LUHS W DR DO DEEEH

fe+ k-1
EELREICSITARIERREICRAEBEAROIYME A4 Essential Service Water (i
BH—E RAK) RICEZXEORFIIFER

fT8%-2
[(ME)SHROEEE—RFHRXEFOSHEEEHESHBLI, LUHS OO FTUF PRI
e KICEHTHER

f+8%-3
[(EIFNETOE— VT SHER
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K 45

1. [XCHIC

BIE— U OREFIRDOBREZH-Y. SEELTRERIZE ITHRERBREICE
HEREAR R D EVFE A A> Essential Service Water (W ZBH—E AK) RIZFRAE(E DR
HIESHRELLTICEET,

2. A)—VANEBRFHAREMEHBZOXREICHTIHIBRREICRLFERR
(1) USI A-45 “Shutdown Decay Heat Removal Requirements” )3 A (1981)

K E R HZE B L (Nuclear Regulatory Commission : NRC) O Hi 1% #1f8 % (Decay
Heat Removal:DHR) 2B 9 1R EtL 1975 &£ WASH-1400'(Z#5, CZTlE. MIE
KB EF 4R (Pressurized Water Reactor:PWR) [ZDWNTIX/NEE A HIMBL I
((Loss Of Coolant Accident:LOCA) >4+ B EIRIE K5 D FHIE PR B, FhRE
KB R F X7 (Boiling Water Reactor:BWR) IZDUWWTIZR IS LKKE O FHiEER &
KRB, HRILRIEHEE (Core Damage Frequency:CDF) ~NDEELHFSRAFTHD
CEMNTREINT, 1979 F 3 A 28 HORY—T A ILERF HHEEF(Three Mile Island :
TMD2 BHEDEHRICES>T.PWRICEWTIEARBEERICIIRIBRBRED LB
COF NDEERGZHFSRFTHACELNFRH SN, 1980 FITKESN- TM O
3>+ 75Tl Task LE3 ELT DHR ZEIFTLVS, ThioDIeh s, BEERD PWR
RUBWRZXRELTDHREEEDE Y 4 ZFHEL . KE DHRFEROERXIE S
WEITS52EEL. 1981 £ 3 BIZE LB RRIEER KX ZE 44 (Shutdown Decay Heat
Removal Requirements) %R fi# i & £ 5178 (Unresolved Safety Issue:USI) A-45 [Z}5
ELTz. CETLYS DHR HEEL I TBEFLRARUVEEELE GMIEREXL. 4
IKERK LOCAHEDREIZKDRIFL)RIZHEITEH 1 RFE-2 RJAHMA AL
M) OB R URKRE—R 27 (Ultimate Heat Sink: UHS) ~ D 2AI7% 1 HEe% Bk
LTS,

USI A-45 B3RY-F79230- T Tl FLERERREZUTOROO I
—XIZH4EL., 7z—X(b)~(dExIRELTLVD, KPR LOCA OT7xz—X@)I<H
FHRFDKEDHEFDOHITHREESNSIEERF D HE R (Emergency Core
Cooling System:ECCS) [Zx & &L TLVELY,

1 USNRC: WASH-1400, “Reactor Safety Study— An Assessment of Accident Risks in U.S. Commercial
Nuclear Power Plants” (Oct. 1975)
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(a) | Reflood phase The initial phase of a severs LOCA, when the objective is to
reflood the reactor.

{b) | Shutdown decay heat The transition from reactor trip to “hot shutdown,” excluding
removal (SDHR) phase | the initial reflooding phase in a severe LOCA.

(c) | Residual Heat Removal | The transition from “hot shutdown” to “cold shutdown” and
(RHR) phase maintaining cold shutdown conditions.

{d) | Decay Heat Removal SDHR and RHR phases combined.
(DHR) phase

W EALDESE - RFIZITERRUEREAREAHKR., FERAMARZREIR.
BEREENAEEN. 72— bIBITHEEENERIN D, 7z—X(c), (dIZD
TlZ. LOCA £ D EEIAHIZH T 5 B ERE (Residual Heat Removal :RHR) DIR
B, #E . RK, KEAD RHR THENERSND, ShEZITTERRFDKE
HED=-HDRANITHA., TELIREE EL TNUREG/CR-5230°, NUREG-1289°
HHITEN,

—75.1977 L& PWR DI YR)IL—TBIEHRIZHI1T5 DHR EEERAEZRN S
# L. NRC IZ 1988 4E 10 BIZ Generic Letter 88-17, “Loss of Decay Heat Removal -
10 CFR 50.54)"#H{TLTRFFELEBEDVRIADFEFHEL . BIAKXEZE
KHt=, LML, USI A-45 [ZH DB OBEICET 250 THoT. FLLFDE
RIFEEOFRTIILL,

1985 & 8 BIZ NRC 3V ETF 7OV TUMREFRE # ARz, CCTIK 3K
'kF(;ﬁ;.ﬂ.h;rtﬁ‘%)&UEBE;&J;FLOL\T FRIESRERDEERRURRERRE

EREEROEEEOERICEFIESZBE DD BAINIUSIRU—KREZSE
FE] BB (Generic Safety Issues: GSI) DEMABRRER LB ER TS,

(2) BERIFS5 FEEEE. @75 MBIl ETE A~ DO#AA(1988)
1988 4£ 5 § . NRC A& 7IE, LITOIHIZLY USI A-45 @B TS5 MEFEET
@] (Individual Plant Examination Program:IPE SHEND—IREL THEIRT HEDHE
#=REALT=,
@ —E8DFS5FTIE DHR #EERKICLDYRIHIB R THSFAIREMEN BHY .
@ DHR DB RUBBLEERNRETIUMREENKEL,
® A USI DERRD=0HIZIE. IPE HEO FTEESNE TS50 MO MR
S py % 2 ST (Probabilistic Safety Assessment:PSA) WNILETHHIE (1§
REShDNHHMERPSAZED),

4

USNRC: NUREG/CR-5230, “Shutdown Decay Heat Removal Analysis: Plant Case Studies and Special
Issues” (April 1989).

