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1.1
1.2
i.3
1.4
1.5
1.6

1.7

EXCESSIVE KEACTOR COOLANT SYSTEM (RCS) MARZUPw

DECRTASING RCS PRESSURS

PZACTOR TRI?

DECREASING PRESSURIZEZR LIVEL*

ESFAS ACTUATION®

LOW MAKSUP TANK LIVEL#

ADDITIONAL CRITERIA DURING EEATU? AND CCOLOOWN *

1.7.1 RCS TEMP INCRZASING, MINDMUM LITDCWN AND PRESSURIZER LIVIL
DECREASING

1.7.2 WITE A COOLDOW:" OF < 100°F/HR AND CANNOT MAINTAIN LIVEL IN
MAKIUP TANK

*MAT NOT OCCUR ON ALL SMALL BREAKS
2.0 IMEDIATE ACTION

2.1

2.2

2.3

2.4

2.3

2.6

IF THE FSTAS HAS BEEN ItﬁTfA:‘-.‘D AUTCMATICALLY BECAUSE CF LCW R2C
PRESSURS, DMMEDIATIILY SICURE ALL 2C 21MPS,

VERIFY CONTROL ROOM INDICATIONS SUPPORT THT ALA3VS RECIIVED, VERIXY
AUTOMATIC ACTIONS, AXD CARRY OUT STANDARD POST-TRI? ACTIONS.
3ALANCE HICA-PRISSURE INJECTION (EPI) FLOW BESWERN ALL INSEZCTICN
LINES WHZI HPI IS INITIATED.

VERITY THAT APPRCPRIATE ONCE-TEROUGH STZ.M CENERATOR (0TSG) Lzvel
IS MAINTAINED BY FESDWATER CONTROL (LOW LEVEL LICOT WITE RC PNPS
OPERATING, DMERGINCY °IVEL WITECUT RC VPSS OPEZRATNG).

MONITOR SYSTIM PRESSURI AND TDMPERATURE. 1T SATTRATEID CONDITICN
OCCUR, INITIATT ¥PI

IF ESFAS HAS BEIN 3YPASSED DUE 70 EEATT? OR CCCLOCWN, INITIATE

SAFETY INJECTION.

CAUTION: IF SO°F SUBCOOLING CRITERIA 25 MET, TRROTTL: =T 7Low
TO REEP SYSTIM PRESSURE WITHIN NORMAL TICENICAL 2EC2-
ICATION P-T CTRVE LIMITS. IF RCS IS NOT S0°T SUBCCCLD,
CONTINUE FULL SAFETY INJFCTION TWTIL 50°F ST2CCOLTC

ATTADND) OR THE 2-T LDUITS OF FISTRS 1 A2E REACEDD.

-l-
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3.0 PRECAUTION

3.1 I¥ TME ESTAS [AS BTN INITIATED O LOW 3C POFSSURS, TI2MINATION OF

3.2

3.3

RC PLNP CPERATION TARSS JRECIHIEVCE OVE2 ALL OTHTR DOEDTATT ACTTaNS.

i B e ——— S -

NOTZ: IF ZSTAS HAS BEIN ACTUATEID ON ZICH R3 PRISSURI, THIV MOuITIR
RC PRESSURE AXD TRIP RC PUMPS CNCZ PRISSURT DICRETASES 210V
THE ESFAS LOW PRESSURZ SITPOINT.

IF ESFAS HAS BELN INITIATED, THE RC MNP'S TRIPPED, AND TIE 2CS

DETERMINED TO 3E AT LEAST S0 F SUBCOOLZD. INE OPERATCR SHOUTS

3 : a1 IF Ar°CP FON TUT OEPRreSiAItle
ESTABLISH AS QUICHLY /S POSSIBLE IF THE CAUSES FOR THET DEP2=sSU y

TION IS DUT TC EITHER A LOCA OR NON-LOCA (QVERCOOLTNG) IVENT.

PROCZED TO STEP 4.4 FOR NON-LOCA EVENTS.

IF THE HPI SYSTDM IL\S ACTUATED BECAUSE OF LOW PRESSURS CONDITICUS,
IT MUST REMAIN IN OPZRATION UNTIL ONE OF THE FOLLOWING CRITIRIA
IS SATISFIED:

1. THE L2I SYSTDM IS IN OPERATION AND FLOWING AT A RATE I EXCESS

OF 1000 GPM IN EACH LINE AND THE SITUATION HAS REIN STASLE FOR
20 MINUTES.

OR

2. ALL EOT AND COLD LIG TIMPERATURES ARE AT LEAST SOF 3ELOW TEE
SATURATION TDPIRATURE FCR THE EXISTING RCS PREISSURE
- AXD -
THE ACTION IS NECISSARY TO PREVENT TEE INDICATED PRESSURIZER
LEVEL FROM GOING OFF-SCALZ HIGE.

NOTE: IF SOF SUBCOOLING CANNOT 3 MAINTAINED, TEE =T SZALL
3E REACTIVATED.

SOTE: THE DEGRET OF SUBCOOLING BEYOND SOF AND THE LENGTE OF
TDE EPI IS IN OPERATION SEALL 3E LIMITED 3Y THE PRESSURE/
TEMPERATURE CONSIDERATIONS FOR THE VESSIL INTIGRITY (SZE
SECTION 3.4).

=
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3.4 WHEN THEE REACTOR COOLANT IS > 50 7 SU3CCCOLID, TEE REACICR VESSZL
DOWNCOMER PRESSTRE/TEPERATURE (?-T7) CCISINATION SEALL 32 207 3Io0W
AND TO THE RICET OF THE LIMIT CTRVZ SECWN IN TICTRE 1. THE 201NCIER
TRPIRATURE SAALL 3E DPETERMINED AS FOLLIWS:

3.‘.1

3.4.2

WITE ONZ OR MORZ RC ?UMPS OPERATING USZ ANY COLD L32C 220 AS
AN INDICATICN OF REACTCR VESSEL DCWNCUER TIROERATURE.

7ITH NO RC PLOPS OPERATING THE RV DOWNCOMER TDMPERATURE SHALL

PR DU L - AN —at b . e W e e e -
BE DETERVINED BY AVERAGING THE FIVE LOWEST LMCORE THEXOCISLYLE
TEMPERATURE READINGS AXND SUBTRACTING 1350 7 FROM THE AVIRAGZ
INCORE THERMOCOUPLE TECPERATURE VALUE.

WELRE Tpon

5
T s ® SUM OF THE 3 LOWEST INCORE THERMOCOUPLE TPEIRAITRZ

* reams.

NOTE: FIGURE 1 1S APPLICABLT ONLY UNDER LOCA CONDITIONS. TEE
P/T CURVE I TEE TECHNICAL SPECIFICATION IS VALID FOR
ALL OTHER OPERATING CONDITIONS.

NOTE: WHEN THE REACTOR COCLANT IS LESS TEAN 50 F SUSCCOLID, THE
REACTOR VESSEL DOWNCOMER PRISSURT TEMPIRATURD COMB.LATION
WILL INHERENTLY 3E BELOW AND TO THE RIGAT OF THEZ LDAT
CURVE. THEREFORE, NC OPERATOR ACTION WILL 3E REQUIRED 10
PREVENT EXCEIEDING THE REACTOR VESSEL INTEGRITY LIMITS
ONTIL ATTER A > 50 F SUBCCOLED MARGIN EXISTS.

= AVERACE RV DOWNCOMER TEMPEIRATURE, T




3.5

3.6

3.7

3.8

3.9

3.10

§9-1106001
WOTE: WHEZN THE RIACTSR COCLANT IS 2 50°F suzccoLss, RC
PRESSURZ CAN BE TOUCID BY 2IDUCING THE H2T FLOW RATS
T0 AVOID EXCIIDING THE RV INTESRITY LMITS.
PRESSURIZIR LEVEIL MAY 3Z INCREASING DUZ TO RCS 2SACHING SATURATDD
CONDITIONS CR A BREAK ON TOP OF THE PR7mSSURIZIR.

IF HICE ACTIVITY IS DETECTID IN A STEAM CENZRATOR, ISCLATZ THEE LIARINS

- s e

. o s . gy : - -
CZNERATCR. IT IS RECO:IIENDED THAT 20TH STZAM GENERATSRS NOT = aSCLATZS.

