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Specific technical information supportirg (hese broad recoramendations is contained throughout
the report. Specific recommendations are provided in Section 9, including a recommendation
that an industry group take action io improve the mechanism for communicating SOV failure data
to the manufacturers for early detection and resoiution 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,
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1 INTRODUCTION

All U.S, light-water reactors (LWRs) designs include solenoid-operated valves (SOVs) teo
perform safety-related and non-safety-related functions. SOVs are used to operate with ac or dc¢
power to control the flow of hydraulic or pneumatic fluids under a wide variety of conditions.
They are used to control process fluid either directly or indirectly as pilot controllers, It has
been estimated that the population of SOVs in safety systems at U.S. LWI is between 1,000
and 3,000 per plant (Ref. 1). Boiling-water reactors (BWRs) usually have more SOVs than
pressurized water reactors (PWRs) because of the extensive use of SOVs in BWR scram systems,

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

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

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

Some of the signiiicant common-made failure events that reduced plant safety margins and that
are discussed in this report are lisied below.,

. simultaneous common-mode SOV failures that resulted in the failure of both emergency
diesel generators to start at Perry

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

" See NRC Information Notice 90-64 *Potential for Common-Mode Failure of High-Pressure Safety lnjecuon Pumps ue Release of Reacior
Coolant Outmide Coninment During » Loss-of Release of Reactor Coolant Outside Containrent During » Loss-of-Coolant Accident,*
(xtober 4, 1090
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3 USZ OF SOLENOID-OPERATED VALVES

In many applications SOVs are used as alternates (o mtor-operated valves (MOVs), SOVs are
frequently used as pilot operators to control air-operate; valves (AOVs)., The advantages of
using SOV's instead of MOV are that they generally havi fewer moving parts, are compact, and
may be easier 10 mount. They also have low power requ.r, nents and have fast response times,
jome SOV manufacturers' literature states that SOVs havr, luig qualified lives, have low initial
and installed cosws, and require low maintenance.

The ase of  OVs, MOVs, and SOVs is a matter of preference of appli-ation that is determined
by the utility, (usle « stea 2 system supplier, and architect engineer; thei: specific utilization is
not a licensing requireme 1,

A partial listing of plices wher ' SOVs are used in both safety and non-safety-. ¢lated systems is
provided below,

L BWR scram

" f srolant pu o seal

. sstety njection

. auxiliary feedwater

. primary con.ainrigis snlation

v high-¢ cessure (O ,ant in 4 tion/reactor core isolation cooling
. high-prussure injection

s automatic depressinzation

. emergency diesel zenerator

B instrumer - if

. chainical volume wti~al/charging and letdowa/boration

. Isressurizer control

e siam generator relief (power 2, tod relief valves, atmospheric dump valves)
. low temperature overpressurization p. section

. decay heat removai/residual heat remos il



component cooling water

service water

reactor head vent

reactor cavity/spent fuel/fuel handling

torus and drywell/vent and vacuum

emergency dc power

main steam (main steam isolation valves/auxiliary boiler)
reactor building/auriliary building (ventilation and isolation)
main feedwater

condensate

SOLENOID-OPERATED VALVE FAILURE MODES: APPARENT
AND ROOT CAUSES

Previous studies (Refs, 1, 3, 4, 5) have noted that details of the failure mechanisms, the apparent
causes, or the root causes of SOV failures were not provided in approximately half of the
licensee event reports (LERs) and nuclear plant reliability data system failure records for years
+78 through 1984,

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

Coil failure or bumout was attributed to design or manufacturing deficiencies (early
failuresend of life) or an error in application (type of current, voltage level,
environmental conditicns). [11%]

Valve body failure or leakage was attributed to design or manufactuning deficiencies,
such as excessive tolerances on internal parts; excessive wear/degradation of gaskets,
O-rings, seals, or springs, or foreign materials preventing proper sealing. (13%]

Passageway blockage, internal binding, and sticking were attributed to unidentified
foreign substances coating valve internals or to contaminants such as dirt, corrosion



products, desiccant, water or moisture, incorrect lubricants, excessive lubrication, or
nydracarbons, [14%)

. Ele.trical malfunctions were attributed to faulty internal wiring, reed switch shorts or
external wiring with inadequate connections, splices, or grounds. [11%)

. Design errors or misapplications were attributed to incorrect valve configuration (normally
open vs. normally closed, normally energized vs. normally de-energized), incorrect
designation of "fail-safe" condition, incorrect electrical source (ac vs. dc, voltage level),
incorrect designatic: of environmental conditions (temperature, moisture, radiation),
incorrect designarion of maximum operating pressure differential, incorrect material
selection (incompatibility between elastomeric parts and process fluid conw@aminants), or
incorrect valve orientation (horizontal vs. vertical), [13%])

¢ I~stallation errors were attributed to incorrect physical orientation (hackwards, upside-
down), electrical source {ac vs. dc voltage level), or inadequate e'ectrical connections
(e.g., loose connections, incorrect grounds). [7%)

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

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

The events described below were choser as a representative set. Many of the events are viewed
as precursors; that is, had the common-mode failures occurred under different circumstances or
had the common-mode degradations worsened or persisted further without detection and
correction, the plants would not have responded to design-basis events in accordance with the
final safety analysis reports. These events should not be construed as being a complete set of
common-maode failures and degradations of SOVs,

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

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

5 Common-mode malfunctions of SOV caused by multiple de ground faults, as described in NRC Information Notice 88-86, Supplement |
(Rel. 6), although not addressed as an issue 10 his mpon are in.luded in Appendix A
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Safety-related SOVs at nuclear power plants have been manufactured by only a f*w companies;
therefore, a reader should not attempt to judge a manufacturer’s quality on the basis of the
population of events described in the report concerning any particular manufacturer's product,

5.1 Design Application Errors

Representative opersating expenence illustrating design application errors as.o.‘ated with high
ambient temperature, internal heatup from energization, incorrect operating pressui = differ eatial,
and incorrect valve orientation are described below  Bused on this ~xperience, findi:gs and
recommendations relevant to design application errors are provided in Sections 7.1 and 9.1,

respectively.
5.1.1 Ambient Temperatures

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

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

Since the valves ali stroked satisfactorily subsequent to their initial failures, the licensee believed
that the failures were due to the presence of impurities in the air pack SOVs controlling the
MSIVs and that the impurities were apparently discharged during subsequent MSIV operation.
As a result, the three MSIVs that had failed to meet their stroke closure time requirements were
declared operable.

These MSIV air packs consist of a single-coil three-way SOV (ASCO NP8320), a dual-coil
three-way SOV (ASCO NP8323), and three poppet type air pilot-operated valves (two-, three-
and four-way, manufactured by C.A. Norgren Co.). A photograph of one of the Perry plant's
MSIV air packs appears in Figure 5.

In response to NRC concerns, the licensee performed additional MSIV stroke testing. As a
result, on November 3, 1987, the inboard and outboard MSIVs in one of the steam lines that had
the earlier failures again failed to close within the required 5 seconds (outboard MSIV closed in
2 minutes and 49 seconds and the inboard MSIV closed in 18 seconds). Additional MSIV stroke
tests were performed, and both MSIVs again closed within allowable times of the Technical
Specifications.
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Reference 13 lists severai other plants that have experienced localized thermal hot spots inside
containment. In addition, NRC Information Notice 89-30 (Ref. 14) noted that similar heating
events have been reported since 1982, The information notice alerted licensees to the potential
for exceeding equipment's qualification specifications when the bulk temperatures are measured
by a limited number of sensors that may not be representative of ambient temperatures in the
vicinity of the SOVs,

1.2 Heatup From Energization
5.1.2.1 Grand Gulf 1 - MSIVs - Thermal Aging (Self-Heating From Energization)

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

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

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

The extrusion of EPDM discs is discussed in General Electric Company (GE) Service
Information Letter (SIL) 481 (Ref. 18). SIL 481 notes that the intrusion of the disc into its
exhaust port may account for previous everits involving the sticking of similar EPDM dual-coil
SOVs, but tearing of the discs had not been observed previously. It is believed that the tearing
and overall degradation of the dual-coil SOVs' EPDM discs at Grand Gulf was symptomatic of
therma! degradation resulting from the excessive time the EPDM materials were exposed to high
service temperatures. The EPDM discs had been operating at elevated temperatures as a result
of the energization of the dual coils. The local temperatures inside the SOVs near the EPDM
discs were approximately 325 °F inside the inboard SOVs in a 135 °F drywell and 305 °F inside
the outboard SOVs in a 125 °F steam tunnel. The SOVs had been in service for approximately
4.5 years. However, the qualified lives of the degraded EPDM discs are estimated to have been



iy North Anna 1 and 2 and Surry | and 2 - Thermal Aging (Self-Heatiug From
Energization)

In December 1986, Virginia Electric and Power Co. (Vepco, now known as Virginia Power )
requested ASCO to provide information regarding the effects ¢ f-heating” in continuously

) ¢ ' & ' . NOD 7 ¢l ¢ ’ nt +n . . FEa 1YY PR P
energized SOVs ASCO’'S response indicated that a significa INCrease 1n tempera

r and that tha tan 't LPS 1 BT nt rod !
occur and that the temperature increase Could resull 1n a signincant reauction 1n the qualified |

of the SOVs. Thne licensee recognized that previous estimates of SOV service life did not &
account for the effects of self heating (Refs, 21, 22 I'he licensee evaluated the affected SOYs
and determined that, contrary to previous analyses, 12 would require repiacement at
North Anna | and 2 between the and 1989 rat g outages (Ref, 23). The SOVs affectec
piioted ali-operated valves, many of which served containment 1solation tunctions. The systems
attected were satety ime. tion, reactor coolant main Sstean compongnt COOlIng waler,
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replacement of 38 ASCO SOVs because of self-heating
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Sl Maximum Operating Pressure Differential (MOPD) - Multiple Plants

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

pre IBUl

schematic d.agram of an SOV illustrating how an operating pressure differential ir

1 CXCESS Of 1S
maximum operating pressure citterential (MOPD) can cause an SOV to r':\fodrut' m. When the

A

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,

. y 14 ) . re »H \ " § Y T > i " £ 14 v ) B = i
2ssure could lift the core as ly, resuiting in leakage of fluid from port £ 10 port |

In the energized position the core assembly is raised to block the exhaust port (port 3)
However, the excess pressure would act to retard or prevent the core subassembly from dropping
down tx.‘mmg) when de-energized. As a result, de- energizing the valve would not ensure th

valve achieved its correct de-energized position (block off port 2),

For many SOVs, the MOPD rating does not appear on the nameplate or in

the installation and
maintenance instructions, Vendor catalogs need to be consulted to determine the MOFD ratings
for the SOVs

In May 1988, the NRC issued Information Noti 24 (Ref.24), which informed licensees of
two SOV failures that were experienced at Kewaunee (th 25) and of the potential for additiona
failures at Kewaunee and Calvert Cliffs 1 and 2 (Refs. 26-28) Subsequently, several licensees
informed the NRC of similar discoveries at their plants, where the potential for ov erpressunzing
SOVs existed, which could P‘L‘VC"' the SOVs from performing their safety-related functions. At
some plants, the task of verifying the 'm:c.'m;".l for overpressurizing SOVs has been complicatec
by the fact that documentation is not readily available. For cx.mmle Millstone | and 2 (Ref. 29)
and Crystal River 3 (Ref. 30), have reported that documentation to identify SOVs in containment
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1S not readily available and that containment walkdowns are m‘cz‘ss.tﬂ for theii identification

[t'is not clear that all licensees have taken appropriate corrective action on the issue of SOV
overpressurization as presented in [Information Notice 88-24. This concern is predicated on the
Crystal River 3 event (Ref. 30) and a followup discussion in which the licensee stated that its

review of the potential for \()\ overpressunzation assumed the proper ﬂpc-r;\'mr of in-line

pressure rcg;.‘..a'.ors, it did not address the consequences of pressure regulator failures,” One of
the events described in Information Notice 88-24 involved the discovery at Caivert Cliffs that

\ i\

s(\'cmi satety systems were vuinerable to single failures of pressure reguiators in the air supply
system

One of the earliest SOV overpressurization failures that were reported occurred in 1980 at the

MG
Pilgnm plant. On October 7, 1980, and again on October 31, 1980, a safety relief valve (SR\U

e nacd ile the raantar o ¢ 2y " sask S 61 AR { 3 9| .
OUSHy \‘.,\.a'\\. W fl\.'\ UI€ reacior was at })\‘-\L» ( )n Cdlil OCCASION., unL \E\\ k. u‘ not reciose
reactor was shut down and the reactor coolant system was d epressurized. The spurio
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valve openings were caused by excessive pneumatic (nitrogen) supply pressure to the SOV
controlling the SRV, The high nittogen pressure exceeded the SOV's MOPD, causing the SOV
to shift position, which caused the SRV to spuniously open.

The NRC issued an information notice and a bulletin based on these events, Information Notice
80-40 (Ref. 31) indicated that two-stage SRVs with Target Rock SOVs are susceptible to such
MOPD malfunctions, whereas older three-stage SRVs having ASCO or AVC SOVs are not. In
1980, the NRC issued Bulletin 80-25 (Ref. 32) requiring licensees to review and upgrade their
SRV pneumatic supply systems and/or SOVs to ensure that the SOVs operate within their
maximum operating pressure. The bulletin required licensees to install protective devices (such
as relief valves) to protect the SOVs against excessive supply pressures. The issue of
overpressurization failures of SOVs in systems other than main steam were not addressed in the
information notice or the bulletin,

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

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

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

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

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

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

Eight main steam 1solation valves could have failed to perform their safety function.
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Most solenoid valves because of the nature of the operation of the valve, will stop flow
in only one (1) direction. By design, upstream pressure acts on the top of the disc, forcing
it onto its seat, thereby creating a righter seal. However, {f downstream pressure rises
above upstream pressure, the disc will tend to lift off of its seat, thereby allowing flow.

Since Target Rock considered the inadvertent opening of unidirectional SOVs to be an application
problem, not an SOV problem, Target Rock did not issue field service notifications to alert
owners of the SOVs affected by this problem. Target Rock recently provided AEOD with
detailed information with regard to inadvertent opening and/or orientation of SOVs, which is
attached as Appendix B to this report,

Plants that have -xperienced inadvertent openings of safety-related Target Rock SOVs are:
H.B. Robinson 2 (1980), unspecified number of SOVs
Arkansas Nuclear One Unit 1 (ANO-1) (1985), two SOVs
Arkansas Nuclear One Unit 2 (ANO-2) (1985), two SOVs
River Bend (1986) and (1989), three SOVs and ten SOVs respectively
Harns | (1987), two SOVs
Hatch 2 (1988), twelve SOVs

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

In Apnl and May 1989, during testing conducted in response to NRC Genenc Letter 88-14,
"Instrument Air Supply System Problems Affecting Safety-Related Equipment” (Ref. 44), the
River Bend station found 10 Target Rock SOVs used in safety-related applications that would
inadvertently open during accident conditions upon loss of instrument air. The opening of those
unidirectional SOVs would have resulted in the biowdown of safety-related accumulators and
would have prevented safety-related equipment from performing its safety functions (Refs. 43,
45). For example:

(1) inadvertent actuation of six unidirectional SOVs on loss of instrument air would result in
bleeding down the safety-related accumulators in the control building, the auxiliary
building, and the fuel building. The licensee postulated that rapid depletion of
accumulators in the control building (in 3.7 minutes) would prevent proper operation of
building dampers and would adversely affect cooling of safety-related equipment, control
room cooling, and control room air filtration. Depletion of accumulators in the auxiliary
building would affect building dampers resulting in the loss of cooling of safety-related
switchgear. Depletion of accumulators in the fuel building would affect building dampers
and would impact air filtration and prevent the maintaining of a negative building
pressure.
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Rock) field service representative had rebuilt all of the Brunswick 1 SOVs that actuate 11 SRVs
(seven ADS valves and four non-ADS valves). The licensee stated that the Target Rock field
service representative had done SOV refurbishment work on the valves at Brunswick 1, but he
had not done similar work on any SOVs that pilot SRVs at other plants. Target Rock field
representatives service the Target Rock SRVs for all U.S. BWRs (except for Browns Ferry |,
2, and 3) at Wyle Laboratories during the plants’ refueling outages. Most plants send their
SRVs and SOVs to Wyle for refurbishment every refueling outage. Some only send half of their
SRVs and SOVs to Wyle for such refurbishmen: (uring each refueling outage.

The problem encountered with Loctite RC-620 was one of excessive application, Loctite RC-620
is an anaerobic adhesive. Curing takes place in the absence of air. The SOV manufacturer's
refurbishment procedure specifies that Loctite RC-620 be applied to a lockriut assembly beneath
the valve plunger. The procedure cautions against appiization of excessive amounts of the
adhesive. The licensee concluded that the SOVs had excess amounts of Loctite RC-620 applied
to them, and that curing did not occur until after the valves were placed in the inerted
containment. The licensee believed that, before curing, the excess adhesive migrated to the
interior of the valves, bonding the SOVs' plungers to the bodies of the valves.

