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ON OCTOBER 139TH AND 20TH, 1988, SOER BE-3 "LOSSES OF RESIDUAL
MEAT REMOVAL WITH REOUCED REACTOR VES3IEL WATER LEVE(I. AT PWRs, "
WAS MATLED TO ALL INPO MEMBERS AND PARTICIPANTS. THIR SOER 1%
BFING TRANSMJYTED ON NETIWORK FOR MEMBERS AND PARTICTIPANTS THAT
USE FLECTRONTC MEANS FOR DISTRIBUTION.
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October 18, 198A

| O33E3 OF RESIDUAL MEAT REMOVAL WITH REDUCED VEISZEL WATER LEVE|
AT PWRs

EVENTS
UNTT (TYPE): DIABLO CANYON 2 (PWR) WATERFORD 3 (PWR)
0OC NQ/LER NO: S50-323/87005 S0-382/86018
FVENT DAYTE 4/10/87 T/14/B8, S/12/88
N333/AF . WESTINGHOUSE/PACIFIC COMBUSTION
GAS AND ELECTRIC ENGINEERING/ERASCO
UNTY (TYRE).: SAN OMOFRE 2 (PWR) TION 2 (FWR)
DOC NO/LER NO: 50-36)/88007 S0-304 /85028
EVENT DATE. 2/26/88 12/14/85
N3S3,/AE; COMBUSTION ENGINFERING/ WESTINGHOUSE /
BECHTEL SARGENT & LUMDY
RFEFEFRENCES
19 INPO Significant Event Report (SFR) 15-87, "Extended Loun

of Reuidua’l Meat kemoval Ouring 3ceem Generaton
Maintenance"®

2. [NPO Stgnificant Event Reponrt (SER) 356+86, “"Fxtonded Loss
of Ihutdown Couling Due to Steam Binding of Shu-down
Conling Pumpa®

3. INPC Significant Bvent Rupar: (SER) 17-86, “"Loss of
Shutdown Cooling Flow’

4. INPO Significant Opsrat (1) Fu wrlance Report (B0ER) B5-4,
"Loss or Degradacinan of Ruws'dual Heat Removal Capgebilicy
In PWRs"

5. INPO Sigorflcant Event Bwuoot (3FR) 23~86, "Louse of Decay

Muac Ramoval Flow Due t. [ adwquars Rwactor Coolant Syster
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INPO Signtficant Event Raport (3ER) 31-86. “Loss of
Res1dual Mear Removal ¥low Due to Inadvartent Dratning of
the Reactor Coolant Systam”

INPO Significant Event Raport (3ER) 2«87, "Dagradation of
Fnergenty Cure Conling’

INPO Operatiaons and Maintenance Ramindanr (OBMR) 296, “Loss
0f Rws idual Heat Removel Flow"

Nuclear Safety Analysis Center Report MBAC/852 of January
T9R3, “Residua) Huat Rawcvel Exparience Review and Safaty
Analysis, Pressurired Watar Reactocs"

NRC Information Notice 88-36. "Pousible Sudden Loss of Rea
Invantory Ouring Low Coolant Leval Operation,* June &,
19RH

NRC "nformation Notfce d6-191 “Loss of Decay Meat Removae!
Dua tu Loss of Fluid Levels in Reactar Coolant System, "
Docember 12, 1286

NUREG~12K8, "Loss of Residua) Maear Removal Jystam,* NDiablo
Canyor, Unit 2, Apri) 10, 1997

NRC Letter of May 1R, 1987, “Loss of Decay Meat Remova)
Function at Prassurized Water Reacraors wWieh Partial'y
Dratned Reactaor Coalant Sys Cemu"

NRC Informatian Notice 87-23. *Loes of Decay Meat Remova)
During Low Reactor Coolant Lavael Operation,* May 27, 1887

NRC Ganaric Latter 87-12, "Lose of FPesidual Weat Rawovael
(RRR) While the Resutor Coolant Syscam (RC3) 1g Parzially
Fillad,* Julv 9. 19087

Presuntation peper antit)ed "An Improved Reactor Coolant
Leve’ Monftoring 3ystem ta Prevent Loss of Reeidual Heat
Removal Function 1n a PWR " 11th Biennial Confersnce an
Reacror Qpereting Experience. Auguse 30 -~ September 3.
1887, Chicago, 111 tnoi~, by Dina M. Lawrance, Cammanwealth
Ediason

The fallowing terms are uswed interchangeably with'n this
S0ER:

o shutdown caoling
Q0 residual heat rsmoava)

S oecay heat remove)

0 Tow pressure safe.y 1njectiun

FUMMARY ,



Significant NDperating Fxperfancn Repoct (SCER) AS-4, "Loss or
Negradation of Residual Heat Renoval Capability In PWRs, "
fusuad In August 1888, Jfscussed events fnvelving loss oo
degradat ion of restfdusl hear reamoval (PHR) capability at
prassurized watar reactors. Tha eavents focused on tha thres
must common ways of lTosing RMR:

o Tow resctor vessel leval cesulting in Toss of REMR
punp suot fan

0 clukure of tiw RER punp suction valva

oo trdpping of the cunning RMR pump

Flghty garcent of the staticns have foplanented most of tha
reGOomenuat Tons containmd 1in 30N BS5-4, and approcinecely 40
parcant have (mpleamwntad al) the sscommendat ions . The wmoRt

fi eguent recommendat Tons awalting implemmntation arw
indapendent reactor vessal level indicatifon and some procedure

changes .

