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Investigation of Small and Modular-sized Fast Reactor

Kenichi Kubota*], Nobuchika Kawasaki*l, Yoichiro Umetsu‘l,
Minoru Akatsu®, Shigeo Kasai", Mamoru Konomura'
and Masakazu Ichirniya"1

Abstract

In this paper, feasibility of the multipurpose small fast reactor, which could be used for
requirernents concerned with various utilization of electricity and energy and flexibility of power supply
site, is discussed on the basis of examination of literatures of various small reactors. And also, a
possibility of economic improvement by leaming effect of fabrication cost is discussed for the
modular-sized reactor which is expected to be a base load power supply system with lower initial
investment.

(1) Multipurpose small reactor

(a) The small reactor with 10MWe~150MWe has a potential as a power source for large
co-generation, a large island, a middle city, desalination and marine use.

(b) Highly passive mechanism, long fiel exchange interval, and minimized maintenance
activities are required for the multipurpose small reactor design. The reactor has a high
potential for the long fuel exchange interval, since it is relatively easy for FR to obtain a long
life core. _

(c) Current designs of small FRs in Japan and USA (NERI Project) are reviewed to obtain design
requirements for the multipurpose small reactor.

(2) Modular-sized reactor -

(a) In order that modular-sized reactor could be competitive to 3200MWe twin plant (two large
monolithic reactor) with 200k¥/kWe, the target capital cost of FOAK is estimated to be
260ld/kWe for 800MWe modular, 280k¥/kWe for 400MWe modular and 290k¥/kWe for
200MWe by taking account of the leaning effect.

® As the result of the review on the current designs of modular-sized FRs in Japan and USA
(S-PRISM) from the viewpoint of economic improvement, since it only be necessary to make
further effort for the target capital cost of FOAK, since the modular-sized FRs requires a large
amount of material for shielding, vessels and heat exchangers essentially.

*1 FBR System Engineering Group, System Engineering and Technology Division, OEC, INC
*2 Present: KAWASAKI HEAVY INDUSTRIES, LTD.
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¢ BVWAEZIRIEZ-60CETTN O M0NNLERE Uik 2423 s d
B, REENBD TREL 2V, FESOMAFRICIVIERE
Bixa R hEBERD,

SRR L TEFATHBMIEH TE 2BEIL R,

. ZEES|C SNPP ICEID ¥ 2 BUUMOLEREHC L BT 4 —ELRELRA
Sk BAREEDOaR FEHARB L SNPPIZ L DBERVEMWR =2 A
MEEL21/15— 1281 2= 1 25BERTE-1,
(—EEC - b O TIREERE 2 X Mo SO SRk A MY 80—
90% TH Y, TORBRL L TRERPHO X MIERO R LRIzt~
T10-20fF &2 TN D)

F O, 1970 EAB LN B 1980 ERFIEICBWT, 2 7 E&ILOK 90

BFT O #i X 12 BNCGP & Rt SNPP (6-40MWe, 10-50MWt) % 2010 £FEHE
TIERTHHERETHNEN, 25142 T Chernobyl F# (1986 ) @
EECPIES i, [8)
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COMBEFE G, THEF) HETHIBELRTIVFELTHALHE
® BN-350 (Na %% FBR, 1,000MWt/150MWe/#fE/K#7K{LBEST 5,000ton/h ;
Shevchenko i, Aktau; 7 ¥ 7 A & H&EFE) BH Y., 1973 FOERFERLI L SG
RREWEZBRBR LA LEARKMEICFIA SN TEEERH D, ZZTF
B UTFBR BPBESh-EAIX, S00CU LORRBERBONDERT v
¥ VBB B (2L BN-350 @ SC HOERBE X, ROOKEFRED FBR
EWVH I L CRTRHRERHES eI, EBITE 435440CTho L5 ThH
B) TEmb, BRMICREERS uEABE~OEALEEShELDE
EhTW3, [9,10]

THIZEL T, 900 CREDRENLELRRRAI A ESBIEAFERNES
BT iE, —REIC SO0 CEREDEE CIHETR0 Y o ARFICEATEL &
nTwa, [11]

UEORAE®L, BEOERBIZBNT NYF BUEL INTEESZ
BETH L,
—(bRBE L R Th RS () TREMOMEER (BA, BR
| REEZ) NEETHD,
— 3 10kWt 225 300MWt RREOHEE THEBW a2 3y MNelETE 5,
LWIOIRHICE L HBNE, 20 bEEFNEA SO BN-350 721} T
HBEN, THIREBRHNBEEOEINEBONEED THo T,

2) BREREF

1979 FFIZRE Z o 7= K EH Three Mile Island 2 S4F(TMI-2)E &%, [/NEUFE) %
BT TFNEF] OSBFIZKREREIEERET L ERoT,

KXE T, TMI2 FHOBRO LIZih, 5D OTA (Office of Technology
Assessment) BEED 1984 RIS BRMRIIZAEINLIKRERFOSLZNEE
ELT, BROR2MICERZ BV /2 ABB ATOM #£® PIUS (Process Inherent
Ultimate Reactor ;PWR Z!) 2 INTERATOM #:® HTR-M (High Temperature gas
cooled Reactor-Modular ;i A A4F) #EY EiFHROBEE 2 H 0V,

% D DOE BN HEE I Z R EN 5 Advanced Reactor DIRE D =D
D7uY =y b THD NPOVS (Nuclear Power Operation Viability Study) T,
WD 3 BEEOEFFPEENERE L TRES L,

- Advanced Light Water Reactor (8E7K47)
- Advanced liquid Metal Reactor (&4 B & HIIF)
- Advanced High Temperature Gas Cooled Reactor (BB A A IF)

.....5.._.
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Z DD Chernobyl Fir (1986 ) RUHFM L XETH L) HEFZED
HERBEPERIC, 1987 FI2IIAL ADE—HF Y XTE 1 BoOF EETFFEES
# (EPFL/SMIRT/IAEA 3 f) 2P s 2 ¢l [FAMIF] ~OE.LFE T
072, CORFHETIE, HF R OEKLF - EAIF - LMFBR (PRISM, SAFR % &) -
FETAFOEBEIZBIT SR NEFHESRES R, (F2.1-10 [OH
BR) o, TRECULTLIBEETCHE P> LRERICOWVWTL H L EER
L EN, BHOFHRLYVEIBFTHLEOABTTH o 7h, BIFENDHE
AR OWTIE S HICH LR S ETAABTTH o 72, [12]

B, MAETDH 1987 (BB 62) EEIETNEEREOEL XTI /-BERE
FAFXOFNEMERRES (FFE KRGA) LX) [HAEZEFOWERE]
PWEBEN, #2077 FMREEFAETHFE I N, [13)

ZOEH)ICHNEFEOFFIEEFEE o720, [, FARFEOSE
EOFPREFORELY, FHrETIEEE®EEVIDICT S Z & 0
T&5] [BI»5THED, TITH [FE] OMEITIEIRO 3 BEIH Y |

- Inherent Safety ([EFH DLEM%)

- Passive safety (B 2 R&MH)

- Walk-away Safety (GEBRE VBB HRAFAARETLREU IR NEZ k)
EXRMBREZFIIUTHWED, ETOHEND 5, [14]

< Inherent Safety >

EHROFELPBREL EDEEHRROGHVERZYERZ L L TF
MEhasZE, §hbbEBRIGELERPHREBROBRELEVWIENFROEZEE
BROFEI LI, BAZYHABARE LTLREUPERENE I EPFREL &

bo (BIEMIIFLMET Inherent L KRBT E0RDBVFVEDNDH 3,)

< Passive safety > (BB REFICOWTIZIE 212 A HBEOC Eo)

AR & L TIZ ERED Inherent Safety & EAMIZIZE U TH B A%, BHHICIITE
EUHHERIFRDLIBREVE TN TR TR IR 2WVWETE2ELH
(USNRC) 3% ) (PIUS, PRISM, HTR-M %), —#ICEIM 21 H o Th
Walk-away Safety XFNB L TALZENDEZ HdH B, (SBWR, AP600. EK
FEE) B OBEREREITTT A ER

< Walk-away Safety >
ERFEAEZEER (AP600 T3 HF, PIUS T7 M) ZEHBRIMTOBRIES
L2 T FOREVPRINE L, ~BER EBMOBRICHTIER

_6_.
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IRLDORFAFTICESNT, WA (BF) BeFORBERF=—Az %
EOBERDEIICR B,

OEABH

21 i % RAE A - NEHOBMM L ISR TAH 20, [BEE - £k - 5.
HTERLERBLT DT CVEEBAKRIEE \IEKF) ZowTid, 4%
b#EBE L CEEMLT 32505, LV EHE X EDMMA<HICLEBSF
NEIEEEFER s, KEFEEHFHNREEER L, KEFOF
BedbniEoT, BEFH0, IVEREEIP 2LV EELFHETELRZL LD
B[22 kit Bb L Twa, '

QOLEME

SHWOFERYE [ HWERR., S, BULE LEICERFTRETHNET, &£
B2 MoRRE, REEEEoMLEICE &, BEFIHED
&5 (REHEOZSMZEII®RD TRHEIML) 25,

BEYAZORR : KEBICHE_RTERBOHESEN NS IO WHHE
SO BREESEVO CRHOEEANO ML 2 5,

BHRMETEOFERME . MNBELZENT ) vy FRTOFRBAR, AEETHK
FEEOEZIZOHIEETRETH S,

BHEEOCR L | TEMNEERBICZEN REEREZFEAL TWE20E
EENOBRIERENS L E b, THEEHBOIL KT
mBEHEEENFMET 5,

=
AR © 200MWe/300MWe %> & 600MWe/700MWe 2 £

ANEE D RELE L DS WRE

@EMRK 2 AE (BHE) [12)

