replaced Second failure None Yes 01
matfunctions short feeduater er Specifi failure - not SOV, 2- dried occurred prior
circuit ed specified. 2- water from to complete
short circuit sov, installation of
- water spray slectrical box replacement SOV
onto open
electrical box
370 McGuire 2 08/27/86 86-017 One Coil Main Borg Not Not Specified Yes SOV coil was  MNone LER Yes 01
Feeduater warner Specifi repleced and 85-018-01
ed original cofl
was sent to
the
manufacturer
for analysis.
373 LsSalle 1 08/29/84 84-051 One SOV (3 Electrica Mein steam Crosby IMF-2 SRV lifted due No Replaced SOV SRV lifred Hone No 1
maifunctions) L ground (MSRV) valve to short to spuriously
ground. Reason three times
for short not
specified
373 iaSalie 02702785 85-008 Four Diaphragm Reactor ASCO 8318 Diaphragms Yes kebuilt SOvVs, wWill change None No 03
e buiiding iost their cycling SOVs to nuclear
ventilation resilience freouency to quaiifiad
be increased HP8316 model
373 iLaSatte 1! 03712/87 87-013 Six incipients WMot Main Steam Not Not High drywell No Analyze Three SOvs Kone No 10
Specified (MSRV) Specified Specifi temperature effects of declared
ed high drywell inoperabie.
temperature Three S0Vs
suspect due o
high local

temperatures
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374

374

37s

375

387

387

SLTT-OTNN

PLANT
NAME

Lasalle 2

LaSalle 2

LeSalle 2

LaSelle 2

waterford

LER
NUMBER

EVENT
DATE

06/08/84 34-033

11/20/84 84-076

07/31/86 86-013

@1/17787 87-002

12/11/87 &7-028

02/25/84 84-0%0

06/13/84 B4-044

NC. OF
FAILURES

One plus many
incipients

None - Many
incipients

Seversl

repetetive
failures

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PARY

SYSTEM

Passagewa Containment
y blocked isolation

Coil Turbine
Steam Bypass

Electrica CRD, RCS

] recirc,

connectio RCIC,

ns service
water, floor
drain, air

Leakage  Feedwater

SOV Main Steam

“stuck (MSIV)

open™

Sov Main steam

"stuck (NSRV)

open*

Discs, Control Rod

sests Drive

MANUFACT MODEL  ROOT
NO. CAUSE
ASCO 206-832 SOV was
improperly
positioned
Not Kot Junction box
Specified Specifi was full of
ed water of
unknown crigin
ASCO See Design error
comment
s
velcer V52660- Root cause of
5292-16 corrosion,
dirt and
o-ring
deformation
not stated
Fluid TXP4TT Mot Specified
Control  4-400k8
Inc. &5
Not Not Not Specified
Specified Specifi
-
ASCO HV-176- Contamination
816 of the air
system and
elevated
temperatures

REP CORRECTIVE
FL ACTION

No  Repositioned
SOV

No Replaced SOV

Yes Repsired ali
affected
electrical
terminations
to meet
quatificetion
requirements

Yes Refurbished
SOV

Mo Replaced SOV

Wo Replaced SOV

Yoz Refurbished

REFERENCE TP/ FC
COCUMENTS  QuT

COMMENTS

Other similarly None Mo 02
effected SOVs

1 equipment LER 86-012 %o 28

used
unqual ified
electrical
connections.
SOV model nos.
HVA-206, NP206,
wP-8320,
NP-8323
SOV bedy and None No 12
stem corroded,
Sov filled with
dirt, and
o-ring was
deformed
SOV failed
during testing.
LER noted
previous
unrelated SOV
failure due to
open coil.
SOV stuck open Kone
causing SBY to
remain open
See Section