Howsever , svents Invulving loss of cexidual heat removal
capabiiity with raduced reactor vesse)l wvater Tevel continue to
wecur at & high rate. More than 10 events involving the loes
of residual heat rewovel capability far graater than 1 houe
have cucurred since August 16BS. Thix 30ER discusses flue of
these ave tes, ncluding threa w fch resu ted in betling of
wat®er in the resctor core. These svents could have besn
pravanted through a thovough review and effwctive and timely
fmplamentation of rha racommendations in S0ER 8%5-4. These
Svants demanstrate the neead far incressed attentiaon to
activities thet reguire cperation of the residual hest réamny s )
systam with reduced reactar vesse! water leve)l at mid-loop.
This S0ER supplements SOER B5-4, "(oms or Dagradation of
Res 1 ual Neat Ramoval Capability (1 PWRs,* and provides
additioral recommendations to preavent a loss of core cowling
with reactor vessel water leve)l ar mid=lonp.

These avents are significant bacause losse of residual heat
removal capabiity can result in cha boiling of cunling water
with the potential for core uncovery and demage. The losw of
residual heat removal cooling can alsa lead to airborne
radicactivity releswee. Increassd radiation levels due to Toss
of core shte'ding, and equipcment damage.

NESCRIPYION :

OTABLG CANYON 2 (4/10,87):

Tha plant hed been shut down for weven days. The residua) heat
raoval system wes in operation. Tha reactor coolant SyRtan
had been dreainad tu the mid-loop leveal to parmit removal of the
stwam generator pgerimacy f1de nanways far nozcia dJdam

Installat ton The control rouw operetor was monitoring tha
reactoc veasse! water lewvel using a4 tenporary watar lave’
indivat fon syatem.
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An angineer preparing for a loca) leak rate test on tha eactor
coolant pump sxel return Tine to the volume control tank (VCT)
Openad & vent and drain valve to drain the water from a

praviously 1solated 11he The engireer than left the
cantatnment. While the Tine was draining, one of the boundary
fwnlation valveos leaked. This resulted in a Yoss of inveantory
Foaow the YCT., Tha drain gat)h was not monitorad Tocally for
cont inumd Teskage. Tha operators weare unaware that a drain

path had been astab i ishead hecavse the engines: preparing for
the test was working unda: ¢ une~day~cid clearance rwauest and

had not befefad tha arnsduty oprating s9fr hefara sta cing
this evoelution

Tha result Ing <rapg 1n the VET leval was cbservod ‘mmadial.‘y in
tha contrel room Balieving tha draop 1n VCY lave! was due to

decreased Teut cowr flow, the operators incressed Tecdown flow
to waintafn constant VCT leve’, assuming rhat this action would
alsc naintain rasctor vesse) water level constant ot mid=loop
As a4 rasu’t, actual resctor esse! water lavael began to
Javirasse s'0wly as Indicated un the teamporary watar lave)
ind'cation aysiten. The Incressed lerdow: flow had lowsred
reactor vesse !l water lavel! until air antratnament ocrurrad
through a vortax at the resfdual heat remuva) suctian nozzle
connection to the reaccor coolant sysiem hot=leg piping. This
resulrad ‘n afr binding anc cavitation of both ths operating
and the standby residual hsaet removal pumps.

Whan tha decreasing reactar vessei water level was dateccad,
Lhe oparators fsolated the 'etdown and ctarging flow patha.
Sacuring letdown flow stoppad the ‘css of inventory from thae
reactor coolant system; howeaver., bacsuse Lhe open drain valve
Nad not bewen datected, the leval 1n tha VLT continued to
dRerease .

When the residual heat removal puwp cavitacted, residual hea®
removal cooling capability wes lost, and the reactor coolant
tempearature began to rise due to dacay heat. The operatars
undarest imated the heatup rate becaeuss chaln previous

wxpwi' f@nce with « Toss of residua! hea: aroval sccurred whan
the core had 1ittle dacay heat. Lecause Yhe core exirt
thermocouples had been disconnected 1n praparation for reacton
closure hesad removal and tha reactar ¢ alant loop resis’ance
twnparature detoctor Indications werw unreliable due to lack of
"mactor coolant 7low, the operatcrs ware unaware af the raptd
lemparature Incresse. Concers for the safety of persanne)
renoving the steam generator manways rasu tad ‘n delays In
refning resctor vesse)l water lavel. 23 a rasult, restoration
of reactor veaiswe) water leve) was delayed for one hour and 28
minutes . Reactor coolant system sytar tamgeratura {(ncressed
from 87 degroes to 220 deyrewms Tahrenhei:, and reactor coolant
systen preassure incressed from atwospheacic to approximately 10
pafg. During thiai period, steam vas vented To cantainment via
ths reactor veaussal head tempora 'y vent lina that ruptured doe
te tha orasiure increase. Wanter was s90‘lled from the parcially