BFA  WIEEE. TE2A 70X 2840, mkEok(t (B, d65)
BRTAFETEERT AL, A% 7 —NVERE, AiligH, it
KEHES ()

BAENG  BAFXIEEFNAFEILE IV 2R V-2 a Yy

(A7 =—F, )

ZEHH | BAF, IR A, LMFBR, EACHE (M., LK)
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OF

BRDBEHIBRFETH S, KEFEOZRE 2 /P EUEICEEIICER L7
TR (R7r—W7FAY v ML) BEFEOETEEETE 2w, BB
@%%R@ﬁt@#bh%FE%%&&@J#WE%&L77/bﬂA%ﬂ
HLZITRELR S %,

(3) 1980 ALK ELFED IR
1987 EB S THETDIVWIIBRESIRALTI V IMBEDI LT, FORE
RICEREINBEAEDIBREL TEHEINTVE DT R, 1985 FICMBERT
ER L -EiR T ARESE THTR-300 88 FICHE L P I T U ohiT
) BB R MED b BELFIL L JER L Ean R L 7R 1T 7 EERIF AVR
(1967 Fi 52-1988 4= 1k ) I2 < T THTR-300 D FREIEIL 50— 60% TdH o 720[15]
CDE)BRRDOFT, LHHOFAEIFLERPH 2 VI ERN L2 HHE
REEEETLADETL T THb, FDOH T AST-500 (HRIFE—AKE PWR ;
IR E B AIE 2X500kWt, V4 ¥ 75 ¥ b)) 13 1980 EAHTEIC Gorky (B
Nizhny Novgorod ; €A 7 7 DB F#I 300km) /84 Ty b 77 P HFEERS
N2 b P 53 Chemobyl BIIDZEIC L N ZEREMTHIESNEBRICE
FLENAE T LT oA, I Voronezh ((BERXZ7 7DEHH 500km) D
<L%ﬁL R DT EThb, [f)ZDfBicdBEFTDLDE LT,
BEREdErH>EL0>
-mn&mﬂ;ﬁ%ﬁ%@(—wﬂPWan@mmm
‘RUTA; Bt IF (R A 3 ¥ 77— VB 4X 55MWt; Murmansk Hi[X @ Apatity)
- ABV #! floating NCGP ; bt ERBEBLRERRFII V2275 b
(12MWe/24Geal/h)
- KLT-40 2 ($ kWe— £ 10MWe) ; BRI TOELZVWERICE S BEEKE
DIFT ELERBRFRLHEREAKEBLE LTUFEE ST,
(7T0MWe/50Geallh DY A ¥ 75 7 + 2 W X 7 @ Chaunskaya B 12T L 7
Pevek IZERE L. 2.1.1(1) T L 72 BilibinoNCGP D7) v FL#EET 5
T EETE D ARETH)
< FDft>
+'ATES-150(-200,-80) ; ¥ & K& (N il = H
- Angstrem ; BIKEHF L L TOEFZEZN—A & L7z Po-Bi WHINHEAF
(6MWe/12Geal/h) T, FIBIZHEE L THEyET A
EZZCDFEND LD, ESOEGHEDP O EAKLIIEE> TRV EITH
5o [8,9]
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2.1.2 MESFHEORIE DB

(1) [#FZ AN F—BAKME 1994] OHE

IANF-HBIEBI2REREOEEROET T ) 221 T, ROE DO EKF
i 1994 FIZ [z ANVF—HEAKM] 2REL, TITEIFZ AT —
i, BAETRIAVE— VA 2 VI ANF-RURERE LA LE - D5
FIABES, BEEOTHIEBITIIHMEILTHTICERLTWRVHDD, 0
HEAXHSG Z LA, BPERHRBIANTF -DEALKD-DIZLELR D D,
LENTV S, -

BRI, KO LD BEE - Y AT LY EiFohis,

() AIREBIHRRTEHEEA TV I HEERERETH Y, HHEOHE
1997 EEER 2010 EEEABETH 5, (kl I TFEVHIEEE) [16])

<FAEMREL AN F—>
- KEEHEE (0.00IMWe—1MWe) ; 91MWe.” 5000MWe
- JBSIREE (0.001MWe—0.3MWe) ; 21MWe,/300MWe
- REEIAVEF— (IMWe—50MWe) ; 3.7 77 k158 75 kI
ABEEFIE 5 104 75 k17450 77 ki
. WBKE (10MWe—65MWe)

<U%4ﬁw:$w¥—>
- BEEWRE (~50MWe) ; 950MWe,”5,000MWe
- BESEWEALFIE ;4.6 F kL 14 A kl

<FEREIT RV F — O FH R EE >
7)Y IANVF-BEE (BEXEBE, RATABEEHE, 25/ —
VHEIE, ¥4 —EVREBLPGHBE) ;18 F5./365 5k
- BRELEM (0.00IMWe— 1IMWe) ; 12MWe,”3,650MWe
c RRF A2V 22— 3 V(BEHRB (0.1IMWe—123MWe) ;
4,300MWe,” 10,020MWe (74 — BN TV ¥ ¥ 2 &2 EH~—EIT 1995
M EEFTH 14,000MWe)

F DIz D
BN EAEM (0.5MWe—6MWe)
- BRAAMEESREE (GRVAMEBEEBRESEE IGFC) (25MWe
—300MWe)
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- HUISELEE (MBS EEE) (5Gealh KL E)
- BRERNEFAT L (3 - TAR)
HALYI v - e— bRV (GHP)
- WHREV AT A (0.0IMWe—0.05MWe)
- BREREE (SMWe—240MWe)
- EMESEBIAY — VY rEE (2MWe—290M/We)
b, Thoidk, RESHFHOHR., ERBELCENEETORETREEN
INEVWZ LR EPLERIANF - LTEAME TIEH S05 KA A NV
F—OAMERCHEREREME~NODEBEOCBRA PO SHEERELTOER
ZEHIETEEN TS,
LD LEEHMPERBTEZEOREFREBRTELLILLEY
L, [BEWEZAVY—] & (VA7 VZANVT—] BEAEFOHFE
s ) [/ABUF]EDFEE L VI BEEAPLIZILEONR EZ% 6 RV,
[fEkBE = AN F—OFFIABE] OFROREHK (IR MR) (2. 7Tl
DUYTTHONIFEOEER ELEBRPLPEFTLEFORTATIBVTRRE
NEEBOREZZBIIANTADL L, GBEFZ2A LTS BROBEABFEOKRE
EPLATODREGGETHHELELDNS,
FITaVzRb—Yarorikt (BEADOSHE 199293 FDO7F—5) %
RCTABE, ROLILTABRTH 5, [17]

D F13E1
—F 4 — BN Ty (BEWEI5—45%., EHEARINE) | & 1.6MWe,/
~HRY =Y (BEBHE20—30%., SHUESREIRE) | # 6.8MWe,/#F
—HAZY TV (FEBHIFE 30—38%., FREFEREINEE) © # 0.36MWe, /1
x| ERRER 77 Y FoRKBEE L., BHBL T 1997 FICEIET
Bt HBOEVHRD [74— AR 7 T 7#E] (EE . H¥EE
. b - AR, ATV, Bk KBREINLZ 123MWe D7
T vt (BIRHBEFRE) TH D, RISFHBHEB LXK (8.5MWe,
WG BT E, RETSIFRT IV, FE -7 57 —1)
Thbo (18]
¥2 I FEICBWTHEFERBRL TS [vA4 70 Ay —E V] X,
WRBMOHFAY — 2 TRARHENFEZEL KT L7z 100kWe LT
DBEBICBVWT, FRAILY I VIZEWRESEROMEER L% &K
L, B222 RUF 223 0T &) REFHEEZERLTWEEEN
B,
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@H®=
~RER (VL ARERTEEHROH 3%, FHH 0.5MWe,/ ) -

—BHREOFFREIRE v (BRFF G, BER. @iEK)

—& T IV 0.5MWe), FHT(IHEIEE WAV NRER), EH (P4
0.65MWe), A K-V iwek(CEFH 0.5MWe). WHE - BRERT. I,
WFoeiEaR. BET ~ M. HIGRE

—EEH (V2 IAREEELEON 97%., T 33MWe, 1)

—HFBEOFPREHREY (BFIRE 7D EAER, BK)

— B3V (FIHH 5MWe), 2V —(&5H 315MWe), % - £B (&
FH# 255MWe)., #& - 7SV T (EEHE 150MWe), TR - XA M EE
ZRE(EEH 123MWe). EMEFEIZE WAV/NRE)., BRI S
VW A/INRR),