None Yes 05

Yes 05

None 8o 12

SOVs, upgraded 5.2.3.3 of this

disc meterial
from
polyurethene
to Yiton

report
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20C
NO

395

Susquehanna 1

Susqueharra 2

Susqueharnna 2

St. Lucie 2

EVENT LER
DATE NUMBE R

07/06/87 87-023

02/04/89 89-006

01710787 87-001

02727789 89-003

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

12702/88 88-012-01

NO. OF
FATLURES

One
Three

Two

One
One

Kone many
incipients

SOLENGID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PARY

Coil Contairment
Vacuum
Pelief

"Mechanic Suppression

ally chamber

bound* drywel |
vacuum
bresker

kot Reactor

Specified Building
Chitled
Water

Not Contairment

Specified isolation
{recirculsti
on pump
chilled
water

Mot Hydrogen

specified sampling

Electric Feedwater
connector (FWIV)

Ground Main Steam
faulzts and
Feeduster

HARUFACT MODEL ROOY
NO. CAUSE
Circle Not onen™
Seal Specifi coil
Controls ed
Circle Not Root cause
Seal - Specifi analysis
Controls ed plarmed but
not complete
yot
ASCO Mot Mot Specified
Specifi
ed
ASCo Not Not Specified
Specifi
ed
Vaicor

52500-5 Mot specified

15

Not Wot Oxidation of

Specified Specifi connector pins
ed

ASCO Not Design
Specifi deficiency
od

REP CORRECTIVE

FL

ACTION

Yes Replaced coil

Yes Replaced
failed SOV snd however two

Yes

o

eight similar
ones

Replaced sov

Repiaced SOV

Replaced SOV

Electrical
connector and
SOV were
replaced.
Isclated SOV
contacts to
prevent
spurfous
actuations

COMMENTS

REFERENCE TP/ #C
DOCUMENTS  OUT

Open coil found None No OV
On Same vacuum

breaker in

10/82. A unit 2

vacuum bresker

siso had &

similar Circle

Seal 30V coil

feilure in 4/87

One SOV failed, LER B7-023 Yes 19

simiiar SOVs
had “problems*
(“problems™ not
specified)
None

Mone Yes 02

Licensee shut LER 84-036 No 21

down plant

continuing
operation at

per tech specs
¥one No 21

i

¥one Yes O7

found that
ground faults
could cause
spurious SOV
actustions
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PLANT

307

397 wwp 2

400 Shearon Narris 1

400 Shearon Harris 1

NO. OF
FAILURES

EVENT
DATE

LER
NUMBER

02/17/89 89-003-C1 None, 3
incipients

03722784 BA-027-02 Fifteen

C7/23/85 85-050 Two failures (1
SOV)

02/08/88 88-006 Two

05713788 88-012 Four

SOLENOID-OPERATED VALVE FAILURE DATA

FAILCD SYSTEM
PART

Electrice Main steam
L (NSIV)
grounding

Ground Main steam
fauits (MSRY)

Diaphrags Fire
/seat protaction

Leakage

failed to Emergency

close service
water pump
seal water
supply

Failed to Emergency

shift or service
fully water seal
close water supply

MANUFACT MODEL  ROOT
O, CAUSE
Not Not incorrectly
Specified Specifi designed
od isoletion
relay
Kot Not sov
Specifiad Specifi susceptibility
ed to spurious
actuation due
to ground
faults

not Not %cot cause of
Specitied Specifi disphragm
ed leaksge rot
specifiea.
Backwaras
bornet due to
inadequate
me intenance
790-024 Source of
debris
accumuiation
not specified

Target
Rock

79Q-024 Debris in
water

Target
Rock

REP
FL

Yes

Yes

CORRECTIVE
ACTION

modified
wiring

Repleced
defective
S0Vs. Tested
potentisliy
affected SOVs.
voltage spike
suppression
diodes were
instalied on
all NSRVeADS
SOvVs

1- Replaced
diaphragm/valv
e seat, 2-
backwards
bonnet
“repeired”

The failed
SOVs were
repaired. WNo
stetement made
about sctions
taken for
removal of
debris or
prevention of
sdditional
debris
Repaired SOVs
and blocked
off source of
debris