CTHRR LDICATIONS WHICH CAN CONFIRM THE INISTINGT OF A LOCa:
3.7.1 RC DRAIN TANR (QUEMCH TANK) PRISSUREZ (RUPTUAD DISK MAY i Z DLow).
3.7.2 INCREASING REACTCR BUILNINS SUMP LIVEL.
3.7.2 INCREASING REACTCR BUILDING TDMPIRATURE.
3.7.4 INCREASING REACTOR BUILDING PRESSURE.
3.7.5 INCREASING RADIATION MONITOR READINGS INSIDE FONTALNENT
3.7.6 REACTOR COOLANT SYSTDM TDMPERATURE BECOMING SIWTURATED RELATIV
TO THE RCS PRESSURE.
3.7.7 BOT LZGC TDPDRATLRE EQUALS CR EXCIZIDS PRESSURIZIR TIDPIZRATURE.
3.7.8 INCREASE IN TEE EXCORE NEUTROW DETECTOR INDICATIONS.
NOTE: 1IN CONJUNCTION WITH THE INDICATIONS IN 3.10.1, THIS
COULD 3E AN INDICATION OF INADEQUATE CORE COOLING.
EPT COOLING REQUIREMENTS CGL'...'J.DE?LZTE. THZ 3CRATED WATIX STCRAGE TAXR,
AND TIATION OF LPI FLOW FRCM THE RIACTCR 23UIIOING SOM® TO. TEE =PI
PUMPS WOULD 3E RIQUIRED.
ALTIRNATE INSTRIMENT CHANNELS SHE'J’..D 3Z CEECKD AS AVAIIASLI TC CONFIRM
KEY PARAMETER READINGS (IE, STSTIM TDMPERATURES, PRISSURIS oD
PRESSURIZER LEVEL).
MADNTALY A TRPIRATURE VERSUS TDXE 2LOT AND A CCRRSSPONIDIG TROPRATTRE
PRESSURE PLCT ON A SATURATICON DIAGRAM. USING EOT L35 373'S AD EICE=EST
INCOREZ TEERMOCCUFLE REZADING, THEISI PLOTS WILL MAKS IT P0SSIZLE 10 Ralk
THE PLANT'S CONDITION THROUGE PLANT COOLDOWN.
3.10.1 I¥ EITHER OF TEE FOLLOWING INDICATICNS OF SMADEQUATE CORE COOLING
EXIST, GO TO SECTION 4.5.
1. BOT LIC RID'S READ SUPSRHEATID FCR TEE IXISTING RCS 2RTISTRE.
2. INCORE THERMOCOUPLE TT® IEADS SCPREEATID FOR THS
ZXISTING RCS PRESSURE.
3.10.2 IF PRDNARY TEMPERATURE AND PRESSURE IS UECKREASING ALONS TEE
SATURATION CTRVE THEN SUSCOCLID CONDITIONS WIil 3Z SSTASLISIES.

"

THIS WILL 3E DDICATD Y PRIMARY SYSTIM PRESSURE NO LONGER TOLLOWING

THE SATURATICN CURVE, AS PRDMARY SYSTDM TIMP. DECRSASTS. oy THIS

OCCTRS, PRIMARY SYSTIM PRESSURE SEOULD 3E CONTROLLDD




J.11 COMPONENT
TEE 2C PUMPS TO INSTAS CONTINCED SERVICE OR o
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BY ADJUSTING HPT FLOW, TC MAINTAIN 5C°F sSU3COCLITNS. TEE
DEGREZ ~F SUBCOOLING 3EVCYD 30°7 SAALL 3Z CONTRCLLE WITEIN

THE LIMITS DEFINZD IN SZCTION 3.4,

COOLING WATZR (CCW) AXD SEAL INJSTCTICH SHOULD

v - -
I a ' & &\t 3E :'d‘..‘.- oy

-t ) - -

.- - ——
() THT ASTTITY TO 2=STARZ RS

PIMPS AT A LATIR TDE.

3.11.1

- g4 W™ ~re ~ - -
TRAMTHE @A saree 3

IF CCW IS LOST AMD THE RC PnPS ARE OPERATIVE, CCW NUS3T

Lleak SR 4

RESTORED WITHIN 30 MINUTES OR THE RC PSS MUST BN uTALLT

TRIPPLS.

IF THF RC PLAMS ARC TRIMPED FOR AN REASON, SEAL IN ToTICH

- ————

SHOULD BE MAINTAINED TO ENSURE LONG TIRM STAL I3TTSRITY.

4,0 FOLLOWT? ACTICONS

4.1

‘.2

IDENTITICATION AND EARLY CONTROL

4.1.1

4.1.5

4.1.6

IF EPI HAS INITIATED BECAUSZ OF LOW PRESSURE, CONTROL HPI IN
ACCORDANCT WITH STZP 3.3.

IF BOTH HPI TRAINS HAVE XOT ACTUATED ON ESFAS SICNAL, START
SECOND HIPT TRAIN IF POSSIBLI. BALANCE HPI TLCWS.

IF RC PRESSURE DECREASES CONTINUCUSLY, VIRIFY THAT CORE
FLOOD -TANKS (CFTs) AND LOW PRESSURZ INJECTION (LPI) HAVE
ACTUATED AS NEIDED, AND BALANCE LPI.

IF CAUSE FOR COOLDOWN/DEPRESSURIZATION IS DETERMINED 7O 3£
DUE TO A NCN-LOGA OVERCCOLING ZVENT AND THE RCS IS AT LIAST
50 F SUBCCOLZD TIEN PROCZED TO SZCTION 4.4.

ATTEPT TO LOCATE AMD ISOLATE LEAX IF POSSISLE. LITDOWN
WAS ISOLATED IN STEZP 2.2. OTHER ISOLATADLZ LIAKS ARE PCRY
(CLOSZ BLOCK VALVEZ) AND BETWEDN VALVES IN SPRAY LIE (CL0SZ
SPRAY AND BLOCX VALVE).

DETERMINE AVAILASILITY CF REACTOR CCOLANT PTMPS (RCPs) AND
MADN AND AUXTLIARY FZEDWATER SYSTEMS. IF FIEDWATIR IS NCT
AVAILABLE GO TO 4.2. IF FEEDWATER IS AVAILASLE GO 10 4.3.

T FEEDWATER IS NOT AVAILAZLE

THROUCHOUT THE FOLLOWING STEPS MALTAIN MAXDMM HPI TLO
RESTORE FIZEDWATER AS SOON AS POSSIZLE.

IF RCPs ARE OPERAIING, GO TO CNE P2 PER LOCP. IF RCPs
ARE NOT OPERATIMNGC, GO TO STZ? 4.2.6 3ZLOW.

IF RCS PRESSURE INCREASZS, OPEN PCRV AND LEAVE CPE.
NOTE: IT THE PORV CANNOT 3E ACTUATED, THE SAFZIIES Wil

RELIEVE PRESSURE.
i ol e

S
P
Jd
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4.2.5

4.2.6

4.2.7

4.2.8
ACTIONS WITE FE:. ~J2% ° ILASLET TO ONE OR 30TH GINERATCRS

4.3.1

4.3.2

4.3.3

-

[
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WHES FEEDWATZIR IS RECOVERED, RESTCRE 0738 LIVELS I A CONe
TROLLID MANMNIR. CLOST P0RV CR 3LCCK VALVE, 17 POSSIzLZ
AND PROCEZID T0 sSTE® 4.1.2.
IT NO RCPs ARZ OPERATING, OPEN PCRV AND MAINTAIN HPI 7LCOW.
NOTE: IF THE P0RV CANNCT BE ACTUATED, THE SATETIZS WILL
IZVE PRESSURE.
WHEN FEDDWATIR TLCW IS RESTCRZID, RAISZ 07TSC LIVILS T0 955
ON THE CPERAIZ RANCZ, CLOSE PORV OR 3LSCX VALVE, IF PCSSIaL:.
NOTE: OTSC LZVEL SHOULD BE MONITORED PERICOICALIY DURING THE
FILL PROCESS. LEVELS > 955 ON THE CPERATING RANGE
MUST 2E AVOIDED TO PRECLUDE FEIDUATER CARRYCVER TC T:=
STEAMLINES.
VERIFY NATURAL CIRCULATION IN THEE RCS 3Y OBSERVING:
4.2.7.1 COLD LG TDPERATURE IS SATURATION TDMPIRATURE OF
SECONDARY SIDE PRESSURZ WITEIN APPROXDATZLY 2
MINUTES.
4.2.7.2 PRIMARY AT (THOT - TCOLD) BECOIES CONSTANT
G0 70 s7 . .

MATNTAIN CNE RC? RUNNING PER LOOP (STOP OTIZ=R RC%s). IT
NO RCPs OPERATING (DUE 70O A LOSS OF OFFSITE P0VER CR OUZ 710
MANUAL SECURDMENT PEIR SECTION 2.0), GO TO STEP 4.3.4 ZIIoOW.

ALLOW RCS PRESSURE TO STABILIZE.

ESTABLISHE AND MAINTAIN OTSG COOLING 3Y ADJUSTING STZAM 2RISSURS

VIA TURSINE 3YPASS AND/CR AIMOSPUERIC DO CCLOCIY AT 100 7

PER HOUR TO ACSIZVE AN RC PRISSURI OF 250 ?SIG. RITER 70 ra=-

CAUTION 3.10 FOR DEVELOPMENT OF TEMPERATURE AND PRESSUZZ 21.07S.

ISOLATE CCRET TLOCD TANX v 30 F SUBCSCLING IS ATTAINED AY

RC PRESSURE IS LISS TEAN 700 PSIC. GO INTC LT CoOLING 2=

APPINDIX A.

IF RCPs ARE NCT CP‘.‘RA‘:IXG

4.3.4.1 EISTASLISH AYD CONTROL CTSC L=V=L T0 ¢
RANGE. VERIFY THE CONDITIONS IN ST=? 4.2.7
NOTE: O0TSG LIVELS GREATIR TILAN 953 CON THE OPERATTNG

RANGE MUST 3E ATOISED T0 SRICIUDE FIZOUATED

CARRYOVER INTO THE STEATINTS.

