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On-August 2, _1990, during normal power operation in the Run mode, the 2-203-3A Main Steam Tar:g~t Rock . 
. S~-r.,.ty-Relief Valve (TRSRV) acoustic.monitor alarmed, indicating_ttiat the valve had spuriously opened and was' 

, 'relieving reactor pressure· to the suppression chamber. The reactor ·was subsequently, manually scrammed from· 
Br'. power at.Oll6.hours'.' All Containment Cooling Service Wate~ and Low Pressure Coo1an_t Injection pu.mps ~ere. 
mar1ually started for·maximum suppressi~n chamber cooling. The maximum average 'cool down rate when ~veraged 
over i one hour period reached 1~9.3 de~rees F/hr, and maximum bulk suppression chamber temperature ~as _122 
~e~r<;>es F. The opening of ~h~ TRSRV wa;~pparently_caused by 'steam cuts on the first st~ge pilot v~lvj 
di~r:. Analyses w·ere performed to .verify \hat the cool down rate and the bulk suppression chamber temperature 
altained d~ring this event were ~ithin de~ign limits, A sati~factorily leak tested, rebuilt TRSRV ~as· 
ir1slalled. The Technicai Siaif will monit~r the TR~RV tail pi~e temperatures to verify proper pilot ~alve 
oreration. In addition, any TRSRV pil~t valve of.great~r than eight months service will be replaced during 

.• ru•~re short unit.outa~es with primary contajnment drywell accessibili~Y·. Th~ TRSRVs are roµtinely·replac~d 
~l ~ach refu~l outage. A previous TRSRV failure event was repo~ted by LER 50-237/76-34. 
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General Electric'-· Boiling Water Reactor - 2527 MWt rated core thermal power 

Nu( I ear Tracking System (NTS) trackini tode numbers are ldentified in ·the text as (XXX-XXX-XX-XXXXX) 

£VENT IDENTIFICATIONi 
... 

. Target .Rock .Safe.ty-Relief Val.ve-Fails.Open D~e. t~ a· St.ea,m Cut Pl lot Valve Disc. 

A: CONDITIONS PRIOR ·To EVENT: 

-. 
Unit: 2 Event Date: August 2, 1990 Event Time: 

Page ! 3) 

0116 Holiq .· 

Reactor Hode: N Hode Name: Run Power-Level: 87r. 

· · Reai;:tor Coo 1 ant 'system (RCS_) Pressure: 997 P,S i g 

-B. ' DESCRIPTION OF EVENT: 

On August 2; 1990 at 0025 hours, with Dresden. Unit 2 in t'f1e Run m'ode at 90% ·rat_ed core thermal power;· 
:operations Department person'nel commenced decreasing load at a rate. of 100 MWe/hr from ·723 MW per th~ 
Load Dispatcher's request. At 0105 hours, annunciator H.:.19 UBJ, (Acoustic Mon.itor [IV] Actuated), on 
the 90,2:-4 Control Room [NA] panel was received, indicating that a main steam relief valve had opened. 
No 'other alarms.were· received at this time. The position ;indicating lights on the 902-3 panel for the 
four Main Steam·Electromatic.Rel-ief Valves (2-203-3B through 3D) a!Jd the.one Target Rock. Safety/Relief 
Val~e (TRSRV) 2-203-3A indicated tlosed. 

The Center Desk Nuclear Station Operator (NSO) assisted th~ Unit NSO.by monitor~ng the Unjt while the 
Unit 2 NSO inspect~d the C6ntrol Room back panel~. The Unit 2 NSO di~cove~ed the TRSRV A~oustic Monitor. 
had aituated. Th; fRSRV tailpipe tempera~ure indicated 310 deg~ees r, •s ~hown:on.leak_ Detector 
Recorder 2-260-20A. ~hi le th~Unit'2 NSQ was thecking the back pa~•ls~ the,Center Desk NSO further· 

__ verified that the TRSRV was open by observing that the Total ~te~!Ji Flow Recorder [IGJ indicated a drop 
of approximately 600,'000 lb/hr steam fl.ow·. The Shift Engin·eer was notified of these findings~ and he 
immediately reported to the Control Room.' 