REFERENCE TP/ FC
DOCUMENTS  OUT

COMMENTS

Common-mode LER 88-012 no 07
failure

potentisl for

ail 3 msive

Events st WP  LER No 4
occurred during 84-027-01

startup

testing.

faflure
potentisi.
Previous
similar events
at La Salle »
Susquehanna

Conmon - mode None No 12
feillure

affecting both

trains of

Emergency

Service Water

Coumon - mode 88-006-01 No 1
failure,

repetetive of

event described

in LER

88-06-01. Two

of the failed

SOVs had failed

as described

inthat LER.
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00C
NO.

400 Zhearon Harris 1

3 8

PLANT
NAME

La Crosse

La Crosse

La Crosse

Le Crosse

La Crosse

La Crosse

EVENT LER NO. OF

DATE NUMSER FAILURES
09/09/88 88-026 tleven or more
12/03/84 B4-022 Cne

04/20/85 85-008 One

05/17/85 85-012 One

07/08/86 86-020 One

07/19/86 B6-024 Cne

12709786 86-036-01 One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PART

Internal
Jreedt
switch
wiring

Seat
leakage
Ceoil

Coil

Electrica
| short

Coil

SYSTEM

Containment
isotation
(many
systems)

Isolation
Condenser
Control Rod
Drive

Control Rod
Drive

Cntrol Rod
or.ve

Reactor
cavity
ventilation

Control Rod
Drive

MANUFACY

Terget
Rock

ASCO

Royal
Industrie
s

Royal
Industrie
s

Royal
Industrie
s

ASCO

Roysi
industrie
s

MODEL
NO.

Eleven
models

8210

Not
Specifi
ed

Not
Specifi
ed

Not
Specifi
ed

Not
Specifi
ed

ROOT
CAUSE

Manufacturing
deficienc

Not Specified
¥ot Specified

koot cause of
metal chip in
SOV seat not
specified
Uncertsin,
water
intrusion or
random coil
failure
suspected
Personnet
error-
splashed water
on SOV
Uncertain,
ageing or
moisture
intrusion
suspected

REP
FL

Yes

Yes

Yes

Yes

Yes

CORRECTIVE
ACTION

Ungual ified
parts of 1E
harsh env,
SOVs repleced
with quelified
ones.
Corrective
action for
nori-harsh env,
SOVs not
specified.
Replaced SOV

Repiaced SOV

Replaced SOV

Replaced SOV

COMMENTS REFERENCE TP/ FC
DOLUMENTS OUT

Common-mode None No 06

foilure

potential for

1€ SOvs for

harsk

enviromnments.

Sovs for

ex-containment

slso deficient.

None None Mo 03

#one LER B81-13 Yes OV

None None Yes 12

There have been LER 85-08 Yes 01
7 previous
scrams due to
the scram
solenoid
shorting out.
ESFAS
actuation,
cascading event

There have been LER

8 previous 85-08,88-0
scrams due te 20

these SOV

failures. SOV

that failed was

sbout 2T years

old.

None o 1

Yes 18



tration
Recomnected SOV failure
jefeated manua
start
capat? Ly
AFW twbine
Common - mode
failures. See

Oricant
Replaced all
NSiV SOvs

Feiled SOV Licensee stated None
replaced with that the SOV
8 aplicste not need to




SLIT-DHAUNN
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Page No. 35
11/716/90