USNRC: NUREG-1289, “Regulatory and Backfit Analysis: Unresolved Safety Issue A-45, Shutdown
Decay Heat Removal Requirements” (November 1988).

USNRGC: “Policy Statement on Severe Accidents Regarding Future Designs and Existing Plants”
(Federal Register 50FR32138, August 8, 1985)

USNRC: SECY 88-260, “Shutdown Decay Heat Removal Requirements,” (September 13, 1988)
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CNIZHLTEFFREZELERBZ E £ (Advisory Committee on Reactor
Safeguards: ACRS) [, #iEUFERETIZHELVTIX DHR [ZE§T A HRE—JaxtEsE
B9 5L58E L,

1988 &£ 10 A 28 H.NRC R%#¥Y7I& Generic Letter 88-20, “Individual Plant
Examination for Severe Accident Vulnerabilities” Z#{TL.IPE StEID—ERELT
DHR DHfE5E4ERETT A LERDT=, 512, 1991 £ 6 A 28 H. Generic Letter
88-20, Supplement 4, “Individual Plant Examination of External Events (IPEEE : {& ?Il
TS5 IE R ET) for Severe Accident Vulnerabilities — 10 CFR 50.54(F)” % 1T
L. USI A-45 DFRRICEVWTHIEREEZETHILEERLIZ,

(3) NRC I=2&B/3v9 70y MEHT(1988)

IPE/ IPEEE FtEIDZEMEIZHETFZ>T.NRC [FREBTSUMIDWTORETIERE
NUREG-1289°,LTHRYFEESD =, ZZTld. DHR DB IFE D5 L DI E
DT 6 EDRKRTSM(PWR &L T Point Beach, Turkey Point, St. Lucie, ANO-1.
BWR &L T Quad Cities, Cooper)Z&EIRL TLYA,

fRHTHERMS.NRC I&, BEATS MBS ULVT DHR RER K (R RERI PSA %
EEL. ZOHEHNE EMLTE E MRS B 1E (Quantitative Design Objectives :
QDO )CDF < 1 E-05/¥F - F%im B3 (L DHR SREH AR U ERLEEDEDELE,
F KB DHREREDREEZ—REHLT I EIIEAMDRICBLVTESESh
LRSI =,

FREAY PSA DHEEER (DHR #EERKIZEKITIHER) ELTIL, /INEET LOCA,
NEMEREX. ENEBRROBEICLSBE. EZRERBICHBERRVENE
BMAERNMERATEGEE. KRFLIERBROEEREICEIBEFSLIEEL
TLV%, XKHHEET LOCA, E W BFRMIE. RERERIRBEFHET LOCA(A24—7
T—X LOCA) . AR FEARHEHI. RUSLEMBRITEETLEL,

BEHO—RELTITONIZ—RREAT 4L, RN DTREORIREREHE.
NS NERRK., SAEREOK. TRE. BT, BIRED) A BHIEREREKRMIZLD CDF
FHEEICIEMSE SRS ERLT=,

LEORRTISULEWNICEWT, FEAEDTSURT, Y R—FZROEHEA
CDF ~DEELFERFTHY. ChioDdEIX, DRREOXRIN, 2) K@/t A.
NRINEDEEROCHIEDORIN, HLEMDERILDHRBEERED RMIZE-T
HLATENRHENT, TRILSN-ZHER OV EMBEROTE. BhEDTZ X,
NKPRBRKFOE—DERICE>TEYRKICRIFHENAEL, DHR HeEDIE K
[CEDHLS%. MEBEDERERIZEYF/DELTLS,

8 USNRC: NUREG-1289, Regulatory and Backfit Analysis: Unresolved Safety Issue A-45, Shutdown
Decay Heat Removal Requirements,” (November 1988).

7 € CDF % 1 E-04/RY LI FET AN LSIZHELF-ELTINS,
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(4) DHR HEEE L BRI DOLVTORFIX R EE4ME(2003)

2003 4E 8 B . NRC [£ DHR |21 % —&E DR #13) £ 0 FH#5 £ % NUREG/CR-6832°
LLTRAELTNS, REBEE(IZHLVT NRC R4 71, IPE/IPEEE FHEIOFERICE
SCERBEFIZMZ , USI A-44(ERFREBIREK) ., USI A-46 (RBIF DTS DR
D EEHE ) . Generic Safety Issue 124 (#HBI#A /KR DIEFEM) . Generic Letter
89-16 (HEAVFDHREB)ZEDRFIEEERER-RBEEOHE. DHR I12RS)
29X KIBIH D LI-EEERLTLNVS, F7=., IPEEE EHEIZE LT DHR DAMIERIC
W AEBEIEIREShEN LTS, LML ACRS [X. 2003 £ 11 A® NRC
AV T~ADEMBIZHINT.IPE OREBRITIKELEGITAILHE RFIOEEE PSA
RBEAESBTHIELEHELTILS,

3. FDMDOBEETHIRELEDRE

FERLISCRIEMNHSD GSI £LT. GSI-153 “Loss of Essential Service Water in
LWRs” (B2KIFIZHBTAHAY—E X/KHEZK) . GSI-130 “Essential Service Water
Pump Failures at Multiplant Sites” (FEMERA T IRERIIBITAHAY—EX
KBARTHEE) . GSI-51 “Proposed Requirements for Improving the Reliability of
Open Cycle Service Water System” GBKZRBSE Y —ERKR (hAEDTS
DB FIFAEAIEKRICHEY) OEEERLIZHEIEHZE) . GSI-36 “Loss of
Service Water” (H—E ZA7K3E 4k ) . GSI-124: “Auxiliary Feedwater System Reliability”
(BB DIEREN) D, chdldh T ht DHREREZH T HE B O R - H
DIEEMEIHEDHLDOTHY ., HlZIE GSI-130 Tl BB —ERRRUTHSHAT
Y2 HCIHIEEHLATIKRBD-HODI1S1UEBTHIGEERRELTVSD,

