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MEMORANDUM FOR: Carl H, Berlinger, Chief
Generic Communications Branch
Division of Operationa) Events Assessment

FROM: Faust Rose, Chief
Electrical Systems Branch
Division of Systems Technology

SUBJECT: LOSS OF OFFSITE POWER RESULTING FROM A LACK OF
;:ﬁys?aéVl MAINTENANCE AND TRADEQUATE PERSONNEL

The Electrical Systems Branch, with editorial assistence, has prepared the
enclosed draft information notice on loss of offsite power resulting from both
lack of preventive maintensnce on the electrical bus ducts and inadequate
personnel training to troubleshoot the grounding problem, This condition was
discovered at Brunswick Unit 2 on June 17, 1969,

Based on the recent event at Brunswick, we recommend that the final information
rotice be sent to a)) Yicensees,

/

l"'i-.,-\' . ‘ M S o
Faust Rose, Chief
Electrice) Systems Branch

Division of Systems Technology

Enclosure:
As statec

ce: A, Thadani
€, Ross
R, Kengall

Contact:
P. Kang, SELE/DST
xe0812




UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C, 20588

DECEMBER XX, 1989

NRC INFORMATION NOTICE NO, 89.xX: LOSS OF QFFSITE POWER RESULTING FROM A
LACK OF PREVENTIVE MAINTENANCE AND
INADECUATE PERSONNEL TRAINING

Addressees:

A1) holders of operating licenses or construction permits for nuclear power
reucton s,

Purpose:

This irformation notice 1s intended to olert sddressees to potential problems of
losing offsite power resulting from both u lack of preventive meintenance on elecs
trice) bus ducts and tneadequate personne) training to troubleshoot grounding
problems. It 1y expected that recipients will review this informetion for
appliceb 111ty to their factilities and consider actions, as appropriate, to evoid
similar problems. However, suggestions contained in this information notice do
not constitute NRC requirements; therefore, no specific action or written response
is recuired,

Pescription of Circumstances:

On June 17, 1989, while Erunswick Unit 2 was at 100 percent power, an inadequate
woter drainage in a &«kV bus cuct between the startup auxiliary transformer (SAT)
and the turbine building caused a high impedance ground fault on tie secondary
side of the SAT, Because there was a possibility of losing the SAT &s a result
of this ground fault, operators begar to reduce the power level of the reactor
and sterted troubleshooting the grouniing problem, 1n an effort to verify and



¢lear the ground congition, the maintenance crew improperly placed 8 jumper across
the primery side of the grounding transformer thinking 1t was a current transtormer,
This procedure created & low impedance ground puth for the already present ground
and allowed 2 high ground fault current to flow into the grounded bus duct. As a
result, the SAT was fsolated by the transformer aifferential protection scheme.

Two reactor recirculation pumps (RRPs) are rormelly fed from the SAT. Upon loss

of the RRPs, the licensee was required, as specified by NRC Bulletin 88-07, to
initiate a manual reactor scram, This was done to prevent & possible reactor
instability enc core oscilletions.

Following the reactor scram and subsequent turbine shutdown, power to the Class

1E buses that are normelly fed from the unit suxiliery transformer (UAT) was lost,
resulting in & loss of offsite power (LOOP) te the unit (on & unit shutdown, the
class 1E buses are transferred from the UAT to the SAT). The diesel generators
for both units auto-started as designed. Approximetely 9 hours later, power to
the Cless 1E buses was restored by backfeeding from the UAT through the main
transformer (the delayed offsite power source).

Discussion:

A ground fault on the tecondary side of the SAT occurred as a result of the
licensee's failure to open the drains of the SAT bus ducts. Also, inadequate
training of maintenance personne! to troubleshoot the high resistance neutra)
grounding system and a lack of proper annunciator response for the electrical
ground contributed to this event. After shutdown of the reactor, & loss of
offsite power to the balance-of-plant buses lasted approximately € hours, while
the recovery of offsite power to the Class 1E buses took an additional 3 hours,
This situation resulted from & lack of procedura) guidance for backfeeding
through the main transformer to the UAT with the SAT out of service.