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

The licensee’s assessment of the event (Ref. 55) concluded that a common-mode failure, the
iroperability of ail 11 SRVs as a result of Loctite RC-620 bonding of all SOVs by one vendor
field service representative, is a reasonab.y 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 -a a manual demaand signal. The failure was caused by excessive Loctie
RC-620, which had caused the oRV's solenoid plunger 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.

§.2.2.3 Peach Bottom 3 - Scram System, SOV Rebuilding Error involving Excess
Loctite

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

. The ASCO Model HV A-90-405 SOV, which is built by ASCO but was procured from GE is similar 10 “%e ASCO Mode! NP1 16 valve
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On January 14, 1984, during a reactor scram, another control rod did not insert within the
technical specification allowable time of 7 seconds. The second control rod had acted sluggishly
during the reactor scram of Novemuer 17, 1983, However, because it was believed 1o have
inserted within the technical specification allowable time on November 17, 1983, no maintenance
was performed on its pilot SOVs at that time.

Subsequent o the second failure (January 14, 1984), the licensee undertook an extensive
investigation. That investigation revealed that, contrary 1o previous findings, the second control
rod also had failed to meet its allowable scram insertion time limit on November 17, 1983,

Laboratory analysis of the two pairs of SOVs associated with the slow inserting control rods
revealed that one valve of each pair had a yellow varnish-like foreign substance on its core
assembly. One of the SOVs that was found to have the foreign substance on it exhibited sticking
during subsequent bench testing. The foreign substance was originally believed to be a silicone
lubricant, but it was later identified to be Loctite 242, Loctite 242 had been introduced to the
SOVs during the rebuilding process, in accordance with the supplier's (GE) recommendations.
In its 1978 Service Information Letter (SIL) 128 (Ref. 59), GE had recommended that when
rebuilding control rod drive (CRD) scram pilot valves, Loctite 242 adhesive/sealant should be
used to secure the “acorn nut" on the solenoid housing to prevent it from loosening.

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

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

The common-made failure potential for the scram system at some BWRs exists because some
plants have used the same SOVs that are used to pilot the individual control rod hydraulic control
units to pilot the scram discharge volume vent and drain valves. In the case of Peach Bottom 3,
the potential for multiple simultaneous failure was compounded by the fact that the licensee had
rebuilt all 370 control rod scram SOVs during the previous refueling outage. To reduce this
common-mode failure potential, GE's SILs (Refs. 59, 60) recommended (not a binding
requirement) that CRD pilot SOVs be rebuilt on a staggered basis from a “distributed
checkerbroad pattern.”

- Telephone discussion between . Shank, ASCO, and H L Ornstein, NRC, June 19, |989
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About 2-1/2 hours after the intrusion occurred the licensee tested the Unit 2 AFW train A
(motor-driven AFW pump). The air-operated discharge valve and the back-pressure regulating
valve both malfunctioned rendering train A inoperable. About 3 hours later the licensee tested
train B satisfactorily.

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

The cleanup procedure was not totally effective since there were low points in the instrument air
system that had not or could not be drained. The residual water that remained in the low points
of the instrument 2ir system and the moisture and contaminants in the instrument air system
resulted in widespread SOV failures for almost 2 years after the service water intrusion event.
In addition to failures of freestanding” SOVs, there were dozens of control valve failures. The
bulk of the control valves that failed were Fisher control valves. Integral to each Fisher con‘rol
valve is an ASCO SOV. The Fisher control valve failures were essentially failures of the ASCO
SOVs which are piece-parts of the control valves. Examination of plant equipment failure
records noted that, between April 1987 and February 1989, there were approximately 50 Fisher
control valve (ASCO SOV) failures. It appears that those failures resulted from poor quality air
as a result of the April 24, 1987 water intrusion event and from poor maintenance of the
instrument air system,

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

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

In a memorandum of February 10, 1988, the Chairman of the North Anna station Nuclear Safety
and Operating Committee stated that successful stroking of the SOVs is an appropriate corrective
action to remove contaminants because "cycling the affected valves blows the contamination from
the lines and returns the SOVs to operable status" (Refs. 68, 69). The North Anna licensee's
approach to maintenance of malfunctioning SOVs was not consistent with the valve
manufacturer’'s recommmendations. 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 inspected for corrosion, sediment or
other contaminants, and cleaned accordingly.”

! Telephone discussions betweer. . Maiden and W Murray. Vepeo, and K Thormas, ASCO, February 4 and 5, 1988
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5.2.3.3 Susquehanna 1 and 2 - Scram System, Oil and Water Contamination

The Susquehanna plants have experienced common-mode failures of SOVs that resulted in
multiple failures of control rods to insert, slow insertion of multiple control rods, and repetitive
failures of scram discharge volume vent and drain valves.” The SOV failures were linked to
contaminants in the instrurnent air system (i.e., hydrocarbons, moisture, and particulates) and
high temperatures, Because toth Susquehanna units share a common instrument air supply, the
common-mode failure potential that existed for both Unit | and Unit 2 scram pilot SOVs also
existed for the SOVs that actuate backup scram valves for both units. The backup scram valves
are intended to provide diverse scram capability to protect against cotamon-mode failures.
Although Unit | experienced the failures, the potential for such failures also existed at Unit 2,
the scram and diverse scram systems of both units were vulnerable,

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

On October 6, 1984, while Susquehanna 1 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 requirements of the plant Technical Specifications on June 13. The
licensee did not become aware of the June 13 malfunctions until the October 6 failures were
investigated.

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

As reported in an NRC inspection report (Ref. 72), two independent laboratories examined the
failed SOVs and concluded that the polyurethane parts degraded because of a combination of
contamination in the instrument air and elevated temperature. The first laboratory (Franklin
Institute) cited the failure mechanism as hydrolytic decomposition 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 contaminatior. of the instrument air with
a synthetic diester oil (SDO, which is a plasticizer). Both Franklin Institute and GE
recommended replacing the polyurethane seats with a seat material capable of operating at higher
temperatures and having an improved resistance to contaminants. The recommended taterial

-
A1 Susquehanna, each of the |85 control rods 1s piloted by one ASCO HV-176.816 SOV Many other BWR control rods are piloted
by other model ASCO SOV, but two per control rod
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was Viton. The licensee replaced all of the SOV polyurethane seats on control rods and ail the
backup scram valves for Units | 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 SOV for the scram discharge volume vent and drain
valves on Unit 1 had polyurethane discs that also were susceptible to the same type of failure.
Subsequently, the SOVs for the vent and drain valves also were replaced with different SOVs
(made by a different manufacturer, having Viton discs).

The scram system degradation at Susquehanna on October 6, 1984, was reported to Congress as
an abnormal occurrence (Ref. 73). The NRC staff concluded that the event involved a "major
degradation of essential safety-related equipment,” and demonstrated the plant's susceptibility to
common-mode failure. The failure caused a reduction in the required ‘extremely high
probability’ of shutting down the reactor in the event of an anticipated operational occurrence”
(Ref. 73). Another scram discharge volume (SDV) system component failure attributed to
contaminated air occurred at Susquehanna | on December 21, 1984 (Ref, 74). Dunng
surveillance testing, an SOV that controls the SDV vent and drain line isolation valves
malfunctioned as a result of particulate matter that was lodged between the SOV's disc and seat,
As a result, the SDV vent and drain valves were stuck open. Since the reactor was at power, if
the SOV had failed to completely close after a scram, the potential for an unisolated primary leak
outside containment would have significantly increased.

§.2.4 Lubrication
5.2.4.1 Multiple Plants - Manufacturing Error, Residue-Producing Lubricant

The Kewaunee nuclear power plant experienced three SOV failures on May 28, 1988 during
surveillance testing (Ref. 75). Two of the SOVs were redundant containment isolation valves
piloting the reactor coolant drain tank discharge header isolation valves. The third SOV that
failed served as the pilot for the pressurizer relief tank makeup isolation valve. All three failed
SOVs were nuclear qualified ASCO NP8314 DC valves that piloted air-operated valves. They
were normally open, normally energized, and were designed to close (fail safe) on loss of
instrument air or elecirical power, The failures of the SOVs to shift position upon de-
energization were attributed to an amber-colored residue inside the SOVs. The residue was
found at the location where the SOV core assembly (plug) contacts the SOV body (solenoid base
subassembly see Figure 6). The failed SOVs had been placed in service about 2 months before
their failure. The local ambient temperature was about 110 °F. The licensee inspected two
other ASCO NP8314 SOVs from the same manufacturing lot that were installed adjacent to the
three SOVs that had failed. They had been instailed at the same time as the ones that failed, but
were operated in the de-energized mode. The de-energized SOVs had performed satisfactorily.

The licensee worked with ASCO and independently contracted two laboratories (Wyle
Laboratories and Akron Rubber Development Laboratory) to determine the root cause of the
failures. On the basis of these investigations, the licensee and ASCO concluded that the SOV
failures were most likely caused by the degradation of a lubricant (International Products
Corporation, "P-80" rubber lubricant) that had been introduced dunng the manufacturing
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process. P-80 is a water-based rubber lubricant used by ASCO personnel o facilitate SOV
assembly. Although 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 aporoved procedure. P-80
product literature states hat it provides "temporary slipperiness” for assembling rubber parts and
that it is absorbed into the rubber "leaving no residue or harmful etfect on the rubber."
Subsequent to SOV assembly (using the P-80 lubricant), the SOVs were cieaned before leaving
the manufacturer's facility; however, minute amounts of the P-80 lubricant re-nained trapped
within the internal cavities of the SOV, From the laboratory resuits, it was concluded that the
small amount of P-80 lubricant remaining in the SOVs r.igrated because of “eatup from
energization, and degraded into an amber-colored sticky residue that caused the SOV
malfunctions. The investization 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 investio - 5,

On October 18, 1988, based on the above determination, ASCO issued a 10 CFR Part 21
notification regarding the potential failures of NP8314 SOVs (Ref. 76). The notification
accounted for 231 suspect SOVs that were sent to 17 U.S. LWRs, 76 suspect SOVs that were
sent to suppliers who most likely shipped them to unspecified plants as piece-parts of other
equipment between 1981 and 1988, and 9 suspect SOVs that were sent to Franklin Research
Center (FRC) in 1986, The Fort Calhoun plant had received the largest number cf suspect SOVs
(79) in 1981, Several of those SOVs failed at Fort Calhoun in 1981 and 1982, Three of the
SOVs that failed at Fort Calhoun were returned to ASCO for investigation. ASCO's
investigation of those valves, incident report IR 3604, May 1982 (see NRC Vendor Inspection
Report 99900369/ 88-01, Ref. 77), noted that the failures were due to sticking caused by a
varnish-like residue. At that time, neither ASCO nor the Fort Calhoun licensee were abie to
identify the source of the "acrylate ester residue found on the plunger and sub-base assembly"
of the energized NPE314 SOVs,

Fort Calhoun experienced a similar failure of another energized NP8314 SOV in March 1982,
It was cleaned and returned to service (Ref. 78). The licensee stited that it would replace the
internals of all the NP8314 SOVs using new spare-parts kits. Subsequently, the Fort Calhoun
licensee provided 10 ASCO NP8314 SOVs that had been in continuously energized setvice for
I8 months to FRC for use in an NRC-sponsored SOV aging 1¢search program (Ref. 79). FRC
also purchased nine new NP8314 SOVs from ASCQ, which were shipped in April 1986, to be
used in NRC's S5OV aging program (those SOVs were also listed in ASCO's 10 CFR Part 21
noiification). Six of FRC's purchased SOVs, which were underguing accelerated thermal aging,
failed prematurely (failure to shift position) as a result of organic deposits (sticky substance).
After the deposits were cleaned away with acetone and the SOVs were reassembled, they
performed successfully for the duration of FRC's testing program. FRC's report (Ref. 79) also
noted that organic deposits were found in the NP8314 SOVs received from Fort Calhoun. FRC
believed that the sticky deposits that had prevented the SOVs from functioning were due to an
organic compound that was introduced during the assembly of the valves; however, 2 detailed
analysis and final determination of the source of the deposits were not pursued by FRC because
of budgetary restraints. In the course of the NRC's SOV aging research program, ASCO had
been apprised of the sticking problem, however ASCO did not find the source of the residue
(P-80) unul after the Kewaunee failures in 1988. The failures of the NF8314 SOVs indicate that
P-B0 was used to assemble the NP8314 SOVs as early as 1981 and as late as 1988,
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On December 19, 1986, AVC sent NRU Region 111 & letter, which AVC believed served as a 10
CFR Part 21 notification (Ref. 84). However, the notification did not specifically stite "Part 21
notification” and therefore was not disseminated accordingly to alert all other potentially affected
utilities of the probiem with E. F. Houghton SAFE 620 lubricant. The notification indicated
that Commonwealth Edison also had purchased AVC valves lubricated with . F. Houghton
SAFE 620. Commonwealth Edison told NRC staff” that the AVC valves ¢ aining E, F.
Houghton 620 lubricant weit replacements for older model AVC SOVs that had vsen
discontinued, Before being iotified by AVC of the problem with E. F. Houghton SAFE 620
and before installing the valves, Commonwealth Edison replaced the SAFE 620 with Dow
Corming Molykote S5M. The licensee had recognized that Parker Super-O-Lube was the
lubricant that had been used in earlier equipment qualification testing and SAFE 620 was

probably not an acceptable replacement.

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

With regard to problems of excess.ve lubricant and the application of a thin film of lubricant,
it 1§ interesting to note that a Commonwealth Edison plant had sticking problems with a similar
AVC SOV several years earlier. In that case, the sticking was attributed to not having enough
lubricant applied to the AVC valve,

£244 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 SOVs in the MSIV air packs
(Refs. 9, 85-91). The SOV malfunctions were attributed to a sticky substance at the contact
point of the plug nut and core assembly interface (see Figure 2). The SOV malfunctions
impaired or prevented the MSIVs from ciosing within the times specified in the plant safety
analyses.

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 cohesive/adhesive force caused by the foreign
sticky substance between the plug nut and the core assembly of an ASCO dual-coil NP8323 SOV
was significant and could have been the cause 7 its fail re. After the core assembly was held

! Telephone discussion between M. Sieven. Commonwealth Edison Company, and H L. Omstein, NRC, April 12, 1989

-
Super-O-Lube consists of high molecular weight silicones wherees Molvkote S5M i a fighter weight methy! silicone oil thickened with

Hthim soap having ¢ lower dropping pont than Super-O-Lube (where dropping point is an indication of ‘he temperature limit 8t which
the lubricars dnes out)
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- =~ Table 1 MSIV Air Pack SOV Flures (Sticking FUSSLubrican

Other SOVs
Descriptson Number of having foregn
Plant/ of SOV and Steck SOVs umdentilied stacky
event date corrective action and location swhstance (YUSS) Comment<
Grand Gulf 1 ASCO HTXR32Y (Viton). Replaced Two cuthoard lmes Al others (five} in subseguent testing at ASCO only
2/10V¥RS eight SOVs wath ASCO NPS323 (having (A and C) one ome of four additonsl valves mal-
EPD'M parts) See Sectiom 5 1.2.1. mboard (hne D functumed (leakage) However the
for & discussion of the subsequent farlure of the outhoard (C) line SOV
faslures of the repiscement was sttributed to FUSS ot the plug
valves caused by thermal agmng from nut und core assembly mterfnce
self heating (Augast 1989}
LaSalie 1 ASCO NP23I23 (Viton). Replaced esight One outhoard All others (seven) Three of the vaives that did not fasl
12/16/87 SOVs wath ke, (hme O) 1 the plant fa:led dunng subwgquent
te<ting at ASCO_ atinbuted to FUSS
at the plug nut and core assembly
mnterface
River Bend ASCO NP8323 (EPDM). Replaced ght Two nboard lnes Ome unfmied inhosrd Nt all SOVs have heen mspect- 4.
9/30/88 SOVs with hke. AZtempted to remove (B and C) {one - SOV mspected was Some sre hemng beld for arch val
the factory costed lubncant {Dow spected, FUSS found}  found to bave FUSS. purposes. T a0 outhoard SOV s were
Coming 550} from SOVs, but appied Two outhoar c SOVs mspected st ASCO. The ol
excessive amount of jubncant to O- mspecte? foond o lommres of ot SOV had evrdence
nngs winie resssembling, ceusing two to have FUSE ™ of mowssture trusion,  mdcative
subsaquent fariures (December 1989) of kcalized cteam heating ~
River Bead ASCO NP8323 (EPDM). Replaced all  Two outhoard hnes One oth ¢ SOV was Licensee beleves FUSS was from
12/1/8%9 NPR123's with new ones, but removed (A and D), FUSS wspectes (mbeard), excessive apphoation of Dow Cormng
facery instalied lubmcant from ail found on hoth .~ also had FUSS, bat S50, which was used by the licensee
internai parts of the SOVs. les. than what was when hubws ming the O-nng asweqpent

found on the farled
outh. ards

“ASCO HTXEI2Y i net & emclesr-qualified SOV, @t is « nonquslified commerial valve siminr but pet identionf to the NFR123

“Yelephone discusmon between | Shenk, ASCO, and H L Ormstein, NRC, May £ 7088

T Telephone diacussion between V. Haconskes, River Bend. and W 1 Ormmewn, NRC. Decensher 12 1959
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vertically, the plug nut was pressed against the core assembly, and then the plug nut let go, the
adhesive forces from the foreign substance between the two surfaces were able 10 support the
weight of the plug nui to prevent it from falling.’