unsealed sStaam yanacratcr manways. A 1irborne radiosctivity
levels In con“alnment rose, requiring evecuation of personnel
The plant hae revised ‘ts procedure for draining the reactor
conleant system, providing precaut ‘ons relat .ng to residual east
runuval flow and reactor coolant systen lwvel to rrecluds
significant air antrainment due to vortex formation. A
nrwrwyguisita that reguires affactive communicat lons during al)d
work act ivities that directly or indirectly affect reactor
coolant systen inventory also was Included. The loss of
rastdual hmat removal flow atnormal procedure has also Lisan
ravised to recognize that 1f an operating residuc) hedsc removal
punp Cav tates wacessivaly or loses smucclion, tle fdle pump
should nut be started unt1) Adequata reactor vwssni watan Teve)
% restored In addition, the sbhnorma) procedure ooOw
includes a table for deterrining the time (based -n eristing
watwr inventory, powar history, and time since shutdown) wit
the resctor conlant system temparatures w11l reach

200 dagreas Fahrenhe L without forced cooling flow. Finally,
containment integrity s now required "o be estab’ 1shed v lar
to mid=loop wpaeration,

Additional detalls of this event are provided 1n Refsairanca 1.

WATERFORD UNTIT 3 (7/14/86):

The plant was shut down with thae shutdown nooling syatem in
opsratfon. The reacror vessel water leve) was being monttored
locally by fleaxible winy tubing and in the control roan by the
resccor veasse! water laval manitoring system. The apw~ators
began draining tha reactor coalant system to the mid~laap ave)
ta (eplace @& reactor coolant pump seal. Twoe drain paths wers
Seing used to lowar resctor vesse) water lave). One path wac
tha narmal drain path and was addressed 1n tha procedura. Thu
second path, whizh wae not addressed 1n the procedure, was used
to dpaad the dralning end to 2onserve wacer by dratning ta the
refual‘ng warer storage pool. Whan the desired reactonr vasse
watwr Tevel was reached, the first deain path was sacurad 1n
accordance with the procedure. However. the second path was
averlcaked, and water continund to dratn “rom the reactor
coolant systeam,

The operators wer e not »ware of clae continuing draining beceuse
3 vacuua 1n the resctar coolant systeam had collansed trae
Flunivle vinyY cubtng used for Teve' indication, causing an
fnaccurate rexding. In addition, the reactor vesse) water
lavel smoniftering system 1n tha cortrol room indicated only
Targe changes 1n leavel (marked in 4 foot incremanta) and
thavefore, did not have thae sCLLacy Neceagary to monitor and
maincatin level at mid=To0p. wWhan the water lavel had decreassd
sufficiantly, ttw low prsssura rafuty injection punps started
cavitating from alir entryrinnant Thae upearators than 1dentfied
and secured the second drain uath



Restoration of shutdawn cooling was Jelayed for 2 1/4 bours
while the mechanlcs warking on the -sactur coelant punp seals
wel'w evacuated from containment, and repested attompts were
made to vant the lTaow pressurs safaty 1njeatton Plamps . Tha Jow
"eactor vesse) water Tevel Ml caused & 5! sam Lubble to form
Letwaen the shutdown coaling 1ine MToop weal and the pump
suetfan, The steam could not be condense-d dud to saturation
canditions and could not be ventae due to tha 1imtrad capacity
of thea vacuum priming system. The reactar coolant SystUen waete::
fRnpRcature inureased from 138 to 232 degrees Fahran wit
{(matucat ion) bafore ushutdows coeling flow wes reestabl {shed.
During this time, botling occur+ed in the aore reglon. Shutdown
coaling was restored by Jogging the low pressurs safacy
fnjection vumps and recirculating cooler water from downs & raam
ol the shutdown cualing heat wachar ars to the pump suct ion

In Lhisx wannar, staam (o the pump duction 1ines was cowslaed an
condansed, allowing ocperation of the pumps without cavitation
The lacvk of guidance for restaring shutdown cooling contriuuted
to the Jifficulrty 1n recovering from (his conditfon.

The plant ravised the procedures for draining the reactaonr
coulunt system ta prohibit using sult'ple dratn pathe while the
pressurizer 1s empty and to provida detatis for raecoring

shutdow: cooling.

Additional detalls of this event sre provided in Refesrence 2.

WATERFOQPD UNTT 3 (8§/12/88)

The plant wes shut down with che shutdown conling system In
Sparatifon. Reactor vesse)l water level was being lowered ta
racove the steam generator razsle dems and to test a "ew
digitul resctor veasel water leve! indfcatar. A flexible viny'
tube was used ro locally menitor reactor vasRe® water lTavael.
The dralning evelutfan was secured when Inconststencies
developsd uatweesn the digital water level indicaror and “he
Flexihla viry)l tube. Aftas water was removed from the normally
dry rwfarence Teg of the digita: level indicator, the digital
lTavel indicator and flexible vinyl cube were brought back inco
Suparent agraement. The opsrators then resuvwed deaining the
reactor vedsae).

At an fndicated Yeve) of dpproximelmly 10 faet on the flsxible
vinyl tube and 14 feec on rre a'yital instrument, tha *A* low
prasavre safaty 1njection puny began to cavitale and was
secured. The operators ratsed rwacto: veasal water Yave! and
Startwd the *B8* low preadsure safery injection pump in
aciardacce with the abnorma) acoceduca, Timtcing the reactor
CO0Tant system water temperal. w i iae 1O a4 faw dagrows .