8 USNRC: NUREG/CR-6832, "Regulatory Effectiveness of Unresolved Safety Issue (USI) A-45,
“Shutdown Decay Heat Removal Requirements” (Aug. 2003)
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RS

O Resolution of Generic Safety Issues: Issue 130
: Essential Service Water Pump Failures at Multiplant Sites (Rev. 2)
(NUREG-0933, Main Report with Supplements 1-33)

Q@ IN(EHRSHN UM T IREMOMLEY—ERKRIOMEIL, N1O0> 1 SHD
FIDBRDS—T o AOBREHBRERICE VT, 17504 =U 28 DRI THERE
NBLEY—ERKRE. BHERE TS/ F->THEATIHREMRIZEL
TEREEINT=, PIEKEBL 16 ED PWR TSUMIBWVTEBEMNICREEZE T 5,

@AY —ERKRIZ. 7AUISAY (HR—NRLRTHS, BERIL. FEHS
BOHGLTERAEBIORERETILOICERASIS, EHDIGE . THE%
EOBETIIRERIh, IEERARIE (CCW BT IBMBBRATLEATME,
T1—EILREHE. HEBREBREKI—3)ICFEITAHKEZ#®AT I, EHEHET.
WEY—ERKREXATIEE. EEFIIZEDF TREEL TS,

OUEY—ERKZDIEHEIL. REBR. RO TOEH. TRFICIKETIHA. ©
BY—ERKRNERATELRMES . ARICERGYRIEL LT IEAHYES,
ZDYRIEBEREL TR, (1) BREY—ERKRZRDORLTDBM(E 3 DR,
QEHESHETERI SR TEHDEM., ) BEH—ERKRDKRLTDE
ERHIFR (LCO) IZHR S F L4k (TS) DIEEAH B,

OB —ERKRIMERATELEGEDFDARBEE (REE. 1 RFFHERY
Y28 DR T THRRESNZBDEY—ERKREETIEFFE) E. BFE 1 £
AVEERH, D 1 EAF IR DIFEICIT107/1F-F. 2 £ BEEH DIFAIZIT
F10°/F-FETHY . BRI HRFFHEEZROR TREZELVIREEEEL T
fliL TS, RFFFILPIE, DEEL 1 BEORBEF—ERKRORYTEEl
LT NETHD,

@ FDES (X fEE =9 THIT) OWEB(E. FLBEMEE~DEELFTSIIHST
EEVBERELTE.(NREFIFRFBRZEICZEDHDRTEHKITS. QB FIF
B THATELIR I TZEMT S, QTS (Hffitik) DIEELHY. Pl ARk
HEIXTHTHAS (XX 10°/1F-F) LFFESh D, £z, Sho=DDHERIZD
WT. ERAMBRELTIIBMLEMTH S L SN =,

OF L ARBEIFLEY—ERKROFRFITIREFL. PEORFFHEEETREL
F=EENGELEMEEDFMBERICIEREERENESLDD, T-. EEDE
FIFEEOFEEMICONWTH, B —ERKRDIEHEEETMIT E2HELNH
%,

ONRCIE. BEY—ERKRZDMEHE (L. BERIEZOBVEBEELTHREMITFTT,
TS LRBBFIEDHE THRSIN D LT T (Generic Letter. 91-13), 130 D
REZRRL . Hiffirazn R . T #5582 % NUREG/CR-5526, NUREG-1421 [ZFE &
= BH. BEFFOEHERE (20 ) BREFLED., BRERELEZDLOTIEAL
EL7E;
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O Resolution of Generic Safety Issues: Issue 153

: Loss of Essential Service Water in LWRs (Rev. 2)

( NUREG-0933, Main Report with Supplements 1-33 )

@AY —FERKZ(ESW) DIEREMLEEET SHRBEIE.NRC OBDLETHY.
NUREG/CR-2797IE. 80-24. 81-03. Generic Letter.89-13, $§&2& 51, 65, 130IZFE
HoNTWS, BEH—E XKF (NUREG-1275, 3%) 12125 980 - DBERFEER D oh
12X 12 EDEELH D, HES 130 Dh T, RFAHRERN 7 EOREHERDH L.
HEH—ERKROELGFEMBIGEERICERICELYEE ODIELFER SN,
WiE. HEETOERRELTIE.(WELRDFNDOABEAN=XLGEBREREY. B
£ EE.BE. BAISOME-BHHOBA) . QEBZOXE. QHE—HEL
tOEBERIZHT AR LOERDORE. QiHK. B2 EHE. BIAMWIREIREZS
ATLNVD,

O EH—FERKRITEEARME. EARMBIOSEKERIGL, TORERBE—H
SUYICEET D, BEBEGEIE, REY—EXKRE, (EITHEBEARRENLDO
BE FSEISEECAHICERINDG RFFRELDE FOORBRERET D,
FMAERE. ANE, KOBERICKERIET D, BEAY—ERKROHKET. E
85 F DL, PWR & BWR ETILEW, TIURTEITES,

O AY—FRKZDBEMNLRBUEORERL. NBEY—ERKRORTE
SOF-BKBENZEL. QMBS —ERAKRDHRFEE. BIRCP DL —ILKD
AR DRE . (ATS BRHMTER) T ESEFIEOEETH S,

@ EHY—ERKRDBKIZEHESFELMEEHEEL. 20 EOFRFHRER(ZEDI5
WO EE BRI H) DRETIERIZE DD, B2 OREFIFHEEROEEETITE
ARTEL . ATEEA TS (BRfii{L4%) DISIE(X. PWR DA ITHE AT RETH S, BWRILIE
BEl HLEERATE—FTHEIENERINTEY. W EY—EXKRDOER
L EIFRIBEGFIEOERELRKRELTEAZIN TS,

OV EHY—ERKZDELIT RCP OY—ILKNDTEREDLZLHL. HEE23 DT,
BRELLT. ABETREFRDRE . RAY—ERKRUNDBEERFTRAKRNOD
AHKDINYITITIZEB—ILKOEBNHEREIN TS, CORFRKRIZKY.,
FIBESERE L 10° 4412, S0WER SIS, REE51 OF T, REY—EXKSR
BT EB/BEICODVTERLTHEY. BRI E ./ FIZEXE (Generic
Letter89-13) [CkoT. {RIMESHEE LK 2.6 X 10° [TEEEN S,