Because the licensee suspected the Dow Corning £50 lubnicant (applied to the SOVs internals at
the factory) to be the cause of the sticking, the licensee considered removing the factory-
installed lubricant from the eight new NP8323 SOVs that were installed after the failure of
December 16, 1987. In consideration of ASCO's concern that, without the internal lubricant,
ac powered SOVs couid suffer fretting damage, the licensee installed the eight new NP8323-
Viton S0OVs as they were received from the manufacturer (without removing the lubricant).
Those eight replacement SOVs have operated successfully through 1989.%

Subsequent to the failures of two ASCO dual-coil NP8323 SOVs at River Bend on September
30, 1988, the licensee replaced all eight dual-coil NP8323 SOVs with new ones., However,
before installing the new SOV, the licensee removed the factory-coated lubricant (Dow Corning
550) from their internal metallic parts. On Decemoper |, 1989, two of those replacement SOVs
failed as a result of sticking. The licensee attributed the sticking to FUSS which was believed
(but not confirmed by laboratory analysis) w0 be Dow Corning $50 lubricant.

During followup of the failures of December 1, 1989, the licensee reviewed the procedures that
were used in Septerber 1988 to remove the factory applied lubricant. The licensee's review of
those procedures indicated that although 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 elastomeric parts of the SOVs were relubricated with the same Dow Corning 550
lubricant. Because there was more FUSS on the cleaned SOVs that failed in December 1989
than on the factory assembled SOVs that had failed September 1988, the licensee believed that
the root cause of the December 1989 failures was the licensee's reapplication of exericive
lubricant during the SOV cleaning and reassembly process.

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

The inspection of the SOVs or the inboard and outboard MSIV air packs at all three plants
indicated that in almost every case the SOVs, which had not failed, were degraded in & manner
simil2r to the failed SOVs, but to a lesser degree. In each case, the licensee recognized the
comro . mode failure poiential for compromising fast closure of inboard and outboard MSIVs
or vne or more steamlines and replaced all the 8323 SO\ s on the inboard and outboard MSIV
air packs.

: According 10 ASCO, (he plug it weighs shout | ounce while the spring force s about 2 pounds. ASCO indicaied that afler a similar
NPEI2Y SOV failure at WNP 2, the licensee had performed o similar demonstration. The sticky substance 81 WNP2 was believed
10 be from excess lubricant (Dow Corming S50) that had been applied by the Loensee when (e SOV were rebuilt

-
Telephone discussion between R Lanksbury (NRC S¢. Resident Inspection st LaSall: Swtion) and M L Ornstein. NRC), Ducember 22,
19R9

38



The valve manufacturer and several laboratories conducted extensive inspections and tests on the
8323 SOVs that had been replaced. There are no simple explanations for these failures
individually or as a group. The source(s) of the sticky substance(s) that resulted in multiple SOV
failures is uncertain. There is major disagreement between the utilities, the SOV manufacturer,
the reactor vendor and the laboratories regarding the root causes of the failures.

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

53 Surveillance Testing

On July 22, 1989, duning scram time testing at the Perry nuclear power plant, plant personnel
observed two control rods failed to meet their scram tine testing requirements on initial attemp's;
however, when retested the rods operated satisfactorily. As a result, both control rods and b zir
SOVs were declared to be operable, Subsequently, on November 25, 1989, one of thoes ,0ds
failed its timing test twice but was retested satisfactorily twice, As a result, ** ‘was declared
operable. When the second control rod that also had failed twice on July 22, 19%9, was retested
on November 25, 1989, and failed, it was declared inoperable. At that time, the licensee
conducted an investigation to determine the root cause of the west failures (Refs, 92, 93, 94),

The licensee's root cause analysis found that a manufacturiry error had been made at ASCO
(failure (o upgrade polyurethane seats of ine scram pilot $0V/; with Viton), and that the Perry
plant may not have responded adequately (o a product ‘sl notice that ASCO had sent them
(Ref. 94).

Itis sign. ficant that the licensee's surveillance testing program ¢l not provide adequate guidance
to the plunt staff regarding actions to be taken when unsatisoctory surveillance test results are
erocuntered.

£4  Use of Non-Qualified SOVs

The H.B. Robinson plant which has Colt/Fairbanks-Morse FRGs experienced six EDG air start
SOV failures during an 8-year period. There were five (iiivres of one valve and one failure of
ari identical, redundant SOV. The SOVs were commercial grucde valves, model X833-134, made
by ASCO. The failures occurred from February 1, 1980, through March 28, 1988, and in each
case the failures involved excessive air leakage. (One event is described in Appendix A, Docket
No. 50-261 LER 87-028-01).

Four of the five failures of the same valve (DA-19B) viere attributed to the SOV core and spring
assembly. The first failure was attributed to we.. of the core and spring assembly caused by
excessive heat from the solenoid being constantly energized. The SOV was rebuilt (core and
spring assembly were replaced). The SOV's second failure was again attributed to wear of the
core and spring assembly. The SOV was rebuilt again (core and spring assembly replaced). The
third malfunction of the same SOV occus ced while attempting to start the diesel. The failure was
attnbuted to misalignment of the solenoid header during previous repairs. The licensee's
corrective action was to realign the solenoid header. Three months later the same SOV was
again found to be leaking air. This fourth failure was attributed to wear of the core and spring
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(2)  Uniess SOV failures are associated with reactor trips or complete train “wilures of safety
systems they are not required to be reported 11 the LER data base.

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

Coupling the difficulties of obtaining some definable measure of SOV failure counts with the
difficulty of assessing the number of successful SOV challenges or survaiilance tests can, at best,
lead w0 & crude estimate of SOV failure rates. Nonetheless, recognizing the shortcomings of
estimating SOV failure rates, Table 2 lists SOV failure rates from several sources, including the
results of this study's query of the NPRDS data for failures that occurred over a five year period
(1985 through 1989),

The NPRDS data presenited 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 failure
records include only failures for the SOVs themselves, do not include the unrecognized SOVs
used as piece-parts of NPRDS reportable components, and do not include any information on
number of demands.

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

In attempting to assess the trend in SOV failures, NPRDS SOV failure rates were evaluated for
the years !985 through 1989, The NPRDS data showed that the SOV individual failure rates
have been increasing; that is the 1989 failure rates are |4-to-79-percent higher than those of
198RS,

The estimation of common-mode or common-cause SOV failure rates are subject to greater
uncertainties than the estimation of the random SOV failure rates. The SOV experience observed
at U.S. LWRs in recent years indicates that in addition to an underlying randomness in SOV
failure experience, there are additive biases which are introduced by the widespread systematic
and programmatic deficiencies in the manufacture, selection, applic ation, operation, maintenance,
surveillance and testing of SOVs, which must be accounted for 10 accurately describe the actual
industrywide expenence. Failure to account for the biases introduced by the aforementioned
widespread systematic and programmatic deficiencies results in underestimating the contribution
of common-mode or common-cause failures. It is important to recognize that the SOV failures
are mechanistic due to 100t causes described throughout this report. For example, when valves
are misapplied, run at elevated temperatures, improperly maintained, etc., their early failure,
degradation, and life shortening are assured. Under those conditions, the real SOV failure
probabilities may approach 1.0 at plants with poor control of these devices.
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T<hle 2 Estimates of SOV Failures to Operate

Estimated
Source failure rate
WASH-1400 (Tables {11 2-1, 2-2) 1x10"/demand
This study (NPRDS data Jan 1985-Dacember 1989) assuming 7.1 10 8.7x10"/demand
quarterly testing
NUREG-1150 methodology NUREG/CR-4550, Vol. | 1.0x10"/demand
Seabrook PRA 2.4x10"/demand
NUREG/CR-4550, Vol. 6 (Grand Gulf PRA) 1.6x10"/demand
NUREG/CR-4819, Vol. | (NPRDS data Sept 1978-July 1984) 7x10%/hr
This study (NPRDS data Jan 1985-Dec 1989) 6.5 to 7.9x10%hr’

'My fnilure rates were caloulated using an NPRDS report of 1074 (ailures among §110 SOVs during 155 4 million cumulative hours (MCH)
of SOV oreation. The following is & Ereakdown of the SOV failure population and hours of operation used in the calculstion

MCH of
Aalves Enilurss Operauon
Valves/Solenoid Operated 3536 %3 15
Valve OperstonSolenod ac m 140 197
Valve Operston Solenoid dc | I8 207

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

Any exercise aimed at obtaining, meaningful common-mode SOV failure rates based upon
existing operating experience is a massive difficult one leading to interminable debate. Insteaud
of continuing further on the highly debatable issue of quantifying such failure rates, we believe
that the thrust of the nuclear community's efforts should concentrate on correcting the
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programmatic and systematic deficiencies associated with SOV to reduce the likelihood for their
common-cause and common-mode failures.

6.3  Maintenance Problems
6.3.1 Maintenance Problems - SOV Manufacturers’ Contributions

Review of operating experience indicates that a substantive number of SOV failures are attributed
to inadequate maintenance or refurbishment. As evidenced by several of the events discussed in
Section §, it is clear that utilities are not fully informed of SOV maintenance requirements, The
neglect or oversight of SOV maintenance oftentimes comes from the SOV manufacturers’ failure
to provide SOV maintenance information to the SOV users or second-level manufacturers - such
as EDG manufacturers (ALCO. Colt/Fairbanks-Morse, General Motors, Delaval, Cooper-
Bessemer), valve manufacturers (Xomox), controller manufactu, ars (Fisher, Masoneilan), et¢

Some SOV manufacturers are more prescriptive than others. Some manufecturers provide no
gwidance on preventive maintenance. One manufacturer (Valcor) varies its recommendations
depending on whether the purchaser bought the “full documeatation 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. "his is even true for its nuclear qualified Class 1E valves.
Quoting ASCO's insiallation and maintenance bulletin for NP8323 SOV that were provided to
purchisers between 1981 and 1989 (Ref. 95).

Preventive Maintenance

l. Keep the medium flowing through the valve as free from dirt and foreign material
as possible.  Use instrument quality air, oil-free for Suffix "E*.

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

3, Perodic inspection (depending upon medium and service conditions) of imernal
valve parts for damage or excessive wear is recommended. Thoroughly clean all
parts. Replace any parts that are worn or damaged.

4 The valves may require periodic replacement of the coils and all resilient parts
during their installed life to maintain qualification. The exact replacement period
will depend on ambient and service conditions, Spare parts kits and coils are
ordered separately (see Ordering Information).  Conyult ASCO for specific
recommendations in connection with the replacement of pans.

In 1989, ASCO upgraded the installation and maintenance instructions for their nuclear qualified
Class E valves to reflect that the rebuilding Kits for such SOVs were no longer - ailable (Ref.
96). Those new instructions do cite use of the Instrument Society of America (ISA) air quality
standard ISA §.7.3, but they are not specific with regard to preventive maintenance.
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For example ASCO's upgraded 1989 instructions state that "while in service, the valve should
be operated peniodically to insure proper shifting,” The word "periodically” is not defined in the
new 1989 installation and maintenance instruction. In contrast, some earlier installation and
maintenance instructions (1978 vintage) specified preventive maintenance to include monthly
operation (Ref. 97). However, ASCO's qualification test report (Ref. 98) does note that the
SOVs should be cycled periadically, at a minimum of once a year. The qualification test report
notes that penodic cleaning and inspection should be done as outlined in the individual SOV
insiallation and maintenance instruction sheet, but does not define periodic. ASCO's 1989
instructions further state, "do not exceed the qualified life of the valve...." However,
determining the qualified iife of the SOVs, especially normally energized ones, from the
information provided can be a complex process that is not clearly outlined by the manufacturer,

ircle Seal and Ross - Circle Seal and Ross make SOVs that are used in several different EDG
air start systems. Those valves are not supplied with any preventive maintenance or
refurbishment recommendations. Lack of specific maintenance recommendations has contributed
to 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 refurb.shment instructions. (See Section 5.2.1.2

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

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

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

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

Valeor - This manufacturer provides specific recommendations for maintenance or refurbishment
of its N-staniped 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 personnel are unaware of the presence of, or
maintenance requirements of SOVs. This situation is common because there are many cases in
which SOVs represent only a small portion of a larger system or component, and the information
available to plant staff does not identify the care required for the SOV, which is "unrecognized*
within the "overall system." Examples have been observed in

“ emergency diesel generators: air start systems, governors, and cooling water control
systems
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After finding that SOVs would not shift their position on demand during surveillance testing, it
was common practice for plant personnel at the Brunswick and North Anna stations to tap the
SOVs (mechanical agitation). If a SOV would change position when tested after the mechanical
agitation, no further maintenance would be performed, and the SOV would be declared operable
(Refs. 104, 108).

ASCO's valve engineering department product engineering manager visited the Susquehanna
plant to assist the utility in finding the root cause of the failure of a rebuilt ASCO SOV that had
failed after being returned to service. The ASCO manager's discussions with plant personnel
revealed that subsequent to rebuilding the SOV, plant personnel bench tested the SOV with poor
quality service air instead of clean, dry instrument air, Inspection of the SOV revealed that oil
from the service air system had caused the SOV's second failure.’

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

634 Rebuilding vs. Replacement

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

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

Although ASCO notified licensees that it has discontinued selling rebuild kits for its nuclear
power plant SOVs (NP series) (Ref. 106), it is continuing to sell rebuild kits for commercial
SOVs and SOVs used in BWR scram systems (purchased through GE). Upon depletion of
existing NP series SOV rebuilding kits, replacement will be the only option available for them.

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

* Telephone discussion. 1. Shank, ASCO, and H.L. Omstein. NRC, May 11, 1989

™ Telephone discussion, |, Osbome. Baltimore Gas and Electric Co., and H L. Omstein, NRC, April 21, 1989
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the elastomeric parts in the rebuild kits. For example, because of elastomeric (Buna-N)
degradation observed in SOVs used in BWR scram sysiems, GE recommended (Ref. 59) that
BWR scram system SOVs having Buna-N parts be rebuilt periodically. The frequency of
rebuilding should be governed by the "useful life" of the elastomer ("useful life" being defined
as the sum of shelf life and in-service life). Limited by the Buna-N parts, GE recommended a
useful life of 7 years for scram system SOVs. The 7 years being from the time of kit
manufacture, not from the time of rebuild.

As noted in Section 5, there have been several events in which common-mode failures resulted
from incorrect rebuilding of SOVs. The potential for common-mode SOV failure resulting from
rebuilding errors may be minimized by staggering the rebuilding (if possible) or by limiting the
amount of SOV rebuilding done by any one individual (see Sections 5.2.2.2, 5.2.2.3).

7 FINDINGS

The root causes of most SOV problems are traceable to the lack of understanding of the
capabilities and requirements of SOVs. Oftentimes plant operations and maintenance programs
do not address the short lifetimes of the resilient elastomeric piece-parts of the SOVs (gaskets,
seals, diaphragms, etc.). Maintenance programs also fail to address the low tolerance SOVs
have for operating under adverse conditions that are significantly different than those of the
controlled laboratory environment under which they were originally tested. In many cases, the
manufacturers have not provided the end users with a full und: (standing of the sensitive nature
of ceriain parts of the SOVs. Many users have learned, after using certain SOVs, tha! they arc
unforgiving with regard to contaminants and local environmental conditions.

Deficiencies in selection, operation, and maintenance of SOVs have resulted in hundreds of SOV
failures, many of which were common-mode failures that cut acioss multiple trains of safet:
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 subjectin, to ambient temperatures

in excess of their original design envelope. Such common-m. Jures have resulted from
localized steam leaks (see Section 5.1.1.1), incorrect estimates « . ambient temperatures (seq
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
ambient temperatures above those considered in the SOV design should not be allowed to prevail
for extended time periods without running the risk of sustaining “seemingly" premature failures.

7.1.2 Heatup From Energization

Many common-mode SOV failures have occurred because the estimated service lives did not
properiy include the life-shortening effects of heatup resulting from continuous coil energization
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(see Sections S5.1.2.1, 5.1.2.2). Many licensees have been unaware of this situation. For
example, by incorrectly using the certificates of compliance provided with ASCO's NP-1 nuclear
gualified valves, licensees (Refs. 17, 21) have over-predicted the service life of continuously
energized SOVs. Use of appropriate SOV heatup data in conjunction with Arrhenius theory
(Refs. 108, 109) has been found to be acceptable.

7.1.3 Maxitoum Operating Pressure Differential

Many licensees have found misapplications in which SOVs could be or were subjected to
operating pressure differentials that could or did prevent them from operating. Although NRC
issued Information Notice 88-24 (Ref. 24) describing events, related to this issue, as noted in
Section §.1.3, there is no assurance that the issue of over-pressure that could result from pressure
regulator failures has been appropriately addressed by all licensees for all safety-related
applications.