-6-
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4.3.4.2 IF RC PRESSURE IS DICREASING, WAIT UNTIL IT STABILIZE
OR BEGINS INCARZASING. IF IT BEGINS INCREASDNG, 30 0
STEP 4.3.4.4,
4.3.4.3 PROCEED WITH A CONTROLLED COCLIOWH AT 100 F/ZR 3
CONTROLLING STZAM GEZNERATCR SZCONDARY SIDE PRESSURE.
MONITOR RC PRESSURZIS AND TDPIRATURES DURINS CooLoow
AND PROCEZD AS INDICATDD 3ZLOW:
4.3.4.3.1 1IF RC PRISSURE CCNTINUZIS TO DECREAST,
FOLLOWING SZCONDARY SIDZ PRESSURE DICRZASES
AND WITH PRIMARY SYSTDM TDMPERATURES
INDICATING SATURATED CONDITIONS, CONTINTE
COOLDOWN UNTIL AN RC PRESSURS OF 150 ?SI IS
REACHED, AND PROCZED TO STZ® A.4 OF
APPENDIX A.
4.3.4.3.2 1IF RC PRESSURZ STOPS DECPIASING IN RESPONST
TO SECONDARY SIDE PRESSURE DECRZAST AXD
REACTOR SYSTDM 3EZCCMES SUBCOCLID, CEICX TO
SEE THAT TEE FOLLOWING CONDITIONS ARE 20TH
SATISFIID:
A) A7, HOT AND COLD LEGC TEMPIRATURES ARZ
BELOW THE SATURATION TDPEIATURE FOR
THE EXISTING RCS PRESSURE.
AND ¥ THE 30T AND COLD LEG TEMPERATURES ARE
DECREASING IN RESPONSE TO STZAM
GENERATCR SECONDARY TEMPERATTRE
DECREASE.
IF THESE CONDTTIONS ARE SATISIIDD AND REMADN
SATISFIED, CONTINUE COOLDOWN 0 ACHTIVE AN
RCS TDMPERATURZ (COLD L33) OF 289 F, AD
PROCEED TO STE? A.1 OF APPEDIX A.
NOTE: IF THE CCNDITIONS ASOVE ARS MET 3ELOW
700 PSIG, TME CORZ TLOOD TANKS SuOwT
BE ISOLATED.
NOTE: IF THE PRIMARY SYSTEM IS 50 T SURCOCLID
™

BOTH 30T AND COLD LICS AND PRIMARY
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SYSTDM PRESSURE IS ABCVE 280 7578,
STARTING A REACTOR COOLANT PP 15 2%R-
MISSIBLZ. 1IF STSTE! DOES NCT 2ETURN T
AT LEAST 50 7 SUBCOCLING IN TW0 MINUTZS,
TRIP PUMPS. ¥ PORCID CIACTLATION 1§

ACHIZVED, PRCCIID 70 STZ? 4.1,
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6.3.4.3.3 1IF RC PRI.SUAZ $T¢. 3 DECRZASING AID THE
CONDITIONS OF 4.3.4.3.2 ARE N0T 2o O
CEASE 70 BE MET CR IF 2C PRISSTAT 3z
SCNEASE, THEN PROCZIZS 70 sT22
4.3.4.4 BELOW,
4.3.4.4 RESTORE RC? FLOW (ONE 2TR LOCP) WHIN ?085T31: =2
THE INSTRUCTICNS 3ZLCW. IF 2C PUMPS CANNCT 32
OPERATED AND PRESSURT IS INCREASING, €O 7O $7z?
4.5.4.6,
6.3.4.4.1 IF PRESSURZ IS INCREASING, STAZTING A TV
IS PERMISFIZLE AT RC PRESSURE CRIATER TEAY
. 1600 ?siG.
4.3.4.4.2 1IF REACTOR COCLANT STSTIM PRISSTRE INCZIDDS
STEAM GINIRATOR SECONDARY PRESSURE 37 46C0
PSIC CR MORT "BUMP" ONL REACTOR COOLANT
PUMP TOR A PERIZD OF APPROXIMATELY 10
SECONDS (PRITIZAZLY IN OPIRABLI STIAM
GENERATOR 100?). ALLOW REZACTCR COOLANT
SYSTEM PRESSURE TOSTABILIZE., CONTINUE
COCLDCWN. IF REACTOR CCOOLANT SYSTDM PRESSURS
AGAIN EXCIZIDS SZCONDARY PRESSTRE DY 400 2SI,
WAIT AT LEAST 15 MINUTES A'D RTPIAT TS
PRMP "BMP"., BUMP ALTERNATE PNPS SO TEAT
NO PP IS 30MPED MORE THAN OWCZ IN AN EHOUR.
THIS MAY BE REPEATID, WITZ AN INTIRVAL OF
i35 MINUTES, UP T0 § TDMES. AFTER TEE FIFTT
"BUMP," ALLOW TEE RZACTOR COCLANT N e
CONTLU® T e lICN.
4.3.4.4.3 IF PRESSURT HAS STASILIZID TOR GREATTR =uav
CNE HOUR, -ZCONDARY PRESSURZ IS5 LISS THAN 100
PSIC AND PRINMARY PRESSURE IS5 GRIATI® —maN
250 PSIZ, 3P A PP, WAIT 30 MINTTES, AD
START AN ALTZIRUATE ™.




4.3 4.5
"3.‘.6

4.3.4.7

§9-1206001

IF FCRCID FLOW IS CSTABLISHED, GO 0 STT? 4.3.2.

IF A REACTOR COOLANT PLYDP CANNCT 3Z OPER2ATID AND
REACTCR COOLANT SYSTDM PRISSURZ ATACHES 2300 2525,
OPEN PRESSURIZZIR PCRV 70 RUWSUCT REACTOR CCCOLANT
SYSTRM PRESSURE. RECLOSE ?CRV WEZN LS PRISSURE
FALLS 70 100 PSI ABOVE THE SZCCITARY PRESSURE.
REPEAT IF NECISSARY. IF PORV IS5 NOT OPERAZLZ,
PRESSURIZIR SAFZITY VALVES WILL RELIZVE OVERPRISSTRI.
MAZNTAIN RC PRESSURE AS INDICATED IN 4.3.4.6 IF
PRESSUREZ INCRIASES. MAINTAIN THIS COOLING MODE
UNTIL AN RC PUMP IS STARTED OR STZAM GINIRAIC
COOLING IS ESTABLISHID AS LNDICATI 3Y ESTAZLISEING
CONDITIONS DESCRIZD 1IN 4.3.4.3.1 CR 4.3.4.3.2.
WHEN THIS OCCURS, PROCZEZD AS DIRZCTED IN THCSE
STEPS. GO TO STE? 4.3.2 IF FORCED FLOW IS
ESTASLISHID.
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4.4 NONLOCA OVIZCOOLING IRANSITNT WITH FIEDUATER AVAITLASLE

4.4.1 DOMESIATILY RISTART A RC 70 IN EACH LOOP IF THE 205 IS
30 F suzcooLD.

4.4.2 CONTROL STZAM PRESSURE VIA TURBINE 2YPASS OR ATMOSPHERIC DL
VALVES TO STABILIZZ OR 20vTacL PLANT HIDATU?.

NOTZ: CONSIDERAZLZ ‘I MAY HAVE 2EZN ADDED TC T3E acs.
THEREFORE, TO PRIVINT RCS FRCM GOLNG SCLID, TEE
ABOVE ACTION MAY 3E JZCISSARY.

4.4.3 AS LONG AS THZ RCS IS MAINTAINED 5C F SUBCOOLED, TEROTTLE I/
AND LETDOWN FLOW TO MAINTAIN PRESSURIZER LIVEL AT Vv 100 INCESS.

4.4.4 USING TURBINE 3YPASS VALVES AND FIIDWATIR SYSTDM, CONTROL STZAM
GINERATORS AS NEEDED TO LDOQT ST EEATU? NTIL RC PRESSURS
CONTROL CAN BE RE-ZSTASLISHED WITH THEEZ PRESSURIZZR.

NOTE: COLD RCS WATZR MAY HAVE BIIN ADDID TO THE PRESSURIZER;
3 THEREFORE, A PEIRIOD OF TDE MAY ZLAPSE 3ETORZ NCRMAL 2C
PRESSURE CONTROL CAN 32 ESTABLISEED WITHE THEZ PRESSURIZ
HEATERS.