The fo'llowing corrective actions are being undertaken:

1. The licensee has developed a preventive maintenance to assure that
bus ducts are regularly inspected, cleaned, ard meintained,



2. The licensee has provided training to the appropriate plant personnel
on the ground detcction and clearing methods,

3. Since the restoration of the uffsite puwer source by backfeeding
through the main transformer invoives remove) of the main generator
1inkage and tekes about 9 hours (see Figure 1 attached), the
1icensee w11l establish appropriste procedures and a time 1imit for
restoring offsite power, sfter the loss of the SAT, to satisfy
Genera) Design Criterion (GDC)-17. (GDC+17 requires that the time
to restore offsite power should be less than the time required to
assure specified acceptable fue) design limits and design -~ondi-
tions of the reactor coolant pressure boundary.)

4, The licensee will explore additiona) offsite power sources through e
variety of paths, This exploratiun mey include & crosstie to en
adjacent unit 1f available, as well as installing a new offsite line,

€. The licensee 1s alsu considering & procedure change to transfer the
power source for the RRPs trom the SAT to the UAT.

No specific action or written response 15 required by this information notice.
If you have any questions about this matter, please contact the technical contect
11sted below or the regions) administrator of the appropriate regional office.

Charles E. Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical Contact:
Peter Kang, SELB/DST
(301) 492-0812

Attachments:
1. Figurel
2. List of Recently Issued NRC Information Notices
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MEMORANDUM FOR: Cherles E. Rossi, Director
Division of Cperationa) Events Asssement, NRR

FROM: Thomas M, Novak, Director
Diviston of Safety Programs, AECD
SUBJECT: CROSEY LOW PRESSUPE RELIEF VALVES

The enclosed study of Croshy low pressure relief valves highlights o significant
fssue regarding deficient maintenance of these protective devices that can lesd
to degracation of importent safety systems, The recent extended blowcown of the
primery system at Eraicdwood, Unit 1, 1s directly related to a problem with 2
Crosby low pressure relfef valve in the residua) heat remove) system. The loss
o% covlant event represented a sfgrificant reduction of safety margin st the
plant,

*11 relief valves have some type of sdjustable ring that surrounds the nezzle
discharge erea ond affects the 1ift and reseat cheracteristics of the valve.

ks discussed in the study, extended blowdown events observed at two plants were
releted to setting the ring too high, while observed valve disc assembly
feilure observed at a third plant was attributed to too low 2 ring setting.
Both ¢f these phenomena deorode the valve and impact the perfornence of the
systen to which they ere attached. These systems include RHR and comp.nent
cooling water,

The valve merufacturer does not routinely receive operationsl data on these
valves anc has not issued any advisories on problems with these low pressure
velves. The TF] accident stimulated significant effort on high pressure safety
erd relief valves attached to the resctor or steam generators, but this work
has not carried over to valves on low pressure systems important to safety.

Also enclcsed 1s a draft of a propesed information notice that we recommend be
sent to all licensees to inform them of the benefits of proper maintenance of
low pressure re'ief valves, For further infermation regarding this study,

pleese contact §, Israel (x24437) of my staff,
/i§;1n-—r¢ﬂl‘ZGzz!£¢n,

Thomés M, Novak, Director
Divisien of Safety Programs, AEQD

Enclosure: As stated

cc w/enclossure:
T. Sullivan, NRR
F. Cherrey, RES

M. Wegner, AEOD

E. Brach, MRP
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AEOD/ESC-02

CROSBY LOW PRESSURE PELIEF VALVES
NOZZLE RING PROELEMS

February 1990

By:

Office for Analysis and Evaluation
of Crerationa) Data

) 1')‘3

%#.ttﬁ%-

€, lsrael



SUMMAEY

Extenced blowdowrs at three resctors while or resicdue] heat remova)l were caused
by defects n the low pressure relief valves attoched to the systems, Ircorrect
nozzle ring setting was the major cortributor to these events, which pesed @
reduction in safety marging at the plants, The report discusses procedural and
personne) errors that impact the nez2le ring setting,

1. INTRODUCTION

The extended blowdown of the primary system thet occurred ot Bratdwood while on
the residus] heat rencve! system highlightec the importerce of proper mainterance
of relief valves on Yow pressure systems, Similar events hove occurred at other
plants in the pest five years, These valves oererelly have rot received the
sttention given to the high pressure sefety ent relfef valves on the reactor

and steam generators, end yet, they cen have ¢ sigrificart fmpact or the safety
margin at the plant, Nozzle ring settirgs estabiish the blowdown characteristics
of these velves and are determined during & functicra)l test performed by the
manufacturer prior te delivery,