@EAEH
« BIANE—
- BB DER
- RBBBEOIALNT Y
- FEEREAIC L ZRBOFRFA
- BALREEE oML
- BHEEXE

DFRE
- BENEBEAROIR P EERTHEITREEIKREVD, 74 7%
ATNVIARAPMIBNEENEVLDIBELKRIIIANLBREE %
‘,Z‘E}: L—C\"Zs)o
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(2) NERI I A
1978 FELLEFHE FHREEROBIEIMER L TV ERETH 5 A%, 1997 4
DRRBAFEENEMEZRESPCAST)OHESR T 21 HELICBITARF X
VWVEF—FIHOEEESBH I N L 2 %1T T, 1998 42121 DOE AV IF R DK
FTHNEDD B RELEZWET 5 /2T NERI(Nuclear Energy Research
Initiative) 5Tl % F B S, RERWNOKE., EZLAFEH. BEERSED SIRIL < OF
RREZLHL., 1999F 5 AIZ308 HhDIEET —<vOF o 45 HE2RAT S
2R o7,
DOE 7" #%E L 1-FRETHIIRDEBY TH 5B,
- BILEERIME O & 2 B TR IS 4 2 v
-WRTIETHEET L4012, LVERE, JVEIX M, Keltn
L3RS LOBFIFRERE  RBEFICEIEI2VWHED2DD, &

b T DR
- SRR
- B ILEL O 72 5 D F B

- BEEET (%) #BE
LT, 2HZHOGFEVbwS [HAE (€) Fl 28ELAZdOT,
EEF 19 HrRAEINLZENS DELOFEIAbRE, AT —<OAR
ERDEBY TH BB, -
-HLWBREHFRX GH)
- BARIESE O (314)
- STAR(Secure Transportable Autonomous Reactor)53-EF DFFFE (2 k)
- Bim A XAFOBRFIBSE 2 4)
CRFDERE, EHiE. BE - BRFOSE (9 H)
FLOBNHTS Y MESZAELIY L) BRI RDBECADLRTY
5MDid STAR #E% (2f) TH Y, DOENEWS(May 18,1999 & 5 & Z 7 B4R
B 2 BRI RICRTABE TH D,
< STAR-LW /4R >
CHRLEAMIE 15 EDLETBREOY Y 7Y V7 - G L TRFHE D &
RTHAHZ L, ' '
FLBBICELBRBEEROBETREEZ 2 { TEF D (inherent) K& %
MESELI L, (—HET7- VAR ZRALSEZBAERERICLD
LOCA DFTEEMER 2 < F0)
- B TEEN TS S 2 & (AR HERMN - "Bt %I - ECCS 2F
AET, ~GETHOMEROBMAZR LR L. WEEREIEE - 5
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B - B - A2BIEIRT %,)

CIREEMTIEET S &, (BBCRY A 7 Vo REI(E CEMAKEEYD % X
MEZ—ZRIRE Y 15 LTFIC—HImT A&, EFFEHREARET—ELTE
ETHIREDRETT50)

< Encapsulated Nuclear Heat Source(ENHS) X I “nuclear battery” >

L THRETLIHREIEFFEROBEZEL TOA | RIFHMH» S 2 RiGH
MILEESN, FTHHOBECREN EEI D2V I)2EFFRLT
HIET, 73V MHGPORFROZELHALTEEL L, SHIET
fﬁ%“)i~—-)V&i§ﬁ%i%§—'€f):.—)b%@%b:%"ﬁﬁ BB TER LT
Bo CNOPEFFIIHLOTELOVHRITRDLEBY TH 5,

- #EH A L THX © DHRS O HIBR, THREE Y 2 —MLoFEBEI K, 5%
B RF - XBRPFEZHZIN7 PTHELEE., BREXHEL2 L CTESRES
I, R YoV 7ax b, BRFFEHFZERF YA ELTRIBAT S
WEEHE (BREEHOFENTOREL). L) ASVETFERE

- B B TERWIREEE R OB SUCE .. MM IZK 2 WA OGS -
RA FRICERE., RE2BEF=0BEIGE, RO BEARER, §
B 72 TFER 28 OBl b

HUEGEE TV 2 — VLR UENHS & L CORTFIFEOH AMEFICL Y,
AEZEELEICBW T EVEILEIRREFHFTE 5,

- HEWEEE DL ELORFCERGO [BEFH Ny 79 ] Badsibid
gL b,

N 2HORENFNEZEALETIWMEBIOTZHFEHOAEERT
HAEMW FEBTAHITFEE TS L STARBMAOEKHIZER S TWSE X2,
QEE DR M4 2 - s/ Nl o 13
QEERIZET A 72 VORI (775 ¥ Mot OB E D TR
@FETV 2 — AL L Thik - | - 2338 - BN - BEOBESE AL
DI3FICEHEINDEEZZONE, DIZDOWTIE, PIUS #ADEIELIRITE
WXEBELEHTHE05, QL@IIEFREOM LIS CEEEIBRRED M
LEOBEDS, BEXRRLE LORMERER (15 FLLE) BRTRHRICEFRED
EHERCELRAOOTMHEELEL LTVES,
NERI BHENE 2B SN2 ) TEEN 27T Y MRAPRRENE D
S BOERBEZR-ZITRT LRV, ST TULTFLIBEETEIR o7
[ EARPIE) O&EL Y BERLES A MRS h, F0E)MHEE &
N5, (RTER-5E8HE)
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@) W7 V7 - BEDOFEFIIFRAREIRNR
7 VT7TRIO YT (BEHE) ORFAREOBTIRE SHEOBMIIOVT,
T OMBEDOANEZ LT ITRT . [19-22]

(O E

HETid 1999 ERDEBFET 3 2D PWR (300MWe X1, 984MWeX2) #%
EBEPTH Y, 8 EITERPT (PWRX4 FE, E3,200MWe ; CANDUX2 £,
i 1,400MWe ; 1 ¥ 7 & PWR(VVER) X2 &, & 2,120MWe), ETEIF DD D
X 4% (AFF4,000MWe) Thb, REBRFEEEITH 25GWe TH %75,
EROGEDHIDTIE0.18kWe & HFREHD 173 LT (HARDH 1/710) T,
ETh (BH) OHD &M 1% TH b, |

4% 2010 £ % TIZ 60GWe. 2020 121X 80GWe ¥ T RTAEETH 5
P, TD I BEFIE 2010 FI1TidH 20GWe, 2020 FI121E#H 30-40GWe & §
AETHETSH 220 FEHI/FARRKOETFITHL L TFETH 5, :
CHETIE, [HEFE LTEHIRLTOLEVEFFRIMALZY] Lo
EERETEHERESEOESICODHAL L BN BAED O CHEFEIIERA
LaWHEZHELTBY, SAFEFOIOEZEDZ L 11 EHIORER
BIFEPHEL TV2O T, Zh o OFEELFEE(LE & b ITRROFREL
o TWh,

B, INLDEFHEEOMICHMGFIILRDOFEERFEGMWH &
BETAREFHANEICER BRI TBY, /4199 F 10 FICIEE
0y 225 L CIRFAFRO@EKEKIE TSV PERBADHELTED,
BERECTEINMRELZFOREBUNDFETIRBIEDLNTHE LT
H 5o

(i) ¥ E

BETIX 1999 £XROBET 15 ZORFHEER (PWRX11 #, &
9,937MWe ; CANDU X4 £, Et 2,779MWe ; &5F 12,716MWe) »SBEH Tdh
N, 5 EPFERF (PWRXS £, B 5000MWe), ETEIHFDD DiF 8 #

(9,200MWe) TdHh 5, REBRBARIIN 46W T, BFH (EEh) o
HOLEEIEZH28% ., REBEEOHW MU PETITH 5,

BV LVCERREBEEICA T KEDO(H#EEE T A V¥ — FREE)
DESTHOMBEL VI BFHREELZHI TV S,
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()=x

GETHI 1998 FROBHT 6 ZOEFHREER (BWRX4 &, &
3,242MWe ; PWR X2 #5, BT 1,902MWe ; A8 5,144MWe) DS BEHRTH D,
1 SR H (ABWR, 1,356MWe) TE 52120 ABWR 25t TH %,
IR BRHARITH 246W (1996 ) T, HFH (BEF) 0h5d 244
2% TH5,

EHEEIC I T, SRITING KDOERICLENTLAITFEEDZ LT
H5o

WHARERTREFIREHNZEEL TWRWET YV 7OEY

AYFFRTTTR, BEDOLZAEZFHEG0 7 kWeX3 XX 90 FF kWe
XDRU 1997 € 4 AIZERL-BEFNECET S, BERER - BT L8
ERMERIEE - HREORL L L2 ED TV E Y, BEBEOEMNICL VR
WIFRIZEREF SN AWRERIEVE SN TWE, $7-, BELELER
HABEFEATRR SN LTIV EEF A 7V - FRAY—EVEEI
VM ABENIEESATY B, ,

7 ATk, 1961 EDOEFIFEMABESEICL ) EERZEH LUERSTE
TEDOTVIE, TOBRIABTCRATVAGEIFIERENZ LR TMI2
Hig (19794) EIZE VETEIRFHF ST ETH S,

YL =7 TE 1970 FMRICEFHREICET L2DS, BEHEEY R
BEMPBHIREINSETEEALLVEHEZED 1992 Fizd k&R, H
WOFREBIZH 10% % 5D 5KNBEBUNIETKATHY, 20PLIEE
NTEBWKERTARRIAILE 23N,V FRKOBRETH 5,

N FAHTIE, 2010 FEE BREIC 800—1,200MWe % 1 2R T 251 H A
HY. ERREEBFTH 5,

wmav7

R7VTHEO-BTHLZVWABERKICEAE L2 HFT2EHE LT
VTOREFNEEOHREAL L, kDEBYTH b,

E L&A TIX 1997 FER T 26 2£(2,125.6 F kWe ; BEBBEHEDOH 13% %
EE BBROF I PHBRRE YY) D4k=4X12MWe E0/NEBREET 4
PR<o VBB TH 205 B TELAFOLABRBHEORER S~ 7 -
F 23 b HIBR60%), 2 TEEHK(70%), FREL I (80%) Tk
e oTnd, FOM, Betddv12 £ (11,800MWe,” 5 B FBR @ BN-800
A3F L 1998 A TERIIEREINRTWADIZ4EL TS IAEA O
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HE2210HB,), ETHFDLDAT9#E (5 5 FBR @ BN-800 ¥ 1 %) TH
BHo ,

BEBIZOSHZEORBFEFTE L LTI, B8N (VI3 VF A b7 4H.0) T
2005-2015 4 12#9 3,000MWe DAL E L Eh, 1992 4F 6 AIC [ - K
YR TICBIT BT ANF—REMRICET 5 0 Y 7 EREARE 27 &
NizZ ok h oy 7REFHDEMNATOMIZ RO BEREMABE R L,

OBREFNFEER (VVER-640X4 )

@noxa 7 R 7 AR (AST-500X2 &)

iGN TR ERT (VVER-640X2 %)

@EI Y/ ENHTE (BEHRMBIF 32MWe X3 &)

L2l BETRESE> SQORUVOOFTE KRN S, £20MliconT
YEERLTWEEDZETHAS,

FO—FT, B EREH (N—0) KEFHREFR 2X50MWe) DERAR
MINATOM & F =22 PHERICL 2T 19974 9 FIZAE S, RNTERD
DERIN) THIECREEINLZLICRY) OV 7K EFEERFTROIY 7V ]
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The first obstacle was the number of complex active safety systems incorporated into nuclear plants that

had to be engineered, qualified, fabricated, and periodically tested to nuclear grade standards resulting in
high costs and extended schedules.