4.4.5 ONCE PRESSURE CONTROL IS RE-ZSTAZLISHED, USE NORAL REATU?/
COOLDCWN PROCIDURE TO ISTASLISH DESIRED PLANT CONDITIONS.
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4.3 2208S FOR INADEQUATE CORE COOLING

4.5.1 IMMEDIATE STE?S FOR INADEQUATE CORE COOLING
NOTE: IF RC PUMPS AREZ RUNNING, DO NOT TRZ? 2UMPS. =§Is
SUPERCEDES INSTRUCTIONS IN SECTION 2.1
4.5.1.1 VERIFY HPI/LPI SYSTEIMS ARE FUNCTIONING PR02IRL?
WITE MAXIMUM FLOW. START MARIU? PUMP
POSSIBLE, 70 INCREASE INJESCTION FLOW.
4.5.1.2 VERIFY STZAM GENERATOR LEVEL IS 3EING CCNTROLLED
AT 953 ON QOPERATE RANGE.
NOTE: FOR TECO STEAM GENERATOR LEVEL SHOULD
BE AT 96 INCEES INDICATED ON THE
STARTUP RANGE
CAUTION: REFERENCEZ LEG BOILING COULD GIVE
FALSE LEVEL INDICATION
4.5.1.3 DEPRESSURIZE OPEZRATIVE STEAM GENZIRATOR(S) TO
ESTABLISE A 100°F/HR DECRIASE IN SECONDARY
SATURATION TEMPERATURE.
4.5.1.4 ENSURE CORE FLOOD TANK ISOLATION VALVES ARE OPEN.
4,5.1.5 17 REACTOR COOLANT SYSTEM PRISSURE INCREASZS TO
2300 PSIG (1500 PSIG FOR DB-1) OPEY PRESSURIZER
PORV TO REDUCE REACTOR COOLANT SYSTEM PRESSURE.
RECLOSE PORV WHEN RCS FALLS TO 100 PSIg A30VE
THE SICONDARY PRESSURI. REIPEAT IF NECESSARY.
I¥ PORV IS NOT OPESRABLE, PRESSURIZEIR SAFETY
VALVES WILL RELIZVE PRESSURE.
4.5.1.6 PROCEZD IMMEDIATELY TO 4.5.2.
4.5.7 WHEN THE INDICATED INCORE THIRMOCOUPLE TEMPERATURES OR
HBOT LEG RTD TEMPEIRATURES AREZ SUPEREIATED FOR THE EXISTING
RCS PRESSURZ, OPSTRATOR ACTION SHALL 3% 3ASED ON CONDITIONS
DETERMINED FROM FIGURE 3, BY A SAMPLE OF TH: BIGHES?T
INCORE THIRMOCOUPLE TIMPEIRATURE READINGS 70 DETERMINE 7=
CORE EXIT THIRMOCOUPLE TEMPEIRATURE.
NOTE: MORI THAN ONZ TEERMOCOUPLE TEMPIRATURE READING
g

~~
wr
N
"
"
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4 4.5.3 WHEN TEZ INCORE TRERMOCOUPLE TIMPZIRATURE HAS 3ZEN
| DETERMINED PER SECTION 4.5.2, GO TC THE SZCTION INDICATED
3ELOW.
SECTZON
INCORE Tc g SATURATION b.1.6
CORVE 1 @ INCORE Tc <« CURVE 2 FISURE 3 $.5.64
INCORE T: 2 CURVE 2 GURE 3 6.53.5

NOTZ: T8I INCORE 711
SEALL B3E CONT
INCORE THERMOCCU?LE TEMPERATUREIS RITURYN 70
SATURATION TEMPFRATURE FOR TEI EXISTING RCS
PRESSTRE.
4.5.4 ACTIONS FOR CURVE 1 g INCORE T¢ < CURVE 2 FIGURE 3
4.5.4.1 IF RC PUMPS ARE NOT OPERATING, START ONE PUMP
PER LOOP (IF POSSIBLE). THI3 INSTRUCTION
SUPERSEDES PREVIOUS INSTROCTIONS TO TRI?
RC PUMPS.
NOTE: DO NOT BYPASS NORMAL INTERLOCKS.
4.5.4,2 DEPRESSURIZE OPERATIVE STZAM GENERATOR(S) as

 §
-
4
?
-

2MOCOUPLE TEMPERATTREI RZADINGS
I

AR Ly

RAPIDLY AS POSSIBLE 76 400 PSIG OR AS FAR AS 3
NECESSARY TO ACEIEVE A 10097 DECRIASE IN A
SECONDARY SATURATION TEMPEIRATURE. ;;
4.5.4.3 OPEN TEE PORV, AS NECISSARY, TO MAINTAIN 20CS T
PRESSURE WITHIN 50 2SI 0T STEAM GENIRATOR 1
SECONDARY SIDE PRESSURE. ¥

SOTE: IF STEAM GENERATOR DEIPRESSURIZATION ;
WAS NOT POSSI3LI, OPEIN PORY AND LIAVE 7

OPEN.
4.5.4.4 TIMMEDIATELY CONTINUE PLANT COOLDOWN 3% MAIN-
TAINING 100F/HR. DECRIASI IN SICONDARY
SATURATION TEMPIRATURS TC ACHIZVE 130 25IG
RCS PRESSTRE.
CAUTION: IF AUXILIARY FIZD PUMP I3 SUPOLIZD
37 MAIN STEAM, DO NOT DECRIASE
PRISSTAZ 3ELOW TEAT PRISSURE NEICEISSARY - °
FOR AUXILIARY FIED 2UMP OPEZRATION. “

™ R

:

-l;-
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IF THE AVERAGE INCORE THERMOCOUPLE TEIMPERATTRE

- - -~

INCREASES 7O CURVE 2 FIGUREZ 3 PROCEIED IMMEDIATILY

TO SECTION 4.5.5.
WHEN RCS PRESSURE REACEES 150 PSIG, GO T0O
APPENDIX "A".

4.5.5 ACTIONS PFOR INCORE Te¢ a CURVE 2 FIGURE 3

$.3.5.3

6.3.5.2

4.5.5.3

605050‘

IF POSSIBLE, START ALL RC prMPS.
NOTE: STARTING INTERLOCKS SEOULD 3Z DEFSATED
IF NECESSARY.

DEPRESSURIZE TEZ OPIRATIVE STEIAM GENERATOR(S)

AS QUICKLY AS POSSI3LE TO ATMOSPHERIC PRESSURE.

CAUTION: 1IF AUXILIARY FEED PUMP IS SUPPLIED
BY MAIN STEAM, DO NOT DECREASE
PRESSURE BELOW TEAT PRESSURE
NECESSARY FOR AUXIILIARY FIED 2UMP
OPERATION.

OPEN THE PRESSTRIZER PORV AND LEAVE OPEN.

NCTE: THE RCS WILL DEPRESSURIZE AND THr®

LPT SYSTEM SEOULD RESTORE CORE COOLING
WEEY INCOREI THERMOCOUPLZ TEIMPERATUREIS NITURY
TO THE SATURATION TEMPERATURE FOR THE EXISTING
RCS PRESSURE = AND - THE LPI SYSTEM IS
DELIVERING FLOW, PROCEZD AS FOLLOWS:
4.5.5.4.1 CLOSE THE PRESSURIZER PORV; 2EZOPEN

- IF RCS PRESSURE INCREASES aA30VE
150 ps1IG.

4.5.5.4.2 DECREASE TO TWO (2) RC PUMP QPERATION

(ONE PER LOOP).
4.5.5.4.3 ISOLATE THEZ CORE FLOOD TANKS.
4.5.5.4.4 MAINTAIN STZAM GENERATOR PRISSURE
ATMOSPHERIC OR AS LOW AS PossIai:z
MAINTAINING AUXILIARY FESED 2TUMP 1IN
CPERATION OFF OF MAIN sST=aw.
4.5.5.4.5 CONTROL HPI P23IR 3.3.

>
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6.5.5.4.7
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MONITOR BWST LEVIL AS LO-LO LEVEL

LIMITS ARE APPROACEED, ALIGH L?T

SYSTIM FOR SUCTION FROM R3 STMP.

LOSE THE L27 3WST SUCTION VALVES.

NOTE: IF 3PI Is R2ZQUIRED ?ER 3.3,
ALIGN L2I AND R2I IN ?2IGGY3ACK
MODE. CLCSE BPI STCTION VALVES
T0 BWST.

GO TO APPENDIX "A".

[SOPIRLL RS-y, Fte, v |
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APPERDIX A

ST RIITIe 9o - - -~ . -, - e - rEm A -y - - -~ - -~ -~ -~
DLL...;...-}. - ?R-L‘tls‘: CUOLJ.\::T .S l’\. UL"S& JO s SL.&U pe——— -e ::U&. Vw :U

STEP A.3.

A.l.l

A.l.z

’ll 103

Al.4

A.l.s

A.l.s

A.l.7

ST/RT L21 PUMPS. IF LOTH PUIPS ARE OPER.SLZ, &8 70 ST A.2. FOR
ONE LPI PUIQD CPERASLE MAINTAIN CTSC COOLING AND 2RCCZID AS Tullcus.
THE OPLRASLE LPI PLMP WILL BZ USED T0 MAIUTAL SYSTII LUVENLCRY.

OBTAILN PRIDMARY SYSTIM CONDITIONS CF 5 28CF AND s 250 PSIG.

ALICH THE DISCIARGE OF TNE OPERAZLE LPI P2 TO THZ SUCTICHS O TX
HPI PIPS AND TAKE SUCTION FRCM THE IWST. IF THEC 3WST IS AT T2 LoU
LEVEL ALARM, ALICH LPI SUCTION FRCH T:HZ R2 SUIDP AD SHUT SUCSTICN TR0
BWST.

-

START TUT CPERADLE LPI PP SPICITIZD AZOVE. TEE IPI-L2I SuSUDIS

WILL KOW BE IN "PIGGY BACK" AND HPI FLOW IS MAINTAINING SYSTD!
PRESSURE.