After verifying the TRSRV was.open, Operations personnel immediately proceeded to carry out actions in 
accordance with Dresden Operating Abnormal Procedure (DOA) 250-1, Refief_ Valve Failure. The valve could 
not be closed. 'At 0109 hours, due to the increa~ing suppression chamber-~ater temperature resulting 
from the blowdown_, 2( Containment Cooling Service Water_ (CCSW) [CCj pump, 2A ccs·w pump and 2A Low 
Pressure Coolant Injection (LPCI) [BO) pum~ were started for suppr,ssion chamber cooling. At Olll 
hours, ~~ LPCI pump wa~ started; and at 0114 hours, 2B and 2D CCSW pumps were started for additional 
suppression chamber cooling. After c~mpleting preparations for a manual scram per Dresden General 
Procedure (DGP) 2-3, Reactor Scram, _t~e Reactor was manually scrammed at 0116 hours. 

. ' 
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From 0117 hours to 0119 hours, the Turbine Bypa~s Valves were manually opened to ~imit the heat input to 
the suppression chambe~ arid to lower Reactor· p;essure in an attempt to get the TRSRV to close: 

At 0119 hours, 2B and 2D LPCI pumps were ~tarted to erisure maximum suppression chamber cooling. 

At.0_135 hours, an Unusual Event wa·s declared .based on failure 'of a primary system relief vaive to close 
with _the reactor water temperature g~eater than 212 degrees f and ~uppression chamber bulk temperature. 
cannpt be ~ainfafned less than 110 .degrees F. State and l~cal agency-~ucl~ar Accident Repor~ing System 
(NA~S) notificati~n was made'.at 0143 hours, and NRC Emergency Notification System {ENS) notifica~ion was 
made at·o2oa hours. 

The TRSV was determi,ned to _be closed by acoustic nionitor indication at 0351 hours. 

The Unusual Event was tel-mi nated at 0530 hour.s and the- Unit. achieved Cold Shutdown at 0600 hours. The 
suppressio~ chamber ~eached a_ maximum bu_lk te,,;perature of 122 d_egrees F during this event, arid a maximum 
reactor, .. vessel cool do~n rate of 129. 3. de_grees/hr was experienced. · 

Whe·n.·the Primary C0ntainment drywell was made accessible, the TRSRV was inspecte_d. Upon inspection of 
the- TRSRy; it was'discovered.~hat a~ electrical junction box (2PB-2020) related ~o_the valve circui~ry, 
w.hich had bee~ attached toJuncti~n box_.2PB-2021, had fallen. off and was resting. on piping .b.elow its· 

. original mounting .. _· All wi'res/cables were still ,-connected,· and the .. electricaJ control of the'' valve was. 
unaffected. The 'i:°RSRV Bellows Seal p~essure swit~-~ was f:'ound to be separate~. from -its condu'it. 

·However, the pressure switch ~as. still functional. 

C.. APPARENT CAUSE OF EVENT: 

Thi'.s·event .is.'being reported per 10CFR50.'73(a)(2)(i~-l .. which requires the reporting of·any unplar;med -
manual o~·a~tomatit E~gineered Safet~ Featyre [Jt] actuation, including the ~eactor )~otec~i~~ System. 

. ' . -

The TRSRV o~e~ate~ throug~ self~actuation ~safety mode) .at· 1135 psig: reactor pressure, .dr throy~h r~~ote 
actuation _of a solenoid .. va'lve which admits a pneumatic supply to an air. op_e·rator. This .. remote_ actuatio_n 
may o~cur from the following iource5; ·-:. 

1. Remote ~anual swiich in the Control Room. 
2. High reactor pressure (1115 psig) from a pressure controller. 
3. Initiation of Aut~mati~ Dep~essuriz~tion-System (ADS) [SB] logic. 