2. BRRTHIOES
The second obstacle was the long construction schedules of nuclear plants due to intensive field labor

construction techniques and extensive quality control record keeping,

3. FrRA T O A ORFEEE
The third obstacle was the unpredictability of the licensing process, which ran the risk that a nuclear plant

might not receive an operating license after construction was completed.

4. BFRT 52 MCERESNBZBESBEOTEEELEAS

The fourth obstacle was the uncertainty and escalation of the financing required for a nuclear plant,

_44_
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%é Lizdvo 7z, —755 725°C T 300 BERIREF L7238 813, HBERE L2 2D Z &3,

PREHHRR DZ DRI H B TS B8, & 34.6 © Mk BEIOBH IR TOHEND
5NTWS, MkIREHT, 725C X D EVRETIIHERT, TNl LOBE TidkSE
MFEAET S, S-PRISM TR INSDOHAENS, BEROEEERSIEREZ 640C., il
HOREZE 510C & LTna,

INSDT EME, ERBEHIDOWTS oDs (Bb#o#iabE &4 ¢ Oxied
Dispersion Strengthened Alloy) 7 x. -1 MAZ#EE L UTHEAL, 157 wdt zBig
TR IR S IR 15 T WA 2R T A RAL NG 2 LB TE B, 2721,
75 MCELUTHE. Wﬁ}ﬁﬁ%@xi—\y THbhRIRLERBA S Z L fER 8.
& B @ﬂ:%kﬁﬂ&% WHEN RS E L TW3, 2L, &BBEZ2U 771
AL UG, BT ORES Slocfifé‘i’c{fﬁ"f?éﬁébgﬁ%b Bt
EL+0DS “U;t 550C) #EDOET 2B BEEOBEIIOVTIH, &BRBON
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ARELZD., DEV. BIRBEINT RO FUEREE A T 58k +oDs T
T2 PREETTW, R R X ETHTE, BUEIZ hORESM S SEBREIER
AT 2 EELTHEEREZEMTRTH D FRITHIETE S,

Q) Z2Ea’

S-PRISM DZEHRETDEZFIL. ALMR OERES & B> TWABZEN /%D
ROANIEZ<EZE>TWS, LML, £BBREAHEO/NRIFETH = PRISM

(138MWe) N5 HAE LT TWIZDN, ZOZREEDFHIIATURITE 78> Tk
<o HERDIEEFRERE RVACS OB THET 2 EWNI IR SN S b,
UTOP {2 DWTid, S#ERA L Twiaho /2 SASS 2T 57 8, M OEst,
IR I RIS U7 BRE 2 LT W5, SPRISM DiffliicefEtroitiiit, =
EHENTIIRYEZ5ho ). ZI TR, —EOLRLHFE2H 2/ NRC DL
¥ 2—% 3 37= PRISM ORfEH ° 23[9 5, SPEMFOMEIC A - 7= S-PRISM DB
REMIDOWTIE, SBROAEMEOF THEIIL TS FETH S,

PRISM DOZ2MFITIE. GE #:4%. NRC DL ¥ a—2Z) 50 L= S
DE, NRC W2 T 572, (NRC DZEREE 17z Brookhaven National Laboratory i< &
HME U 7o fREn 230, ) GE Lo A FOETHRD 52 TidkL
C72< PRISM Rt HARIC b < ORIESMEH SN TS,

PRISM DEEMEATIZBW T, RV X 7§ (Probabilistic Risk Assessment
PRA) Z{T\Vy, ENESZZBZIILRNS, BN P27 7Yy v PR TVNE
2 FFHMI REZREZHREL TS, BRIL, KO3 DOHE LORFITHTE TN
B

QOECI
FHENTNHESR (Anticipated Events) : FEAHE 10 >F= 10YF4E
75 MNEMOD BOBOBRERLETS I L2 RE, BRTENRFhETOEED
IZERET IR ZTT D,
QOECII
RT3 EFEZ SNINES (Unlikely Events) : FAESERE 10F2 10YFE
100 EOFETIAY 100 FEE LT 100~1 HFEAET S, RFNLFMETD &b
RIS ET D, FESRORBOBREIRLAL, E—HEESEEY,
OECH |
#EZ B EIIFERICHE 2T < WESR (Extremely Unlikely Events) : FEA4EE 104>F=107/



JNC TN9400 2000-063

P, BEORIN—ATEET 5282 /~E5  BDBA. &HE (best-estimated)
ETFNERN, BROEBETFEITS, FEASRIBERZL I WEEER
(initiating events) EHEAMEERESY,

PRA DR TREFREUTERLAEREE 3471077, Tk BicLBEsN
HAERIINT 2FHIER 348 ITRT. INS5ESE, ECII ELTREINA
ERER34I RV 3410 IR . B LDV 4TV 7 %K 3411 ITFTL,ECI
DHENZBNWSNTT S1 T I TIRUTERT EBY TH B, I T e o
WDz HIREDEMELTK KOF Z2/HNS, t[K]=t[C]+273.15, t[F]=95[T]+32

RIS © 4% B 1344K(1960F), 71 > 75 IERF 1233K(1760F)
B! : ASME L)L D 1033K(1400F) (1 BRRABANOEE)
980K(1300F) (1 WeILLEDES)
WEERIR : HT9 238, RED 10%. FIT T, LRHBRLUEEEORE %2 IHUE
LTha,
REHERL : GE XU ANL 1 TREAT DB R & D BEHIAR L THENICERT 5%
BEOWHRIIB 57, HBEWROY T4 7V 7@ 514577
EERLTND, TOLDAIMTTHREERIEISEIIIMEL Tk,

BE-1:Unprotected Transient Over Power events: UTOP

ETORIEEROY B2 by TONEETHIHRMN 12 BEEF IS, R RS
72 bERAT LT B,

AETOEMBHREL HET 5,

B.HEET HInHIER (ML, RVACS DA TH 5,

BE-1A

ETOHIBERG I ENNTZRFORIGERAIL 30¢ THD., THETHED 10¢ A
40¢ DEISERA Q¢/sec) 2HFERZD, REN—ADBFROEE. 15% 0B
TS MINIy FURE LY SAF ) TIRERENS. 75 M b Y w LW
HEE. 30 PR NEOBHIERD., F3412 IRTREINETS,

BE-1B

BE-1A {THNA. 2 REGERD S OFRMEERETRL 2 RET D, 21 BRI 2% 08
T1&720, E34RITRTEEICET S,
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BE-2:Unprotected Loss of Flow, Loss of Heat Sink for 36hr: ULOF + LOHS
L 36 R DEEBIFIEENEZ SND, BICAEOEFERICBEETMA SN, @
HORBRFETHDEKE. E1ONY I T v THD SG-ACS B 2 KFZNS D Na if
HBEIZL > THATERNER, KERTHD RVACS DHDERET 5, HENTIRT
| B& GEM MBI EDREREDORIGEIEAZTNG, 3 BRICE 34.12 IRTIREK
Y5,

BE-3:Loss of Decay Heat Removal Capability
BE-3A:RVACS D 36 FElichH/=5 715% D7 0w ir—

BE-3B:RVACS @ 12 EHfEICH 725 100% D7 0w r— Y +FDED25% DTy ir—
D[EHE

RVACS DAF v 71Zid. 8DOMN LTI 7 Mid D, TNENEEITT 0y
7 END T EEFEZIT WA, RVACS SHE—DZET L — ROBRBERREFETHS
ENDH T ENS, KHIERPYRY —D a2 8FEL.RVACS DT — P2 HRET 5.
BE-3A T, % 40 KFHi£21C BE-3B Tl #9 25 BfRICK 3412 IR SIREINET 5,

BE-4:Unprotected I oss of Flow, Loss of Heat Sink, with seizure of one primary pump

b TR, 1 BOERAR T 70 -2—A N IR L THERDE
k9%, OV 3IBOEHAR ST /0t A-a-2A YT )) dyn—a
—A BT EENMELT D, JOHE 3 PRICK 3412 ITRTIREITET 5.