Luw prassucae safaty Injection wung “A° was ventad and raturned
Lo marvice. After plant perso sl Nneapected the Tnataeliation
af the teu lTevel fndicators, ('« | wraturs recommanced draining
the reacto: veasel. Howava: , . ~emctian Jdid not detece a



Toop seal in t'e flexible vinyl tube. Because of pravious
naccurecies in the new digftal resctor vessel water lavel
Indfeator, the operators re)ied primartily an the flexible ving?

tube for MesRuring reactor vérse) wara~ lavael . Dratning of the
"Ractor vessel wus “Rcured whan the Flexible vinyl tube
Indicated a lave) of 17 faet. (The digival Instrument

Indiceted 13 fost. ) Thirteen fowt s below the centerlineg
(13.38 feot) of the reactanr conlant lonp hor-1ug Riping from

which the lTow PreESSUre 'nJeation PUMDS taka suction. Shovl1y
aftee rhe dratndown was sacured, low Rreassure safary Inject lon
Bump "A" again Legan 1o cavitate. The reasctos Vuss®]l watar

lavel was ratsad, and shutdown cooling waw Promptly restored .

A datailad fnvestigation of the Teavel Indicattan problems foundg
that the flexibie vingl tube had been "arouted to allow far
instellation of the new digital lave) Indicator. when 8 ™
Flexibla vinyl tube was faroutad, a loop seal Was creatwd thaye
Yent undetwcted and caused "Ractor vesse! water laveal
fndicate high

The plant raviseg applicau)le brocedures to minfmize vingl
tubing Tengths 1n the FRactor veesel lquel indfcattan Sys“em.
In addition, procedures are being uhanged to fdent1fy the
volume of watre" In rha reecLor coolant sSystem fgor specifip
irdicatwd reactor vesae) water lgve) hefghts (with ang without
Steam generaton notzle dams 1n placa). Thie provides a check
of tha water leve!l Indications by corralating the amount of
water drafned from or added to the reactor roolant YySteam with
the fndicared water Tevel change.

3AN ONOFRE 2 (3/26/88) .

Tha plant was In a refusling QUtage with che reactor vessel
haad ‘necalled nd the shutdown c00ling system 1n Qperation .
Tha heated~ junction chermocouples for the reactor vesse) waten
Taval Indicating ¢, wcam &nd the core exit thermocouples had
been reamovad 1 prepesration for refusling. water Tevel 4, iy
fRactor caolant Bystun wag being monitared by a recently
tnstallag refueling water lovel indfcation System. The system
provided both arrows ana wide~ranye fndication n the centro)
"eom.  Tha logp resiscance t@peraturn detectors wara being
used for reacton coolant systean tanpearature indication .

Rathar chan relytng s0lely upun & ‘ocal flexible vinyl tube
Indicator, se hag baan done 1n HreVious autages, the refueling
water lTeve!l indfcatton Systom was inutalled te provida
ncreased eccursecy and Cperator controd ovar dra!ning and

In preparat ion tfor reapairing a Iwaking steam genarator norzle
dam, the cperators bagan lowsiring rwactor veuse! water lave)
nd placed the TRaCtor cooiant Ryrtem eductor, which minimizes
contafnment atrborne Contaminat tan when the resactor caalant
Rystam Integricy 1g breached, 1., sBivice. 8oth of the cantrp)



room narrow= and wide-~range refueling water leve) indicators
begar oxcillating after the wductor was placed In service.

whan plant pproornel were unable to corcect the cvscillation
problema, the flexible vinyl tube indicator was installed. The
opwrators, who distrusted the refueling water Yeve) indicat lon
svitem due to the ocscillations, continued draining the resctor
caulant systeam, relying primarily on thea flaxible viny) rube
Faor Tavel 1ndicattion.

Aftar spproaimatwly 2 1/2 minutes of draining with no apparent
Taval change, the shutdown coelina system "low to the reactor
coulant system was dec eased from 3,000 to 2,000 gallons panr
minuta ta divert more drain flow te the refueling watar scorage
tank and to reduce tha potential for pump vortaxing. with an
indicatad laval of minus 78 inches an *he flexibln vinyl tube,
reactor coolant system draining was stopped Lo varify lave)
and stabiliza cnoling flaw. Inicfally, the shutdown conling
system showad no sign of alr entrafnment, and the ‘ndicated
Twval was § fnches above the minfmum leval allowed by procedura
(minus 78 inches 1s equivalent to 1 1/2 fnches above the
haot-Teg piping midpoint).