7.1.4 Unrecognized SOVs Used as Piece-parts

Many SOVs used in safety-related equipment are not given prominent attention because they are
used as piece-parts of larger equipment. Specific preventive maintenance requirements are not
readily available for themi. Many SOV failures have occurred as a result of the lack of
maintenance or replacement of such unrecognized SOVs (see Section 6.3.2),

7.1.8 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 recognize or were not aware
of the directional requirements of the valves (see Section 5.1.4). In additien 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 maintenance deficiencies can incapacitate multiple
safety systems. The pervasiveness of maintenance deficiencies highlight the need for
implementing aggressive SOV maintenance programs to prevent widespread common-mode
failures. Specific maintenance problem areas are discussed below.

7.2.1 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, gaskets, O-rings, coils, etc. Some
manufacturers indicate that periodically changing the elastomenic parts is necessary, without
specifying the frequency of changes. Other manufacturers do not even mention that any
changing is necessary. Similarly, there are wide vanations among manufacturers with regard to
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specifying (or not specifying) the allowable shelf lives of their SOVs and SOV rebuild kits (see
Sections 6.3.1 and 6.3.4).

722 Repiacement 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 (o wear
decontamination or protective clothing. However, removal and reinstallation of N-stamped
valves that are welded into the primary system are not simple, inexpensive tasks either.

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

Discussions with plant personnel have revealed that many licensees, (¢.g., Perry, River Bend,
Salem, Grand Gulf, and Duane Arnold) have chosen to discontinue rebuilding certain SOVs
because improper rebuilding can result in subsequent SOV failures and costly down-times. In
general, licensees have reacted favorably to ASCO's recent decision to discontinue supplying
rebuild kits for its NP-1 nuclear 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 rebuilding techniques.

T.3.9 Contamination

Many common-mode SOV failures have been caused by contaminants in the fluids that flow
through SOVs, instrument air in particular (see Sections 5.2.3.1, 5§.2.3.2, 5.2.3.3).

SOV contamination resulting from particulates, moisture, and hydrocarbons in the instrument air
system have been a major source of common-mode SOV failures. In many plants contaminants
were introduced during original construction. Many contamination problems have resulted from
poor design or maintenance of the instrument air systems. Some SOVs are more tolerant of
contamination than others. For example, some SOVs can operate with contaminated air if the
degree of contamination is within the tolerance level of the SOVs. However, satisfactory
performance of most small SOVs for air- .ot service require virtually contaminan:-free air.

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

Although licensees are taking actions to improve the quality of their plants' air systems, there is
concern for the residual effects of previous air system contamination (Section 5.2.3.2), Long-
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term SOV deeradation such as detenoration of EPDM parts as a result of hydrocarbon intrusion,
formation of varnish-like deposits from heatup of hydrocarbons, and residue formation from the
interaction of moisture, silicone lubricant, and heat, are areas of concern,

7.2.4 Lubrication

Improper lubrication has resused in many common-mode SOV failures. The improper
lubrication has been attributed to manufacturing errors (see Section 5.2.4.1) as well as licensee
errors. Errors include the wrong choice of lubricant (see Sections 5.2.4.2, 5.2.4.3),
unauthorized use of incorrect lubricant (see Section 5.2.4.1), and use of excessive amounts of
lubricant (see Section §5.2.4.4).

7.3 Surveillance Testing

Several cases (see Section 6.3.3) have been reported in which SOVs failed to actuate on demand
during surveillance testing, however, subsequent tapping (mechanically agitating) the SOVs
would enable them to actuate. As a result, the SOVs were declared operable without addressing
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 a8 BWR
with multiple failed scram pilot SOVs.

7.4 Verification of the Use of Qualified SOVs

The issue of environmental qualification of Class |E electrical equipment and SOVs has been
addressed by utilities in response to Bulletins 79-01, 79-01A, and 79-01B (Refs. 112-114).
Noneiheless, there are many instances in which SOVs that were assumed in safety analyses to
operate 10 mitigate design-basis events, have been procured as commercial grade SOVs of
questionable quality and are not being maintained in a manner commensurate with their intended
safety function,

Examples have been found where commercial grade, nonqualified SOVs are being used in safety-
related applications without appropriate verification of product quality and design control. In
many instances the SOVs lack verification that they can withstand the accident conditions
postulated in plant safety analyses (See Ref. 115). A common problem appears to be
categorization of the SOVs for use in EDG air systems. In many cases the original equipment
that contained SOVs as piece-parts was certified or qualified to meet Class 1E requirements,
whereas the individual replacement SOVs were not (see Section 5.4).

7.8 Redundancy and Diversity

The root causes of many common-mode failures of safety-related SOVs have eluded many
licensees’ detailed failure analyses (see Section 5.2.4.4). In many such instances the search for
the origins of foreign unidentified sticky substances (FUSS) have been inconclusive and
corrective actions were limited to cleaning or replacing the failed SOVs (e.g., Brunswick [Ref.
2] and Franklin Institute [Ref. 79]. In some cases, the licensees discounted instrument air system
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Operating expenence shows that SOVs are vulverable to numerous common-mode failure
mechanisms and their failures can adversely affect numerous safety systems. Examples given in
Section 5 are illustrative of such common-mode SOV events that resulted in reduced safety
margins, For example,

simultaneous common-mode SOV failures that resulted in the failure of both EDGs to
start at the Perry plant (Section $.2.1.2)

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

common-mode scram pilot solenoid valve failures that resulted in primary system leakage
outside primary containment at Dresden (Section §.2.1.1)

common-maode failures of two 50Vs and e potential failures of 58 additional SOVs in
multiple systems at Kewaunee (Section 5.1.3)

common-mode degradation of SOVs affecting safety injection, r actor coolant, main
steam, component cooling, and other systems at North Anna and Surry (Section §.1.2.2)

simultaneous common-made failures of MSIVs to ¢lose on demand at Perry (Section
5.1 1.1) and Brunswick (Sectien 5.2.3.1)

common-mode failures of 16 MSIVs at Susquehanna (Section §.2.4.1)
simultaneous common-mode failures of SRV/ADS valves at Brunswick (Section §.2.2.2)

common-mode onentation errors affecting ultimate heat sink, ADS SRVs, equipment
cooling, control room cooling, and other systems at River Bend Section §.].4)

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

repetitive common-mode EDG failures at Catawba (Section §.2.4.2)

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

These common-made SOV failures and degradations represent conditions that reduced the plants'
margins of safety. The occurrence of a design basis event during such times of vulnerability
could lead to core damage or to serious offsite effects. Since SOVs are key components in many
plant safety systems, their ability to function is required to mitigate accidents. Therefore, it is
concluded that SOV problems represent a significant safety concern.
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On the basis of the analysis of operating data, it is concluded that the SOV problems outlined in
this report need to be addressed to ensure that the margins of safety fer U.S. LWRs remain at
the levels perceived duning onginal plant Licensing. Generic and plant-specific actions are needed
o correct the SOV problems in order to restore the plants’ safety margins to their original
perceived values,

The NRC, to date, has issued 37 generic communications pertaining to SOV problems (see
Appendix D). Those generic communications alerted licensees to specific SOV problems. On
the basis of this study, AEOD believes that an integrated comprehensive program is neeced.
Only in this manner will the root causes of SOV problems described in this report be fixed. It
is concluded that integrated implementation of the recommendations provided in Section 9 would
reduce the likelihood of common-mode SOV failures eroding the margins of safety at LWRs,

9 RECOMMENDATIONS

Using a plant specific prioritization scheme based on the risk significance of the safety systems,
gorrective actions need to be taken to address ihe root causes of SOV failures, Such efforts will
result in improved SOV performance, increased SOV reiiability, thus reducing the potential for
common-mode failures. To reduce the potential for common-mode failures, attention should be
focused on certain aspects of SOVs. The actions discussed below need to be initiated to ensure
that the plants retan 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 shutdown. Such a program would
provide the greatest return in improving safety margins.

The recommendations should be implemented because the controls on the design, fabrication,
installation, and maintenarce practices associated with SOVs are not commensurate with the
importance of the safety functions to be performed. The controlling parameters that serve as
reference bounds for design and utilization of these components have not provided assurance that
these devices meet their functional goals. This study catalogs programmatic and systematic
deficiencies such as incorrect designs, actual ambient temperatures outside of the design bases,
unaccounted for self-heating of the solenoids, use of the wrong lubricants, and inadequate
surveillance practices. Taken in total, this experience does not provide assurance that the SOVs
will satisfactorily perform their safety functions, In addition, the biased, nonrandom, concurrent
failures of redundant SOVs depicted by this experience are inconsistent with the single failure
eriterion which is a bulwark in reactor Lafety,

9.1 Design Verification

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

. life-shortening effects of elevated ambient temperatures are considered in the
determination of SOV service life (Section 7.1.1)
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Aggressive actions should be included in the SOV maintenance program to ensure that fluids
flowing through SOVs, instrument air in particular, are maintained free of contaminants. If
operational experience indicates a pattern of SOV malfunctions resulting from contamination
(such as moisture or hydrocarbon intrusion), the affected licensees should consider replacing
SOVs that have been affected by previous air system degradation or fluid contamination assuming
that the root causes of the contamination problems have been corrected (for example, instrument
air contamination problems were to be addressed by licensees' actions in response to Generic
Letter 88-14 [Ref. 44]). (Section 7.2.3.)

SOV manufacturers' lubrication instructions should be adhered to. Licensees should avoid
substitution of similar but not identical lubricants. However, if substitutions are made, their
compatibility with all associated hardware should be verified. (Section 7.2.4.)

9.3 Surveillance Testing

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

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

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

%4 Verification of the Use of Qualified SOVs

Licensees should review all SOVs in safety-related applicatior , (as well as applications that
support safety-related systems), particularly EDGs, to ensure (1) .hat they meet 10 CFP. Part 50,
Appendix B, and appropriate Class |E requirements and (2) that they have been installed and
maintained appropriately te operate in a manner consistent with the assumptions of the plants'
safety analyses (Section 7.4). 1If there is doubt regarding the acceptability of safety-related
SOVs, they should be replaced with approprately qualified ones.

9.5 Redundancy and Diversity
Licensees should consider performing maintenance, testing, 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 manufacturer).
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9.6 Feedback of Operating Experience

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

SOV FAILURES REPORTED IN LICENSEE EVENT REPORTS
1984 through 1989
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This appendix des-ribes the licensee event reports of approximately 200 solenoid-operated valve
failures that occurrvd 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 numbe:

LER licensee event report number

REP FL repetitive failure

TP/OUT cause reactor trip or plant outage

FC failure category

Failure Categories:

00 Other

01 Coil Failure

02 Valve Body Failure/Leakage

03 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 (Backwards, Upside-Down, etc.)
09 Installation/Maintenance Error-Electrical (Loose Contacts, ac vs. dc, etc.)

10 Excessive Environment Temperature



1

13
14
15
(3
17

18

Moisture Intrusion (Electrical Shorts/Grounding/Open Circuits)
Contaminants (Dirt, Water, Rust, Hydrocarbons, Desiccants, etc.)
MOPD (Maximum Operating Pressure Differential)

Design Error (Other Than MOPD)

Equipment Qualification-Seismic

Equipment Qualification-Radiation

Inadequate Maintenance/Excessive Time Between 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 (Electrical)
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arrt initiated
weekly testing

fepaired or
repleced SOV

The grouwre' wes
el imirated by
removiag the
wate~ ingide
the solenoid
hous ing mud
resesl ing the
housing

e n 'S RESERENCE TR/
COCEMENTS DT

Corractive LER BT 001 mo
sction taken on

tetled juxtion

box snd seven

other

vuinerable

ones .

Vibretion wore o
coused

toosening of

rerminal box

concsit locking

ring

Coneex ted insp Rpt o
extens)ve 8o 2R
irwesTig.

Repetitive

c“"“
feltures could
have ©endered
| e tenT
trains of
-lriple

vighteming.
Ref . Docs. LERs
206/86 - 014701,

ondt
361,/87 001 00

<

"

‘v

"
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SOLENOID OPERATED VALVE FAILURE DATA
pOC  PLANT EVENT LER %0, OF FAILED SYSTER maNUs Al  WODEL *007 REP CORRECTIVE CpweE RS REFERENCE TP/ FL
0.  NANE DATE WIBER FRILURES PaRT L CAUSE FL ACTION prOseENTS  Out
206 Sen Orofre 1 02715/88 88-004-02 One SOV Safety Target 808¢ -00 Still under Yes SOV wos SV failure LER s W
slieeve injection Rock 1 irvestigation replaced. prevented Bleed 206781 020
st oty ¢ et off from double
position .t SNEOT e dige grie velve
indicatio procedures( inc Dorwe
n switch tuding
impl ementat fon
of mir's
recommend for
rew Teed
ewitch
cel tpration
206 San Onofre | o3 /03/89 89-008 wone Mo Contairment Not wot Design error  No Design Discovered that None - 4
fire Specified Specifi modificetion 8 single SOV
suppression ed e could degrede
conteireent
spray
m«n,u‘d(’m
g in
ot einment
overpressure
Auring s LOCR
206 Sen Onofre 1 0as23%% 59-026 One foiled 1o Recirc ASCO 06380 Suspect Yes Replsced SCV  None LER 87016 %o 05
shife, system Lok toBNT
wgeicking (ssfety
slug” injection/co
nteinment
sprey)
21%  Maddee Meck 11/02/84 85-005 T failed to Aumiliery ASCO NPAT20  Unknown %o SOV retested sve farled wore s o5
shifr Feedunter scceptably, during Testing.
declored sove required

mgtuck® System

for
more frequent suto- inttistion
cycling tests of AFW
p! srned
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PLARY

213  waddam Keck

21

219 Oyster Creek

Hine Bite Pr 1

220

220 ®ine ®ile Pr 1

Evint
DATE

LER
wUNSE R

09710785 85-024

01714788 88-001

10/16/84 B4-022

06/14/84 84-013

06/17/84 84-C14

wo. OF
FAILURES

One

fFour iIncipients

Three

Three

Sin

SOLENDID -OPERATED VALWE FATLURE DATA

fal o SYSTER
PR’
Failes to Auxilisry
shife foedunter
sgtuck™ System
sov Contelrment
op rating tsolation -
moce Sieam
Conerator
B | oSO

Disphregm Scram
Discharge
volume

Sent Mein stesm

ieskage(2
) .mieposi
t roned
wires

S seest w10 steam
teakege /

1 stuck

open e

to

foreign

mat!

WAwUT ALY MODEL
0.

AsCo PR320

not not

Specitied Speciti
e

wot Mot
specified specifi
e

Dresser/C 1525WX
onsol .

Flectroma

e

Dresser / 1525 WX
Conso! .
Flectroms

tic

L REP
CAUSE L
Lk nowen Tes
Des'ign wo
Deficiency
Instelliad L
draphragm
Deackwards

Inadeguate SOV
rebuitding end
inadequate

DO T -Ma i NTenen
ce Test

wear asnd
contaminants
suspec ted

Yes

Foreign Tes
materisl

intrus)on

(source not

steted)

CORRECTIVE
ACTION

Replsced SOVS .
Initisted more
{ requent
periodic
cycling

Corrected
circuit
design, rather
than cheng ' ng
the SONVs

Install
diaphr e
correctly and
develop
fmproved

post -msintenan
ce testing

1 refurbished,
2 replaced

Cleansd et
refurbished
SOvs

Lo WS REFERENCE

OUCUMENTS

wy FC
T

Caesse of LER 85-00% o 0%
gticking has

not been
derermined.

Same SOVs s 'n

LER B5-005
fratel led SO7s  None
close upon
deerergrring
inetest of
opening upon
deenergizing
per desigr.
Corad! tion
existed for
foused slow
closure of 3
elr operated
SOV et and
drain valves

Retest of all 6 LER BL-0% %o
vaives found

il 1o be

leaking e 1O

mater iat lodged

in the seeat

ares (nee LEW

84-014)

getest of all & B.-013
SOvs (LER

8%-0"%) found

oll to be

lesking due 0
foret ;n

mater i al lodged

in the s=at

aree

s 12
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245

25

247

rI%4

PLANT
namE

Nine mile Pt 1

miltgrone 1

siligrone 1

indisn Point 2

indisn Point 2

Indisn Point 2

LER
LI a4

EVENRT
DATE

11701785 85-0

o7/17/87 87-623

12724785 85-034-01 Between three

wo. OF
FATLURES

Ore plus Two
incipients

One

oret 81 x

06706/87 87-015-02 One

01/04/84 84-001

13727784 84-022

Two

02702787 87-003-01 One

SOLEROID OPERRTED ¥ALVE FAILLURE DATA

FAILED
PARY

3 menact
spr ings

Internal
pestagewe

Y
restricti
on

1 core
spring,
merry
discs

facessive
|eskage

falied
closed

Mot
Specified

Stuggish
per forman
ce

SYSTENW

Hain steem

feedunter
(sumv)

Controt rod

drive

Conteirment
isolstion -
post
sccrdent
sanp! 1g
Contsirment
purge

AfY Steem

Condensate
(etorsge
tank
isolation)

MAKIFACT  WODEL

Dresser /T 1525WX

Electrome

tic

ASCO e300

ASCO uot
epec i1
o

Terget Not

Rock Speciti
ed

ASCO wot
specifi
~

not L 128
specified specifi

ec
wot wot
Spec i f1ed speciti
e

00T
CauSE

Deterioration
of the Bune-¥
disce and &
detached

spe ing.