ONRCIZEFIFHBTEIC MEBY—ERKZRDEBESHORLEEHTREY—E
RKFRIHDBEESEERETE (BEXE 89-13 B88) . IPE &, EPRI(EAHR
MR EE. BRICIEENTNRIEERERAL TS, £z . BV —ERK
ZOEESIZRIEEIL. AROVRVBEFOBE AN SBEIBLOBZVEEELT
BT HMEE23 OFERELFETRUICE>TRYMHAFEN T S, NRC DIl
89%0 B (3. NUREG,”CR-5910, SEASF-LR-92-022 2R&T 11, 47X NUREG-1461
IZZFNFNFELEH TS, BEFROBRFIZEV T EEGREHHM (20 £ LERE
Shi=B, Fl=RERITAEL,
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F8x—2

RE&e— b oL (LUHS) sftRoT U A8

1. [ZLBHIZ

AERNT, REE R IRETOERBERBESCERRENROEMRIRESE L L
TRFNEE - RERBIOCENFEEZNLHE (A SN TWAEEEZSR LYo,
LUHSXERIZ/BDLARIEIEEE TOHRREZBEEX VT IV ARHEZEHLEZLDT
5,

BEFE—IRFHREFTOEFHICBVTIT, ERERIZEI->TLUHS 2R HER
R (SBO) PIZIERFFICHE L EHEIND N, SBOMENEREND Z Lick
D, EREDOS BORIIIRBRERZER - BEIL TREINDZ L &2EMHELE LT, BF
A DEROBERIZEI>TLUHS BRRAELEREBIZOWVWTEONE (5 4 BOHER)
@v+9ﬁ%\BWR\PWR_&_%ﬂLtOﬁ\LUHS«@ﬁ%_omTiﬁﬁm
FERCBRBLENR TR ONEFROGLEHEHTHRLIZLDOTH B,

2. LUHSEA%DOUHSEHBREIZBITHBRET R

LUHS®EA®RDUH SEHBRIZEIT HRFIFEX VR FIFEMBZSROBREGER (RE
K, 0 UHS ##50iEH) 22X — 110”7, £/, LUHSEA%OEIHEREOHE
X& LT, I—1IZBWRDH|Z, K—2IZPWRDFIZERT,

BIFBREO T = — X%, FEkFHE, BERRKEBIZHE>T, ROLIICES L,
T x—X—1 : (BEERE &)LUHS+@%ﬁSBo DT x—XR
Z7x—X—2: (REEENIEAFRE L 2 2EREEEZ) LUHS+HREBFREE 07 =
— X
7x—X—=3: (REUHSBEATRE L 25— ERFRER) RBEUHSH+REBRE
DT xz2—R
Z7x—A—4 : GEEAEKE,CEIRE) UHSHEH+ERER O7=—X

7z —XEOREFEERE LTI
Z7x—X—1:UHSbE ﬁ%%bbﬁwt C INBEMEL LR2WVWERE (BWR ;1
C.RCIC%, PWR: TDAFWS+£ﬁ [ LAHE) TR D,
Tx—RA=2 : RBBREVBFEHATE D720, TOEREAEOHF CFE AR Z6k
(#l : BWR : SRV TCTEFFBE+MUWC, FP%
PWR : MDAFW (+REKR) +EEXK ﬁ#bﬁé)fﬁmié
T7x—X—3 REBEZFEALTREUHS@ : BWR,/PWR : {EKR 7, {REZEL
RHLERE) TR D,
T7x—RX—4 :REUHSOIEALWITLT, FlHEET—F. FHEESICBREZ 2T
L CHERERMOEHFEEZEZERE L>>. ARUHSA EIRL., FHET 5,
BEZBND,
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F7-. FREOUHSERBRIZBWT., RBEEREOIE), EHESIR, HRARMMAETE.
DGEEL. H VU URBENER R — N ROBRIREERT I ZERkD N D,

3. UHSHERBREY x—X— 2 DBREF K
LUHSHET RBUHSHMERAREERIET(7=—RX—-2)DREFRE LT,
BWR CIZEFIFE~OE « TAEH., PWR TILS G 2RERH & OB ERITOW
<. UTFHFRT S, BEAICIE2. OXRTEAL, LERYF— FROFEIROME
RIZOWTHIIRT 2,

1) BWROREEKDH : X— 3 B,
OA&TZORE L LTIt AL 7 (CST) Z/KRE LEKAKRAK MUWC)
WU Thb,
OAMBEL LTIL., ABKZ 7 %2KRELY—EUVERE (TD) HARST
b, FRENFREFIFEA~EKT D,
O REFEL UL, REKENSBUK LEBFR FIZ X W IEKRT D2 HERH D,
OZnbo, REFEKBHEET -0, UTORICOWTHEETLOHLERD D,
- @AY TDMARCT  #HIE, HERICKH 2EBEORE
CWBER YT BRSO, YV B ORER, HIE - B OFh#E
- CST : BENSOEENFBOES). KEOAIGHER
- MUWC R : EFIRKBA#E, HE I D EEERE
=
OFF. FRORBEKIIBERDOD, K—4 IR TEEIER LEZERZ AW
BEFIFENBROBEDBSLATH D,
OFEHRSKN LEEFIPHERET 5720121, UTICOWTEETLOILERD D,
- KB LRLFERE A ICERERRER. EEERIRER
SRR LBEREBNCENY Ly v a VIR TFIRARDBRAT H720, &
Ty varF—LOKEER, RREGREOKT., R FEMEROEN L
BADE (BT v arF—a~nik - BE, BFFPERRESENV M)
2) PWROREEADE : K—55H,
OA&ZORMEE LTIL EAKE Y hEAKRERE LTDRBIGAKR 7 TS G 2 RANZE
AT B EREEIC, ERGIEN LHFEBBKL THEIEZ KRBT 5,
ORBBEOEERENKE WEAIIL, TDAFWS I IZEX T, E8H (MD)
AFWRTRERTE 5,
OREBAJEEL LT, KL 7 DAEBPRR LEREAITIE, AFWOKEZ 2 AR
KE TR Z B,
OF . KERRELEBEICIE, REFERE LT, HHR L 72ER L TEKEZE
KETICRRTAZEELTND,
OZnbm, RBEAKPHEETZZOIZIE, LTORICOWTEETLILENRD D,
- 2RMKF Vo IR, RIS SRR O fREF
CEBERLT  MBE R SO, YU URELORER, HIE - B OBE
SHEAE Y b B D OBFEBRARBEDOGE). KIEORIEHER
- FEBNE KR T  BIRIR K
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=