A short tine later, Targe motor zurrent oscillations were
obsarved on the operating low pressurs safaty 1njeccion pump,
and tha punmp was stopped. Recause tha flexible vinyl tubing
Indicated adaquace leve)l, the low pressuire safety injacrion
BUmMp was restarted. ffrar severa) minutes of stable oparation,
mater current oscillations recurcad, and thae pPUND was stopped.
The other Tow pressure safety Tnjection pump was started. and
stabls operation was observed for severa) minutes before tha
suct fon preassure dropped to zero, and all shutdown conling flow
was JTost. The abnarmal cparating procedures for loss of
shutdown ceoling was inftiated, and an accelerated 8 ysten
vanting schame waz employed to restore shutdown 2ooling systam
flow,

ITnves” igat lon revesled that, while Installing and Filling the
fFlaxidle vinyl tube fndicator, an air bubble wag trapped in thae
tubing, resultisg in an insccurata high roading (plua 10 1/2
fnches). In addition, the reference scale for the tubing was
digplaced by 2 1/2 inches in the high divection, creating a
total inaccuracy of plus 13 1nches. Vortex alr entrainment
occurrsd whan the operators used tha Inaccurate flexibls viny)
tube indication to Tower tha reactor vesse) water level ta «n
Indicatad Yewe) of minuse 78 inchas (actual level was winus 99
inchas, 8 Ynches lTowar than the minfaun level of minus 53

lnchas allowad by procedurae).

Subsequent utility analysis of this event showed that the
faactor conlant hot=leg temparature increased feom 114 to 210
degrees Fahrarhait n abouz 4% ninutws, with local bailing in
the core reglon. The caleculated bulk resactor coolant
t@npmratura did not exceed 200 dagrwas Fahrenheit. SBreaam and
spprosimately I curies of radicacrivity were relessed to the
tuntafnmmnt via che Incare Flusx datantor naz:les in Lhe reactan



vassel head.

The plant has revised applicable procedures for draining the
reactor coolant system to reguire vparabiliry and use of
diversified Yevel indications and has provided detatlad
gufdance for 1nstalling the tanporary flexible viny! tube and
wfumling water lavel Indlication systems.

Additiunal detalls af this wvunt are provided in Refersnce 3

7TION 2 (12/714/85):

The plant was shutdown with tha twactor vesusal head installed,
but not tensioned, and tha reacter coolant sSysteam vented to
atmosphwre. A faw days wfter lowsring the resctor coclant
laval to rapaicr an fesolatian valva, the 28 residus) heat
rantoval pump became airbound. Aftar the cperato Leipped the
res fdual heat removal punp, the reactor vesse) water laval
indfcetion 1n the control room bocame erratic and than pegged
high. Thae ocpwratars Incorrectly concluded that the rasidual
heat removal pump or motor haed falled based un no flow
Indication and the pump low=current readings. The 2A revidual
hwat ramcval pump was started tc restors cooling but soon
daveloped abnormal current and flow indication.. The aperacors
then realized that the reactor vesse) water lavel Indicat lon
was in error and that the residual heat removal pumps had
becovwa afrbound due to the low water Tevel, Approximately 1
haur and 15 minutes was required to restore residusl haat
removal cooling. Ouring this time, reactor cooiant systam
water temparature increased 18 degreass Fahranheit .

fAecause of repearsd problems controlling reactor vwise) water
Teaval during mid=loop cparacions, the plant parforned a
detalled review of the reector vassel water lTeave! indicating
dystems. It was concluded that the accuracy of the reactor
vessal water laval indication could be Tneressed by design
fmprovemant s .

Tha 10~inch residual heat reamovas) dystem discharga piping 1s
connectad ta the tep of one of the reactor conlant system cold
Tegs. The water lTeve! sensing 1ine for the reactor vesse)
Teva) indiceting aystem (refus) ing water Teve? trangmittar)
shtara & 1 /2 Ynch line connected to the SEMR resctor coolant
system cold Tog. Moth nozzles ara in the same veartica) plane
with the ' 1/2«9n0h nozzle locaced at S0 fegress with reapect
to the 10=i{nch nozzle. when thae cold leg was partially fillad
and a residua) heat removal punp was aperating, water froo rhe
res fduel heat remova) discharye piping Impinged on the water
surface close to the nozzle of the 1 1/2=1neh Tina. Because of
tha dynamic effects of this fmplngament, the indicated water
leve) wau wrracie, especially when reactor vesse)l water leve)
was low. When the water leue) (1 the reactar veesa! was below
thew nominal mid=potnt of the coly Teg, the refusling wataer
Teval transmitter would 1nd{catw Wrraneously thar the wataer
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lave) wew at tha mid=point of the resctor cuolant system hot
Tog .

Tha design of Zton's flax . Lie vinyl tubing that connectad to
the refueling water lava) instrummnt also affected onerationa)l
accuracy. For thig reason, the visual readings on tha flexible
vinyl tube 1n cantainment and tha refueling water laval
transmittar readouts 1n the contral room ware often not in
agreanent Thess cuncitions made 1t Jifficult for gperators to
dutmrmine the correct level,

Ta provide depsndabla Yeve! indicaetion, modifications wara made
to both reactor vesse)l water Tevel indicatiaon systens as
Jasceribad 1 Attachmentc V.

SIGNIFICANCE :

loss of reasidual heat reamoval capabilicty with low reactor
vesseal witar Teval 1a significant bacause 1t can reasulc In
rapid heatup acd boil=off of the raactor coolan: and sventual

corae damage . Wichin 48 hours following shutdown from &
high=powar opecating history, a loss of residua) heat removal
at mid=loop cperatian could result In bailing 1n the care in

about 10 minutes. Even when power histaory and shutdown time
are leis reutrictive, the loss of residua) hesat recoval cooling
at mid=~loop could resuli 1n bofling in the core within 20 to &0
minutes with, subseguent core uncovering, depending on tha
bol1l=gff rata.