IN5.BEI~4 ETOMIHEREY 54 F) TERLTWDON, K3413Th 3,
ZZIREND LD ITUTOP FENIERICH L WERE 2S5 TWS, UTOP BIZid. ¥
— 7 RERREE (BREIRL) IREHARNREE® 2 2 B OB E U B, Ei, &5
FAREE 1300F LIRET 5 & BE3 OFREM < 2FRTHIIFAET S, LhL,
F34121TRT XD, BHMBBIS R CEBEERRIIAE TN,

S-PRISM D /EH

- S-PRISM IZBNWTHL, BRLApIREI OFE#E, BHIHERIC K 2FERIZE D, ATWS
HESEBNL DML RS ZENTHENS, T0D) S-PRSIM Thd, BisFEIL3
HlfEEE (34 12 SASS ZREL., EROFBEEMHE-> TS, 1000MWt @ S-PRSIM 47
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DKL 9 FOTENFEIERHTERE, SASS 2FRE LTz 3 FOBREEELERERME 6 £
GEM THl 415, S-PRISM IZB8T 2 R &G ORIIB SHES R 2T 50, &z
S-PRISM D& 2L U TTOFRENHHN TSR RVACS TH 5. RVACS
DERFMERRICETY HIRENE, EAPRUEET @D ICBWTHEINICRENTET
B, FEACERRHETEICBY 2ERBHINCBN TS, B E OHERZEE N
I THREAN R EIN TS,

(3) RVACS
FHERBRERICER I LB HEEIL, BRM DR E L RO LGEEEH 2 5ET 5 - &
TdB. S-PRISM D RVACS Tid, FEBNICHR (S1H—2R352&iIckD, &
HEGIICL, PR MR T A TR I s T oo s A E =L RS
FLELTNSG, DXV, ROTOHHEEFLOFEHBERIZLOERY N TLF A ER
MEZECIHE, RS 17— (B THRHAMOBRNZE-> T3, —F, Sk
ZImAM T MU D LAREPRERELTW EF M AOKEIZEIC L DRy R L+
LOBEMPEFR U RY N T LT LRMER S P — S S 22 3 - EEB0F hY Y

LTV RTVFLEER L., FEBNOBRNSADERINS,

B L7 M) D LAERT 2 R TFABEERZ LRI 2L THENIC L DR
#r (T—BXy)l) BEEZLFEIRE, REARIMUICIERVACS 2 v 7 5ED
ANSNANGRARBREITHTHY., 288 RURTFAE) »BHT 3,

SRENTSIERRER E T BT, RVACS AF v DI T F Y MIEICE Wk
B2 TWS, DEDBEEERERL. HEda L&,

- BEEGERICRTFRSREBEL THWAOE. IV RF MY IATHS,
cRTFERELZEBBEOGEDIFZEALE Q0% L) I3EHGRTH S,

BRHERICZ BB T 28IFNE—RL. AF 77> - BV 2Okl RE X

NBESICRED 4 ROBETH Y. BETFEREE BEEER /S =370C

/600C., REAFRE GQEE) =25CET5E, EHEOBHT I E—I3H

34.14 1R T XD ICEEERRD 35 % TH 5, |
- BEEGROAROREILELS . BREENDTN,

ALJDOBERERIE, ZLBFRORBICIVERER 252 N0 TREEEE

DA KOFERITIEHIRF L DB,

EVSRREICL D, BEEEROKBRITNINED LS TNS,

DED, RVACS . RTFASE/ZoABE%E 2 KRET 3 2 BARMBIRER
T\ 2 RABMEITEHEA NS T LI L DV EHSICSHCRATEL Y AT A LR
2 TW5, (FHRORBEEZR EIESD, REFIVINITIIRN T 2 > 5 EA
U ZEFHEDSOGREEEN2MEI B TS, SPRISM TiIIL 7 & —3 4%

Efre

_54_._.
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AT B,)

Z D& D572 RVACS IZEET 2I5RIE. T ORREIERBICETT SMET & RVACS BT
HE I NAEMEORESHSICET 2MIThN TER, BREVEREIZEE L T, ANL
TOF U LN —T % BN IERTTHEE O & BURBIRAT I — N OIREE. 225
FED T 4 V& DEEBERRORA ST e TN TV S, £, HADBFHIC
BT RVACS RDFESIREROCRIEELREICHET HHENTHIL, RVACS @
Rashihfs & AR DN 7 ¢ > ORSATFHI TS ¥, GE X, PRISM DZEEE
FERFD L& b7, BEREEREDR Y v 7 BIEROFLMERNE © D2y v 758
DOEFDEEY, ATHRETOREOFE2R2FIMEL TS,

RRELERE .

RVACS B#tibpelc FAL Tid. EHRIHC B TRHREUEREDTEME, FREUEBROMRE,. Bk
EEREDWE & WV REHRB AN S OREIRINTWSO T, TNz 5 B LT
2, |

FRELMAEREDIEMYY. BIEBFREMETI— 1 (CERES) ZHWTHi/z. RVACS Dix
BEFINAGIER 34.15, 34.16 IRT L3 IiTbive, BRI F—%&Fy b bhUD
LDEZ B NEID F—N—T0—) OHEL, TP LARDT b DARE S KIE
MBIT-> TS, £z, A—/N\—T7 0L, RTFRICE2ERN 5 ROBEYIER
LTwWialh, 5X7ERERBEXRUIEED. #3413, H341710R7EBDTH
B, TZTIBRTHEHE 72> (E— bV IF—EFBRLTNS,)

U7 7 L Ar—A & LT TFREDEMEIIN,

1. BEMIT 300MWe. 75> NI 385%., ETIFARERS 10m BS 144m AY Y
JEE 40m. BEFPUTALAHEEOEZTDE 20em (EFF) . FOHLATRE
510/355C. ST 1 2HA

2. RVACS LIS DR RN RET 2EREMEET D, 7L, ULOFF 17D
EHEELZ, 2KRFPMIVLREE—N I ET D HX NODOERRIIERT 5,

34.18 IS S REOEZE, K 34.19 IHARHEEZ b, K 3.4.20 ITHR
W CGh—N—7n0—%) OIRERL. B3421 KBRREEOT. K342 THEER
J& & CDF OZAk. [ 3.4.23 ITHENRIR S IR EA A 2T NETURT . 1 2 FFREERGEE,
F—IN—T7O—bEE D, RVACS N5 5MWt DBREWDMAE > Tna 2 &lhha,
RVACS M 5 OFRET. £ 20 BRI EEESE LREID ., SR K OEEmRER Y —
DEIAD, WHMESRERR. 650°CTHRERED 960CITH UTTHHREND S,
B REBROBESIREL ZZN 5 ORBARBD D - &b DRWRTFFASR L THRE
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L) 600CTHD (BEGIRRLFBIMAZETIRUENS ERELTW 20), sk
ETEKE DEIE ASME LX)V D RUBRTOREMHES&ETH S 650CH FE-
TWa, WEEOHEEL. BEE PO P HAEICL 2 BEEERN (CDR) TH5 &
24 FFRREERF T 0.035 TH D, HERME Lo TWARW, REDIZSEBREELNTSH
D7D HEITOWTHIL L2 &E ZAEEL S Bl & o7, S, B LAENET
SN OEEERABTDIT, NI A—FERITH N, NIA—FI, 1. 85t
A DB, 2. F—N—T7O—BEHHOEE (ERX) 3. A¥vIBI0OSETH
B

WH722 (e—bal s y—)

TR T 1 1 REEBN SRR OBOENEI R EED B0 ﬁ*’(%% BER

BOSORMAARERINSEAFEL LT, MASEEREEN X857 4 Lo R
TR DT B 5 SIRFHERE 2 M L X B2 N5 5, RS E M L S 85 EE
FENDEZADT 4 L BOFHTIC L D ABOBESRN AR ENURSER
OBIOEENSHEL < BNE L BIT, BHEERFORBMLEINIEL0THRELLS
Bl —HEEHT 4 2 ERENS SO, BRI E—5512R L < BN 5580 (7
1 ) BESHEBERITHEA VBMNSIREHT2H0TH2 GrlosH® c 2 11055
FHZL), TOWRT 4 >ELTIE BESHECELRERESRE (BILEHE) ofF
WEPNEZEZSNTNEN, BHFHCBWTIL K 3424 OEREEE A, BEEED
ZABFEDORFERBEIT > /2%, LEEE 500m2/m3. FHEAE 5mm OLILERE

(Ni80%. Cr20%. BX 5mm) #HATHIETH- ELENEZDTONE &
ERAL, H34.17 IR LD 2EHAAE ) 2RNBIET. LeFEH
52X (BILER) N DEHNPHREEREFTIMETE SR - L 2R Ui BRROMH I,
OB T ¢ > DMt E W TR 2T TWa, SPRISM 1263 L&y —) 5
EIEEN D M BENZERERRICEA TN TV, FOENEOEMTH - T
RYAIAN

HEm

EEREOZEE., MROMITORN TEDE S %+ 10cm D/ST A—F 25 THAF
27D LETHRRIL TV 5(10,20,30cm). B 34.25, 3.4.26 WIS S 2 2L I EEBO T
LI AREL BB DOBRRERT, ZOMAN S EOB IS EFE®L 21240,
A== N—7 O—DORBEEITE < 2> T AL T L F ARSEEICITENE S Y 2
GARRNWZENOND, ZHE, BROMEEL, F—/N— 70— EEREL D - R
LBETOOOOHPRMBEBRBLTNB I EIcE D, T, 3426 0BT,
A—N— T O—NENBIER S DBV — A OFNRRENSE N T L2 EN TN G,
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ATy ImE | |

AT I EEOEEL, DO ORNTAY v I DOFEEIEE20m ONTA—F
R TR 217D 2 & TREL TV 5(20,40,60m). K 3.4.27,34.28,3.4.29 1ZRT & D
WA v EESRENWEE, BRFEEZEND, T AREIMET T35 hN5,