418

418

416

L8

423

PLAKT

Grand Gulf 1

Grand Gulf 1

Grand Gulf 1

Grand Gulf 1

Millstone 3

EVERT
DATE

LER
NUMBE R

NO. OF
FAILURES

07/30/86 86-026-01 Dne

a1708/87 &7-001

03715788 88-010 One

08714789 89-013 One and seven

degraded

09/06/86 86-051 Mot Specified

SCLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEM

PART

Coit Control Rod
Orive

SOV Offgas

failec in sampling

mid-posit

ion

Loose Control Rod

terminal

box

connectio

n to SOVs

Elastomer Main steam
seats

“Feiled Feedwster
electrica

tiy=

MANUFACT mMODEL

NO.
5P
ASCO
ASCO

Kot
Speciti
ed

ASCC

Not Not
Specified Specifi
ad

ROOT REP
CAUSE FL

1050602 Particulate No

accunslation
on the valve
sesting
surface

Mot specified No

Cause of toose No
connection not
fourd

Cracked and
deformed seats
due to
excessive time
between
changeouts
Intermittent No
open circuir,
root cause
unknown,

suspect

vibration and
steam

impingement

from a packing
Leak

Yes

CORRECYIVE
ACTION

Replaced SOV,
system filters
to be checked
and sampled
for
particulates
Not specified

The loose
terminal
connection was
cleaned &
tightened.
Other SOV
terminsl
connect ions
checked, all
were okay
Replace or
refurbish all
affected SOVs

ALl local
terminations
on the SOV
wiring to be
checked for
tightness
during the
next shutdown.

REFERENCE TP/ FC
DOCUMENTS  OUT

COMMENTS

Particulate None No 12
accumulation

resulted in an

inavertent

control rod

withdrawal

Hodified system None No 00
- specific
actions taken
regarding SOV
not stated
Licensee to
evaluate design
change to
improve
reliability of
power |eads

None Yes 07

See Section LER
5.1.2.1 of this 416/85-007
report

Yes 17

Yes 01
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SLZI-OHENN

Page ko. 36

11716790
SOLENCID-OPERATED VALVE FAJLURE DATA
DOC  PLART EVENT LER NO. OF FAILED SYSTEW MANUFACT MODEL  ROOT REP CORRECTIVE COw &NTS REFERENCE TP/ FC
NO. NAME DATE NUMBER FAILURES PART O, CAUSE FL ACTION DOCUMENTS OUT
423 Millstone 3 03/07/87 87-008 One Coit feecuater Skinner VSHOE20 Cause for open Yes Repleced SOV SOV was LSR 86-051 Yes 0O
{open Electric 0 circuit not operating
circuit) specified within its
“design Life*
423 wWillstone 3 05/06/87 B7-024 One SOV would Circle N2990-9 Mot specified Wo Failed air Failed SOV Kone No 20
not shift diesel Seal 617 start SOV end resulted in
within generator Controls the diesel's slow (out of
spec air start redundant SOV spec) EDG
were replaced starting time
with new ones
423 ®millstone 3 09/23/87 87-034 One Coil Feeduater Skinner V546620 Roct cause of Yes Replaced SOV SOV controls LER Yes OV
Electric 0 coil failure hydraul ic oit  87-08/86-C
(open circuit) flow to FulV 51
not
determined.
Coil wes
within its
“qualified
Life"
424 vogtie 1 01/22/87 87-002 Eight incipients Potential Main Steam Keane wot Design error No Instalied a Potential for None No 13
for mOPD specifi relief valve common-mode
ed on each MOPD failures
hydraul ic due to heatip
system to of hydraulic
Limit pressure fluid. See
to below MOPD Section 5.1.3
Limits of this report.
424 vogtle 1 04724788 88-013 One Coil Feadwater Skinner  VSHEES9 Coil burmout WNo Replaced SOV SOV is e None ko OV
Electric © and similar piece-part of
SOV on other AJV controlling
trein of FWIV AUV
control systes
440 Perry 06/30/86 86-030 Cne Seat Contairnment ASCO 8320 Suspected dust Yes Replaced SOV  Another valve None wo 12
leskage Vessel and from on same air
Drywet ! instrument air Lline was found
Purge prevented to have &
proper vaive similar probles
sealing



“OHUNN

§LT1

Page No. 3
11716/50

DOC  PLANT
NO.