Aftar the onset of boiling, the core could becone completaly
uncovaerad Tn Tass than 10 winutes 1f a large cold-Teg opening
(such as an opan steam garerator nanway) exists without an
adaquats reactor vessel vent pa~h (such 48 the case with the
reactor vesssl head Tnstalled and s:ieoam generator nozzle damas
in place ar loop fsolstion valvas closed). In this
contiguration, pressure can build up in the reactur vassael and
force coolant out of the care through the cold leg cpsning.

ANALYSIS/DISCUSSION:

During cutages, it 1e fraguently nacessary to reduce the
reactor coolant level to the loop nozzle elavation for
meintenanck or modifications. Such cperations often reguirm
mainta‘ning tha reasctor vesaw) wator level within very
cestrictive Timits. Under these conditions, reacter vesse!
ware: level incresses can rasult 1n coelant averflowing Lhrough
wystem openings, contaminating squipment and personnel,
scalding wurkers, and damaging equipment. Resctor vewnse! water
Tuvaw] ducresses of @ fow lnches thresten core coceling by
disabling the residua?’ heat “amnval system through air

motrainmant . Because of the reduced coclant inventory at thase
lavals, a loss of resfdual heat cemnoval can result 1n rapid
haatup rates, ball-off of rescror coolant, and eventual core

damage NEAC/G2, “"Rasidusl Heat Ranoval Eaxparience Review and



Safaty Analysis, Pressurized Water Reactors,’ (Refarenie 4y,
notes that afrter a loss of restdual heat removal cooling,
increavses of aver 100 dagrees Fahrenheit have ocecurred in an
litela as 20 ninutes in partially drained PWRs .

Bacause of these concerns, the ©ime SOONE with thae reactar
vesse!l dratned to the mid-loop level whould be minimized when

frradtated fuael 1s present. This requirai propan F1ann1ng Y .
maintenance act ivities, including having the NeCesS a8y panrts,
wyguipmen., pecsonne’!, and procedures availabla befors
watablishing mid=locp 20erat fon. Howaver , since mid~Yoop
operat lon cannct ba elirinataed, additional attention 1s needed
Lo ensura adequate monitoring, control, and the capabi: ity for

restoration aof reactor vesse) water fnventory and care conl ing
es descr ibed further below.

Louss of Coolen Inventory:

The times for bolling, core uncovery, and ceasctonr coolant
pressurization to occur following a loss of resfdus) heat
ranoval are depsnde .t on reactar powe history, tine since
shutdown, and reactor coolant system configuratiun. The wost
reastriceive cond tion occurs for mid-loop aperation 4& hours
afrer shutdown followirng higr~pawer opecation and when reactor
coolant temperaticra 1w above 140 degrees Fahrenhalc. I'n thina
condfcion, 90111ng can occur In about 10 minutes aftar losa of
cure cooling. Even for more typ'cally encounterad conditians
when resctar vessel leval 18 lowered after a few days, boiling
ceould sSt11) occur in 20 to 60 winutes.

Abnormal resastor coolant ayeten configuratfons can result in
rapid losr-of-l1guid coolantc Ihventory beyond that Axpe-ted
Fram boiling. Thia configuration axiata whan che reazrar
cunlant hot legs are 1solated (@.g., steam generator nozzle
dack Inatalled o~ loop 1anlarion valves closed) n combination
“ith a large cold 1wy opening (e.g.. én cpen staam generacaor
MaNway Q° reactor coolant panp). Under these conditians,
bailing can pressuriis the reactur veaseel and push the coclan.
out i the core through the cpaning in the cold-lag This can
be avoided by not fsalating al) the hot lege with noz2le daws,
not closing #)1) 1sclation valves, or by praoviding an adequate

hot=Teg vent path.

Leval Indfeatian Problems:

Proper water lavel control rwauices accurate and reltfable level
indication. Water lave) Indicaring systema chat csn be
cellapsied by vecuum conditions e Lhat ace oaeily kinked are
not relfable. Improger 11navp of the leve) indifcating syetem,
insdequate nstellation and/u vent'ng, acd unfasiliarity with
leve) Indicating system responses an lead to water lave)
indicatfon and contral prob e At wany plantg, flexiple
vinyl tubing used €O manirc: wa - «wvnial water leve)l g



indtalled and supported by dreping 1t aver various CAmPONent s

Consaauently, tha resco- vessal water lave)l indication can be
disturbed by-pasiing perscnne), cthe formation of air bubbles in
tha Yiquid-Ff11lad portion, eop seals In the vented port {on

o many of the eveants discussed, the cacurring problems with

feactor vesse! water lave) Indicating systeams wroded the
vopwrators’ confidence ' rha Acouracy of the indicat {ons . In
SO Cax@x, vpearators con:iinued draining the resctor Ve s
although they suspected the fodicatwed watar leve)l was

incorrsct . In the May 18988 wateoford 3 avent, operators
cantinued tao drain the neactor vessel with wide disgarity
belwewmn ' he two weter=leve) monttoring systems . The opararonrs
hose o rely on the highar levae) Indicating system rathar than
the Tower, more conservative level indication. As & rasult,
the resctor vesse) wes drained until a Toss of shutdown vl ing
ocaurread e lower indicat ion was later determined to Le mora

repreasuntative of actual resctor vessel water Tava) .