BB ¢ S OEANE ZBHRITRE <, BT ORMEEIRE {HEEINS. &
EIOETHT LT LEBREICSADHRIZTUEERE TR, FREH B X
By EEEHTEIERIVEFESIORT LABREOUREHIT D I ENTELD,
ZHREROBEEDHEMIE 5,

BRI, FREOL S ARG R VR B EFFSMAER (V=D : Br B TR
B, Dr BPFER) OMANSK 3430 OXDRENN & RTFFEMAEROMEE

(RVACS TEHEEE) ZHE L7/, S-PRISM OZ{HAEILN 1200m® THZ DT, [k
DR TIFZAERIC RVACS OAEFAWTRETE 20 (7)) O TiE, Rk
DRESDIFLTH DT EHPHERITE S, TS ORI, %< DIRENEATNT
VBT SPRSIM DA ICIZSHOBENIEL D LI BbN DA, FiERR
CHEESEEIER MDD THE D EEDNS, 4. S-PRSIM 2R LT ETTIN,
BREVE N ZEEICRET B EE L TWS,

@ BE®2 _
MREVEAEDMIC, FRET LEEIRD 535 RVACS OREE LT, HRE2ETrE&I
&5 RVACS BB OBERB T 5N 2, BRICEL TGE D& EMEELTIOR

ER
- EROXRTEIRE, B ANSNEEROBLL ETEICERIND 26, H#ERIC
JkiE (BERE) PRELURFNICEREZIET AL EITET SR, BOA
NHENZZERIL, HFHENLEKEDOETHEMBAIN TN 20, FIIL2EH
B SRR,

C ALY #7 Mk, —/N— EIEEN B85 5 DKDBAEN <BIEEREL
TWha,

- BREIFELRVOT, 2HERIGEZSHND, BEE TOREBMIZNTS
— 2B ERE (0.13~1.1mm/year) ZEHITHEMITH LU TEREREZEEL TY
%,

- BREEERATICR L T, SR TA v F2ITo T3,
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3431 IT RVACS 289 2 EBEHM 2R, 5057 —#1d ALMR IZBET %
HDOTHBMN, SPRISMIZBWTHEZFIEFRU EBAbN3,

AOL7F 7 b ROGHBAOLT? ¥ MIERZIIN—N— Tz —F—F 5 v T EET
NEFBETKOEAZFNTNDS, N—N—OiEEH 3432 10RT. AFZ Y7L 5t
fRELQ/EZRODAND T T i< —%  AAINELRE2HET2 51— 2R L T3,
BrEEZE 3433 189, S, £ T 12mm OREFERTH Y 64mm OEERREE
BLTWa, AORUHOZLF AR, RRETSA D 7ENTWBEA, S 1135
A2 TENTWEN, RTFREREZETS R0, ZhS FLFARENTHR—b
BRI 3.4.34 DL DT, FROICEBEINTWS, Yih— ML, TEadns
HERUTH RN, LDBREOEHWMESSH (ASTM A572,Grade50) Z2HL T3,
6.4mm DERNREZBE L. M A v FEEL TW5, ZLAR LY DORICI.
R EMAT 2 & L DI RERNE BB ADICa LY F 2 L ¥ — LIRS
MERRBEZEBL TS, 2L 7 ¥ 2 2 ¥ —id, KO THAMEOEN 2 25C-1Mo
% 32mm OBEREEBITEAL TNV, £, Y1a0ary ) — 2 {RETS
7D ICEMER D /e OB, 51mm DEEY— LY 1 TOMEM R EEH L Th 2,
BRI, Lomm DFEREZE L 225C- 1Mo STH D, HAHEDBETH S
pm OBRIGENTES, CNETRHBREDTEEDIBI->TNDS, ThHH,
RVACS Z S BEBEMM TH DN NEE-10~49CITB S B-BOSEETM O
mESMMEH 34351287, GEIRZOLSRRESH 27 DEEIIREL 57
WElLThwa,

345 7T bOFHE
KA CEIEREAROIZNTIE, &7 52 MERFERICHT 58S & BEE. %
et (EENE). e, ffEEdt, 2 - el BEoBRRaEEs R
WTRHEL Tha., REHERICHT 2EEEEE 34.14 ITHIREER 34.15 1TFT.
S-PRISM IZBEU T, BREr AR BE WD T, T 12 EE LB EHEEHTRA
T2 EELTNS,

WL
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3.5 48 BUFRRET
35,1

F R U LABEPRIT Y 1 — )4 SEURIL 2 BICER E N 4SFOEEZE B &I,
BB H 2T IS DREEREEZBIRLAET S M THB, 45 BOTS 2k
ELUTIE, BT U PV OSREMRE sSoMWe @ 48 inH., BEIBREEEL T 48

(MOX,50MWe) . 4S (Z{t#),100MWe). HHAMZHEATAICER L/ EAT AN
HERD 48 (52MWe) EMH DM, MBI L 5&FERM LEORD, T hUT AR
HAER. MOX BBl 200MWe 11D 48 BTS2 MNERRE LIRET 217D & & LT
LR TS > b 48 (200MWe) EECiRT 5,

458% & 4S200MWe)DENIL, KR—DIIRTEBVTH S, 48 1. 10 FRIREHE
RBOEIEEREE LTI MIA—FZREL T2 72DITH L. 45Q200MWe)ld.
DT O&ETORDEMEBIRLEAEETH S, (EROFLHREHE XEHEED1S
=23 ik iEINBDT, TRk, BBELEOEZLFTHS.)

- ER L A1 oEIn—-#shED LA
iR 2 B W= B B E 550 C #R 4 495°C/17.2MPa D

BE 4AS:EVHER 40%., 4S(200MWe): BRI 42.1%

DR S OFIE-FROZEN TRARBRPTELFLES LU T 2m 28E

- JPILEE —IFLEOEMIENRA BRIGESEBINT 5 & &BiT, REHEMm
EHETL TN, EofRa BPEILT 58 & U THEOEMERE
1.2m Z&EE

- REMAEE > REERMEE (EX) K0 BBLEORBERISERENHEIND,

BRI —HNEEOHIREEUREMEREI D HHEE 210W/ee FFH T 475MWt,
SRR 259W/em. FRIRELE 28 510X 18 A, AR E > Smm
BEE

- PRBEE —HRIEEE 15 75 MWdit 1d, B0 EETH DD T, BREEEZER
T 5725, REOFEREERRZN 7 FICRE, ST 7R
ETNYTFERE

4S(200MWe) Tid. TR FIFL, RERGIE. FLES 2m. BEEE 15 7 MwWdr %
BHRIZ, FDEHOEME R LEER. E2F 8Smm OBREIE > % 510X 18 REH T
BEEDHIT, FFLETNYFT I EEEEETY,. TERFRNTRIES 285 &R
7=o 72721 15 77 MWdit IZNEREGHLL 0.6 OEAFRLTUMER TERW, Bt 120
FLEMAZRREDEIL. 57 MWdt &72d, ZHUL. BT 5 2y POEAIZLD

HRTLF LEEMED U TS 5 FP H AR BFOER TS TER WD 5 TH 5,
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75 A 48 4S(200MWe)

BRH 50MWe 200MWe

B - 125MWt 475MWt

FFFHDEE . 510°C 550°C

ARREM 453°C/10.5MPa 495°C/17.2MPa

BB - SRR 28 ERfbmRel 7 R

Pu #ARK 239/240/241/242 238/239/240/241/242/Am241
66/27 12/5wilo 2.8/52/2719.5/7/1.5wlo

REIRT TRV DA TR DA

LR 4m 2m

FLEMEELE _ 0.83m 1.2m

TR ORI EIR ARER)  45/33/22% 34/43/23 %

BRBISE AR 18 /& 18 &

EAELS VBB Y K 217 & 510 &

ESERFIC Y F 182mm 262mm

£HELE 7m 5.35m

BRBHE 22 10mm 8mm

PEESRE 4.1m 6.1m

FEHHRE ST 80W/cm 259W/cm

BABRES - 253W/cm 460W/cm

REHES 1.5m 1.5m

FRAEBEA L~ . - Imm/day #9 4mm/day

BT A T 101y F 1T Ny

Pu BILEE : 18.5/20.0 wio =K 30%
19.5%(3F3))

BRIEEE 45 T MWd/ t (FH¥) 155 MW/ t

84 F MW/ t FK)

(Fy « NERERLLY 0.6 OFF)
SHEMWd ¢ |
(8« BEBELL 1.2 DEF)

A FRISE 037 %AKKK 0 %AKKK

ELER - 2.5 kglem? 32 kegfom?

PR AERE A Ay S R BT EEERE
EEERA T NE HES 7 M T o &
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352 BAT UL

FEFEOE. 351 RO RPLERE L THY, TOMEbEE (ML)
124906 THB CIFEAFLEIER), TR 4S i, BHEH-BOTIRS . R
ER UK DORKILEZ - EBR/NUFTH D, D7D 10 EEOREHES 2
BRI TH Y, BEkom EENES L TWaho . (10MWe 1RO 30 SR
WO BEDHH B,) 4SQ00MWe) TlL. 48 BORFEHIEO TS > M THEL % &
FB 780, BREIO ETICET S5 >4y FERITS & EBIT, REFIMUlOERR AR

BAMTS >y hEREL. K352 1087 XD RIEEILK 1.2 OBERLDHD S
;9kbt(HT%%@@&H&\%Hﬁéme.lsimoLtb‘ﬁ%%@h%
D& DARINDOEEL, REEMEOE F2BERENRILLAELRDOT, FEAE
DT 5 Ay MEIREHEAM, SRR TTROERICH D, 40 FOT T N Em
BUHI U Z288E U Twialhn,

DFED, 48 (200MWe) DFEZFIL. FRROXLDITRS,

- BN 200MWe &L, REEEBOED 2 — TS 2 N RERE—Y MORET
3 ET, REUFICILHE T 5t & Bigd.