GO TO SINGLE RC PUID OPIZRATION.

WHEN TIUE SICOMND LPI PP IS AVAILABLE, ALIGY IT I THUE DEZ4AY HTAT
MODE AXD COMEDICT DECAY HEAT RTMOVAL. (DECAY HEAT SYSTD! TLUOW
GREATER TUAN 100 CM{). SECURE REUINING RC PUI2® WiHDN DECAY HE'T
RECVAL I8 ESTAZLISIED,

CAUTICN: VERITY THAT ADEQUATT N2SH EXISTS FOR THE DECAY HIAT
PP IN THE DH RDOVAL MODE. IF INADEQUATES, TRausST:IR

TO LPI MODE.

RIOUCE RTACTCR CCOLANT PRESSURS 70 150 PSIC 2Y THROTTLING HPI FLOvw.

CONTRCL RC TROERATURE USINS THZ DECAY MIAT SYSTD! COOLZIR 3YP4S3 TC
MAIXNTAIN SYSTIZM PRESSURE AT LIAST S0 PSI ABCVE SATUTATION PRISSUAZ,

R v tentd RE T el ] e Lt - .
T0 ASSUTE TWHAT NS REQUIRDMENTS FOR THE DECAY HESAT P12 Ass

MAINTATNED.
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A.1.8 SECURE THE LT PUMP AND SHIFT THE LPI P SUSILYLINT LT 710 THD LP2
INJECTION MODE.

A.1.9 RIDUCE REACTOR COOLANT TEMPERATURZ T0 100 F 3Y COLTROLLING TiE
DECAY MIAT SYSTZ{ COOLZR BY2ASS.

NOTE: 1IF ONT OF THE LPI/DECAY JIEAT PLMDS IS LOST, RITURN 0 0TsC
COOLING USING NATURAL CIRCULATION OR ONE RZACTSR CSoCoLaT
mm (l‘ll)-

COOLDOWN ON TWO LPI PLMPS

A.2.1 MAINTAIN RCS PRLSTRE AT s 250 PSIG AND REDUCE RCS TEMPERATUREZ 70
s 280F.

A.2.2 ALICN ONE LP?I PP IN TUE DECAY HEAT RIDIOVAL MODE.

A.2.3 SECURE CNE RC PN IF TWO ARE CPERATILG.

A.2.4 START THC DICAY HZAT PIMP IN THT DECAY HEAT RDIOVAL ¥ODE, AD WEEN

DECAY NEAT SYSTE! FLOW IS GRTZATIR THAN 1000 G2, SICURT THI RIn=rsss
RC P2, ‘

A.2.5 REDUCE RC PRESSURE TO 150 PSIC 3Y THROTTLING LPT FLOW. CCUTRCL RC

TRPERATURE TO MAINTAIN AT LEAST SO PSI MARCIN TO SATURATION 2T383TTE.

A.2.6 START THE SECOND LPI PN IN THE L®I INJECTION MCDE. SECTRZ kPI PUL

A.2.7 SHIFT LPI SUCTION FROM THE BWST TO TUE RTACTOR SUILDING S22 Wi
SUFTICIINT NTSHE IS AVAILASZLZ.
NOTE: TUIS IS DCSIRABLE TO AVCID LINNECESSARY QUANTITIZES CF wAaTz2
IN CONTAINENT.

A.2.8 RIDUCT RZACTOR COOLANT TDMPERATURS T0 100 7 3Y CONTRCOLLING THZ pzluav

REAT SYSTRM CCOLZIR 3YPASS.
NOTE: 1IF ONE CF TUE L2I/DCCAY HEAT PINPS IS LO < RETURS 70 07SC

COOLING USING MNATURAL CIRCULATION OR ONZ RC 2z JER A.l.




A.J

COOI. _NOWM NC SUATIM AT SATURATICN
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A.3.1

A.3.2

A.3.3

Al:l‘

A4

COCLDO

MADNTAIN RC PRESSURE AT g 250 2?s:I6.

ALIGE ONE LPI PWMP IO SUCTIO

-~ - - -
i T: . 71?.

-t- PR R S mEmm A -
“ihie QT-.?S Nsriv aiice Sv-.-vn - -

-

THE REACTOR BUILDING SUIZ2.  (SHUT 5WST SU +<Cll VALVE FCR IS PL02.)
WHEN THE BWST LEVIZ REACHZIS TIZ L0-10 SEVIL LDITS, START TIZ LT
PP AND SUUT TUC HPI PU2 SUCTIOH Fuo Uk 2UST.

WHEN PRIMARY SYSTDM! TDPLRATURE BZCOMES SUDCCOLID BY AT LZAST
G0 T0 A.1.1.

W _WTITHOUT REACTOR COCLANT PINDS

A.4.1

A.4.2

A.4.2

A.4.4

A.4.5

RCS INITIAL CONDITIONS ARE:
SATURATICN.

PRESSURE 150 PSI, TEDPIRATURE AT

ALICH LOW PRESSURC INJECTION SYSTD! FOR SUCTICH FROM REZACTCR 32U
SP AND PLACE INTO SIRVICE.

BALANCE LPI INJECTION AND CONTROL RC IDPIATURE
COCLZIRS.

WITH DECAY =HzaT

ISOLATE CORE FLOCD TANRS.

GO TO STZP? A.l1.1 A FOLLOW THE PROCIDURE GIVEN
THZ INSTRUCTIONS RILATING TO RC PP OPI2ATICN.

THEREZ, IGNORINM
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Part II: Smull Break henomena - Descriction of Plant Behavior

1. Introduction

A loss-of-ccolant accident is a condition in which liquid {nventary is
lost from the reactor coclant systam, Oue %o the loss of mass from the reactor
coolant system, the mest significant shorteterm symotom of a loss-cf-caglant
accident {s an uncontrolled recuction in the reactor coclant systam pressure,
The reactor protection system {s designed %o trip the reactor on low pressure.
This should occur before the reactor caolant system reaches saturation
conditions. The existence of saturated conditicns within the reactor system
s the principal longer-term indfcation of a LOCA and requires special
consideration in the development of cperating procegures.

Following a reacter trip, it is necessary to remove decay heat from the
reactor core to prevent damage. However, so long as the reactor core is
kept covered with cooling water, core damage will be avoided. The ECCS
systems are designed to respond automatically to low reactar coolant pressure
conditions and take the inital actions to protect the reactor core. They are
sized to provide s.ufﬂcimt water to keep the reactior core coversd even
with a single failure in the ECCS systems. Subsequent cperator actions are
required ultimate'y to place the plant in a Tong-term cooling mecde. The overall
objective of the autamatic emergency core cooling systam and the followup

operator ictions is to keeo the reactor core cool.

A detailed discussion of the small break LOCA phenomenalogy is presented
in this section. This discussion represents Pars I of the operating procedure
guideiines for the development of detailed operating procedures. Pare !

presents the more detailed step-by-step guidelines.
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The responsa of the primary system %0 2 smal]l break will c,"ru:'.y
depend on break size, 1ts Tocation in the system, omra:jcn of the
reactor coolant pumps, the number of ECCS trains .‘unc:mn'ing, anc the
availability of secondary side cooling. RCS pressure and pressurizer
level histories for various combinations of parameters are oresented
in order %2 indicate the wide range of system behavior which can occur
for small LOCA's.

Impact of RC Pump Operation on a Small LOCA

With the RC pumps operating during a small break, the steam and
water will remain mixed during the transient, This will resylt in
1iquid being discharged out the break continucusly. Thus, the fluid
fn the RCS can evolve t2 a high void fraction as shown in Figure 1.

The maximum void fraction that the system evolves to, and the time

1t occurs, 1s dependent on the break size and location. Continued

RC pump operation, even at high systom void fractions, will provide
sufficient core flow to keep cladding temperatiures within a few degrees
of the saturated fluid temperature.

~ « Since the RCY can evolve to a high veid fraction for cer<ain small breaks
with the RC pumps on, a RC prmp ¢trip by any means (f.e., lcss of offsite
power, equipment failure, etc.) at a high void fraction during the small
break transient may Tead to inadequate core cocling. That fs, {f the RC
pumps trip at a time period when the systeam void fraction is greater than
approximately 70%, a core heatup will occur because the amount of water
left in the RCS would not be sufficient o keep the core coversd. The
cladding temperature would {ncrease until core cooling is re-established by
the ELC systams. For cartain break sizes and times of RC pump trip,
acceptable peak cladding temperatures during the event zould not be assured
and the core could be damaged. Thus, promot operator action 3 trip the

RC pumps upeon receipt of a low pressure ESFAS signal is required in order

-23‘
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to ensure that adequate core cooling {s provided. Following the RC
punp trip, the small break transfent will evolve as descriSed in ==e
subsequent sections.

Small 3reaks with Auxiliary Feedwatar

There are four basic classes of break response for small sreaks
with auxilfary feedwater. These are:
1. LOCA large encugh o depressurize the reactor csolant system
2. LOCA which stabilizes at approximately secondary side pressure
3. LOCA which may reprassurize in a saturatad condition
4. Small LOCA which stabilizes at a primary system greater than
secondary system pressure
The systam transients for these breaks are depicted in Figure 2.