OF/z. LFEDOS G 2 REKITIE, K—6 T T ERKEN LAZHANZSGCrED

AXDORK[IEAHBPHETH D,

OFEIEN LADPEET 720121, UTORIZOWTEETILENRD D,

- EERKEDL LA BEMER), EZRFEBH OO OERERESR. sHEEIE. EiE

ZE SIRFELR
c FRKENR LADEED - DT T MREEEEHE L DR EBIR ORESR
3) BWRODJRFIFEMEZRV N : M- 758K,

BWRIZBWT, 7xz—X—2 0HBIZEFIFENEIRA~DEK - BH & EESK
D LEEFOEINC K DR FFEENBRBROBENTONDS, ZOBIZ, $ 7Ly
VT ASDRFFEKDOBAC LTI T vy v a v T —VKERERTHEED
R FIFEMARREND ER T2, RPFERARSROBREMEHEROZDMLEIIS LT
R IFBMEZRX MM Thbh b,

M— 7 IR/ NORFHEL T,

JFRFIFREMBIRAN N T A E, AR SHEARK (AC) ROBEKIZIA VD RIA D
= /LIRS (RO, INOBROAOFHF2ME) ROV T Ly v a VIgHER (RE&E. /h
AROAOFF 2M[E) THHEREE DETESICHEE LT, THF (MOR1@E) &FFF
¥ —T ARV EREL, FEERATALER (SGTS) OHKTA VIZEFHELT, £
PERE~EE, T 5k E LT3,

JRFIFHEMAERRNY NI, 2 b 5 EOHRZEUNCEEERIEL TIT I,

JRFIFHEHE RN RDVERE (N MR ZBERME) 7572012k, UTOAIZDWNT
BETHOVNERDD,

- BT RN N RBIEO D OERGE, iR, EREESE (N,

AN, ERIEHERSE) R

RTFERAERRN MEK T A COBEIEL, X T A U ESGT SICEEFET S
GERHER T A R EH AT AEAIIE. NV FEFED S G T S~k
1B, MEH~DEELSLE, SGTSZRHELERTFFER (R/B) ~OHKY
A DFEABLIE

AR MER (SGTSHRIA V) 0277 MERAIZEESGTS 2 RALK
LS~ DEEOFH| % [K— 8 1T/~ T

R TFIREMAERRN N (S/PRUN) BIEICEE LTS/ POKARR k.
ANESUTICHBE SN DVNERH D, S/ POFKIZHWS S,/ PARNMAESR
wOf (GERRF DB EFE G CRRdE) #M—9 1R 7,

4. REBEUH S O
7x—X—3DHHICBITORBEUHSKEROBEAKR N7 2 —X—4{ZBIFBHUHS

DEIRZREIZT H7-0, UHSHEBRO TN, FIRIEOKHBENMLEL RS,
ERNRFAREBHICBW T (PWRIZEITA SG 2KRAIEKGHZEKRE) b—

Y7 e LTIE, KREERMIZERALTNAZ b,

- fRBUH SHsEs - REEAR V7, R HLEE
- Flidh, TR R B —2 g5, KRy 7T

B, FELRRBUHSHEEXIIEHRAUHSH#SRE LTHVYWLR S,
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M—10 - BRARLFELETERINTVWIENFRTHIREFTORBEUHSHEEG AR
AUHSHIRO—ELTRT,

g AR IE, RBEUHSERERCEBAUHSHEESRE LTHASh TV S,

KB DHEA R L T HHERETE R LTV A BEIT, REBIEAR Y FOKF R ) ERE L
BLC. BETFRENICRESIN TV EFFREMREIKS — Ik eET2BW
ROBIZE, K—11 1277,

KBOWKB L THEEE L Z2WVWBAIC, KERREER L T2RE LEEL T, KTF
A EIK 7 — 7 12K E MR T 2012 K—12 (T,

AEEDWAE L 7 BT RAHREORHAR Y 7 BT PEEEEAL LTV D
BAIT. AR T, BIRHER BHIKR T a2 BB R H L T,
BEFFRERENOBEE%RER (RHR) AXHBB~GHKEZMEET 2 BWROHIZX-13
W,
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SEHR (Special Emergency Heat Removal System)
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GESNZ=EHIZDD EPROWBEY—E XKF (ESWS)

*EPR (D ESWS(Essential Service Water System)|ZIRIIL7- 4 RO DIERSH ., BEEEGE . BEESSBRUSHE CCWS DTS
NAHKERIS T D, 4 THD ESWS [FFNEFNATENHILTHEY, SAFIEL 2 EOAMO7U TERESh S,

Example: Residual Heat Removal Systems

Hi#8:U. S. EPR™ Nuclear Plant by AREVA

‘VOTT!’VSL‘?LVL i - 7E/P\R

o=

Casn=Emlzn@ E—FRFARFHRERDIERRHHKFR (Emergency Cooling Water System)

"ECWS [ BEDE— IV IAERATERVERDRIC, —RERUBRINSHEREREL TR FREZREFELETEDLSIZRE,
BEOE— UM RELRRITRKDFEE LB L, BEKRL TERKEDILKFEAF LSS,
SEEASEKIZ. FERSEERAS 2 ROEANEES A TRKEIZRBSI S,

"ECWS R T 1& ECWS T—RE—R 7 EEY—ERKRUTEEEE T, BB BITAHKEHRIAL 2 BIF. 3 Bl RS ELT 5,

{é"i % | Hi B8 :NUREG/CR -5379 Nuclear Service Water System Aging Assessment
[l E‘é l z
! L8 L.