Plunger tube
scored

ot Specified

wot Spec'fied

Design
deficliency
(sizing)

REP (ORMRECTIVE
FL ACTION

Yee Repliaced all
thrae velves

Yes Replaced SOV

Yes SOVe rebuilry,

e | T enanc e
progrem per GE
s1L 128

%o Repleced
plunger tube

Ho Repleced SOV

%o Reconnected
power lesds O
SOvs

wo Enlsrged SV
orifice snd
cleared
regulator

PEFERENCE
DOCERTS

COMENRTS

SOV s @
plecepart of
the FuRy._

felture of
three control
rods to scram
wes ettributed
te failure of
three to six
sssoc isted
ecrem piiot
solenord
velves

Nore

sOve control
AfFW turbine
inlet steam
isptation
wvalves

sov controls
AOV. Siow
closure
srtributed 10
orifice size.
Debris could
have slso
contributed.

oy *C

Yes '8



249

250

25

250

Dresden 3

Dresden |

Dresden 3

Turkey Point

Turkey Point

Turkey Point

Turkey Point

EvEnt LER
DATE SER

01712/85 85-001

9710785 85-018-01 One Mundred

08/07/87 87-013

12702/86 84-031

12/13/84 B4-034

©1713/85 85-002

01727/86 86-005

no. OF
FAILURES

Orve

Eighteen

Two

SOLENMOID -OPERATED VALVE FARILURE DATR

FALLED STSTER MAMUTALT  WODEL ®007T
PaRT 0. CALISE
Haresel Main turbine Sperry FSDGASA Gresse
operetor vickers J12A
Diaphrams Scram ASCO uot wes
p! Specifi
O-rings, ed
seals
Coit feedunter ASCO 8300
Wot Contei ment ASCO wot
Specified isolstion specifi
(nitrogen ed
supply)
wot cvis ASCO ®ot
specified (isolestion Specifi
velve) ed
Clogged ot Not Mot
SOV sir Specified specified Specifi
filters ed
Mot Main stesm ASCO 2316 1 internal
Specified (MSIV)
1 bent

interference,

pins at fuse

block.

contsimination

Shorted coit

Mot Specified

ot Specified

Mot Specified

REP
fL

Yes

wo

CORRECTIVE
ACYIO®

Replaced SOV

Rebuilt and
replaced SONs,
modi fled
procedures,
upgr sded
aystem

Replnced SOV

Replaced SOV

Replaced SOV

Clesned sir
filters on
this and other
similer SOV
in both unite
5 and &

Replaced 1
sov, fuse
block pins
were
straightened
on other SOV.

SEFERENCE
DOOIENTS

CoveeEn’s

SOV controls
overspeed trip
Common  mode none
failures
resulted in
primary system
leak outeioe
primary

contel rment .
See Section
$.2.1.7 of this
report

SOV controls
ARy sir
operator

Hone

29,320

-

SOV controls See

AV, Ref. Comments
Documents: LER
250/84-032,
251/84-009,84-0
0

Similar
occurrences:
LER 250-8&-034,
LER 250-84-037,
LER 251-84-020,
LER 251-84-009,
and LER
250-83-016

2 independent
SOV ferlures
discovered
Auring testing.
w51V coulan®t
be closed

None

LERZSO/B4 -

Wy *C

Yea 04

Tes 03

Yes O

Yes 0¥
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ooy SHOID -OPERATED VALVE FPILURE DATA
o oL ART EVERY LER o, OF FAILED SYSTERm HAMUSACT  MODEL ROOT REP CORRECTIVE COveeEN'S QEFERENCE TP/ FC
wO . WANE DAYE mmeE s FAILIMES PART w0 CAUSE FL ACTION poOCLmENTS  OUT
7250 YTurkey Point 3 08;0%/86 86-031 Ore wo* Auxilisry/ea ASCO 206 - 381 Water entering wo SOV repleced Similer See Yes O3
specified ergency the SOV ocCur reven: « ot
foedunter LER 251-84-020,
andd LER
751 - 84 - 009
M0 Turkey Point 3 01/0%/87 A7-002 Ore Coil C omponent ASCO 8316 Mot Specified WMo Replaced SOV Nore " one w0 N
rool ing
VaTter
258 Yurkey Point b 00s13/87 87-023 Drve internal Stesm Terge! 100525 Feully wires %o WMot Specifiad WO Nore Yes 06
wiring erer 81 0f eock 1 going to Reed
£ | oudtoun: ewitch
® 1 Turkey Point & 07715737 B7-C15-01 One Groand Containment Mol %ot pDeterioration WMo Ziesned and SOV ‘s » None No 18
foult feocletion Specified Spec it of insulsting retaped wiring plece-part of
{pressur irer ed tape from connec ! tons AV
sap! 1) “norme
sgeing™
251 Turkey Pt & 09715/89 89-011 One Plunger Feedunter ASCO ot foreign ¥o Replace SOV foreign e wo 12
stuck In Specifi materisls from Develop mmterialy were
mid-posit ed plent clean! irnees msetal perticles
» fon modifications controle for and threed
instrument alr seelsnd
system tubing
754 Ousd Cities 1 02705787 85-00 Two comnectio WPCI Barksdale 17R2S0OM Faulty No Repair fallure of WPLI None we OF
n 1o SOV 204 rermingl term ! Turbhine tr ipend
powe cormect ion and conmect ions reset SOVs
Lead vibration and! secure
wires to W
howss g
%4 Oued Cities 04/03/87 87-006-01 One wiring Migh Serksdale 1018433 vibration/ ined Yes geplaced coils WPCI LER BS-00Y Wo o7
connect o Pressure ACP? ecpmte on failed SOV inoperable
n to coil Coclent conmec tion/ina anvd three Replaced SOV
T ioe T 1ON decquate others colle w1 tH
: support repl aced ot rewer moce!
units 1 et 2 also sdded
wir1ng

restraint to
all four SONs




Fage Wo. T

14736/92

DOC PLANT EVENT LER wo. oF

w0 MAME DATE UMBE R FAILURES

2% Oued Citles ! 0770789 89-011 One

255 Palissdes 04710786 86-017-01 Three fall »
three incipients

255 Palissdes 01714787 87-001-01 Eight

259 Srowns Ferry 1 07/05/86 86-022 Six incipients

260

Srowa ferry 2 08/31/87 87-007-01 Potentisl
faitlures ol 3
wnits

SOLENOID -OPERATED VALVE FATLURE DATA

FAILED SYSTEN MANUFALY MODEL *OOT REP CORRECTIVE
PART o CALISE FL ACTIOw
Slocked Faergency wot wot falled to Ho Semcve
exhpust diesel Specitied Specifi remove protective
port generator od macsfacturer's pipe plug end
fire protective test SOV for
protection pipe plug snd opersbility
siso failed to
pecform post
maintenance
operabiiity
rest
Valve Resctor Target 808 -00" Metal shavings Tes Repaired SOV
sest Coolent - Rock in vealve seat and system
leskage (head vent’ area. fiushed to
r emOve
remaining
metal shavings
Inadequat Contalnment Not AE design wo lsolation
. isolation(hy Specitied Sotﬂﬂ error togic mod'fied
isolation drogen
loglc monitor ing)
Wot Eccs Rockwel 1/ Mot Design error  No Remove air
Specified Atwood - Mo Specifi supply to
rritl ed affected
sctuator
Loss of Contairment Not Not Design error  Yes Replece SOVs
sov Drywell Specified Specif! with quatified
function Control Air e ones

Copwet w1S RITERENCE TP/ FL
DOCUMENTS Ot

System had been None No 08
inoperable fo
51 weeks

Discumnes o Yes V7
spur fous

openings of

Target Rock

SOvVs

o w None w0 14

Potential for None Ne 4
overpressurizin

g low pressure

systems due 1O

use of non

qualified SOVs

(sin in esch of

three 3rowne

ferry units)

Use of Oone wo Y4
non-quel ! fled

sOvs could

prevent primery

contalnment

isoletion. All

3 Browns ferry

units affected.
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COC PLANY
NC.  RAME

260 Srowrs ferry 2

261 W.8. Robinson 2

241 W.B. Robinaon 2

261 #.8. Robinson 2

263 monticello

w0. OF
FAILURES

EVENY LER
DATE WUMBE R

06/06/89 89-018 One

05/13/87 87-007 Two

07/15/87 S7-02¢ One

11/05/87 87-028-01 Two

10/25/89 89-032 One

SOLEROID -OPERATED VALVE FAILURE DATA

FAILED SYSTEm mANUE AT
PART
Yalve Emergency Selem
sests diesel
generator
air stert
ASCO

wot tict
Specified Specified

Flectrics foeduster sot
I ghort  (FWRV) specified

sov Diesel not
internsls Generator specified
Sterting Air

Loose Masin steam  Not
terminal (WSIV) Specified
screw

ODE L ROOY

nC. CALSE

812-6 Corrosion
Gebris from
sterting air
system

wot Inadequ_te

Specifi installetions

o of conduit
seals

REP CORRECY IVE
FL ACTION

Yes Replacea SOV

Yes 'mstall
correct seals

ot Water trepped Mo Wire uss

Specift in SW repaired and

5 condolet water removed
from the
contulet.
Other S(Vs
examined for
simiiar
problems.

Mot internal weesr WMo feplaced SOVs

Specifi

s

Not Mot Specifisd Wo Tighten

Specifi terminal screw

- ond inspect

similer SOVs

REFEREMCE TP/ FC
DOCIMENTS  OuT

COMeEN' &

Upgr ded EDC LER xs 12
atr oy, oo 299784008
mint. on
piior to

event Dot
Oetris was be
there trom
tefore.
Prececed by 2
simiiar
eventsisee ref)
Incorrectly
instel led
conksi T seals
at entrence YO
severnl harsh
erw irorment 1E
qualified SOVS.
pPotuntial for
moisture
intrusion

SOV is
piece-pert of
Fumy

wore No W

Yes 11

SOV fallures wore No 18
coused venting
of sterting sir

None e wo 09



Page No. 9
11/15/90

5%

265

265

265

265

265

270

2n

2n

PLANT

Gued Cities 2

oued Cities 2

Oued Cities 2

Oued Cities 2

Oued Citles 2

Point Besch 1

Yermont Yarkee

Satem

EVENY
DATE

LER
wIBER

06/28/85 85-015

02718/87 87-004

09718/87 &7-012

12/10/87 87-020

04706/89 89-001

06/01/89 89-003

06/05/89 89-005

08/18/87 87-00%-01

12/31/84 BA-029

NO. OF
FAILURES

One plus two
inciplents

Two potentisl

ot Specified

One

SOLENOTID OPERATED VALVE FAILURE CATA

FAILED SYSTEm ANUFACY
PART
wot Resctor Versa
specified Sldg. Vent.

System
wot Contairment ASCO
specified vecuum
Mot Comisirr wnt  ASCO
spec | fied Yocuum

Retlef
Mot Main Turbine Sperry
Speci?ied Control Vickers

fFlue
Not Turbogenerat Mot
Specifled or Specified
Not Contsirment ASCO
Specified isolstion

(SG Dl owdown

sepl ing)
Insdequet RCS sempling Target
e cable Rock
sealing
Seat Automatic ASCO
teskage Depressurizs

tion
faulty feedunter ASCO
slectrics (FURV)
t
comne. tio
n and
seat

leskuge

.ok L

a3y

8317

F3-SDGA
54-0124

wot
specifi
ed

L1
Specifi

206- 381

not
speciti

®OOT
CAUSE

Mot Specified

“solenoic
rusted and

cor roded™
{resson/eource
not ststed)
Uk nowen

Mot Specified

Mot Specified

ot Specified

feiled 1o meel
€0
requirements
for
potentially
subweer ged
velves

nEP
L

wo

Yes

"o

wo

pirt/corrosion Yes

prodscte from
the olr supply

CORRECT IVE
ACTION

SOV repleced

Replaced SOV

not Specified

Rpleced SOV

Rebullt SOV

feploace SOV

Resealed
conmectors

SOV cycled

not Specified Yes Repleced SOV

COMMENRTS

VGS-4422-U-10-3
1-38C

SOV is

plece pert of
vecuum bresker
alr teat

cyl inder

Sov s

plece part of
wvacum Dresker
sir test

cyl incer

Rone

Falled SOV
controls
turbine ssster
trip solemold
Hore

units 1 and 3
were suspected
to have the

-~
installstion
deticiencies

Nore

SOV s »
plece-part of

REFERENLE TR/
DOCUMENTS TUT

wore

LER B7-004 wo

Yes

LEm 87-020 Yes

N ore xO
Noorw wo
None wo
None Tes

fC

0

2

2

N

21

12



SOLEMOID -OPERATED WAL VE

FAILURE DATA

DOC  PLANT EVENT LER NO. OFf FAILED SYSTEN MANUSATT  WODEL R0OOT REP CORRECT!IVE COMMENTS REFERE 197 #C
=0 LYy 3 DATE LB £ FAILURES PaeY o CAUSE Fi ACT 10w DOCumE NS Ul
272 Salem ? 01/%1/86 86-003 Orse Sest Foehunrer ASCO wot Probebdly Yes Two SOVs were SOV is » Norwe Yes 2
leaskage (Fumv) specifi contaminated repleced plece-pert of
e si\r the fumy Dire
- aryd BOisTUre
— were detectsd
insir Lirnes
caurs ing other
= esooc lated
foilures
272 Satlems 1 02720788 86-006 One 8roken feeduster wot wot iratellation No Replaced wire None o Yes 09
wire (FuRv) specified Specifi error et and checher
—~ vibration simi lar SOV
27 Sslem 04/08/86 86-007 Fighteen flectrice Post Kot wot Design/instalt ¥o Install 18 SOvVs on Mo we T4
incipients 1 acc ident Specified Specifi srion required unite 1 end 2
: commector sampling - error , |nadeque cormectors hed nadepmte
£.3 e Corwwec o n
immtallation
procedures
275 Disbilo Cenyon 1 01702785 85-001 Two SOV Main turbine kot wot Mot Specified WNo Replaced SOV Hone o Yes 20
“sruck (over speed Specifred Specifi 5.
open™ protection) -~
7% Diablo Canyor 07724787 87-0M Hone Ot e ineent MOt ®ot Procacursl Mo Perform fallure to Rorwe No 22
Specifie astior Spec i fied Spec ifi inedeqgiacies necessary wverify
- verification penetration
Ups “ e feolstion
procedures subseguent O
SOV
: '.Ol.tml
277 Peach Bottom 2 D4L/27 /84 BA-008 One Not Containment ASCO 8320 wot spec:fied WNo feplaced SOV potent ial wore wo 19
Specified isclestion existed for »
(S8LY) gsingle feallure
to have

prevented the
ful i lment of
the safely
furxtiron of
SBGT system

the
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0OC  PLANT

0. A

277 Pesch Bottom 2

t 444

n

2rs

2

zrs

Pesch Bottom 2

Peach Bottom 2

Punch Bottom 3

Peach B ttom 3

Peach Sortom 3

EVENTY LER NO. OF
DAYE B R FAILURES
01724786 86-003 Two
05/29/87 87-008 Three
10/05/89 89-023 One

09/30/85 85-015-01 One

07711784 85-018 One

07719786 86-016

SOLENOID -OPERATED VALVE FAILURE DATA

FAILED
PARY

oC coils

wot
Specified

Binding
of SOV
slug

Leaked

oC cofl

Colt

SYSTEM

Wain Stesm
(ms1v)

Control room
vent i lation/
radiation
monitor ing

Mein steam
(mSiv)

ADS beciup
nitrogen

Main steam
(mSIV)

Mgin Steam
(mSIV)

MAMUFACT

Automet ic Wot
valve
Company od
(vl

Not

Autometic 6910-20

Valve

Company
(AVC)

Terget Not
Rock

L

Automat ic Not

Velve Co. specifi

ed

Automat ic Mot
Valve
Corp. -t
(ave)

ODE L
specifi

Not
Specified Specifl
od

Specifi

Speciti

ROOT

Under
investigastion

Piping
contigurstion
error

Inscequate

marfacturer's

installeation
instruct ions

ot Specified

Reason for
co.t fallure
not qntiﬁ.d

Reeson for
colil failure
not specified

REP CORRECT IVE

L

You

Yes

ACTION

The fsiled DC

solenoids were

replaced.

Recormected
tubing te SOVs
properly

Replaced SOV
and revised
ingtellation
ot

ma AT enence
oF oC e e
Repl aced SOV
with an
upgreced one

Tesk force
o ommewtec
resting of OC

solenoids eore

often snd
analyre couse
of future
fartures.

The dc coil on

ecach WSIV's
SOV wes
repleced.