3.1 LOCA Large Enough to Depressurize Reactor Coolant System: Curves

1 and 2 of Figure 2 show the response of RCS pressure to breaks that are
large enough fn combination with the ECCS to depressurize the system to 2
stable Tow pressure. ECCS injection easily exceeds core boil-off and ensures
core cooling. Curves 1 and 2 of Figure 3 show the pressurizer level
*ransient. Rapidly falling pressure causes the hot Tegs %o saturate

quickly. Cold leg tamperature reaches saturation somewhat later as RC

pumps coast down or the RCS depressurizes below the secondary side saturation
pressure. Since these breaks are capable of depressurizing the RCS

without afd of the steam generators, they are essentially unaffected by the
avaflability of auxiliary feecwater. Upon receipt of a low pressure ‘
ESFAS signal, the operator mus: trip all RC pumps and verify that all £5FAS
acticns have bdeen completed. The operator must also balance HPI flows such
that flow fs available through all HPI injection nozzles even if only one
HP1 is availahle. The operator should alse balance LPT flows, should

the system De actuatad, to ensure low through both lines. The cperaior

needs 3 take no further actions %0 bring the system t2 a safe shutdown
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condition. Rapid depressuyrization of the steam generators would only
act %o accelerate RCS depressuyrization. [t {s, however, not necessary.
Restarting of the RC pumps is rot desirable for this class of break.

Long-term cooling will require the operator to shift the LPI pump
sucticn to the reactor building sump.

3.2 LOCA which Stabilizes at Aporoximately Secondary Side Pressyre, Curve 2

of Figure 2 shows the pressure transient for a break which is toce small in
combination with the cperating HPI to depressurize the RCS. The steam
generators are, thersfore, necessary to remove 2 porticn of core

decay heat. Although the system pressure will {nitially stabii{ze near
the secondary side pressure, RCS pressure may eventually begin falling as
the decay heat level decreases. Curve 3 of Figure 3 shows pressurizer
level behavior. The hot leg temperature quickly equalizes %o the saturated
temperature of the secondary side and controls primary system pressure

at satyration. The cold leg temperature may remain slightly subcooled.

[f the HPI refi{lls and repressurizes the RCS, the hot legs can become
subcooud. The immediate cperator action is to trip the RC pumps upen
receipt of the low pressure ESFAS signal and then verify ESFAS functions.
The operator must then balance HPI in order to ensure flow through each
hich pressure injection line.

Followup action by the cperator is to raise the emergency feedwater
Tevel to 95% on the operating range and check for established natural
circulation. This is done by gracually depressurizing the stsam
generators. If this test fails, intermittent bumping of a RC pump should
be performed as soon as one is available. Continued depressurization of
the steam generators with natural circulation leads %o ¢ooling and
depressurization of the RCS. The operator’s goal. is to depressurize the
RCS to a pressure that enables the ECCS to exceed core boil-off, pessibly
refill the RCS, and to yitimately establisn long-term cooling.

-23-
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3.3 LOCA Which May Reoressurize in a Saturated Condition. Curve 4
of Figure 2 shcws the behavior of a small break that fs 2oo smail, in

compinaticn with the HPI, to depressurize the primary systam., Although

team generator feedwater is available, the loss of primary system coclant
and the resuyltant RCS voiding will eventually lead .o interruption of ratural
circulation. This is followed by gradual repressurization of the primary
system, It 1; possible that the primary system couid repressurize as

high as the pressuyrizer safety valve setpoint before the pressure stabilizes.
This {s shown by the dashed line in Curve 4. Once enough inventory has

been Tost from the primary system to aljow direct steam condensaticn

in the regions of the steam generators contacting secondary side coolant,
the primary system is forced to depressurtze to the saturation pressure of
the secundary side.

Since the cocling capabilities of the secondary side are needed %2
continue to remove decay heat, RCS pressure will not fall below that on the
secondary side. HPI flow is sufficient to replace the inventory lose
t; boiling in the core, and condensation in the steam generators removes
decay heat energy. The RCS is in a stable thermal condition and it will
remain there until the operator takes further action. The pressurizer Tevel
response is charactarized by Curve 3 of Figure 3 during the depressurizaticn,
and Curve 4 of Figure 3 during the temporary repressurization phase. The
dashed Tine indicates the Tevel behavior if pressure is forced up to the
pressurizer safety valva setpoint. During this transient, hot leg
temperature will rapidly appreach saturation with the initial system
depressurizaticn, and ft will remain saturated during the whole t=ansient.
Cold Teg tamperature will approach saturation as circulaticn is less, but
may remain slightly subcocled during the repressurization phase of the
transient. Later RCS depressurization could cause the cold leg
temparatures Lo reach saturation, Subsequent refilling of the primary

26
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system by the HP! might cause temporary intarruption of st2am condensation
in the steam generator as the primary _side level rises above the seconcary
side level. If the depressurization capability of the break anc the WPI
is insufficient %o offset decay heat, the ;rimary systam will cnce mcre
repressurize. This decreases HPI flow and increases loss through the
break until enough RCS csolant is lost to once more 2llcw direct staam
condensation 1.n the steam generator. This cyclic behavior will stop

once the HPI and break can balance decay heat or the cperator takes some
action.

The cperator's immediate action {s to ¢rip the RC pumps upon receipt
of the low pressure ESFAS signal and verify the completion of all ESFAS
functions. The operator should then balance HPI flow. Sollowing that,
he should raise the steam generator level to 95% of the operating range
and check for natyral circulation. I[f it is pesitive, he should dejressurize
the steam generators, cool and dean.ssur'izc the primary system, and attempt
to refill it and establish long-term cooling, [f the system fails to go into
natural circulation, he should cpen the PORV long enocugh to tring and
hold the RCS near the secondary sicde pressure. Once natural circulation fis
established or a RC pump ~3n be bumped, he will be able to continue
depressurizing the RCS with the steam generators and estabiish long-tarm
cooling.

3.4 Small LOCA which Stabilizes at P> Psec. Curve 5 of Figure 2 shows the

behavior of the RCS pressure to a break for which high pressure injection

is deing supplied and exceeds the leak flow before the pressurizer has
emptied. The primary system remains subcocled and natural circulation 223 the
staam generator removes core decay heat., The pressurizer never empties

and continues to contrel primary system pressure. The operator needs 0 trip
the RC pumps and ensure that ESFAS acticns have occured. Throtiling of HP!
is permitted only after RCS subcsoling of 30°F has been established, the

pressurizer has refilled, and natural or forced circulation has bSeen

- -
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verified. A restart of the RC pumps under these conditions is desirable
for plant control.

3.5 Small Breaks in Pressurizer. The systam pressure sransient “or a small

break in the pressurizer will behave in 2 manner similar %o that zrevicusly
discussed. The inftfal deoressurization, however, will be more rapid as
the inftial inventory loss is entirely steam.

The pms;r'lzlr level response for these accidents will initially Senave
11ke a very small break without auxilfary feedwater. The initial rise in
pressurizer level shown in Figure 4 will oczur due to the pressure
reduction in the pressurizer and an insurge of coolant into the pressurizer
from the RCS. Once the reactor trips, system contraction causes a decreasi ng
Tevel in the pressurizer. Flashing will ultimately occur in the hot leg
piping and cause an insurge into the pressurizer. This ultimately fills
the pressurizer. For the remainder of the transient, the pressurizer
will remain full. Toward the later stages of the trins‘lmt. the pressurizer
may contain a two-phase mixture and the indicated level will show *hat the
pressurizer is only partially full. Excspt for clesing the PORY block valve,
operator actions ‘and system response are the same for these breaks as for
simflar breaks in the loops.

Small Sreaks Without Auxilfary Feedwatasr

There are three basfc classes of break response for small breaks
without auxiliary feedwater. These are:
1. Those breaks capable of relieving all decay heat via the break.
2. Breaks that relieve decay heat with both she HPI injection and
via the break,
3. Breaks which do not automatically actuate the HP! and result in
system repressurization.

The system pressure transients for these breaks are depicted in Figure §.
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4.1 LOCA's Larze Snouch %3 Depressurize Reactor Coolant System, For
Class 1 (curve 1 of Figure 5), RC system pressure decreases smoothly

throughout the transient. For the larger breaks in this class, CFT
actuation and L?! injection will probably occur. For the smaller

breaks of this class only, CFT actuation will occur. Auxiliary feecwater
injection is not necessary for the short-term stabilization of these
breaks. The 6msurizcr leve!l for this transient rapidly falls off
scale. Operator action and plant response are similar to these described
for this class of breaks with a feecwatar supply.

4.2 LOCA's Which Reach a Semi-Stabilized State. For Class 2 (Curve 2 of

Figure 5) breaks, the RC pressure will rapidly reach the low pressure ZSFAS
trip signal (about two to three minutes). With the HPI's on, a slow
system depressurization will be established coincident with the decrease
in core decay heat. No CFT actuation is expected. Auxilfary feedwater
{s not necessary for the short-term stabilization of these breaks. The
pressurizer level for this transient rapidly falls of¥ scale.