) ey

l Underground
H——

Figure 2.2 Open Service Water System - Once-Through System

[B5E6]Z20Q ESBWR(GREFEEMILIFO IC (FEH AEKIER). PCCS (FRMEMARAHR)

- ESBWR (Economic Simplified Boiling Water Reactor) TR EFELT. REZE—, U2 EL-EERAEKSS
(ICS) PREMIB MBI/ MENFR (PCCS) MERASN TS,

Vet fo Stock ——

— | ]

| Dot
i 2 ! reazion
il Spps Y II o Hi B8 : Next-generation nuclear energy : The ESBWR
| c L January 2006 NUGLEAR NEWS
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GESEF]Z0@ AP10000) PCCS (B MESRAHIR) & PRHR(FRNERBRIRER)

(PRHR) BMEASN TS,

. AP1000(PWR) CIZ MR LIFLELT. KEEE—F U2 ELT-BIRMEBR A AR (PCCS) LR BRIRER

Hi B : Advanced Passive 1000(AP1000)rev.15Design Control Document
March 28, 2002 Westinghouse Electric Company

Figure 1.2-2 AP1000 Passive Safety Injection System Post-LOCA, Long ooling of o < L s
Z v I} - : —'—- >L "'..:

OFBMBRANE KRATLM—BRBERE>KRHE)

i
L4
~ L
\ L e Gopdy
i
PCGAWST
n
wC
Ry Pares
ﬂ Asvan Bes

Figure 1.2-3 AP1000 Passive Contanment Cocing System

O¥HBEBRRER IRWST KTHEI—BABER-KKHE)

Passive Decay Heat Remonal
(REF) RCS & PXS
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ENZEM]Z0® {h-Le BLAYAISERER DA JIIKICE SR KERH (EHiRK) D

1999 £F 10 HORE TIF R Le Blayais R FAREMIZEHSRKEEAHELT-,
LERREMIEEOAOICHMELIAM LR LRRICKIFEDERICRYIGEEZDYMZ 1= KA REFREH
ISIRALTEFIFHEERD—ERIZR K. IEEIREE (On-site Emergency Plan) A% 36 Bk L=,
IS ADGEKARDRHBEETIE, FIURFLALERERBKKCEULICEETEIE(RFSAHAR) . FS5URLA
IWUTOREFELICHEBEEBIVTAOLETOEABILATRELRYEAET H52EELTINVS,
*Le Blayais RF W REBFRDGRKEFDHMREEZRMLI-IFVAERADREFAREFADKERBELTRKIRID
BT D#HERICEDERKA R GRIEX ) ARSI TS,

BLAYAIS (1999) : Examples of damages

71999 Storm

« Le Blayais »
NPP partial
flooding

INES level 2 f = High water level in the river Gironde :
high tide + storm surge (+2m)

and waves (2m) generated by the wind
on the estuary (200 km/h )

==  *Waves came over the dyke and
caused flooding on site and in units 1

and 2
»On.site Emerasncy nlan (36 hours) Nanr dafarmmatiam Cailiira af Fahla Ananins
Protection of French NPPs against external flooding 3. ACOMPREHENSIVE REVIEW OF THE
before Blayais flood FLOOD RISKS : OUTLINE OF THE

(Safety Rule RFS |.2.e - Issued 1984) MANAGEMENT PLAN

* Maximum design flood level to be assessed considering :
= River flood
= Dam rupture
= Littoral flood (tide + storm surge)
= Estuary sites

< Protection is ensured by :
= Nuclear Island Platform level = maximum design flood level
= Below the platform: closure of all possible pathways to the

rooms containing equipment required for safe shutdown . - -

5. CONCLUSION : LESSONS LEARNED

- FLOODING PROCEDURES -

wérhing based for ‘ ' 1. LE BLAYAIS EVENT USED AS AN OPPORTUNITY TO REASSESS
predictable hazards, !smnd:‘ T ] DESIGN RULES AND IMPROVE NPP PROTECTION AGAINST
Procedures adapted to 0 by p!lase = | EXTERNAL FLOODING

site vulnerability Vigilance phase (early actlons) Updated design rules approved by French Safety Authority,

(platform submersion, site 70 +12h

isolation, loss of the 2. A COMPREHENSIVE REVIEW, CARRIED OUT OVER 7 YEARS

external power S_UPP”“‘ TO0 + 24h - ! INVOLVING VARIOUS SKILLS :R&D, ENGINEERING, OPERATION
heat sink filtration

affected by flooding)

et ; 3. UPGRADED PROTECTION OF MOST NPP AGAINST FLOOD (about
110 M€ expenses) AND SET UP OF SITE SPECIFIC FLOODING

i . PROCEDURES
At most sites, implementation of “flooding” procedures :
® Prepare site protection during the warning phases (closure of 4. A CLIMATE SURVEY PUT IN PLACE IN ORDER TO PERIODICALLY
paths/openings through dykes and “watertight area”, tanks filling-up....) REASSESS THE NEED FOR ANY ADDITIONAL MEASURES

) ) ) (basically on a 10 year time frame)
® Briig the plants to safle shukdovn state if reguired

Hi#L:USNRC RIC2010 External Flood and Extreme Precipitation Hazard Analysis for Nuclear Plant Safety Session 11th March 2010
LESSONS LERANED FROM 1999 BYAYAS FLOOD: OVER VIEW OF EDF FLOOD RISK MANAGEMENT PLAN by EDF
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2009 £ 12 A 75> A CRUAS EFAHKEF T LUHS NEELT-, (IAETHDOEHITHT=,

W REMGGIE. O—X ) ZEFIREEA R ORRE—F 2 2ELTEY, ESWS(Essential service water system)
DOEKREIZKEOENEFT--ORBHARAESN . REE—F VB EICMEST-,