COMeEx"S e FERENCE

DOCLUMENTS

failure of 2 UC None
sovs in 2

separate |ines
coused closure

of mSivs

Seople lines to None
three SOVs hed

Deen connected
incorrectiy.
Atfected

control rooms

st both units 2

andt 3

Seference LERS See
277/86-003, © cm—t
278/85-018,
27T8/86-016

Previous
similer

“tw "““
repor ted in
LERg 277/85-00
and 27TH/B5-05
oC sov fellure Nore
coupled with
orwntacy loss

of AC power

resul ted in

MSIV closure

C omments

Similer rescror See
scrams in 1985  comments
.t

1984 defect ive

dc coil coupled

with 8¢ power
interruption):

LERS

278/85 018,

27786 03

w7
ot

Yes 9

on 27

Yes O

ves 07
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e PLART
. R

280 Surry !

280 Surry !

281 Swurry

287 Swrry 2

FVERTY LER o
OATE Ll 3 FATL

03/28/8%4 84-007 oo

11712787 87-0M Orve

01727788 B8-001-01 Two

02/702/88 88-002-0% Two

w 1D -OPERATED VALYE FAILIME DATA

FAILED SYSTESR mANUFACT  MODEL
PART w0
wor Feadunter Hot not
Spec ified (FURY) Specified Speci il
-
SO Conteinment Mesoneia 3500
wiring fgolet ion n {SOV ser lon
biocked wunspec i !
tsoletton ed)
velive
operetor
srw Containment Terge? Rav-001
estage jeolation{pr Rock AS r 20638
essurizer e
vapor Space
eamp ! 1ng)
Sest Resctor valcor vS26-56
leaksge coolent AY-19
sampl tng

igo'stion

#O07 eeEP
CAUSE fL

mgimenarve o

hae! Deer done

--.w'

sppr oved

procedures
inedepmte

post

- inTenarw e
testing

L oper -
ingtel lotion

Came ol SIW

| estage ot
"*5’l~4
Cause of wrong
"_ﬂ l~‘l»"~
elecirice

me i nTermry e
~pereonel
error™
jmgraritiss in o
B

roolant systes
water

or et et
romplete sest
closures

impr 1t 1es

als0 caused
niteing of

valve

imterom' s

WEECTIVE
ACTIO™

Secormmcted 1A

tines 1O
proper SIN
ports

Secured SOV

Yes FRepeir OF

replsce SOV

Swve rep! eced

- » o
progrem To
erdharw -
mater el
onciim on
contrels

w7 9

(ree TS

DOCLMENTS T

st rument alr  None me 08

{ines were
corywe Tt To
the wrong ports
of S SOvs ot
Surry unite 1
—y

ATty o o
wrmpes T led SV
rouss
mechen el

»rewt .‘ B
PN Tha .. kit
igsoietron

Yo v 5

e 8T O
fFlectricions
trying to
soiate lesking
SOve |ifred

T ONg .-

e

o ca B8 DOT %o
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DOC
wo.

29%

3

PLANT
masE

fort Calhoun

indien Point 3

Pitgrim

Pllgrim

EVENT
DATE

LER

wC. OF
FAILURES

05/01/86 86-003-01 Two

02/11/87 87-002 Ore

07719788 88-021

01/27/89 89-004

four Incipients

Two suspected

SOLENOID OPERATED VALVE FATLURE DATA

FalLED SYSTEW MAMUFACT WODEL  ROOT LA
PaARTY »0 . CAUSE ft
fatlure Naste ges o Mot Pereorve! L L)
poeitiors Specified Specifi error
of SOvs -
reverged
Cott Containment ASCO azne Mot Specified Yeu
Leskage
control
Potential Primery ASCO 2320 Design error Mo
for conteinment aret
exceeding control rm ¢ PR320
L ol Turd blidg
Limits HVAC/SGTS
NOt Contairment ASCO WPRIIG mot Specified ¥o

Specified igolation

CORRECT IVE
ACTION

Return SOVe 0

correct
fatiure
positions

The feiled
solenoid valve
repleced with
ore of @
higher
Temperature
design. 3
simi ler SOV
cotls were
alsc replaced.
Replace SOVS
with ones
rated for
nigher MOPD

Sepaired lesks
arvd roapleced 2
SOvs

COMERTS SEFERENCE  'YP/ FC
pOCIMENTS  OUT
fall clowed ore we 22

Ve had been
changed to fell
open, resulting
in vo!uwe
control tenk
leskege to
suniilery
buildig.

The design of
no. 34 sretic
fnverter wos
tsproved to
alliow isolstion
of single
branch circutts
it o short
circuit
develops
faiture of
pressure
regulstor would
result n
inoperanility
of 4 SOvs due
to exceeding
-er imits
faiture of 2
AlNe Oue to &'
system lesks.

2 SOvs were
replaced as &
precaut ton
sgminst
excesding WED
limits of the
SOvs

LER Yes V1

25-001-00

LER 89002 Yes 21



Page WO 14
11/716/90

pOC PLANY EvENRY LE®

w0 RANE DATE e e ©
293 pilgrim 05/70%/89 89-015
295 1ion 1 O8/08/8S 85-029

0% Ziom 10716788 88-020

01712789 89-001

»% ZIion 1}
295 Ifon 1 11722789 89-022
298 Cooper oss18/56 86-018

302 Crystal River 3 01/05/8% 89-C0N

wo. OF
FRILURES

Two

One

Ore

One

02 wore

SOLENOID -OPERATED VALVE FAILURE DATA

FAILED SYSTEN MAMUSACT  WODEL *007 REP
PART L CarSE FL
Cofll Main Steam Autometic 4910-02 *Rendom wo
(msS1iy) velve 0 faliure”
Corp
(AvVC)
wsruck® EDG building Mot Not wot specified Yes
pilot ventilation specified specifl
velve e
Plung=r Service ASCO 8320 forelign Tes
stuck in water meterinl
mid-postt {pilece of
P on SOv's
einstomeric
seat had
broken of f)
failed to ventilation ASCO as2e yeskened coil Yes
shift (service
water
bulldimg)
Plunger Service ASCO 8320 "esk erned Yes
failed to water coll™
open butiding
ventiletion
Hot Resctor wot Not wor Specified WMo
Specified Recirculstio Spectfied Spec it
n System ed
Mot multiple RSCO AT20/%P Design Yes
error -MOPD

8315/83

£

Specified systems

CORRECTIVE
ACTION

Repisced SOV
sssemd) !y

Replaced 50Vs

Replaced SOV

Replaced SOV

Replaced SOV

ot S("("‘Qd

Replisced SOVe

with others

having higher

HOPD reting

CLMENTS

L0 such wvalves
weed in Doth
units

C oo smoce
failures found
during testing
Additional ONFs
ocur red next
day at unit P4
sOv did not go
to “feil safe”
position when
de-erwrglired
Upon safely
Nt
heva resulted
in reduced
essent ial SW
flow

Rorne

Hone

O

See section

$. 1.3 of this
report for
ackd it one

yon could

gEFERENCE
et al 3 RN

LER
304 /8% -01%

Mo

13

295/ 001

MO

C omment s

wr 0
‘1‘7

Yes 07

s 05

so 12
#o 0N
N O
o 2
%o 13

g
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11/16/90

DoC
0

302

PLANT
HAME

Crystal River

Crystal R ver

Crystal River

Crystel River

Itlon 2

Iton 2

EvEn?
DATE

LER
" gt 2

©4/07/89 89-012

04718789 89-015

09726/89 89-034

09/06/89 89-035-01

OT/11/84 B4-015

0R/09/85 85-015

NO. OF
FAILURES

Eight incipient

One incipient

Mary potent latly

effect

25 potentil

safery relived

Not Specifiad

SOLENOID -DPERATED VALVE FAILUSE DATA

FAILED
PART

Hore

NOt
spacified

Electrice
L power
suppl les

Coit
uncer - ret
ed (OC
voltege)

Interns!
Leakage

“Sruck™
piter
wvalve

SYSTEM FANUTALCT
Contairment ASCO
‘solation

(RX cavity

cool ing

systes)

Reactor wot
coolant pump Specified
ses! bDleed

oft

MVAC, sot
contairment Specified
isoletion,

Hain steam

(MsSiv)

Contasinment Not

cool ing, Specified
conteinment

isolation,

NSCCOW, EDC

Main steam Kesne
("S1V)

£DG building Mot

vent specified

mODEL

a320

ot
Spect @i
-

wot
Specifi
od

Not
Specifi
-~

$1-170

ot
Spec i €1
ed

ROOT
CAUSE

Denign error

Inecdequate
selamic
instaliation

Design erivor

incorrectly
specifled
opersting
voltesge

REP
L

Yes

Yes

Licensee could Wo

not find ceuse

of failure

wot specified Yss

CORRECTIVE
ACT IOM

Replace SOV
corls with
coils having
correct
tempe sture
ratings

modi fled SOV
supporte

Modi fied power

suppl les

Repleace SOVs

with correctly

specified OC
vol tages

Three SOV t0
be replaced
with
enviromnmentell
y qualified
SOvs

The walves
were replaced.

COMmENTS

2 SOVs were
affected.
Reterence

documents: LER

78-054, 82-023,

88-013,
89-001

Intermingling
of € ancd
non- 16 poser

sources to SOVe

None

Common  mocke
feailures found

during testing.

Also occurred
on unit 1 the

previcus day.

40 such valver
on units 1 and
2.

REFEREWCE
DOCUNENTS

comment s

LER
295/85-029

w7 FC
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PLANT

2ton 2

Y eumwee

L ewpunee

Y owsunes

EVENY LER #o. Of
DATE PR R FAILURES
02/03/27 87-001 Ore
07/02/84 84-013 One
\2/16/84 B4 020 One
02711785 85-005 One

11728787 87-012-01 Two fsiled piva
54 incipients

SOLENO!D -OPERATED VALVE FATLURE DATA

FAILED
PART

O-Ring

Coil

Coil

Coil

Falled to
shifr

SYSTEm AT A

Main stenm Chicego

MS1Y) fFlutd
Power

Auxiliery Johnson

st lding

spec inl

yentileation

Auxilinry Johnson

building

special

wentiliation

Auxiliary Johnson

bultding

epecinl

ventitetion

Lonteirment ASCO

isolstion-Pr
: 2

reliet make
wp RCDT
discharge

NSVY- 14
-C-RP

v-24

v-24

v-24

Ll AR

*007
CAUSE

marwsf sctur ing
defect or

demage ouring
instaliation
Mot Specified

“Burnt out™
coil, root
ctusze not
specified

Coil "burnt
ot ™ root
couse Mot
ateted

Design error.
Conditions
exceeded SOVs'
noPp Limits

REP
FL

Tes

Yes

Tes

CORRECTIVE
ACYION

Replaced SOV

The Johnson
valver weare 10
e replsced
with ASCO
wP8325 SOVs es
they failed.

The Johnson
SOV was
replaced with
an ASCO
wPAS20.

Replaced SOV
with sn ASCO

Replece SOVE
end correct
reguiator
settings so
that WOPD
ratings witl
not be
exceeded

COMENTS REFERENCE
DOCUMENTS
None Nore

82-03,28, o ™
8%

sy failures
resulted In
inttiating
safeguards
ecusipment . 59
such SOVs
remsining would
be repleced
with ASCOs at
next oulsge
Due o
repetitive
tailures of
these Johreon
Sovs, they were
all being
replaced with
ASCO w8320
SOvs on an
as-fall besie
Due to
repetet ive
fetiures of
these Johreon
SOvs, They were
sll being
repteced with
ASCO wPAS20
SOvs on an
as-fail besis.
See Section
$.1.3 of this
report

LER B4-13 wo N

LER e o
84-013,020

o no 13
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DOC
-

31t

3t

PLART

L owscree

Bsire ankee

Maine Yankee

Salsm 2

Salem 7/

NO. OF
FAILURES

EVENT
DATE

LER
womer e

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

incipients

O8/10/86 86-005-01 Ore

05/2%/88 A8 005-02 four incipients

01/28/85 85-001% One

05/22/89 89-011-01 Mone

SO ENDID OPERATED WALVE FAILURE DATR

FAILED
PARY

feiled to
shifr

faulr

¥ot
Specified

Faited to
shift

wot
Specified

SYSTEN

Containmuent
fsolation
(prr relief,
mak eup
isolation)

MANUFACT  WODEL
NO.
ASCO WAL

ROOT
CAUSE

Rarwf ac tur ing
error
(uremuthor § tad

Lutwr fcmnt)

Cerdox Fire Chemetron 5-020-0 Mot Sprrified

Protection
sysTem

#wPSl/chergin R.G.

9 o p
SUCTIOn vent

Emergency
diesel

generstor

Nain stesm
(*solstion
valve)

o7 -8

Leurence OCSW

Magsone !l Not

L2TNWAZE Design error

SOV instelled

-n Specifi beckwards
od
Hot Not I nedequate

specified Spectifi
od

surveillsnce
testing

REP COMRECTIVE

Fu

o

wo

ACTIO™

Closned ot
refurdishee
e sffected
SOvs

Repiaced SOV

o1 fied

system

Reinstelled
correctiy snd
revised

ma 1 Ntenance
procecures
woctt £ red
testing
circaitry

COMENTS REFERENCE TPy FC

oOOIMENTS OuT

Initioted o LER wo o5
extensive root AT-012-01

coume armlysis.

See Section

$.2.4.Y of this

report .

Sw faillure o 20
tr ipped Cardos

system power

supply bresker

thereby

disabling the

Cardos systes.

SOws 1n high o w0 5
red. fields not
erviron. quet
failure could
Ccmme
uncontrol led
releass of
redicactivit:
to non g’ .

% Mol

SV iz »
plecepart of
EDG cooling
water flow
control velve
Testing
deficiencies
wousl d prevent
detection o'
SOV feilure
Deficiency
existed 8t umit
2 sleo

wot Yes 4

Specified
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11716790
Sox EW010 OPERATED VALYE FAILURE DATR
DOC PLANT EvENT LeER w0, OF FAILED SYSTER ANt ACT  PODEL L o P CORRECTIVE COPENTS PEFERENCE TP/ FC
. SAE DATE R FAILURES oaRY O, CaerSE fL ACTION pOCPENRTS T
313 A0 1 05706785 88-001 Te Lifting Poet Terge” pos 601 Digign error Mo SOVS were tcorrectiy LER e 08
of ecc ident ock /29-00 reor iented oriented SOVe  368782-001
plunger sempling Corp. - correctiy et oper upon
Caprer fous ammll e resses
actuation in
3 heckpressure

See Section
$.1.4 of this

report
317 Calvert Cliffs ! 04701787 A7-087-08 Four incipients Ungualifl pumitiery not ot Design error Mo peficient Two SOV on e Yes 28
e Feedhuater Specified Specifl electri ol each unit Found
electrice od corgver tiore o heawe
t were wpgraded inadecuate (£9)
cormector with EQ electrical
s aqualified ones Corwwct lors
317 Cetvert Tliffs 1 08s22/8%9 89-015 sore Mone todine wot wot Design error o Replece with SOV feilure "o e 15
filrer Specified Specifi (O tier seismicelly could prevent
dous | ng - ciessification ousl fied SOVS jocdine filtere
P adtad ) trom performing
their function
317 Catvert Cliffs 1 11715789 89-020 None Hot Salt water WO wot Design error No Replsce with & SOvs in none ®o 15
Specitied cooling Specified speciti (@ list seismizally safety system
-t clessification qual . fled SOV> not able to
¥ vl power withstend
sourced selsmic event
power  SOUrCes
=4

]
i

b
1

f
|
l
!
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pishio Carwyony £

LER wo. OF
- et FAZLURES

87-004

08714785 85-019-01 Three

12721785 85-022 One

One inciplent

SOLEWOIC

FAILED
PART

1. nlesirg
tock mut
2.5k
£lunger

Main control
OO
pryy | F OOt S

L contre

Conte:rment

ventilation

Conta ' rment
isolatior
(8X buniding
starciy
venttlation)

rein Stesn
(msSiv)

OPERATED

WAL VE

mODEL
L8

mANUFACT

Wot

Mot
specified Specifi

ASCC

Mot Mot
specified Spec ittt

et

Negiyn ereor,
SOVs were
ortented
iocorrectly

Pe somne
errer{iniirrex
1 unooc upent ed

wirng hmnge )

1 mpr ope
wiring
irstalistion
andd Dumped
junc t1on box

REP
L2

¥o

CORPECTIVE
ACTION

Radesign main
contrel room
e irormental
control

system control

wEFTNEm(E
DOOURENTS

COMENTS

sSirgle SOV
faliure could
CompeOomi s
roos
hebitity

1. instelled 8 2 damper

migning loCk
rut./ 2. WO
cerrective
sction token
on atuck SOV
pecause 1
tested Okay
submecuent 0
fatlure

Reor ient SOVs
to correct
poait!one
verticel vs.
At rovtel)

Replsced SOV

The wiring

connection wet plecepart of

properly
reter iminated
other similwr
Sovs’
terminat lons
were

nspec ted

toltures. (1
coumec by
migaing lock
st o SOV, Y
coused by 3tuck
SOV plunge?)