The ocperator needs to trip the RC pumps upon the Tow pressure ESFAS
signal, verify campletion of all ESFAS functions, and try %o establish
secondary side cocling. Balancing of the HPI must also be performed.
[f steam generator feedwater cannot be obtained and RCS pressure is increasing,
the operatar should open the PORY and provide all the HPI and makeup capabflisy
possible. The goal is to depressurize and cool the core with the ECCS,
the PORY, and the dreak. If secondary side cocling is again established,
the cperator should verify natural circuiation, and if unavailadle, bumy a
RC pump to completa RCS cooldown with the steam generators. At this peint,
the PORY can be closed, the system refilled, and long-term caoling
established.
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4.3 Small LOCA's wWhich do not Actuate the ZSFAS, Automatic ESFAS

actuation will not occur for Class 3 (Gurve 3 of Figure 5) breaks.
Once the 5G secondary side inventory is boiled of”, sys:u; repressurization
will occur as the break is not capable of removing all the decay heat deing
generated in the core. System repressurization to the PORY or the pres-
surizer safety valves will occur for smaller Sreaks in this class.
For the "zero" break case, repressurization to the PORV will occcur in
the first five minutes. Operator acticn is required within the first 20
minutes (0 ensure core coverage throughout the transient. For the 177-FA
lowered-1009 plants, this action can be either manual actuation of the
auxiliary feedwater system or the HPI system,

The establishment of auxiliary feedwater will rapidly depressurize
the RCS to the ESFAS actuation pressure, and system pressure will
stabilize at efther the seconuiry side SG pressure or at a'pnssure where
the HPI equals the leak rate. Upon receipt of the low pressure ESFAS

signal, the cperator must trip the RC pumps.

For the Class 3 breaks, pressurizer level response will be as shown in
Figure 6. The minimum refill time for the pressurizer is that for “he
“zero” break and is shown in Figure §. After initially drawing inventory
from the pressurizer, the system repressurization will cause the pressurizer
level to increase, possibly to full pressurizer level. Once the operator

action %o restore auxiliary feedwater has been taken, the systam

~30-
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depressurization will resylt and cause an outsurge frem the pressuriler,

Complete lcss of pressurizer level may resylt. For the smaller bDreaks

in Class 3 which result in a system repressurization foliowing the actuation

of the HP! system, pressurizer level will increase and then stabilize.
Without auxiliary feedwatar, both the hot and cold leg temperatures

will saturate early in the transient and, for the Class 1 and 2 breaks,

will remain saturated. For the Class 3 breaks, once auxiliary feedwazer

is estz' lished, the cold leg temperatures will rapidiy decrease t2

approximately the sautration temperature corresponding to the SG

secondary side pressure and will remain there throughout the remainder of the

transient. Hot leg tamperatures will remain saturated throughcout the event.
The operator needs to manually inftiate all ESFAS actions, balance KPI

flow, and attempt to restore secondary side cooling. In the meantime, he

should actuate the makeup pump and open the PORY in order to cocl the enre

and Timit the RCS repressurization. Once feedwatc~ is available, he can

close the PORV and continue the RCS cooldowr and depressurizaticn with the

steam generators. If natural circulation has not been established, he

can bump a RC pump to cause forced circulaticen. The goal {s to depressurize

to where the ECCS can refil] the RCS and guarantse long-term cocling.

4.4 Small Breaks fn Pressurizer. See the writeup for small breaks in

pressuiizer with feedwater.

Small breaks in the pressurizer w. .| differ from those in the loops in
the same manner as those previcusly described in the secticon addressing
saall dreaks in the pressurizer with auxiliary feed.

Transients with Initia] Response Similar %0 a Smal) Break

Severa! transients give fnitial alarms similar %3 small Sreaks. These
transients will be distinguished by additional alarms and {ndicaticns
or subsequent sysism response.

Qvercooling transients such as steam line breaks, increased feedwater
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flow, and steam generator overf{]] can cause RCS pressyre cecreasas wisn
low-pressure reactor trip and ESFAS actuation. B3ut steam Tine Sreaks
actuate Tow steam pressure alarms for the affected steam generatar, and
steam generator over?¥ills resylt in high steam jenerator level indications.
The overccoling transients will repressurize the primary system Secause

of HPI actuation, ancd will return to a subcooled candition during repres-
surization. ".:hc immediate actions for both overcaeling and small break
transients are the same, including tripping of the RC pumps.

The operator will recognize overcooling events during repressurization,
if not socner, and is instructed to throttle HPI and restart the RC pumps,
1f subcooled conditions are established, by the _mn break cperating
{nstructions. '

A Toss-of-feedwater transfent will result in a high reactsr systam

- pressure alarm but does not give an ESFAS actuation alarm.

A loss of integrated control system power transient staris with a high
RC pressure th. After the reactor trip, this becomes an overccoling
transient and will give Tow resctor system pressure and possib‘fc ESFAS
actuation. Steam generator levels remain high and the system becomes
subcooled during repressurization.

Design features of the 33W NSS provide automatic protaction during the
early part of small break transients, thereby providing adequata time
for small breaks to be {dentified and appropriate action taken to protecs
the system. The only prompt manual operator action required is %3 trip
the RC pumps once the Tow pressure ESFAS signal {s reached.

q:.

Iransients that might Initfate a LOCA

There are no anticipated transients that might fnitiate a LOCA since
the PORV has been reset to a higher pressure and will not actuate during
anticipated transients such as loss of main feecwater, turbine trip,

or loss of offsite power,
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However, 17 the PORY should 1if% anc fail to reset, there are 3
number of indications which di#ferentiate this transient from the anticicated
sransients identified above. These incluce:
o ESFAS actuation
o Quench tank pressure/temperature alarms
0 Saturated primary syster
0 Rising pressurizer iavel
These additicnal signals will fdent!fy %o the operator that in addition
to the anticipated transient, a LOCA has occurred. In the unlikely
event that small breaks other than - walfuncticning PCRY occur after 2
+ransient, they can be {dentified by 1n1t‘.cﬁy decreasing RCS pressure
and convergence to saturation conditions in the reactor coolant. Small
break repressurization, 1 1t occurs, will follow saturaticn conditions.
3y remaining aware of whether the reactor ccoiant remains subcooled or
becomes saturated after transients, the sperator is able o recognize
when a small break has occurred.

HP1 Threttling

For small LOCA's, the HPI system {s needed %o provide makeup %o the
RCS and must remain cperable unless specific criteria are satisfied,
The basis for these criteris are described below,

For certain small breaks, system depressurization will result in
LPI actuation. Since the LPI is designed %o provide injection at a greater
capacity than the HPI, terminaticn of t.e HPI {s allowed. However, this
action should only be taker if the flow rata through each line {s at least
1000 gpm and the situation has been stanle for 20 minutes, The 20-minute
time delay is included to ensure that the system will not repressurize
and result in a loss of the LPI fluid. In the event of a core floeding
line break, the LP! fluid entering the broken core flooding line will net
reach the vessel. Thus, in crder % ansuyre **i: fluid is centinually
being injected %o the RV for all bresks, th: L7 must be providing fluid

through both lines. The 1000 gpm ic squivalent to the flow from

- -— —— — -1 Pt
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two HPI pumps and ensures that upon termination cf the HPI pumes,
adequate flow is deing delivered %o the RV,

Thrattling or termination of the HP! flow 1s also allowed {7 a'l
the following criteria are met:
A, Hot and cold leg temperatures are at Teast 50°F below the saturation

temperatures for the existing RCS pressure.

8. The action is necessary %o prevent the indicated pressurizer

level from going off-scale hign.

Under these conditicas, the prima<y system is sclid. Continued HPI
flow at full capacity may resylt in a solid pressurizer and weuld resylt
in a 11f¢ing of the PORY and/or the pressurizer code safety valves, This
may fn turn lead %o a LOCA. Thus, HPI flow should be throttled %o
mafitain a stable inventory in he ACS. However, if the 50°F subcocling
cannot be maintained, the HPI shall be immedfately reactivated.

HPI flows shduld also be thrattled to prevent violation of the nil
ductility temperature (NOT) for the reactor vessel.

This concern can only arise {f the fluid tamperature
within the reactor vessel ‘s at least 50°F subcocled. A curve of the
allowable downcomer temperature for a given RCS pressure is provided
within the operating guidelines. The downcomer tamperature {s detarmined
by one of two methods:

1. If one or more RC pumps are cperative, the cold leg R™D reading
will De essentially the same as the reactor vesse! downcomer
temperature.