Extended blowdown of these valves cen result in 2 loss of furction of the system
to which they are attached and thus degreade the capability of the plart to
achieve and meintain & safe shutdown condition, The severity of an event would,
of course, depend on the availebility of recundant systems to fulfill the
degraded or lost safety function. This tyre of degredetion could be particulerly
sfenificant 1f 1t occurred during recovery from tohe other upset condition and
thys impeded the recovery. Severa) related events ot different plarts are
exanined in this study to 1dentify potertial improvements in the maintensrce of
these valves,

2. DESCRIPTION CF EVENTS
Braidwood, Unit 1

An extended blowdown event occurred et Bratdwood, Unft 1, during plent stert.
up operations on December 1, 1985 (Ref, 1), As & bubble was being drawn 'n the
pressurizer and the pressure at the residua) hest removal (RMR) pump suction
wes approaching 416 psig, & suction relief valve ir one of the FHR 1ines
suddenly cpened and the primary system pressure dropped to sbout 270 psig over
the next 18 mirutes, The initia) discherge rate wes estimated to be about 900

pm., The pressurizer level dropped off scale low 11 minutes into the event,

he operators isolated one trein of RHK fairly quickly to stop the less of
coolent, but determined about two hours leter that they had 1soleted the wrong
RHR train, Approximately 67,000 gallons of RWST water was injected into the
primary system before the leak was finelly isolated.

Subsecuent investigation of the problem relief velve indicated that 1ts set
pressure was Tow by about 10% &nd the nozzle ring was set well sbove its
correct position,



Braidwond, Unit )

During shutdown operetions ot Bratdwood, Unit 1, in March 1968, the operators
noted excessive volume cortrol tank make-up over & period of severa) hours
(Ref., 2), Investigetion revesled that the diccharge Yine from the RMR suction
relief volves was hot, The velve or one of the trains wes soitated and the
temperature of the discherge piping decreased; however, the piping in the
redungent train stayed hot, Subsequent examiration of the leaking relief valve
‘hﬂ1€01t$ thet 1t had & broken disc insert pin erd 8 nozzle ring setting that
wes teo low,

Hoddar Netk

On December 4, 190C, ¢. & of the PHR suction relief valves opened following &
pressure spike to 3&0 psig anc feiled to reseat until the pressure hed
decrensed to 260 psig when the faulted RHR train was 1solated ten minutes later
(Ref, 3). Upon discssembly, 1t wes noted that the nozzle ring was unmovable,
The rozzle ring wes found jemmed in the highest locked position (126 notches
ebove level), The original test report frdicated thet the nozzle ring should
be set ot 100 notches below level, which corresponds to & vaive reseating at @
pressure of 342 psio.

Foreton Reactor

In May 1685, ebout 26,000 gollons of reactor coolant was released to the
conteinment sump through & KHR suction relief valve (Ref, &), The primary
system pressure stopped decreasing after about 30 minutes into the event when
the RHR system was 1soleted, Inspection of the suciton relief valves from both
tradng indicated that both had broken disc insert pins, One of the valves had
b nozzle ring setting 366 notches below leve)! instead of the manufacturer's
originel nozzle setting of 105 notches below level,

3. DPISCUSSION

A1) of the valves invelved in the referenced events were Crosby relief valves,
Mode) JB-36-TD-WR-B, which 1s used in a number of nuclear plants in the U,S.
As shown in Fig. 1, the valve nozzle (about 1.5 to 2 in, diam.), which forms
the volve seat, 1s surrounded by & ring thet is screwed on the nozzle. The
valve disc insert, connected to the spindle by an insert pin, 1s surrounded
by @ ¢isc ring thet s also held in place by the insert pin. The spindle is
sprinp loaded to push the disc insert against the valve nozzle. The noz2z2le
ring 1s sufficiently long to guide the disc sssembly when the valve is
actutted., A bellows surrounds the spindle above the disc assembly to negate
the impact of beck pressure on the valve 1ift point,

When the valve 1ifts, the jet emansting from the nozzle gives up its exial
momentum iredide the nozzle ring and then discharges laters)ly through holes in
the nozzle ring into the cavity formed by the valve body. The nozzle ring is
set during o functional test by the menufacturer to provide the design discharge
flow at full 1ift conditions, This sottin? 2150 establishes the valve blowdown
pressure when the valve reseats. Design flow capacity 15 achieved at @

pressure differentia) across the valve about 10 percent above the set pressure.
Blowdown or reseat pressure i1t about 10 percent below the set pressure,



.‘.