Common =m0 Rone
failures having
potentisl to
preven?t
fulfiliment of
safety
Fanct 1 on
rgtstec ted SOV
tailure coumed
5 month loss of
1 train of
ESFAS sctuatior
of wSive
SOV

LER AS

is = LER
27585

the FuBV
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11716/90
SOUENOID -OPERATED VALVE FATLUME DATA
0OC PLANT EVENT 1LER N0. OF ERILED SYSTEW MANUSACT  MODFL 2001 REP CORRECTIVE COpeeE w1 S REFERENCE TP/ T
N0, WAeE DATE w PBER FAILURES PrRY »l . CAUSE FL  ACTION DOOIMENTS  OUY
Wi Bruwwxick 2 09/27/85 85-098 Three Disc-to-s Sair steam ASCD aszs #ydrocsrbon,  Wo Reploaced SOVs Common  mode ore o 12
ear sy woter end high failures. See
sticking remperatures Section 5.2.3.1
coaused of this roport.
degradation of
seat material.
324 Srurewick 2 10715785 85-017-01 Ywo OC cetl  Main Stesm  ASCO NPA32S Licensee No Repleced SOVs. None .o Yeu OV
(W31 suspec ted Eatansive
chioride fatlure
corroeion araiysin
initisted.
328 Srumewick 2 01/02/88 88-001-05 Four Falied 2o Contsirment ASCO 206-832 Stitl under Yes Repisce SOVs. Four previous insp Rpt Mo ¥
shif? {sol . /drywel investigstion. Performing simitier 28 -0
{ floor and Found debris extensive failures hed
eaom: drein ond oil fiim failure been
sune on one SOV. armiys's exper lerced
Suspect high
temperatures
from self
heating of
energtzed SVs
324 Brunswick 2 06717789 89-003-01 One failed to Dryweil ASCO ot Suspected that Mo Replsced SOV Extensive worwe ®o 12
shifr purge end specifi foreign o' yets of
went et perticuletes root ceuse vis
found in the mot toraity
SOV had conc s ve
ettached
elestomeric
parcs of the
oV
2% Srumewick 02728/87 87-005-02 Tuwo Discs Contairment Valcor YS2645- Not Specified wo Replaced SOVs SOV leskege None No O3
tsolation S683- 14 Tt Suring
ey
325 Brunswick 1 07/01/87 87-019 One Stuck wain Steam Target! 172 SNS Encess Loctite Tes Peiurnished See Saction LER wo 7
plunger  (MSRV) Rock “A-01  used by SOV %.2.2.2 of this 87-020-00
merufactuTer’s report
field rep
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328 Seqmereah 7 T8k B4 -0 07 Ore

(2R Sequoyeh 06/ 11/88 88-026-01 Tw=

Secprrysh

01710/84 B4 - OO Two

331 Dusne Armold

13 = =
)
S5 B2 _thie PERATED WAL VE

» SYLEm maw TACT
Srurk Ba'ln 9team Taget
e I A Rk
ot oot Lo
™ (fied Specified Spe + ¥ ied
Con” § peeen s = ases
st ape
trwror re? P C ot

externel
wiring
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-t

Lt erTe
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L

e
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1173679

DOC  PLANT

0. WANE

131 Duerwe Arnold
I31 Duene Arnoid
131 Duene Arnold
333 Firzpetrick
313 fitzpetrick
333 Fitzpetrick

EVENT LE®
DATE - iy

.. OF
FAILURES

01/28/85 85-002-00 Ore

0527782 88-005

08/20/85 85-022

11722795 25-027-0%

08/03/89 B89-013

Cre

o

SOLEMDTD -OPERATED WAL VE FRAILURE DATA

FAILED SYSTER

Disphrage wig
pressure
coolent
injection

ot Fire

Spec’?ied Suwpressiss

Cott main steam
(meIvY

Electrice Main stesm
t feultr (mSIV)

sov Main steem
uneble to (WSIV)
see’

proper iy

wot Contairment
Specified isolation

WANUFALT  WODEL [ REP CORRECTIVE O S *EFERTeCE
Ll CAUSE FL ACTION DOOSENTS
Shinmer L2055 End of o Sepleced SO¥  Sone - e
Electric @ tifasenceas’ve
Tl Dt
-t e -
fiectro m 010008 Design ~rror o Replocsd SN L lrermne S = e
e 3 et in wguate wpgreted SOV
(Chamet o posT with e
n Corp.) -l BOANC Y tncore.. e
reet i~ Deficie Cy e
not fourd
dur ing Doet
- it
Teating .
ASCOD wPASZY Woigture so Repleced SOV. T other similer Nore
intrusion from Tightened SOVe were
ateam lesk [ orw | onure subjiect to
Lreeepaat e cowers of enisture
rorgueing of other simiter intrusion
e | OsUre sve . faliure e .0
fantener”  Om— —-
torgue g
deficiency
ASCO wor EURE s el %o SOve repleced AL covl - o
specit! pecsorvel et T et eer « e Ted
- error in correctiy e 20 aource
externs et 00 coll hed
wiring e« oewwee Ted
o AL source
ASTO wPAI2S Srees allver Weo Clesnacirefurd NSV wable to Wone
e To croee Gahes SOV clore
thresding =17 check other
Lime fitting for similer
prot! em
wor Design srror %o Correct wiring None e
error

wot
Specified Specifi
ot

Tes V1

" W2



Poge wo 23
1 /%/90

33 Sesver Valley 1

136 witigtone 2

336 wmillgrtone 2

338 morth Arwe

EVENT LE®
DATE mpese

08/07 /28 88 007

12731786 86021

01/02/87 87-002

02/02/84 B4 -005

OT/728/84 8-

11/23/87 BT-020

.. oF
FRILIWES

Two

& failed and S4
incipients

Ty

SOLENDTD OPERATED VAL VE FATLURE DATR

Faneo STSYEm WANUFACT  WODEL 2007 REP JOSRECTIVE
PART L CanrsE L RCTIOW
ot Diesel Johemor W0t Not speec ified #o Replsced SOV
Spec ified gererstor Spec i #1
air stert -
Broken Resctor vealcor V06 &0 Sumpect %o Repleces T T
springs Coolant Weec Frge L2-3A Wydrogen P8 cowings of
in SOve Vet Corp — 10T — sl similer
valcor SOwe
Disphragm Wein AsSCC 8262 wot specified Tes frmpec ted gt
| eakege fooctont v Tep wced
(Fumv)
Electrice Conteirmeat velcor weicos Inedeguate wo Repleces
1 -moigtur isolstion and 2500 S26geri condsit falled SOV
- - Vgt g e erel ing vt genled 8l
intrumion centrol /pese m—thode oid deficiont

net mee: wics
specs o meel
16EE 324

@mlifications

wot Main stesm Copes ot wot Specified o
Specified Vulcen Spee 141
-t
wot woin Steam Copes ¥l Wot mot Specified %o
Srwecifiad (ATmosphesic con Specift
Duep Veolves) -

ettt mealw

Overhoul ed SOV

ater

glrouits were
e wowr gl red
in order to
stert the

eCcTh e .

COOENTS

EDG mir atart
SOv faled

Prior e event
theas Ve hed
been [earing
el hec e
isolates

B

& SOvt felled
and 54 SOV
wmre rartel led
incorrectly in
both wnite

Slow closuwre
resu’ ted in

ateam gerwerator

owerfill

racurrece of
™his Tyoe
cant, on
evelust ion te
frmrel
vt 1 oeml
leve! switches
will be

por formed

aEreRENcE TR/ FC
Ll 2 LU

> we 22
- " 03
- Yeu 02
P L
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EVENT w0, OF
DATE FAILURES

01/08/08 88 002

o}),-q IRR m on

sorth Arwe 1 o315 /88 sR-012

r o bt ghert

arwd trmrgl led

-

1-0C-Tv- YO3A

Repiace O-rirng Sape! vt el

0T/ 10/~ 89 014 0 0 I
e

irmesoe pitote? -

*716786 85 o007 Ore - that the
r———

g i




Tage %o 25
1171%6/90

4L Troien

344 Devis-Sesse
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“F Terget Rock Corporation, 1066 Broadnoliow Rd P O Box v Fermingoale N.Y 11735 0917

SUBB DRy RS WG CORIORA IO Refer to £-19670
- Page | of 4

Dr. Hal Ornstein

U.5. Nuclear Regulatory Comm,
AEOD MNB 9715

washington, D.C. 20658

Subject: Preliminary Case Study Report on
Solenoid Valve Problems at
U,8, Light Water Reactors,

Dear Or. Ornstein,
The subject report wes reviewed and the foliowing comments relative to spurious
opening and/or valve orientation are hereby of fered.

In Section 5.1.4, two separate basic problems were discussed, Solution, by
re-orientation of the valve in one type problem is not necessarily the fix for the
other.

The two basic problems are:
1. Unexpected short term (spurisus) opening of & unidirectional valve.

2. Hno:poctod reverse pressurizetion (long term) opening of a unidirectional
Vl ve, e s a0

Figure | 1s a representative sketch of a unidiractional valve. The figure depicts
a closed, de-energized valve, wherein inlet pressure (Ps), enters radially fnward,
and provides an upward force on the piston pertion of the main disc. Control
pressure (Pc) acting in opposition, negates this 14fting force and additionally
provides valve closure force bg its effect on the disc port area (Ad). With the
pilot valve closed, Pc equals Ps. At the introduction of an inlet pres:uro surge,
supply pressure is momentarily higher than control pressure, until control
pressure re-establishes equality with supply pressure by the flow of fluid thru
the inlet orifice (a1), Consequently there 1s a time delay in equalization of
these pressures, Should the 1ifting fopge exceed the closure forces, the valve
will 11ft. The valve will remain open until the downward force overcomes the
Vifting force, where upon the valve again closes, and the closure force builds up
to full value again,

FAX (816 "92./40 T+ MBI K EASYLIF K & 0% 201



£-19670
TYPICAL PILOTED COLENOID VALVE Page 2 of &

CONFICURATION
:"‘l"' f-».at pom— “"‘EQE'
bmtiiae SR cuselile
¢LECTRICA TTI & MACNET'S ATTEACTIVE FORCE
SOwEl__ 1 [ F,* SPRING LU, O FORCE
Ke* SPRING RATE
SOLENOID COIL - ’L\ X * PLUNGER DISPLACEME T ‘
N P+ CONTROL PRESSURE
G
. Pg* SUPPLY PRESSURE
t et + M AE.LAZ B+ DISCHARGE PRESSURE
2 Ap‘ PISTON AREA
“OVABLE CORE —_ Ag® MAIN DISC SCAT AREA
h,+ PILOT VALVE SEAT 4REA
,J;T_- B+ INLET ORIFICE AREA
s P1iOT LVE EFFECTIVE AREA
&,* PILOT VA 3 £
L

ﬁ

7. %/ N
AR s
7//// ~ S |

T VALV
E*ngAﬁﬁt :

ORIFICE (.2J ‘

\\

INLET Q l lgg aaad (.\)

PILOT VALVE !
(MAGNETIC) FORCE UP « F

FORCE DOWN + F, « Ko X o (P <P ) ,A
MAIN DISC
FORCE LP = P (A_-A )« Py A

FORCE DOWN = P A

""rt




b)

| { vailancec ‘ ¢

seating area. As 2 result, inlet pressure "sees” the same area 1n Opps .
directions, resulting in a zero differentia) force. When inlet pressure 1§
introduced undur the disc it 1s ducted above the piston by 3 large transfer
hole through the disc. Hence, equalized forces result with flow upder the
disc. Consequently, with flow introduced in either direction, the pressure
times area forces are balanced, and spuridous opening would not take E\bie,
nor will the valve open simply by direction of flow. The force halance,
however, can only be effective within reasonable limits of wachining
tolerances, As the pressure differential across the valve increases, minor
differences in piston area compared to disc seating area cause large force
inbalances. Nor full ported valves, pressure differentials beyond 500 ps)

<

require abnormal machining precision and thus not generally used

A Simple design that can be controlled with flow in either direction 15 @
direct acting design using a small disc and a heavy spring. In this way

pressure may be applied in either direction, with the spring force selected

high enough to overpower the pressure times seating area force, The
ytion, of grse. 1s the valve full flg apacity whicth
200 times smaller than available ir

. nay be U %¢
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(¢) Check valve in gisc - since in most applications, it ig simply required that
tFe velve not Dorn§t flow in @ reverse direction, 2 check valve in the main

gisc has been provided, The check valve will permit valve downstiream
pressure to enter the control chamber (above the piston of & unidirectional

¢isc) whenever the downstream pressure 1 higher than control pressure.

builds up control pressure to keep the disc closed, In this design, f1
normally over the disc, 18 controlled by pilot valve command; while flow,
introduced under the disc, will build up control pressure and keep the valve

closed (for emergency onlyl.

Note that there may be some other areas of the subject report that could generate

additional comments, These will be of fered as soon as possible.

Very tru’) sours,
TARGET 10CK CORPORATION

'l/ . ‘¥:‘ _‘f“‘ddfmw
Vito Liantonio
Manager, Application
Engineering Group

VL/s0
Attachments
ce: R, Langseder
K, Wenzel
Y, Crowley
E. Bajeada
R, Glazter
S, Karidas "
File = NRC
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October 2, 1984

b {H 0.K, Vater
FROM: V. Liantonio
SUBJECLT: Spurious Opening of Pilot Opersted Sclencid Vaives

REFERENCES: 1) Target Rock Report F2866; Solenoid Valve Response to
intet Pressure Transient, 12/17/80

2) ASME Publication B1-PvP=39, April 1981, Spurious Opening
of Mydravlic~Assisted, Pilot Operated Valves = An
Investigation of the Phenomenon,

The two referenced documents provide an adequate understanding of the
subject phenomenon, The design of most pilot assisted valves will develop
s transiently applied force tending to open the valve when & rapidly
applled pressure increase |s sensed at the valve inlat, The most effective
deterrent to this action is to maintain the valve filled with ligquid, The
pressure dbuild up in & liguid filled control chamber is fast enough to
prevent valve opening for al! practical pressure transient rates applied

to the valve inlet. Also, one of the easiest methods to achleve this i

to mount the valve with the bonnet tube directed downward, or as & minimum,
below the horizontal,

The worse case scenario is one where the bonnet tube is filled with & gas

(usually air at atmospheric pressure) and a pressure bulld up occurs at

the valve inlet, The pressure build up, however, was required (per Reference

1) to occur ot & rate of 250 psi/sec or higher. This buile up must alse

cxceed two times the prassure existing In the control chamber, immediately

prior to the app'lcation of the pressure Increase. Should transient

pressure buildup be predictably slow, therefore, no special consideration

is regquired.

Recommendat ions: g

| « For valves discharging llauid to amblent (as is the case of the last
valve In the chain of resctor head vent valves), mount the valve with
the bonnet tube below the horizontal, aee

2+ where pussible, maintain positive pressure at the valve discharge port
(See Reference 1),

3 = Locate valves discharging to ambient where spurlous opening will not
compromise personne! or plant safety. A i
i b. o ,“‘-“'6-“
Vite Liantonle
Manager, Engineering
ViL/¢)

cc:  Messrs: D.M, Pattarini
Code Englinears

Attachments = References | and 2.
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gtatic Condition A) ™e test valve and piping system was flushed ‘;"
vith water to remove most of the trapped air,
Some quantity of alr probably vas retained in
the upper region of the valve bonnet tube since
this area is out of the ncrmal flow stream. (see
Table I for test data).
static Condition 8) The test valve and piping systen was drained, purjged
vith air,then pressurized at 500 psig with
Argon gas. Some small quantity of water probably
vas rrtained in the area of the valve disc due
to the bonret tube position of avproximately a0
from vertical, (see ‘hb.lo 11 for test data)
gratic Condition C) The test valve and piping system vas drained,
purged with air, and vented te establish atmospheric
conditions within the system, (see Table III
for test data)
RESULTS
STARTING AT STATIC CONDITION (A): (Ref. Table I)
A series of pressure transients were initiated after establishing &
water filled system at O psig. or slightly higher to prevent the
entrance of alr. T™he piping aystea was reduced to this pressure
level Sefore each transient test,
™e transients wars conducted by incressing the pressure vtthI: the l
piping from O peig to;100, 200, 300, 400, 3:?. 750, 1000, 1500, 2000, ﬁ

and 2500 peig. At each pressure level, at least one test vas

conducted at a transient rate of 2500 psi per second,

Tt rONVE (100

«4
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STAXTING AT STATIC CONDITION (C):(Ref. Table [11)
™ese tests were conducted with the valve and piping drained and
purged with alr prior to each transient as in (B) above, except
the system was at artmoszheric pressure prior te introducing water -
at pressures cf 100 0, 200, 200, 450, 500, 700, B0OO, and reig.
™6 transient rates varied from 250 to 2750 psig per second,
At & number of these test points, the main disc

lifted momentarily,
allowing various amounts of water to flow before re-seating against

sjpstream pressure, 3Secause of the limited flow cap.uility of tha

tust facility, when the disc cgened, the pressure transient rate

could not be maintained, Because of this, the a¢ acy of the rate

of pressure change measured from the actual recording of the test

may be in error,

In some cases, an increase in the transient rate did not result i(n

{ncreased water flow through the valve,

A reviev of the data indicates that the Condition 4t which a presswu

transient i3 most likely teo cause the valve disc to momentarily open,
is one where the valve and piping ig# charged with air at atmospheric
pressure prior to a pressure transient that introduces water into the s

system at a rate in excess of 250 psi per second.