Self actuation occur~ as follo~s (refer to Figure 1): Pressure is sensed at the pilot sensing port 
~2). The bellow~ (6) expands:at a pressu~e setppint of 1135 psig .. This moves the pilot valve disc (3) 
allowing pressure to be transferred t~ the second stage piston·(8)".. The second stage (8) is forced down 
moving the second stage disc_ (10) away from its seat. This permits the pressure'' from the top of the 
main valve piston ~12) to be vented ~ia ·the second stage disc (10) and out the main valve piston vent 
(15). A differential pressure is created across the m~in valve piston (12) due to the s~all size of the 

. main valve piston orifice (13) as compared .to the main.valve piston vent (15). Reactor pressure .then 
lifts the main valve,piston (12) and the main valve disc (14). The final result is that reactor steam 
is di~ected through t~e discharge line to the suppression chamber. When steam pressure is approximately 
50 psig below the setpoint pre.ss'ure of 1135 psig, the pilot preload and setpoint adjustment spring (4) 
fo~ces the pilot valve (3) closed. The second stage disc (10) then closes equalizing the pressure 
across the main valve piston (12). Spring force from the main ~alve preload spring (11) clo~es the main 
valve disc ( 14). If· the bellows (6) ruptures, a pressure switch· (5) results in an alarm in the Control 
Room on the. 902-4 pa~el (annunciator D-23, TRSRV Inoperable) at 25 psig. This indicates that the self 
actuation mode of the TRSRV is inoperable. 
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.Remote actuation 6ccurs as follows (refer to Fi~ures l & 2)·:. A DC soleno~d admits nitrogen ~ressure of. 

~pproximately 85 psig to the remote air actuator (7) resulting in. the· stroking of the air plunger (17) 
which· in turn· pushes down. the second stage piston (8). This.permits the pressure from the top of the· 

main valve piston (12) to be vented via the second stage disc (10) and out the main valve piston vent - . . . 
(15). A differential pressure is created across the main valve piston (12) due to the small size of the 

main valve piston orifice (13) as ~ompare~ to the m,in ~alve piston vent ~15). Reactor pressure-then 

lifts the main valve piston (12) and the main vale d~,c jl4~. The final result is that reactor steam 

·flow is directed through the discharge~pipe to ~he suppression chamber; When the solenoid is · 

.de-energized, pressur~ is vented from the remote a·ir:actuator (7). The second stage disc (10) then 

closes equalizing the pressure across the main val~e piston.(12). Spring.force from the main valve 

pr~load spring (ll):c~oses the main valve disc (14) .. 

The TRSRV va~ve controls are shown· in Figure 2. The ~ontrol swit~h is a three-position, ~ey operated 

switch. The· th~ee positions are "MANUAL" •. "OFF" and "AUTO". In the "HANUALu position, the solenoid is 

al ways energized. In the "OFF" position, the solenoid only energizes from ari automatic depressuri·zat ion 

signal; it do.es not energize from a relief signal sent from the controller. In the "AUTO" position, the 

iolerioid energizes from either an automatic depressurization signal ·or a relief signal sen~from the.· 

Control_1er. T.~e accumulator-check valve arrangement stores ·sufficien.t nitrogen to operate the ·TRSRV in. 

the.event of a loss 6f dry~ell pneumatic air {nitrogen) .. ~he ·pressure switches Jct as· position. 

indicators .in the fol~Q,wing manner:.· At less than 40 psig, the· TRSRV indicate~ "C,lose.d". At greater 

than .50 psig, the TRSRV indicates "Open". At greater than 50 psig, a Control Room annunciator also ... 

indicates valve actyation. Also, an acousti_c .. monhor in the dry~en monitori the .TRSRV discharge.piping· 

and alarms in the Control Room when. there. is pipe vibration due' to._steam· flow. 