B AL Pu dEREL D B MATRU B AIRE BRI BN mRFOE AL = B
L., HREE (NEREEHth) 0.6 DEAMEHO TS M ERET S,

AR O TS > N TREE. REAWEM, BEUREE, feftesEL
%, BEOHDFAESSHELREST, RBTROMERLEEAT 5,

Pu ZiEMENICHETE L . EEIC Pu U1 VN EEEEIEE EVWSBEAMNSIE, X775
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T B & 1000MWt DEIEEHEITE <. HIAD BRI 550MWt LR TH 2 5 E#E S h 3,
L, ZOBREIER. BABEINENT 3O TEHBLOBEBINERES, BREYIRE
FARDREIVETH D, |

—757. 1000MWt THRLEZEO LT (COBEREFELR1 REISEIREI RN S)
IEE S RBERUSE OB ROBILE RS R 3522 0)DLDIcs, 2hiD.
FIDEE 25m T 1% AKKC DR RESRBERRTER L ENbM 5, Z0EES,. HhE
BEIIRBRF O 14 &720. EHBREOBNZDEST T &AW, Fi, HhEE
DETICKVPLOFEFROE TN E 253N, FRAEEHORT 2L 0ERIca
EANENEBEEZ NS, -

BLEED, TORA RIFLEWDFEEN LB, 48T (20 15 kWe) DHA#EA
id. S-PRISM E[EEED 40 77 kWe (1000MWt) ETRIEETH B &MEEIND, ZDIE
B D NSSS DRI, TERD 2 FTFAHF—1SG 45 SPRISM &EEIC 1 EFIF—1SG &
TBIENTES,

(2)4S B (1000MWt) DFEFIRAREOHETE

4S8 BOEEFIFEHARO 2 1) 51 IV HER K 3.523 I5RT LS 0L FEmL
B-REFRES-HX ES-FEHFER. FLEEOE—RREES -k X
—ETFRR LIRS, TIT FLEE X BEACL DI 20, REGESK
ORI R S IR T R RO T TR~ & T 5, b, Bk
ESEHNEEFLIaWe), BEFREEREL X Bany st ey, FE
HTHREDHDLT S, K 3534 1T, FLEENTA—FicL, HX E33BRE

(BLET—2 A) DS OHALL VR URTFASREERT LR ERT. iiHio0
BRFET 1000MWt D LE 25m & LD, RTFAREIL 58m SHEE XN 6m L
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TITES EBbh3, Ziud, IFER—HAO S-PRISM OF-FIFZAZEE 9.15m DFY
2B DREETHD,

—%, BUEIT RVACS ORERA% S-PRISM 22E L LT3, ERDEY S
-PRISM DEFIFA#EL 9.15m TH B, B, 1000MWt 0 48 B H RVACS THAES
% 100%MET A IR FIFAEES SPRISM L RBEICENS G MERD D,
Z DAL, NSSS O S-PRISM &R L & LT3 T S-PRISM DOEFHE % (0
BONEINTRETHD, #6-oT, S-PRISM OERE S TES 1000MWt O 48 BIDFR
FF& LTid, BIEERER & LT RVACS 11 100%DAREERBRE %3883, PRACS B¢
1% SGACS 7z ¥ L LG E 58 L TR LD TR ZITV., RFIFEZOEDN 6m LT
Dy N RTIFEARE T AESOBERPRHENS,

3.6 FRE Y 2 —/VIFICBE T 5 B R TORHE |
S-PRISM, 4S(200MWe)® 2 RO PRIFORFMETEITH & & biT, TV 2—UF
DREEMERIAHERET LT,

- S-PRISM iZZ 22 WMETARBLEH D LOD, FEMARRDI D, Tk 12 FEIC
MBAFERVESEOFMEITV, 7T NOBETMmEITY & L LK,

- 4S Bk, BRSEGCOREOMER (19 300dpa 3/40 ) RABLERETHY ., i
FRETMEREDEN 72 Mod. 9Cr-IMo Sl 2 F L 72 & LT H 40D 5 HICERE DT
BUNELRBEEZBND, T, 48 BOHITE oR A FHIBRZ /T K

(200MWe—400MWe) DTREVENRAF Y, RAr—n A U » MERAOLM & B HA
B T CREEEOBFIOFRREER S 2 FN Db o 12,

BV a—RIZ XA BRGRERET LR, 3200MWe H177T 20 FH/AWe % 28K
FTHEDITIE, P &b, 800MWe f&D 4 £V = —NAERICBIT AU EEY 2 —/L
T 26 HTH/AWe, 400 MWe T 28 HH/KkWe, 200 MWe #& T 29 77 H/kWe & T[E] 5
EXH D, SE, 48 BOBRFESEESIT UEER. TO&B2TE OB &3
Brah, SBEAFVAOFERBHEEE & BITFRIEY = —VOREEEN LT
REHISE R B T LAMETHD,
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Event Iniiating event Frequency " Shutdown heat removal
no, (per year) mission time (kours)”
1 TReactivity insertion 7¢ to 18¢ 1.0x1¢¢ 600
2 Reactivity insertion 18¢ to 36¢ 1.0x104 600
3 Reactivity insertion > 36¢ 1.0x10°° 4,380
4 Earthquake 0.3g to 0.375g 1.0x10 120
5 Earthquake 0.375g to 0,825¢ 1.9x10% 4,380
6 Earthq{mke >0.825¢. 7.1x107 4,380
7 Vessel failure 1.0x10° 4,380
8 Loesl core coolant blockage 1.8x106 4,380
9 Reactor vessel leak 1.0x10°¢ 4,380
10 Loss of one primary pump 1.6x1¢! 600
11 Loss of substantisl primary coolant flow 5,0x102 8
12 Loss of operatihg power heat removal 8.0x102 86
13 Loss of shutdown heat removal via BOP 8.0x107 24
14 T.oss of shutdown heat removal via THTS 1.0x10% 600
15 THTS pump failure 5.0x102 600
16 Station blackout 3.0x10% 1,200
17 Large Na-H,O reaction 6.0x10% 4,380
18 ‘Spurions seram and transients inadequately 0.6 600
handied by PCS
19 Normal shutdown 0.6 600
20 * Forced shutdown 5.5 240
21 RVACS blockage 1,0¢108 86
sum | 6.398

x

— mean time reqoired to restore to normal power generation.
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Estimated

frequency

Rank - Accident type” (per year)
1 G4  Combined severe UTOP and ULOF 2.1x10°%
2 i F3  Severe ﬁLDF 6.6x10°
3 G4S  Combined G4 and LOSHR' 9.6x10°19
4 H3  Severe ULOHS 7.0x10°1
5 G3  Combiiied severe UTOP and ULOF - g.0x10H
6 85  LOSHR with degraded core flow 3.0x101
7 83 LOSHR with normal core flow : S.0x102
8 P3  Severe UTOP ' <10%
9 F1  Design-basis ULOF <1012
10 All other events <102

* - Type definitions:

Fl1 Unprotected flow coastdown )
F3' Unprotected loss of flow with failure of flow coastdown or degraded inherent reactivity feedback

P1 Unprotected reactivity insertion 7¢ to 18¢

P2 Unprofected reactivity insertion 18¢ to 36¢

P3  Unprotected reactivity insertion > 36¢

P4 Unprotected reactivity insertion > 36¢ with degraded inherent reactivity feedback

H2 Unprotected loss of heat sink at nominal power
H3 Unprotected loss of heat sink at elevated power

G3 Combined (P2 and F3) with (P3 and F1)
» G4 Combined (P3 aud F3) with (P4 aud F1}
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Description

1 Unprotected transient overpower (UTOP) events. Assume that the worst-case control rod withdrawal event occurs.
Assume that all control rods refnain full out (at the mechanical stops) for 12 hours and then the reactor is scrammed,
Analyze this event for two cases on one module:

w A - All forced cooling remains functional.
= B - All cooling except the reactor vessel air cooling system (RVACS) is lost at the time the control rods are

withdrawn.

2 Station blackout. Assume that scram ocenrs and natural circulation cooling is the only available mode of cooling for
all modules on the-site. Assume that 24 hours pass before ac power is restored.

3 Loss-of-heat-sink events. From full-powes conditions, assume that all cooling via the normal eooling systern and the
auxiliary air cooling system is Jost (loss of the intermediate loop). A scram is assumed to occur as soon as the reactor

protection system detects off-normal conditions., Analyze this event for two cases:

= A - All airflow pathways in RVACS are assumed to be fully blocked for 12 hours, Assume sabotage on one module
and analyze until the peak temperatures have passed,

= B - Assume a 75-percent, blockage of the RVACS airflow pathways for an indefinite pericd of time. Assume an
earthquake that affects all modules and analyze until the peak temperatures or 12 hours have passed.

4 Unprotected loss-of-flow(ULOF) events, Assume an unserammed ULOF event on one module and analyze this event
for two cases:

» A - Assome that the flow through one pump stops suddenly and the oihers continue to operate normally, Analyze
the-event wntil new equilibrium power aad flow rates have been established.

« B - Assiime that the pumps.are tripped and begin to coastdown, For this case, one of the pumps does not coastdown
and it ceases pumping instantaneously. Analyze the first 10 minutes of the event.