440 Perry

&0 Perry

440 Perry

&40 Perry

&40 Perry

EVENT LER
OATE NUMBER

NO., OF
FAILURES

09/14/86 86-082 One

02727787 87-009

10/29/87 87-G73-01 Five SOVs on twe

03710788 88-010

02/03/89 89-004

Two

occasions

Cne

One

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED
PARY

Lesking
by relief
pert

Adr
{eakage
{through
elastomer
1t parts)

Elastomer
ic seats,
discs,
etc

Core
shaft
weal

Not
Specified

SYSTEM

Reactor
water
cleanug

Emergency
Diesel
Generator
Control Air

Main steam
(NSIV)

Auxiliary
Building
ventilation

Auxiliary
building
ventilation

MANUFACT  MODEL

Not

Specified Specifi
ed

Hurphrey TOG2E1-
Products 3-10-35

ASCO

Not

NP8323

ROOT
CAUSE

failure due to
extended
service with
high local
temperatures
and continuous
energizetion.
SOVs in svec
two years and
never had PM

Heet and
moisture from
steam (eaks

Inadequate
(ne)
preventive
maintenance
for this SOV
(replace when
fail). valve
had been in
service for
over 5 years
Not Specified

Fl

Yes

Yes

Yes

REP CORRECTIVE

ACTION

Replaced Beth
SOVs.

Returned
feiled SOVs to
E0S
manufacturer
for snalysis.
Nill upgrade
preventive
maintenance
and elastomers
Replaced or
refurbished
SOvs

Replaced SOV.
Instituted a
preventive
maintenance
program
upgrade to
replace those
SOvs every 2
years

Replaced SOV

COMMENTS

None No

Simul taneous Naone No

common- mode
feilure of both
diesels. Delay
in repairing
leaking SOVs
contributed.
See Section
$.2.1.2 this
report.

Common - mode

insp Rpt

feilures. See B87-024

Section 5.1.1.1
of this report
for additional
information

Failure of SOV None No

results in loss
of RWCU room
cooling

Licensee
investigating
roct cause

LER B8-010 No

REFERENCE TP/ FC
COCUMENTS OuUT

03

Yes 10

19
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SLT

0V

Page %
11716/9%

sz

PLANT
NAME

Clinton

Clinton

Clinton

Callaway

Callaway

Palo Verde 1

EVENT LER
DATE NUMBER

03/06/87 87-009

04714/89 89-019

11/29/89 89-037

01702785 85-001

NO. OF
FAILURES

One

Not Specified

One

One

02/20/86 86-002-01 None

08/08/85 85-052

Tuo or more
incipients

SOLENOID-OPERATED VALVE FAILURE DATA

FAILED SYSTEN MANUFACT MODEL
PARY NO.
SOV Fuel Not Mot
tailed in Building Specified Speciif
mid Ventilation ed
position
Electrica Main steam Seitz Not
L (MSIV) Specifi
canectio ed
ns
O-rings  Vacuum GPE LD260-4
relief Contrels 20
(sov (GPE)
unspecifi
ed)
not Feedwater Not Not
Specified Specified Specifi
ed
Electrics Reactor head Not Not
! vent and Specified Specifi
connector chemical ed
s volume
control

potentiel Post
insulatio accident
n sampl ing
breekdown

/shorts

to ground

Airmatic Not
Specifi
ed

ROOT REP
CAUSE FL

Not Specified Ko

Design error No

electrical
connector

sealing
Inadequate No
preventive
maintenance

Licensee Yes
considered

this tobe s
randem failure
Construction Yes
and startup

program
deficiencies

Design error  No

CORRECTIVE
ACTION

Repleced SOV

Install heat
shrink tubing
per EQ

requirements

Refurbished
SOV, replaced
O-rings

Replaced SOV

Not Specified

Affected SOVs
were shieldea
to reduce post
acc ident
radiation

COMMENTS REFERENCE TP/ *C

DOCUMENTS QUT

None Neo 03

Feiled to meet None No 08
EQ installation
requirements

No scheduled Wone No 03

preventive
maintenance

program.
Failure
discovered
during stroke
testing

SOV is &
piece-part of
FEIV hydraulic
operator

On 2 occasions NKone No 28
Licensee found

it had not

instelled

environmentally

quatified

connectors on

SOVs as

required (3

Sovs)