2R TEBEIND ESWS H2RZ#fiLtTLEEL 4 SHETIE. BRBOFIEIZHL., KB AR EL T RWSTHRH
EEEKEL2)DKEBWNTARERREL ., LUHS FBENDIBMZICREMRELLST, (2 5L 3 SHTEE
NEFEN1ZREFED UHS HixkL)

EKATAN ARV BT RBMNSEEREL, HIHTHED 10 B LUHS ML=,

COHINELT. BN BEREEOOICITRREENFRIOVTORAENDERGMSNREIZGZSE F
+-RABEOFEIEOREDOLEYS . REAHNFERELTRWST DKERVWSILEOFMMERUVILIAIIVEIZELiFTE
YMDOBETIETR T+ ThHHENBALIEEST=,

-%7- . FI4EIZ[E Chooz B BF HE T COELEEUKTEE). Blayais RFHHEEF TOEMEBA (RO THKTEE).
Fessenheim B F AFEBFATORS LEUIUKRAD)— DEAENFEELTLVS,

SER LT, BABENAEFIFORSHICEET A LMD, ERFEITRBMINIRETHEC L T=D20051
AREREELT. DIFLEE : N\ F—F O #E R &5 R (EUKER It T 2 @Y%) . QBUKE R : BER. RERA,
ML Z(ESWS HREDRERRE). OLUHS BN EBIEE EIBT52ETOFRLAH. DTN ZTNITDOVTHRDE
EHRENRRSN TS,

- DENZxLT. EPR @ Flamanville 3E#NDEK I AT LIS ERNF—FITHELER S LN EITFINS,

Expérience feedback in 2009 | otal loss of heat sink at Cruas 4 in December 2009

TOTAL LOSS OF
HEAT SINK AT
CRUAS 4 IN
DECEMBER 2009

® CRUAS NPP (900 MWe): 4 units
® Date of the incident: 1st December, 2009
B Rated level 2 on the INES scale

Muciear power for the people - 26-29 Septembar, 2010 - Nesebar, Bulgaria - Page 8

[Muctear power for the people - 26-29 September, 2010 - Nesebar, Buigaria - Page 9

Total loss of heat sink at Cruas 4 in December2009 Experience feedback in 2009

OTHER EVENTS

B Frazil ice event at Chooz B NPP in January

March

W Drum screens clogging at Fessenheim NPP in December

Canadian pondweed plants

Mudlear powe for the people - 26:29 September, 2010 - Nesebar, Bulgaria

Pagelé

doar powee for the people - 2629 September, 2010 - Nesebar, Bulgaria - Page 14

S > o ST A |
LESSONS LEARNT CONCLUSION

® Environmental conditions can impact the safety of nuclear
reactors

<> Come back to the initial design

® First ever occurrence on a PWR in France

® Partial loss of heat sink on units 2 and 3 together with the total

loss on unit 4
W 3 lines of defence

= Prevention: identification and knowledge of hazards
=» Appropriate design equipment

W Need to improve the emergency procedure , 5 o < .
= Pumping station: monitoring, detection and protection

W Use of thermal inertia of RWST water proved to be effective means
= To ensure a permanent ESWS flow rate

® Efficient management needs quick and reliable diagnosis of the
situation and mitigation means

W On-site trash rack pre-filtration cleaning devices proved to be
insufficient » Management of a total loss of heat sink

> IRSN started an in-depth analysis of this incident = To cool the reactor until the heat sink recovery

with external hazards

i

\

|

| B Expectation for EPR Flamanville 3 pumping station: to cope
|

[Nuctear power for the paople - 26-29 September, 2010~ Resebar, Bulgaria - Page 15

Hi# : Véronique BERTRAND, “FRENCH PWR’ S ULTIMATE HEAT SINKS THREATENED BY THEIR ENVIRONMENT, Nuclear power for the people”
Nesebar, 26-29 September, 2010
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GEAZEHI)Z2D@ HK-Duane Arnold [RFIFDLUHSR & R UETEEEICE S RFIFFEIEIE

=2011 &£ 8 A 11 H. KE® Duane Arnold Energy Center M JEFE (BWR) A% 100%H A TOHEBE (=, 2 RifiHHAIKE
(RWS)D RKAD SRR )=V DEEIZE>T. 2 ZMEITEEREE(LCO &) NEESSh ., B EHBETS:
Technical Specification)|IZEIWTC, BFFIZFHRISLIZKYEBLESNT,

REDOHER. BUKOFTER VR TEYRTY 7 EUKE)IZE I — OB BE-O TSI ENER SN,

COERIEAIOEBEYOFENLERICE-TRELELDTHOI-,

COERITOVT BARERDOA T HATHMOBUK OBENOESTH A HEL TLVARERESA L AIRERDOE
ENPIITE-=C QAN OKEAENEIROE T, A DIREZAETEIRETHIEWSKFIFEEDHEIZHE-T
WMo =-CE D HIZLBELDTHBELTNS,

=2011 £ 8 A 15 BICHFBEL-MEREL, FSRILRASY—U A EIBLE - % . BELIIORAOEIRB LU LED
BAREICHT IR RDEHANFHEINTLNS,

COERIE, REBREDTEEZEETIZEREL T HIALE-RIOLEBER CHME GEEREE) L-ERLLTHESL
=

CDERIZEDVBEREER IR T HEE [T, o1,

i B2 : Duane Arnold Energy Center, Docket 50-331, License No. DPR-49, Licensee Event Report #2011-002-00 (Oct. 10, 2011).