2. Without the RC pumps operating, the cold leg RTD's may not provide
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temperature readings indicative of the actual RY downcomer
temperature, as a stagnant pool of watar may exist at these
Tocations. The incore thermocouples will provide the best
{ndicator of the dcwncomer temperature and should be ytilized
if no RC pumps are available. In order to account for heat
added %o the fluid from the core, 150°F must be subtracted from the
{ncore :h;mcouplc readings to reflect the downcomer temperature.
This method will result in temperatures which will be Jower than the
expected downcomer temperature, Thus, use of this methodology assumes
that NOT will not be a problem.
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BREAK SPECTRUM-AVERAGE SYSTEM V0!D FRACTION
WITH THE RC PUMPS OPSRATIVE AND 2 HPI PUMPS
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PRESSURE VS TIME-SHMALL SREAKS W!TH AUXILIARY FEEZDWATER
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PRESSURIZER LEVEL YS TIME-SMALL SREAXS WITH AUXILIARY FEZEDWATER
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PRESSURIZER LEVEL VS TIME FCR SMALL BREAK IN PRESSURIIZR
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PART 11 - APPRDIX A

-

INADECTATE CORE COOLING - DESCRIPTION CF PLANT BEEAVICR

l.o

2.0

INTRODUCTICN

Following a loss-of-coolant accident (LOCA) in which the reactor
tzips, it is asecessary =0 remove the decay heat from the reactor

core to prevent damage. Core heat removal is accomplisbed DY
supplying cooling water zo the core. The water wvhich is avallable

for core cooling is a portiom of the initial reactor cooclamt system
(RCS) vater inveantory plus any water injected by the emergency core
cooling system (ECCS). The heat added to the cocling water is removed

via the steam generator and/or the bdreak.

As long as the reactor core is lept covered with 3 mixture of wa.er

and steam, core damage will be avcided. If the supply of cocling

vater to the core is decreased or interrupted, a lower mixture level

in the core will result. If the upper porticus of the cora becomes
uncovered, cooling for those regicas will be by forced comvection o
superheated steanm which is a low heat transfer regizme. Contizued

cperation in the steam cooling mode will result iz elevated cors temperatures

and subsequent core daxmage.

LCSS OF RCS INVENTORY WITH REACTOR COOLANT PUTMPS CPERATING

With the RC pumps operating duving a s=all break, the stesm and water
vill remais mixed during the tramsieat. This will resul: iz liguid
being discharged out the break comtisucusly. Thus, the fluid in the

RCS can evelve o a high void fracsicn. The void fracticn of the RCS
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{cates the ratio of the volume of steam iz the RCS =2 the tetal

wolume of the RCS.

Since the 2CS cam evelve zo a high void fractioz for cerzain small
breaks wiczh the RC pumps om, a RC pump trip by any zeazs (L.e., loss
of offsite pover, equipment failure, ezc.) at a high veid fractisz
during the small break transiect may load to izmacequace core ecoling.
That is, 4f the RC pumps trip at a tize period when the system void
fraction is greater thac approximately 70%, a core heatup will oeccur
because the amount of water lef: in the RCS would not be sufficlext
to keep the core covered. The cladding temperat.re would iscrease
until core cooling is re-established by the ZCC sysctems. TFor certain
break sizes and times of RC pump =rip, acceptable peak cladding
temperatures during the event could not be assured andi the core could
be damaged. Thus, prompt operator acticnm to t=ip the RC puxps upcn‘
receipt of a low pressure ESFAS signal is required i3 crder to ensure
that adequate core cooling is provided. Following the L pu=p trip,
the small break trazsient concerns about inadequate core cocoling will bde the

same as described iz the previous sectiom.

I£ the RC pumps can 20t be tripped by the operatsor, the comiinued

forced cir tion of fluid throughout the RCS will keep the core coclad.
Hovever, if little or zo ECCS i{s being provided toc the RCS, the fluid

in the RCS will eventually beccme pure steam due 20 the continued ezergy
addition to the fluid provided by the ccre decay heat. Under these cirec

stances, an inadequate core cooling situationm will exist. Since

-4l
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the F+at resoval process under forced circulacion is Decter than the
stean cooling mode descrided bdelow I3T tle pumps off sisuation, =2
operatsr actioms and inmdications described in the subsequen: sectioz

are sufficiens fsr izadequate core coolizg with the 3L pu=Ds oPeraiizig.

LOSS OF RCS INTINTORY WITHOCT REACTOR COCLANT PT@S OPERATTG

without =he 3C pum=ps operating, the scoling of the coTe Is ac:o=plished
by keepizg the core covered with a steaz wvates =ixrure., AL the fludd

in the core is heated, scme of it or all of it may be tuvmed I2 sleaz.

1s fizigns cooling wazer is aviilable to zaintaly the steaz-watas
mixture covering the core, the core exit fluild temperaturas will begin ©
deviate from the saturation temperature corTasponding to the pressute

of the 2CS. One izmediate indication that inadequate =ore coclizg =ay
exis: ia the zcre is that the texperatuze of the core ¢ ther=ocouples
and hot leg RTO's are suverheated. A: this comditica inacdequate coTe
cooling is evident as the core will be partially uncoversd. Iowever,

the degree of umcovery is not severe ezougl 0 cause core dazage. Thls
condition is zot expected to occur but is aot, by itself, a cause Ior
excreme action. 1If the ICCS systems are functioming zerzmally, the texperatuTes
should rerura %o satuaticn without amy acticms beyond those cutlined

for a s=all Sreak. For incore thermocsuple te—perature indicatiz
superheated conditions, the op;:a:ar should (a) verify emecgency cocling
vater is being izjected through all EPI nczzles izcto the RCS, (3) izitzace
any additiocnal scurcses of cccling wataer available such as tlhe standby
makeup pump, (2) verify the steam gecerazor level is being =aiztained

at the emergency level (d) if steaxm generator level is zot at 93% of
operating range (96 inches indicated on the startup range for rais-: loop

plants), raise level to the 931 level,
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(e) L2 the desized steazm gezerator level cazmo: be achieved, acsuate
any addictional availadle sources of feedwaczer such as startup auxiliary
feedwater pump, () essadlish 100°F/hr. ccoldown sf 2CS via steaz
geseTator pressure control, (g) open core flooding line isolatios
valves Lf previously isolaczed, aad (h) 4{f 2C pressure {acreases =2

2300 psig (1500 psig for D3-1l) open the pressurizer PORY to raduce

RC pressure and reclose PORV whea RC pressucre falls to 100 psi adove
e

the seco2dazy pressuve. These 22tions ave dirvected toward depres~
surization ¢f the RCS to a pressure at which che ECCS

exceeds core stean generation. The alignmezt of cocther scurces ¢f
cooliag water is the recognicion that the izjectica ¢

alone is not sufficient to exceed core boil of%.

If the incore thermoccouple indications reach ‘curve #l oa Figure 3

L3 Paz: I, the peak fuel cladding temperature has reached approxizactely
1400°F. Above this temperacure level there is a poteatial for claddizz
rupture. Also, the zircaley cladding water reaction will begiz to

add a significant amount of heat to the fuel cladding thereby greacly
increasing the possibilicty ol core structural dazmage unless

adequate core cooling is restored. Non-condensible gas forzatior

will f{ncrease rapidly from this level of fuel clad tezperature.

For incore thermoccuple temperature indicaticns at or =xceediag curve
71 on Figure 3 iz Part I, the operator should (a) scarcs ome 2C puap
iu each loop, (b) depressurize the steam generatsr as rapidly as
possidbla to 400 psig or as far as necessary to achieve a 100°F7
decrease in saturation texperature, (c) immediately contizue the
plaat cooldown by maincaining a 1000%/h:. decrease ia secondary
saturation temperature to achieve 150 psig RC pressure, (d) opez zhe
pressuczizer pilot operated relief valve (PORV), as necessarvy, =3
relieve RCS pressure and vea: non-condensible gases. The operaczar
action In starting the RC puaps will provide forced flow core cooling
and will reduce the fuel cladding temperatures. The rapid depres~
surizacion of the steam generators will help =o depressurize the
primary system to the point where the cove flocding tanks will

actuacte. Stopping rhe depressurizztion at 400 psig (or at a

5=
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‘'Teduction ia saturation temperatuve of 100

.

tube to the'l zemperature difference wiszhia zhe 100
The conctiaued cooldown zo 150 psig will reduce the prizary sysce=z
presstre o the point where the Low 2ressure Ianjectica Svsczez can
supply cocling. The opening cf the PORY will also help to

depressurize tha priszary system. The PORV should be closed whe:z

the prizmary pressuce is vi:éia 30 psi of the secozdary pressuce and
then should only be used as necessaTy to maiataian the prizary srsten
Pressure 2t no greater than 50 psi above the secondary sysczez Pressura,.
This method of operation will minimize the loss of water f:o=m the

Primary systex through the PORYV.

If the i{acore thermocouple readings reach curve #2 on Figurze 3 i
Part I, the peak cladding temperature is approximately at cthe
1800°F level. This is a very serious condiciona. At this level

of claa Fimperature, significant asounts of nom-condensible gas
are baeing gecerated and core dazmage may bde unavoidable. ZExtre=e
Teasures are required by :the operator to prevent major core
damage. The goal of these actions is to depressurize the 32CS

te a level where the core f£looding tanks will fully discharge

and the L?I syste= can be actuated thus providing pro3pt core
recovery. The operator should (a) depressurize the sczean generators
as Tapldil; as possidble down to ataospheric pressure, (%) stars the

reaainiag RC pumps aad (e) open the PORV and leave i: apen.

INADEQUATS CORE COOLING R: SLIING TR0M 10SS OF STSAM GENEZRATOR 2Tac
SINK

For a very small or 20n-L0CA event, che core decay heat removal is

accomplished via the steaz generators. If ctha

heat remcval is de-

CTeasec or lost, the aatural cireulatioa of £

[~
"

P
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wid wichia the RCS =zay
de red:zed or st.pped. The loss of natural circulation for coce