The apparent cause of the failure of the TRSRV was the severely steam cut pilot -valve disc (refer Jo 

F·igure 1). »Exc~ssiv_e steam leakage through the· pilot sensing port (2) and past the.pilot valve (3) via 

the severe steam cuts a_l l o~ed pressure to be ,.transferred to the seqrnd stage piston (8). The. second 

stage piston (8) was forced down'. moving the seco~d stage d.isc ( 10) away from its. seat. This ·p~rm(tted 
p~essure from the to~ of the main ~alv~"piston ·(12) to,be vented via the secon~ stage disc (10) and out 

then1ain·vahe piston·.vent (15).: This created a differential. pressure across .the main valve pisto.n 

(12). Reactor pr.ess~re .. then lifted the main-.valve piston (12) and main v.alve disc (14), thus., opening' 

the.valve. When reactor pressure reached ap.proximately.100 psi.g, th.e maif\ valve preload spr·ing (.11) . 

. force.overcame the re.actor pressur.e force and th(main valve d·isc (14). subs.equenUy closed. The r.oot 

cause. for the steam cuts on the pilot disc is an inherent design deficiency. . ,. 

The TRSRV i nd·i ca tor on the front pane 1 showed a close~ position due to the pos i t'i on ind i ca.tc»rs re~e·i vi ng 

their signals from the· pressure switches on the drywell pneumati~-air line bet~een· the solenoid and the 

. TRSRV. The indicator/pressure switches performed satisfactorily since the TRSRV air operator was not 

~ctuated whe~ the TR~RV opened. The.air operato~ wa; not responsi~le f~r.the val~e failure. 

The TRSRV is overhauled du~ing every refuel outage. A maintenance h!story review for this valve wa~ 
performed. This .valve was installed on Unit 2 on February n, 1989 .. This was the first-ti'ine this 

particular pil.ot stage assembly (includes pi.lot a.nd second stage.valves)_ was put into service on a 

.unit. The pilot and secondary stage valve seats had been ins~ected; lapped, and satisfactorily leak 

tested prior to installation. 

·" 
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The cause of junctiqn box 2PB-2020 detachin~ and falling· from junction box 2PB-2021 is beli~ved to· be 
inadequate junction box support/~ttachment. All En~ironmental Qualification (EQ) criteri• ~ere 
evaluated and rio discrepancies were noted. In addition, there are scrat~h ma~ks on junctio~ box 
2PB-2021 from a snubber lightly rubbing against it. Thi~ sn~bber is one of several utilized on the 
TRSRV. It ~as inspected and showed no signs of d~mage. _Numerous inspections. of the junction box and 
surrounding area are_documented at Dresden Station;· it is concluded that junction box 2PB-2020 came 
loose between 01/23/90 and 08/Q2/90. 

The cause of the bel-1 ows seal pressure switch being· detached from its respective conduH was attributed· 
to an inadequate· support design configurafion of the. conduit and switch. 

SAFETY ANALYSIS OF EVENT: 

General .Electric Co. performed a reactor vessel bulk temperature cooldown rate analysis to verify that 
the cooldown rate was within design li.mits of a Safety Relief Valve.Blowdown (SRVB) event. General 

,Electric used a. conservative ma.ximum average .. cooldown·;~te when ave~aged over· a on·e hour perio_d of 153 
degrees F/hr fp~'this event based.on saturated stea~ ~ressures. This cooldown rate is significantly 
less than the cooldown:rate.used in a SRVB.design basis.analysis performed by General E·lectri'c which is_ 
254.3 degrees F/hr when ayeraged over a· one hour period. A review was performed to ensure _the 'SRVB 
des~gn allowances discussed in' Dresden's F~nai Safety An~lysis Repo~t (FSAR) and General Elec~ric's-SRVB 
design analysis .were not exceeded: The· .. review rev.ealed_:that .twelve SRVB even_ts,are·alloweci for 40 years 
of o~eration fot Dresden Uriit 2. There ha~e. been two.SRVB events for Dresden Unit 2 prior t6 this 
event; .a TRSRV ope~ing ·e~enf occurred in 1976 arid a Main Steam Safety Valve opening event.occurred in 
.1970. Based ori th-is informati·o·n, Dresden Unit 2 is. welJ within the SRVB allowables. Cori~equently, it 
lias been concluded that this 'blo~down event is bounded by the SRVB design basis anal.ysis. 