Contral of Oraining Evolution:

Operating at reduced reactor vesse) warer levels requires
continuous operator attent ion and a timely response to residua)
heat cemoval sysctem problemns dus to the reduced water
'hventory. By being knowledgeable of all activities that could
reduce reactor coolant tnventory., operators can quickly
fdentify and correct conditions affecting reactor vesse) water
Tavel. Because monitoring for unexpected dratnage dependw
primacily on the leve! detestion system, stopping any
intentional drafnirg wheanever the lavel detection daystem Ig
lost or thae ACCUracy becomes suspect wi'l reduce the rigsk of
Towering the level bwlow mid-laoap.

Attention 'a also rnesded to prevent conditfons cthat could lead
to the inadvertent loss of water from the reactor coolant
wystem. In ctha 01cbls Canyon @vent, a drafn valve was opened
withaut operstor knowledge and was not mon‘tored Tocally for
continuing Teakage. Therefore, whan the volume control tank
water lavel decreased, Lhe Rlant operators could not proparly
diagnose the problem. !nappropriste action was taken that
aventuelly resulted 1n a loss of res fdual heat remova)
Capability snd botling 1n the core. In the July 1988 wWaterfard
3 avent, twd drain paths wers in URe, but one was not
fncorporated 1n tha procedure uasd for dratning. whaen securing
tha draining evolution, anly one drain path (rhe one addressed
in the procedurs) wes securad, and. unknown to the operarors,
"ehctor coolant level continued to decrease unt 1l shutdown
cooling wes loat.

Core Meatup Rateow/Teunperature Indications:

Heatup rates are affectad by many facrors (e 9., powar history,
water inventory, time since shutdown, and cooling water



tompnratures «nd flow rates) and ahould Ga reaviewad whamnavar
any of thesws factors change. Providing expected reactor
caalan sydatwm ﬁbatup rares Lo Qopd SLOrs can halp them plan

thair response in the eveant of & Yoss of res fdual heat rsaioved
caaling . Use of at Teost rwa means of measuring core
twiperature, one of which s indeg.ndent of residual heat
caoval Flow, allows manitoring of core heetup undar o))
conuitions and wil) ceduce the rigk asaotialed with a Yoss of
o coal ing in the Diablo Canyon savent, Operators

undmrast imated the core lhas tup rate whan residual heat renmova)
was lost and cors tenpucature indicearion was not avallable.
Duiting this tine, core twipecstura incressed ferom 87 deyress to
220 Jdmyrews Fahreanhalit, and reactor coolant systen Prevsurae
therewased from atmospheric to approx imately 10 paig. Boiling
tuok place In rtha core, and both stear and water ware roelessed

O vontainmeant

Cora teawperature monitoring via core thermocouples might not be
frasible during evelutions such as removal o installatian of
the reactor vessel head. During these evolutions, maintaining
cara caaling with the reactor vesse! water leve)! we)l above the
wid=loow lTeavels cean reduce the risk of Tosing core cooling.

A1l wvolutfons that can impact reactor vessal ware. inventory
and core cooling characteristics need to be stopped whanever a
relfable core temperatura indicatian 1s not aveilable. If core
thermocouple tumperature monitoring w1l nov be avatlable for
extendad tima pearioda, a beckup meang "o monitor core
cemperature needs to be provided.

Restoring Inventory and Cooling:

During rhe referenced events, delays 1n restoration of core
coaling oncurred because the operators lacked the fundamenta)
khowledge to assesa the fSymptoms and understand the
sfgnificance of the Toss~of-coaling capgability and also lachkad
the procedures needed to respond properly to the svents.

Diegnosis and correction of residual heat removal problams
raquires accurate Tnformation regarding both syatam
configurations and sctivities affacting reactor coolant
fnventory. Once the steam generator primary manwayve have bwen
untorqued or renoved, attempts to £41) the primary system zan
result in 8 discharge feom the manway unless proper contrels
are 1n place. Such a8 disctarge of hot waten andangers workars
v or sround the ateam generstors. To prevent delays in
rastaring resfdual heat reamova) and to aveld risks of injuries
ur contaminration, the capablility to Guickly evacuate workers
from the aree aof any reactor coolant system opening efter any
‘oss of residual heat remova) coeling ar reactor vessel lavel
18 nesdad. This requires rapid cammunication with personne)
within the nontainment .

In order to meke appropriate dee Ts ions reayenrding restaration of
fnventory and caollng, operastra s nwad to maintatin copnizance of
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'to the residual heat removae) system occurs and the residual
@eat removal pumps are stopped. water lava'l must be rafsed. and
W ras idual heat removal pump suztion mus t he vented to
"estore core cooling. Switehing or starting additional
exidual heat removal pumps before reafsing water lTave! usually
will aggravate the condition by Trcressing cthe amount of air
“ntreainment or by causing atr antratinment 1n che second pump
(n the 3an Onofre 2 event, both low pressure safety ir jectiun
Pumps becanma afrbound, resulting in a loss of all core conling
Lbecause the oparators started the punmps with “he reactor vessa)
watar lTevel below mid-loop. Similarly, in the Z1on 2 avent,
#s idual heat ramoval cooling ¢ ¢ fer appronimataely 7%
inutes because the operators eroperly diagnosed a cavitating
@i fdual hest removael pump.
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safaty Injection pumps te condenie the stoam bubble thst had
forned in the 10w pressure safety 1njection suction Tina,
resulting 1n a delay in the restaration of srucdow: canling.