Water filled systems and air fi{lled systems pressurized to 500 yaiq, g
Ay

appear to be able to withstand far greater pressure transient rates

Lhan air filled systems at atmospheric pressure vt:hout causing

the valve disz to momentarily open,

oY POLY frav)
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One tra.sient test was conducted st../ing at 500 psig static
pressure within the sys.em, The pressure vas then increased t2
1500 psig. At a rate of 7750 psi per second, there was no evidence
of water flow through the valve during this test, indicating that

the valve dis¢c remained seated,

Of the 18 pressure transient tests conducted, only one resulted

in water flow from the valve outlet, This test was conducted in

the range of O to 100 psig at a rate of 1700 psi per second.
This test was initiated ;mmediately after bleeding the accoumulator

to atmospheric pressure and .echarging to 100 psig. Apparently air

entered the piping system during this operation causing the valve

disec t~ remoentarily lift during the following test,

tests were conducted at this pressure level at rates of 2000, 2250,

and 2750 psi per second with no evidence of vater flow from the

valve outlat.

STARTING AT STATIC CONDITION (8): (Ref. Table IIX)

After purging, the valve and plping system was charged wvith gas
(Argon) at 500 psig. These conditions were established prior to

each pressure transient,

The transients were conducted by introducing water into the piping
system at pressures of 1500, 1600 and 1900 ps.g at rates of 2000,

2500, 1000, 3750, 4000 and 5500 psi per second.

There was no evidence of water flow from the valve outlet during

these tests,

et PO LM
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TABLE 1

WATE . _Fl_LLED SYSTEM PRIOR TO TRANSIENT TESTS

rae 8 > Q0 ¥
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v it

saejacyY 2059

'rwnnn T"STATIC PRESSURE SYSTEM PRESSURE| TRANSIENT WATER \
‘ PRIOR TO TRANSIENT |§ CCUPLETION OF PRESSURE ACCUMULAT 1ON
psi1C (M O) TEANSTENT | PATE TOTAL
PS1G , PST/SEC., C.Cs
1 | lmosphouc | 1000 190 None
2 | Atmospheric | 1000 | 5350 Nohe
3 T Atmospheric 1 1500 {31500 Ylone
4 Atmospheric T 1500 | 11,000 None it
) 500 1 1500 {7750 None =i
6 Atmospheric | 2000 | 4750 None
7 Atmospheric Ll%—gﬁ | 7000 None
8 __+ Atmogoheric 7 | 5500 None
9 Atmosphexic 500 | 4250 None
L 10 Atmospheric 400 | 3750 NS 6
11 J mospheric 100 | 2500 None
12 Atmospheric 290 { 1000 None i
13 Atmospheric 200 | 1090 None
C 14 Atmospheric 200 | 3750 None
19 Atmospheric 100 1700 21%
18 Atmoshperic 100 2000 None
%) Atroshperic 100 2750 None
18 Atmoshperic 100 2250 None ‘
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TABLE 111
A— -
ALR FILLED SYSTEM PRIOR TO TPANSIENT TESTS
%TMNSIIN‘I‘ STATIC PRESSURE "SYSTEM PRESSURE \‘r?.wsxm I WATER ]
| Mo, PRIOR TO TPANSIENT |@ CCUPLETION OF (PRESSURE ACCUMULATION
ps1G(AIR) TEAMSIENT RATE TOTAL ‘
PS1G PSI/SECOND | ¢.c, I
1 Atvespheric 700 ‘ 1750 ‘ 1750
[ T2 Atmespheric 700 1900 180
3 Atnospheric 800 , 2500 \ 100
4 Atmospheric 900 I 2000 | 8%
$ Aunospheric 900 | 1250 | 20
6 Atmospheric 300 | 1200 | None
7 Atmospheric 300 | 1000 | 50%
8 Atmospheric 450 | 1000 i 18%
9 Atmospheric 500 | 1500 | CE)
10 Atmospreric 1500 1750 | None
11 Atmospheric i | 1900 | 110
12 Atmospheric 3 2750 25
13 Atmospheric o 250 | None
e Atmospheric 300 1100 | 3%
15 Atmospheric 100 1750 | 25
16 Aunospheric 300 1500 | 8%
17 Atmospheric 300 500 {  None
Atmospheric 300 600 | 20
9 Atmospheric 200 2100 None
20 Atmospheric 200 1750 50
21 “Atmospheric 200 2000 70
22 Atmospheric 200 500 None
23 Atmospheric 200 500 %' Wl
24 Atmospheric 200 750 None
28 Atmospheric 150 1250 None
26 Atmospheric 100 1000 None
| &1 Atmospheric 100 1200 None
1 28 Atmospheric 100 1200 None
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Spurious Opening of Hydraulic-
Assisted, Pilot-Operated Valves—
Ly Beer & An Investigation of the
e.s.hunica § Phenomenon

Manager

-

] noDer - ' | ']
Lanary Lauomen Eagineeng 3 pape vestigates

he spurious ocpeming phenomenon of hydroulic-assisied
Mesunghoy st Lieclic Cotd pilol-0perdied vaives

The equarions gorerning (he vaive response were developed
pintsbuign. Pa o provide an insight inic (he phenomenon

10 denionsiroie the poss bility of th

Sensitivity studies werg then perjormed

Jiype O/ valve SPUTIONSiy OpemIng under Cerioin
pressure (ransient events The deduciions were ater confirmed by tests 10 20w AOw
¢ 'vpicai priot-opere ed valve might respond 10 pressure transients n waier sold
end compressibie fluid media The significance of this phenomenon s discusied in

ms ofiseffect on valve usage

NOMINCLATL

erifice ares T™e devands for nuclear valver to vithstand

advetse environment el radiation and Larperature
and #t the same Cive be able to suatain high
saiseic loads have sputred innovative vie ef flurd
medio tO s3nist conveantional electric cperators 18
valve sctuation, This clase of valves iy geners
ally refarred to o pvdeaulic=assisted, pilot=
oparated valves. Tigures la ond \b and 24 and 1
show tve versions of the valve denign. Sanically,
the valve incorporated & pilot valve 1n CORjuRE™
cion with systea daiffesential pressure acrons the
velve to open or ¢lose the valve port The ptle
valve can be external, as in Figure la, or
{nternel a8 in Figure 2a. Although thase valver
sre vivelly eleciric solencid-operated, they could
be preuratic, oF evea wanval,

piraton aces

plug seat ared

discharge coelficient

ipring preicad

accelaration due to gravity
prausatic apring censtant
sechanical spring censtant
pelytropic gnponent
steady=state chambar pressure
steady=state iniet pregavie
inlet transient preassure
‘nambey pressure ot force reveral point
".5/‘)

valve outlat presivre

air volume

{mitia) air compressed veolume
sir (lov voluwe

contrel chambar voiume

- s M
- - - o

- s 9w

-

c <
s = = 0O

<

Referving to Figure 14, with the pilot valve
closed, the control chamber pressure buitlds wp Lo
inlet pressure value, The resuiting force dilfere
entis] on the main valve plug plus the force om
*he cowpression spring closes che valve, Vith the
pilet valve opan 49 in Figure 1B, there 13 &
direct flovw path betvesn the contrel charder o
the valve outlet port, The chasbar dredsure b
sequently deops 2o the level of downatresm press
sure. A pressure differential duilds up scrons
the main valve plug, thus opening the valve, in
the sacond version of hydraulic-assisted, priet~
operated valve, the pilet vaive is internal,
Referring to Figure 2a, with the pilot valve

sged, the pressure f LN tontrel

< <
C

siston displacement volurs

-

vater flov volume

-

corpressidle flov exgarsion facter
critical pressuce drop

danp ity

tine (1e¢)

disploacerant

-
-

-

ratio of pressure surge (o steady~sta e
pressure
sue of forced

chandbet
ncresses to the level of the inlet presavre,
Whan the contre] chaeber pressuce force exceeds
the inlet stessvre feree, the Jorce drvffezential
Toied by ‘he Previutt Versrly & ey Dvnion of Tei Asatan closes the vaLve, shutting il lliw. Acvever,
Socu Ty 00 MECRANK Ak ERCS I far preseaiauian 4 (e Joni Canlerence of vhen the pilot valve is open, 4e showa in Figure
se Previvie Yeusels and Piping, Matensh Meciens Engimeenng ana Solar 1. th .
Ovvivions, June 11-13, 1981, Deaver, Colorado Vaausenge rectived at ASME 1v, the control chamder

is vented, The venting
Masdguariin b ANl

creqtey 4n opening presdure differential acrose

valva slug, aponing "he valve,




vee of (his Lype el whivt eflery lil"'I(.l\l

' (onvvacvo'cl solor of gitcoperated
.‘..""1:0:':n certan sppliteiions, trial awong
::::'o:: veight redyction ené Ovvloillvoivcv ‘
cospacinesd vith a lov cuntar of gravity: .'.:
vei gt erd carter ef gravity contribute l::hl i
cantly to pipang glrasene ond to Lhe atte ant
corrective piving gupport cont, et fore,
Lightenint the welve weight and ceducing the
cantey of grevity are wery deniratia festyren in
valve geaigne AngLher srgrrficant abvantage s
(he fact that the velve con be tetally elestries
epetated (hut perwitting 1LET quelifitation and
stil) provide fase foilesale clodure copability.
Thase, end other advantages, have contributed to
the iperaaning viare ef thase vaivap in Auclaat

pover plents,

Wowever, there ate jahasent and fatent limite=
tions vith thin valve 48 with ary other valve,
his paper {rvestigatan one of thete lLimitations
which 18 the potentinl for the valve to spuriovsly
cpan under gavare step=up pressuce transients,
$puriovs openring phenomenon 14 ¢afired oy 4 clered
valwe suddenly cperi y and recivaing vithout @
pignal ot electric pover (rput, ™4 phencwench
Pas bean colled " icupping and "urping'. 11 vas
firet noted by the suthots to eccur vhen volean of
thig type vare subjected to gEvELE SLEP VP PTENT
gute transients. in this paper, v shall develoy
valve rerporie eaudtions in verious flyuid wedie tO
thow when the valve wvould eper.

RLSPONSE EOUATIONS

Lesponan timed vill be colcvlated for threa
systaws, The fieat cane iy an dig=to=air 1yttes
vhan the valve is sie=f1llad and suddanly expored
to Kigher presiure piv. The second coie T
cater=1e=air systan when the valve 12 initiolly
sie=fillad and suddunly axpored to higher pressure
vatets The last cose ig the vatar=to=vater systea
vhen the valva is veter=filled ond suddanly
caposed to higher pressure veter,

Pefore the ansiysis con p oceed, it i»
necevsary to daline vhat constitutes @ severe
pratsure transiant that vould b of concern, Te
do this, va tefer to Figure 3, vhich shova
schematically @ felly deoted hydtav\ic-nooiocod.
.ulol'orcrotod plobe veaive.

te this veated position, the folloving
relations axiet

PedptTe? P (hy * he) ¢ Po Ay

()
and
e * ¥ (2)
11 ve neglect Pg and o tauation (1)
reduces 00
bo? (hy - A 3

fevacion () confirms vhet ve knov already,
which 1y that the piston ared haw (0 De greatev
ihan 1% ¢iflerence ¢f the pistes and the seat
srean to provide hydraulic assistance.

Letl wi ROV eRav ine vhat hagpens shor the viive
(4 suddenly trposed to 8 presivie Tile, techvin
the refill erifice 1o generally toe arail to
quickly Balance previvies petveen the iriet end
the control chamber, (he velve peg.ne te 1afe.
‘hven the valve plug 10 on the verge of operitg,
the folloving cunditions exint:

Pe byt P ® Pig (hg = ay) * Pg iy

and

Pt it (%)

Neglecting Tg and Py, Lavation (w) reduces te:

Pehp * i Iy o iy) 4)
or
’ 'i '\l
i il ra (1)
v ¢ i

teustion (1) provides the ratio of prevrvre
transient to alesdy-state inlet pressute that must
be eveluated for valve stability, What this swans
18 that step=up pressute transients, vhich are
less than o times the notrmal steady state pres”
sure need not be considered 4y posing any
concarn, 11, hovever, the stap=up presaure 1o
eavel te, or grester than, o Limes the steadys
state pressure, the velve con open, dapunding o0
the fluid medive, Tha cpaning proceds continues
until the gontrel chamber pressuce reaches
P c/a, ot which point the velve begine te
ceclose. The position where the valve plug
pomentacily stops and beging te recloss (¢
ceferred to in this paper as the force reversal
point.,

ANALYSTS

To evaluate the valve stability, the analysin
proceeds te colenlate the tesponss Limm tequirad
for the valva to resch the force reversal point,
1f the time §u very insignificanc or & very small
fraction of the normal ppening time, the valve
vill remain closed, 1f, hovever, the Teaponie
time is o signiticant fraction of, or is aven
equa! to or grester them the pormel velve opening
tiwe, the valve will be oper,

Case ): Air=to=Air Transiant

The valve fn air=filled and is suddanly
exposed to higher pressure siv, Tigures 4o, &b
end be illustrate vhat vould happen 1f the valve
spuriously opens.

Lt ¥, he the volume of the contrel
chasbar, Therefora, at the force reversal peoint
s8 shown in Figure &b,

W V%% 1}
where
Vo * Vi ® L 19}



1

the rafil) orifice i
Cane 11 Natarsto~Air Yransient

I the watar=to=ait transiant, ihe valve 10
arr=filled and 10 suddarly expored te & slep-vp
higher pressvre vater., Figures 38, 5%, ane B¢

Llustrate the valve dynamicy A A0 the
sir=to~eir cove, Tigure b corresponds to the
force reversal point., At thig point, thy
folloving relationships exiat

ura diaplecemant

To detarming the pirston volure digplacenment ve
ve to perfore o force bolance ot Lhe force
ersal point by setting KF = 0

ing constant delired by -
' . he displacement § 18 3
v
R
"

y

T™erefore, the piston volume displacement bacomes

Substituting Tquation (18) into fouation (13%),

ve Rave

pton volume displacemant becomen

ny Tavetions (9),
“t have




fase 111 Vater-teehater “rarsiant

I'n (he water=toevatler trangient cave, (he
valwe 18 tritially fille€ vith sater ond aucéanly
Jubircted 1o Righer sLepTve prersure. THie cane
s contifered to be of no concern fer the siwple
fagt that weter ¥ vittuslly incompressible vith o
bulk sodules of X00 000 por, herce there 14 ne
poaten Aiaplacement. I8 this case, therelore, the
cvalve temging closed In apite of the presivre
chargen .

g;;gguolon

In the foragoing ana)lyres, ve have developed
(he eouations describing the response times fof
siretocait svitem and vater=to-air avetew, At
this tivs, thecefore, 1% I8 ivportant (O restate
the eriteria for cpening, Yo do this, ve vould
Like te point out that most of there valves
rormally open fully hetveen 0.1 and 0.} seconds,
™erefore, any valve vhich respords to & pressuie
sutpe in lews than INT of its rormal oprering time
vill not epen, Usirg this criterion, ve evaivatad
the response Lives for an air=tecair croe and o
veter=te-eitr cave for @ hypotnatical valve wening
the pataweters tebulated in Table 1, The resvite
of the anslysis are plocted in Figure 6. As can
be sean, the Air=to=air system 14 vather innansi-
tive 1o pressure surges vhile in the vater=terair
syitem the valve opens,

TANL )
Valve Pavameters

Valve Sige * | Inch

Ve * 412 in

Ag * 0.007 ind

e« *?

C* 0.6}

Vorme! Cpening time 0.9 sac.
Pe 13 prie

Test

Yo verify the walidicy of the analysin, @
Jiwited teat van tonducted te devonstrate the
phenomenon. Fipure 7 §'lustrates the test setup.
Thres terts vare conduct @ to rirviate each of tha
theee cares, The resvits of the tests are

surrarined in Table 2. .
TANLE 1
Test Rasuite
Systaw Pelprin Yic(pria) Burping
Air=toair 0 1500 Kon ¢
500 1900 Yone
Vater=to-air 13 10 Yoo
13 00 P v
13 900 Yer
Vater=to vetaer 18 100 ¥ove
13 $00 Rone
13 1000 Mone
14 1000 None

sCvarns

Raved on the reavity ol (e araiybih ane the
teata, 1t apperary (hat LRy phanosenon 14 reit
lively te orcur vhen this type of valve, in 2 guy
or steem application, 11 suddeniy capoied to
Poghepresavre wvater, There o8 wery little
Lihglihood that this will occur 10 Sar=tocair €1
vatar=to wvatar systems,

Although the foregoing aralviie 18 Fased on
stap crangu, last presswen trarsiants, there are
sctunlly very fav occasions vhare avch events
ptewr, Thens types of transients car, hovever, be
producad by water harwer, Alvo, they car be
pergrated by opening ony Tastracting vptttean
valve in & serienr dovble (solation application,

Ow the basie of the above observations, vaive
usape should be ‘udiciounly made te prevant the
valve being erposed to fast transients, thuy minee
eiging the likelihood of & spurious opening,
Additirnally, volve locotion should be sueh that,
i! the valve happens (O open sputiously, the
resvitant Jeavape throuph the main seat vovld not
cowptowise personrel and plant galety,
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