The maximu~ bulk suppre~sion chamber temperature attained during this event was 122.degree~ F. The key 
'structures affected by the ma~nitu~e of the temperature experienced are the TRSRV djscharge line, 
.a~socia~ed 'upports.and the s~pression chamber in the area'of the TRSRV piping discharge. 

The transient experien.ced with the TRSRV spuriously opening·and remaining open at p_ower is bounded ·by 
the Hark l design basis analyS:is .. Sir)ce the TRSRV remained open and did 11ot cycle, the only load. · 
.experienced on the discharge line resuit·ed from the initi_al actuation. This loading combina.ti.on has·· 
been .reviewed with Sargent & L·undy and ·is- .. weJl within allowable stresses for the piping-and suppo_rts . 

. ·. Due:~o the design margins ~f··the a~tuation transient. and the negligible magnitude of the steady-s~ate . . ' ' . 
discharge lqads, fatigue is not a concern. Post transient visual inspection of the rel.ief lines and 
supports verified that no relief line da~age -had ocfurred. 

installation of T:-Quenchers on'"th~-reli_ef-pip.i-ng·where steam.is discharged into the suppression chamber 
was previously performed to mitigate_ con_cerns regarding air· bubble loads and condensati_on stability· of 
the original rams-head discharge devices. Condensation stability of the T-Quencher confi~uration has 
been demonstrated provided that lo.cal temperatures remain below 200-204 degrees F (base_d- o~ mas's flux 
out of the T-Quencher). General Electric performed analysis of suppression chamber heatup events -cases 
(NEDC-22170, July 1982) for Dresden, demonstrating that the maximum temperature. achieved in a stuck open 
relief valve with a single ·,up~ression ·chamber cooling loop would be 131 degrees F. The local to bulk 
temperature difference determined analytically for this case was 30 degrees f: Other test data has 
shown that the 'local to bulk temperature difference with two loops of suppression Chamber cooling would 
not exceed approximately 38 degrees F. Since the maximum bulk suppression chambe~ temperature only 
reached 122 degre~s F, and both loops of s~ppression chamber cooling were utilized during the event, the 
local temperature in the vici~ity of the T~Quencher can-be estimated to be -~proximately 160 degrees· F 
(ba?ed on General Electric's analysis of suppression chamber heatup events cases for Dresden). This 
temperature is well within the condensation stability limits for the T-Quencher; therefore, the loads on· 
the suppressign ,chamber -~ur:)ng. this event were negligible. 
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Consequently, the loads experie'nced i .. n this event were well within the design margins for these 
systems. Additionally, the temperatures realized in the event are bounde~ by prior analysis and 
condensation stability of the T-Quencher can be demonstrated. The low magnitude of the steady-state 
1oa~~ as well as the design margins for.the transient valve ~ctuati~n loads support the conclusion that 
no significarit impact on the fatigue life of .the plant has occurred. 

The inte~for wal:ls on the suppression chamber are coated:· with an epoxy paint.which has a temperature 
resistance of 350 degrees F. Since the temperature· in the suppressio~ ~hamber never reached this 

. magnitude, the~e was no concetn for degradation of t~e paint· on the interior'walls of the suppres~~on 
cha.mber. 

Consequently, fof the above-st~ted'rea~ons, the.s~fety significance of this ~venl.is consider~d ~inimal. 

E. CORRECTIVE ACTIONS: 

·The Irmied.iate Corrective actions were as folfows: 

·1. A·~alkdown of the TRSRV .discharge ~ipjn~ i~ the'.drywell was conducted to inspect ·the material 
·condition of the piping and it.s related ·supports. No discrepancies resulting from this wal.kdown 
were identified (237-~00-90-07501): 

'· 
2. A wa 1 kdown was conduc led to ·inspect" the ma teri o 1 con~ it ion of elect ri.ca l junction b.oxes .througho~t · 

the Unit 2·drywelL'· All accessible junc_tion boxes wer-~ vi!;ually examined f~r damage and for 
potent.ial for failures·due to vibration:· Two junctiori'boxes.were fo_und to be supported by their 
respective conduits .. However, the.conduits were solidly connected to the juncti?n bcixe_s and. we~e 
adequately suppo~te.ci'. These bo;.:es only.contain cable and coble S,Plices, neither of which are 
~hock-sensitive (237~200-90-075~2). 