Conclus fon:

The causws of Lhe events discussed in thia S0FR nclude the
fFallow iy

o Involvenent Ly wanagers and RUPHI'Y isors was not effect (ve
In providing the shut down plant with Adequate, reliabila
cure cooling as evidenced by the following:

- neffactive fmplamentation of lescons Ywarnad fram
similar industry events

- inadequate design, fnstallation, and use of both
PRanent and remporary syswtems for indicating and
alarming resctor vesse) water lavel and for ne@asuring
COore temperatura

- nsufficient procedures and leck of procedure uze for
evolutions affecting reactor coolant invantory

- Inadequate communicat tons among plant personnel
- fnsufficlient cperatar knowladge and training In the

prevention and mitigetion of loss of residual heat
ramava)l capehilicy

- proceeding with evolutions in progrese in the face of
questionable information and unaxpected reaccor plant
behav ior

@ Contr ) of activities was Tnadequate to prevent and
yuickly correct unaxpected coolant drainage paths and to
femove parsonnel quickly frowm reactor coolant aystem
openings whan necessary .

RECOMMENDATIONS : (Applicable only to pressurized water
re4ctors)
Macageament :

Y. Ensure that edministrative controle, procedures, and lavae)
indication and alarm systems needed to safely operate with
resctor vessel water leve) lowersd to mid=~loop are in
place and «ffective. Plant wanagement should revieaw with
station parsonnal the Tessons laarned and potentia!
problems associated with raduced reactor vesse)l watanr
leval prior te acch reducrion of reactor vessel water
lavel to mid=loag.

Op@arations:
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ATTACHMENT 1

MOOTEICATIUNS TO Z210N'S REACTOR
VESSEL WATER LEVEL INDICATING SYSTEM

To fmprove the accurescy of resctor vesse) water lave)
indicatiuna at Zion, modifications ware made (or are planned)
to both water leave)l iIndicating systema. Major modifications
parforned Include the following:

o Tha connection paints for both leve! indicating sy tens
will be relocated. The new connections will be locatwed
at the reactor coolant system low paints. In addition,
both level indicetians systems are now vented to the
preassxurizer. Both systems will remain 1nstalled and
isolated from the resctor coolant system during unit
operatian. The Instellations have bean safemically
des igned. A new narrowsrangs transmitter hags bsen
addad to the “efueliry water leve) iIndicating syetem
for greater accuracy neac the mid=loop reange.
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To Upgrade the flauxible ving! tubing system rha
entice ayscam was hard«piped. A hard plagtic
(po1ycanbonat.) was used for a "sight glass.* a7
aother secrions of tha vingl twbing were replaced with
statnless stee) piping and tubing. Thia system
connects to a Teop drein lina tmmadfatOTy downg traam
0f & sleam geanerstoun

The @lectronic sSystan for the refueling waten Teve)

tretesmitter was also upgraded. An 1ncore Flux
Jutector guide thinble tube 1a now Uiad 4% the
cunnect fon. The albow connect fon has Leen made helow
thae swmal rable Latwasn the second coanduire weld ang
the swal table. Most of tha reamalning unusad

sactions of canduit wara lafr place so thay may be
Rasily reconracted 1{Ff NECAsSsary Safety-related
ylove valves were nstallead on the new cannectian to
provide double isolation from the reactor coalante
System pressurwa boundary .

The tallowing addit1onal actions were taken to fwprove thra
relifabilicy of the Teve) indicating Sys e ;

3

Sens1nyg and venting lines for tha level tndicators
were s loped continuously to aveid Intermediate high
and low pointg that may ceuse ainr bubbles and Toop
$98%5 . A walkdown was parformed to vanrify
canformance with Jas ign requirement g | 1nc1ud1ng

des fgn dimens tans . Particular atrention was given to
varifying the “1o0pe of the senuaing and venting linaes
and to determining the ®xact leve) of the
transmitters feor calilbration pPurposes .

AN sutomatie Blowdown trapg was inetalled on tha
refueling wator Teve) indicating system to el iminatce
moisture accunmulation .

control room, with Set-points based on Plant-upecifio
data on residua) hear removael operation at vartious
flow rates and reactonr vessa) watanr Tevels .

The refueling water Juuw) tranamitter wes calibrated
srior ta infeda) U8 and is recalfbrated at the
baginning of each refuel ing Qutage. The transmittrenr
QUtPUL wi)) pe Lross~chackad regularly with the
hard=gipad visual leve) indicator. The calibrations
takw 1ntg consfderation he Ceanpearatyre differeancial
between tha transmitta: ong the rsactor coolant watar
temparature.

Additional detatls on the modificar ionsg ade te 21on's reacton
vassie]l water leve) Indicating systmn a'w pravided 1n Reference