@ Vel 8

3| Storage Sog ,
: NelA @ ] &/ Dicharge Canaly 5‘»\ i
Duane Arnold Energy Center i (:,/ \
& N
7 St \
{9, Jiscrarge
/ Structure
@ VeI C
—— / é Bk O
1 £ Wickiup H
Fower Plant Ra j Natural Area

Hi £ : Duane Arnold Energy Center License Renewal Application, Applicant’s Environmental Report, September 2008
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R 24% 3A 1488
RFHREEE-EHEMSHE
RERABERHERFYNEES

[ZL&HIZ

RFNRE2ZERFFEFHRLEEL - BHEMTKISHL T, FRL235F 6 A 16 Bt TEL
2TREEERHEORFLZITIIIBTINEZREL. RERABR KB RFIFERICEHT IR
EHRHEERHM UTIRERFATEIEHIEVS,) RUBREDIEHEBEICRMIEEIREEIE
[COVWTC. FR 24 E3 A HRICEOHRETCORARELREL . RETHEEHERLEE
FHREEE-BHEMBIIE. T/ 23 £ 6 A 22 BFHFICT, ZREeRFEERHRUEE
DIEHBICRMIEIREFEH . GoUICZDM, EELBOOLNSEEICONTRIT 51
. REREFEEEHERFNDZEERLUTIRDMRELRIEVS, ) EHRELT-.

ZEBBRHEOKREHETRIE. FR23E3 A 11 BICRELEEILMAREEPHERY
NI RRICLIRAENRASUEEF—RFAIREMLUT I EEE—RFHESE
ATIEWS, ) DEREBFEA LD THS. BEE—RFHARENRTE. EHOEFIFREHKIC
BLWTERRBNEBEREX (LITISBOIEWLD, ) PRIEE—F VI (LITFTUHS1EWS, ) D3E
EDNELC, TOHER. BREFIFHEZITEFFEAMBEERXICIHRY. FibAREKE D MKE
MEMEDREBEEVNSRLNGBEICE ST,

FNERERF . BEF—RFNREMOESHOBRBLLANERFZ. SBO HEIZDLTE
EMICEREZZERL-, ThITEIERERBE—F 0B E (LUTILUHS1EWLS, ) MERUF
DEDERBIZODNTREZREL -, LTICKNEELSORHOE AL BEELEOMBER
ER

1. REOBRIZONT

SHROBEEF—RFIRENEMOERMERERFA. XNEERT. RE2HRDOEKR
FRBRHEICHOIEDB AR ICEDERFNZ1Tol-. T T. RERFIEERHOBEEX
DUETEZFLOHDICH->T. RIEHICREINTWSEHROALLT . ZEHEDEZS
ICEDE—EMOHLIREHEDEHRICOVTHRETEToT=.

FREREICOVWTIE. ChERFFHEROIREDFECLEORNNEKEEETITE2EZ AN
HY . EREREF B (AEA) O EERFHE LMY )L—F (International Nuclear Safety
Advisory Group (INSAG)) DEE 12 [TEN I, ZENEEIBETHRTEEEZZADORN
KThY. ZEMEFIBIRHEESZERBIIZTEZADRUEK, ThbbIEFTFHY
TUOrDREBIELREL-ZOEZEREMELIN TS,

SHROBEE—RFNREFOEHL. RFEESZOTEERRIIEEHEDLE
BRELTBIEFRIZhTE=LDTHAZERTFANIE., AERO A EIZFEIRMHEHRIZE B
DRI ELZZDOHBICIRESNZZ LT, ASEHOBEEMZERD SBO THY .. Fh
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> SBNEEE—BEFNREFOEROLINEREAL . EARRE, FMlHGt. BREE
BRI BB LERCENMEGICE- IS NEEENE REL TRITHESHZEE
L. ZOREREMUFELD D,

> BELE-EMNEGODIOEXRERBEERELT. ThotReRHEERE
DBETEICRRT B,

> SBO DFARFIITHEAEHIZDONTIE, I 48/ BRAFIZHRICZOERIER LD
HEh LT S,

> SBO MELELEBEDEFIFORLELEFOEDAIICERLIBHITIES 27. TER
ERIZHTHHRFLDOERIFRDIEDELTREAT D,

COEMCESERNEERER. DSBO DHRLEHELZSEMISERTELRYENVD
NETHEH . BERRFCNBERENDERRMOEEEEM LEIESHI L, @SBO HAR
[CEFFERLIZEBIEL, B BOANZEMRL. MO BIBTESEEZRD KABERK
BEEBT DL, QSBO ~DHENEMEERDT=H. BRBRR GHEBER) ~ DR ULEE
HERBES LUFHET AL LEICDVWTOEGMARTTNEGEZEETLEELICHERH
DRERELTHRYFLENHT-,

LUHS &2\ Tl. EEMEDEZFIZEDE, LUHS BOTARE OEYE. UHS @
EIR. KBAHAR. TIOTFUMIRC AV AM) OREROHMEEOHE RMLREER
FELT-, AL A AF B RERUBOREE—RFHIRETRUVRRESN
B EEE_RFARETUTIEEEZRFARERIEND. ) DFERICAHND
AHNRFEOR RO, EEE_EFHARERIZH TS UHS OEIBETORRRMBDOHELE. K
E QB4 EHCENETOEHESEL, UHS ORERME. K& UHS O#EE. BEERFEDH
£ LUHS RHEOENM OREEE L >/ REE=EEIC. DLUHS OFERHIE. QLUHS ~
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CNLLSMZE, SHRISHIBRFEMRFTAESERELT. ORERBEEZE T LRHOH
. QB FIFEMEBOBESHM. OHEOREER. OERAFHHOANERUORE
BHBRIEHORBEOEEZFI OV TEELHBHLTHRESIIR LD,

2. EHLMBGRROEVEEDHICHTZY)

RS EEIESHC{HRSD SBO FMEAD LUHS MEDREHERICIE., BT EEZROHH
EEBTIERSLETNATOS, ChiF. BEE—BRFHREMBHOBINORBRELT
12V EFFIOTUMNERGIE# LT RELVSHIFEZBICBEVLTLIPPZITHS, Thio
(F. &KE.AM [ ETHEHELTHRRMICREINIRZLODEEZLN . XINEEED
SBRORHIL. GREE—REFINREMOERERFA-REORETHLHLDZEDLL,
EBBEDEZFE—BLTHEAL, SBO MEL LUHS /R EL TR ELRTMERICER

2
[88 / 89]



FHTHERAZERLEZLOTHS, TOHR. RITOEHAERDILETORLHRIAEER
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