3.' A;new support ·for t~e TRSRV bellows pressure switch asse~bly was installed per Work' Request (WR) 
'94381 (237-200~07503). . ~ 

4. A new seismically designed support and mounting for the junc_tion box were installed in the 
drywell. Th~s junct1on box replaced the existi~g 2PB 2020 and 2PB 2021 junction boxes. The 
pressure switch wiring contai·ned·within these junction boxes was installed in the new box. These· 
repairs were performed under WR· 94380 (237-200-07504). , 

' ' . ._ ' . 

5. A satisfactorily leak tested, rebuil.t TRSRV was installed per WR 90929·(237-200-0,7505). 

The subsequent Cofrective Actions are as fcillowi: 

1. The Uriit 3 TRSRV junction boxes.will be ~valuat~~ for structural adequacy during the nexl avfilable 
outage of suffi~ient duration allowing drywell access (237-200-90-07506). 

2. The Technical Staff will establish a program to monitor the TRSRV tailpipe temperatures so. as to 
identify potential ·pilot valve leakage problems (237-200-90-07507). 

3. 'Replacemerit of the Units 2 and 3 TRSRV 203-3A Pilot Assembly has been placed on the short outage 
lists: Instructions are to replace any TRSRV pilot assembly that has been in~service for a 
duration greater than eight months into the operating cycle if the Unit is placed in Cold Shuidown 
arid the drywell is accessible during the short outage (237-200-90-07508). 
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·rEXl Energy Industry Identification Sysiem (EIIS) codes are identified in the t~xt as [XX] 

F. . PREVIOUS OCCUR~ENCES: 

LER/Number !i.1.lg_ 

50-237/76-34 Unit 2 Failure of Target Rock· Valve 2-203-3A .to-Close. 

G. COMPONENT DATA: 

Manufacturer 

.Target Rock 

Corporation 

During auto.matic b.lowdown surveillance testing with the React~r- in the.Run mode at. 15% 

rated co re the.rma l power, TRSRV 2-203-3A opened and remained open. The cause of this 

event was 'due to excessive. foakage of the first s.tage pi_lot valve. The pilot valve 

~ssembly, pilot stage and 5econdary stage of the TRSRV was replaced. 

Nomeni:l atu_re Hodel Number Hfg. Part Number 

Safety-~elief yalve 67F N/A 

An industry-wide NPRDS data ~e·arch was performed for. Target Rock safety-relief valves (model number 67F) 

that had sptiriously-opened ~it~ the Reactor at pbwer.· There were seven repdrted occurrences. Five of 

the occurrences were due to excessive pjlot' valv·e leakage. The other two occurrences were due' 'to an. 

unknown cause .. 
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TEXT Energy Identification System (EIIS) codes are identified in the text as [XX] 
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\21 PRE LO.AD :>.~RIN_G . 

C_ SECOND STAGE-,, 
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C,'\' MAIN VAL VE . 
~ PRELOAD SPRING 

(."::;\ MAIN VALVE 
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r.:-. MAI~ VALVE 
~DISC . 

C\ MAIN VALVE 
~PISTON VENT · 

•l!'°"LET 0 

@ 
OUTLET 

© 
BELLOWS· 

G 
BELLOW LEAKAGE 
ALARM POAT 

PILOT~LOAD 
AND SET PQ1~T 
ADJUSTMENT 

·SPRING 

PILOT VALVE DISC 
IC LOSE DI 

0·. 
PIL:OT SENSING PO~T 

/ 

TARGET ROCK SAFETY - RELIEF VALVE (external actuation) 
FIGURE 1 

. ,·,,, 
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VALVE 
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TARGET ROCK SAFETY·- RELIEF CONTROLS 

FIGURE 2 
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