Bated un the manufacturer's test reports for the Breidwood valves, the nozzle
ring pesition should be set about 105 notches below & level positior which is
sbout 230 notches below the highest locked pesition, The highest locked
position for the nozzle ring 18 deterrined by roteting the ring until there is
contact between the rirg and the be'lows protector located above the nozzle.
Backing off about 230 notches from this position chould result in the lower
ecge of the holet in the rozzle ring being at the elevation of the noz2le
surface as shown in Fig, 2. This 1s cesignated the level position, The proper
ring position s about 105 notches lower thar the level position so the holes
in the nozzle ring straddle the nozzle surface as shown in Fig, 2. The nozzle
ring 15 rotated by using @ screw driver through & hole in the back side of the
valve to move notches around the ring circurference, There are 18 to 30
notches around the nozzle ring for the velves of interest., There are sbout 24
turre per inch,

The nozzle rirg 1s set by the manufacturer prior to delivery end locked in

place by a set crew that engages & noteh 1 the ring. Only valve meinvenance
requiring disassembly would ¢isturb the nozzle ring setting, The nanufacturer's
instruction for fixing the rine setting 1§ to run the valve up to the stop while
counting notches before disassembly, The number of notches 1t to be recorded.
During reassembly, the process is reversed., The nozzle ring is run up to the
stop and backed off the number of notches previously recorded, The process is
straight-forward, but 1t recuires counting out 300 te 400 notches in both
directions and mictakes are cumulative over the number of mainterance activities
performed., There 1§ no visua) marking that would indicate that the rinc was in
the right or wrong positier,

The 1988 EBraidwood event inftieted an examination of all five RKR suction

relief velves at the site. Four of the five vaives had nozzle rings set low by
20 to 150 notches, with the referenced valve in the LER being low by about 90
notches, Corrective maintenance was performed or two of these velves in the
19886 tire frame to repair the broken disc irsert pin or the referenced valve

and to replace a damaged nozzle on another valve, This 1s similar to the
outcome at the foreign plant where broken 4isc insert pins hed to be replaced

on both valves and both valves had low ring settings, although only one appearec
excessive, Thus, there appears to be some correspondence between damaged valves
ard low nozzle ring settings.,

One hypothesis 1s that 2 low nozzle ring settino results in valve chatter that
ultimately ceuses disc insert pin faflure, An anslysis of pin loads and cycles
necessery to cause pir failure has not been developed. Valve chatter leading
to feilure cen &1s0 occur 1f there is significent pressure drop in the inlet
pipe to the valve, In this situation, there would be a dynamic interactien
between the system pressurc drop and the velve accumuletion and blowdown
charecteristics, Another hypothesis ¢ that excessive valve gegoing loads
during system hydro tests may have demaged the velves., The velve failures
discussed above occurred during plant shakedown prior to initfa) criticality or
within the first operating cycle. Excessive gaggino weuld be consistent with
the cbserved pin fatlure in a Braidwood relief valve that had the correct
nozzle ring setting.



ve &t Braidwoud had 8 nozzle ring set high by about
ellows in this valve was repaired &t the time the Incorred
was notecd, A high nozzle ring setting wes found on the fa
relief valve that caused the extended blowdown event at Bre
1). The ceuse of this high setting was 2ttributed tO mec
ntly as the result of using different ring setting methods
ance activity, An extended blowdown also occurred at Meddar
h an oper relief valve thet had a nozzle ring set too hig

instance., the cause of the incorrect ring setting was not

es manufactured by Crosby heve caused extended blowdown:

sure systens et other plents. An event occcurred &t Selem in 1%t
nd the depressurization letted over an hour before the RHR system was
L similar event occurred at Farley in 1987 (Ref, €). An extended
the component cooling water system at Byron occurred in ;98¢