None Yes 00

SOVs control
sir-operated
semoie flow
control velves

None No 4



APPENDIX B

TARGET ROCK CORPORATION INFORMATION
REGARDING SPURIOUS OPENING AND VALVE ORIENTATION®

*Please note the American Society of Mechanical Engineers has granted the NRC permission 1o reproduce ASME Technical Paper B1-PVP-39
(pages B-15 through B-21) by telecopy dated February 12, 1

NUREG-1275
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81-PVP
isted, Pi

the Phenomenon

The two referenced d yrovide an adequate understanding of the

sub ject phrynomenon he < an of most pilot assisted valves will deve

a transientiy apptied g ending tO open the valve when a rapidly
applied pressure inc sensed at the valve inlet. The most effective
deterrent to this ction is to maintain the valve filled with liquid. The
pressure bu p in a | 4 filled control chamber is fast enough t«
prevent va 0 1 NC ] | practical pressure transient rates applied

to the valy 1 N ne of the easiest methods to achieve this s

to mount t / the bonnet tube directed downward, or as a minimum,
below the

The worse case scenario is one where the bonnet tube 1S filled with a gas
(usuall at atmospheric pressure) and a pressure build up occurs at
the val nlet. The pressure build up, however, was required lper Reference

oce at rate of 250 psi/sec or higher. This by

the pressure existing in the contro -

cation of the ¢ g ire 1nCcrease.

be redictably , therefore

iQuid to ampient as
eactor head vent valves

the horizontal.

maintain o0 { L the valve

ischarging to ambient where spurious
nne | r plant safety. /
¥ il
Vito Liantonio

Manager, Engineering
Messrs D.M. Pattarini
Code Engineers

-

References | and 2
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ADPENY {

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




APPENDIX D

GENERIC COMMUNICATIONS ON SOLENOID-OPERATED VALVES

Document

Date

Title

Bulletin 75-03
Bulletin 78-14
Bulletin 79-01A
Bulletin §0-14
Bulletin 80-17
Bulletin 80-17

Supplement 1
Bulletin 80-17
Supplement 2
Bulletin 80-23

Bulletin 80-25

Circular 81-14

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, 1975
December 19, 1978
June 6, 1979

June 12, 1980

July 3, 1980

July 18, 1980

July 22, 1980
November 14, 1980
December 19, 1980

November §, 1981
March 14, 1980

October 31, 1980

November 7, 1980

September 24, 1981

December 17, 1981

December 21, 1982

August 31, 1983

April 15, 1954

Incorrect Lower Disc Spring and Clearance Dimension in
8300 and 8302 ASCO Solenoid Valves

Deterioration of Buna-N Components in ASCO Solenoids

Environmental Qualification of Class 1E. Equipment (De-
ficiencies in the Environmental Qualification of ASCO
Solenoid Valves)

Degradation of BWR Scram Discharge Volume Capability

Failure of 76 of 185 Control Rods to Fully Insert During a
Scram at a BWR

Failure of 76 of 185 Control Rods to Fully Insert During
a Scram at a BWR

Failures Revealed by Testing Subsequent Failure to
Control Rods to Insert During a Scram at a BWR

Failures of Solenoid Valves Manufactured by Valcor En-
gineering Corporation

Operating Problems With Target Rock Safety Relief
Valves at BWRs

Main Steam Isolation Valve Failures to Close

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

Maaunction 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 Published
mn 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

D-1 NUREG-1275



Document




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
(eneral Motors Electro-Motive Division

high-pressure cooling injection

IEEE

LWR

MCH
MOV

MOPD

NPRDS
NRC

PORV
PRA

RCM

ShvV
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-centered maintenance

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

Virginia Electric and Power Co.

NUREG-1275
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