It wes noted that the no2zle ring was incorrectly adjusted in thet
¢ exact cause of the extended blowdowns was not addressed in these
ovever, they reenforce & continuing concern ¢ t degraded systenm

e to poor relvref valve performance,

o f

imely isolstion of the affected train varies considerably and may be a functior
of monftorirg instrumentation and system lineup., In some plents, the relief
slves discharge to the pressurizer relief tank which 1s moritored and & larmed
n the control room., Some plants hove dcoustic monitors on the discharge sice
{ the relief valves which provide positive fndications when 2 valve 11fts,
Other plents have less monitoring cepability which considerably hampers the
jiagnosis of @n extended blowdown event,

Extended blowdowns caused by relief valve cdeficiencies reduce the sefety

marcins &t plants because of degradetion of systems reeded to respond to
potentis] plant events and accidents., For instance, blowdown of the component
cooling weter system would impact post LOCA heat removal at most PWRs. Degrada-
tion of the RHR system because of defective relief valves compromises & plant's
sbility to schieve cold shutdown following an extended loss of offsite power
event or & steam generator tube rupture accident., Similarly 2 leaking relief
velve in the RMR system could defeat long term core cooling fo'ilowing & LOCA,

Ar incorrect nozzle ring setting on & relief .alve adversely affects the
valve't characteristics and can result 1n uncontrolled leakage or discharoe
from the valve ¢s roted in the above discussion, A low setting nay produce
velve chatter grd ultimate velve failure leading to uncontrolled leakage, 4
very high n le setting may eliminate the ventilation area at the nozzle
surface provided b) holes in the nozzle ring as indicated in Fig., 3. Under
these conditiung s velve reseat mey be significently delayed because of the
cushion of water trapped under the velve disc assently,

ccess of setting the nozzle ring using @ screw driver and counting
hundred notches is prone to error, Albeit, the manufacturer believes
simple procedure that can be performed satisfactorily on a work benc
mechenic can count notches moved by looking through the valve
Valve maintenance would ordinarily take place on & benct
need to perform 2 set pressure test after maintenance, The




.6.

discrepancies 1n nozzle ring settings noted above do not definftively identify
the screw driver«notch counting process as the source of error versus incorrect
procedures given te the mechanic or some other form of misinformation introduced
inte the process, Consequently, 811 espects of the process may need improvement
t0 reduce errors,

Examination of nozzle adjustment procedures has indicated potential confusior
\r directiors, As noted esrlier, including two different procedures for
setting the nozzle ring in the seme maintenance work packece introduces an
ynnecessery source of error, In fact, it 1s urclear why there should even be
twe procedures aveilable to perform the same task, The directions themselves
can irtruduce confusion when they state "turn the nozzle ring to the right
(counter clockwise)", when the mechanic 1s looking edgewise &t the notched ring
agd axi1e) movement 1¢ very slow, Clockwisc or counter-clockwise may not be
cbvious,

4, CONCLUSTONS

At frcorrect nozzle ring setting on & low pressure relfef valve cegrades velve
performance sufficiently to cause excessive velve leakaoe or discharge after
being actuated. Excessive valve discharge adversely affects safety system
functions end conseauently reduces the margir of safety at & plant, ¥he ring
setting process is prone to errors because of corfusion introduced by the
procedures or errors in using the procedures, Errors could be greatly reduced
by using visua) marks to set the ring or tetter defining or controlling the
present ring adjustment process.

5. REFERENCES

1. U.S. Nuclesr Peguletory Commission, Inspection Report 50-456/8%«xx,
Braidwood, Unit 1, December 28,1989,

2. Conmonwealth Editon Compeny, Licensee Event Report 50-456/88-008,
Braiowcod, Unit 1, April 25, 1968,

3. Northeast Utilities, Licensee Event Feport 50-213,86-04€, Rev, 2, Haddam
Neck, December B, 1988,

4, OFECD Nuclear Energy Agency, Proprietary, Cctober 1, 1586,

£, Public Service Electric and Gas Company, Licensee Event Report 50-211/81«
41, Salem, Unit 2, July 9, 1981,

6, Alebama Power Company, Licensee Event Report 650-3€4/87.008, Farley, Unit 2,
¢, December 23, 1987,

7. Commonwealth Edisun Company, |icensee Event Report £0.455/86-001, Byron,
Unit 2, December 19, 1986,
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This inforretion notice reguires no specific action or written response,
have any questions about this matter, plesse contect one of the technice)
contacts listec below or the sppropriste NER project mansger,

Technice) Contact: Sanford lsreel, AEOD
(2301) 492.84%7
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