5 Steam generator tube rupture event. Determine a justifiable onmber and the sequence of steam generator tube ruptures
and apalyze assuming failure to isolate or to dump water from the steam generator for 12 hours. Evaluate this event

without forced cooling {one module).

6 Large sodium (Na) leaks (single module), Assume leaks in the intermediate heat transport system piping. Determine
the size of thé leak in accordance with the criteria for moderate-energy flnid system piping. Evaluate for sedium fires
and leaks from the reactor vessel into the goard (containment) vessel.

7 Flow blockage. Assume blockage of flow to or from ome fuel assembly.

8 External events, Evaluate extemal events that exceed thoss traditional analyzed as design basis events in 2 manner
consistent with tbeir application to current-generation light-water reactors.
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Description

Probability range estimate!

BE-1

BE-2

BE-3

BE-4

BE-§

BE-6

BE-7

B5-8

Assumed worst-case failure of non-
safety-grade coptrol system

(due to fire or other mechanism).
Resuits in inadvertent with-

drawal of all control rods,
combined with failure to scram.

Two- to sixteen-hour station
blackout is assumed for light-water
reactors (LWRs). Addifional time
added to compensate for lack of
design detail.

Severe external event covld

cause Joss of offsite power ~

and temporary loss of reactor
vessel air cooling system (RVACS),
Auxiliary cooling system is
von-safety-grade.

Loss of one synchronous
machine is an anticipated event
combined with anticipated
transient without scram (ATWS).

Steamn geperator (SG) and its water
dump and isolation system are non-
safety-grade. Experience with 3G
tubes indicates multiple fajlures
have ocenrred. Exact pumber to be
determined later but should be at
least 40 based upon prototype fast
zeactor (PFR) expetience.

Coasistent with Clinch River
Breeder Reactor (CRER).

Fabrication error results in
blocked assembly being inserted
iato core,

Severe external evenis anaiysis.

» Fire or control system failure,
101 - 10%yr
= Failure to soram - 10 - 10°7/yr
= Modules on site « 10
Range of prob.. = 107 - 10"%yr

w  2-16 hr station blackout - 10"5/yr
for LWRs

= Additional 20-hr Joss - 10 - 10%/vy
Range of prob, = 107 - 10%/yr

= External event causes loss of
offsite power and blocks RVACS -
<107 yr .

»  Modules on site - 10
Range of prob. = <105/yr

= Instantaneous loss of flow throngh
one primary pump - 16%/yr
s Failue to seram - 109 - 107/yr

= Modules on site - 10
Renge of prob, = 10% « 1077/yr

w  Multiple 5G tube ruptures have
oconrred in.the past. Such ruptures

-would leave plant on RVACS cooling

only,

s JHTS or reactor vessel Jeake = |
10% - 107fyr (per CRBR PRA)

s Modules op site - 30
- Range of prob. = 107 - 10%/yr

Fabrication errors bave oceurred in
the past. Experience shows
fabrication and loading errors ocour.

Under development for ALWRs; wiil be

developed for PRISM. .

! Probability range estimates are for Hlustrative purposes only to show the potentizt for the bounding events to bs in fhe

severe accident range.
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Summary of evaluation criteria

Frequency
range (per- - Preapplication evaluation criteria
Design-basisevent |[ reactor year) -
category "~ {Note 1) Radiation
' exposure to
Core plant Offsite radio-
_ condifions Structural Jimits - personnel logical dose
Normal operation F=10"? See Table 154 |  ASME Code u 10CRF20 10CFR50
service level "A” Appendix T
ECI Anticipated || 107>Fz10? [ See Table 15.4 |  ASME Code 10CFR20 10CFR50
events sérvice level "B" ) "~ Appendix I
ECI Uglikely 162> F=10* | Ses Table 15.4 ASME Code 10CFR20 ‘ 10%of .
events service level "C" 10CFRIQD.
(Note 3)
EC-I Extremely | 10%>F=107 | See Table 154 | ASME Code (Note 2) 10CFR100
‘imlikely events service level "D” - (Note 3)

Note 1: Event frequiencies are powinal values.

Note 2: Radiation exposure to plant personnel in main control room not to excesd 5 rem whole body, 30 rem inhalation,
and 75 rem skin from any one.-event.

Note 3: For relaxation of emergency planning requirements, lower doses must be met,

"' Evalnation criteria - PRISM core conditions

Peak tramsient temperatures, °F Long-term temperatores, °F
Event category .
: Bulk coolant Cladding” Bulk coolant Cladding™
Normal operation 1,200 1,200 1,200 1,200
Anticipated events 1,200 1,200 1,200 1,200
Unlikely ovents 1,300 1,450 1,300 . 1,300
Extremely unlikely 1,300 1,450 11,300 1,300
events

% - Temperatures at cladding centerline based on preventing breach by stress rupture,
®* . Temperatare at foel-cladding interface based on preventing cladding breach by iow-melting point formation

(entecm)
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%3412 BESOEEEES

Leak mixed B .
mean gore Cladding loss | Margin to
Peak cladding | Peak coolant: . outlef by liquid phase |  sodfum
temperature - | tewperature | fémperature formation bolling
Event Description {°F) 8] R (mils) . (§)]
1A Allrods UTOP, 1303 1252 1097 ‘< 0.005 708
- normal eooling
1B All-rods UTOP, 1495 1479 1344 022 281
RVACS only
2 ULOF + LOHS 1312 1251 1191 <0.001 469
for 36 hours
3 ' Loss of decay heat
removal
3A  75% RVACS 1215 1215 1215 Nore 580
blockage for 36
hours )
1290 1290 1290 None, 500
3B 100% blockage for
12 hours, 25%
_ unblocked
4  ULOF +LOHS, 1355 1335 1193 <0,001 425
one pump seized
_on coastdown
5 Rupture of steam Ref:- PSID Section G.4.8
gene:ator tubes The YHTS and SG system havé been- designed in a wapper that provides passive
with failuré to protectmn of the interfacing primary system boundary at the IHX. A failure of
isolate or-dump the active protection system, such as faflure of the redundant steam and feedwater
water isolation valves to close and terminate the event as designed, will not result in
IHX failure.
6  Largesodiumleak | - Ref PSIDAmendment 11
» Double ended guillotine rupture of IHTS pipe
» Reactor vessel leak (critical leak)
Because of the low-stress, low-energy nature of the IHTS, a leak-before-break
“situation is expected to exist for pipe breaks. ' Reactor vessel leaks are included as.
a design-basis event, Analyses will be provided at a later date.
7 Assembly flow Ref: PSID, Section G.4.6
blockage See Section 4.4.5 of this report.
8 External events Awaiting definition by NRC staff.
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TR — 5 BmERETH YA AOEERE EREE

Recommendations on a
Draft Requirements Document for
Generation [V Nuclear Power Systems

(Goals of thé Generation IV Initiative)
1 KER MO GERICBNWT, MOREBEHRXEIANTHRETEAIL2HEEUT
PR, EEER. EEAWEELR U E DO XIIEBOETA /ZT.A%& REtT 5 &,

2. BR&EEICBWT, BEARELEME, RE, U TRFHOREEOREZENTES
) —ZXF TN OERZ2BERT B0, #ET ERR, EEAnREl U ED
XREBEORTFHIATLAERIATE &,

[Recommended Requirements for Generation [V Nuclear Power Systems]
1. Competitive Busbar Cost of Electricity
75 IREBESNSHIBIIEICBW T, MOBREFFEIA D (Busbar Cost) T
METEDI L HIELT, KRETHE3¢/AkWh THS.
TEEZA 781 273X RS unit busbar cost ZEH
(1) BHE
(2) O&M &
(3) BEL T 7 NVE (& front and back-end BEHF-1 7L O X ~)
(4) BEIFE

2. Acceptable Risk to Capital
T P ARBEENSHBNEEOTEICBITSMORUBED VAT LA TE
5T &, FIELT, KETH $1,000kWe AT TH S,

3. Limited Project and Construction Lead Times
752 MEAZKN S BAIOBIEEDORANE S NS F TOHM (project lead time)
MAELUT, T DD bE LM SRS (fuel loading) F TI3ELUTTH B L &,

4. Low Likelihood of Core Damage
FEORIE O FTREE I T < Iz hUZnidiziy. 0%y

5. Demonstration of No Severe Core Damage
ETOHD EDH 5 LNERREERIH L THEFOCRENE SN &2 FKiR
(demonstrate) L7RITMUI/2 5720, Z OEIGEBN DR FFRRICL D aa i
BRI EVELSYA RN

i

6. Solution for All Waste Streams
E2TOREREYOHRNITDONWT, BLBMEESRR TR NWITRN,

7. Public Acceptance of Waste Solutions

ETOEREYORNADBIEHNE R —RRRHICHFESINSWIE S BE K UHE
FEDOT T2 MG OBEEY DD ORBT A RERBIREN /T IIINIT 20,
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8. Minimal Attractiveness to Potential Proliferators

Gen- VOB RIL, REFAZREY A 7NV OEHRBEBENZEEHZERT S AL
R L TRDBBHRBNENSIHREOREAZRIFITRETH D, NIRRT
N OERBERTHEHERIF T RKTSH S,

9. Intrinsic Proliferation Resistance :
BEA OELHIEFREICRRBEFEITRETH D, EEEOHH BRI EERIIRE
OREFT A ZIIVANFICER OREZFTTA2DDELTHEIRETH 5,

(BHRZE (HEEOZILEERE] 13, &HT5EVATLORFE. etficw
LTHEADHREEZ S EHH B KT, BEEE OEILEIETIE] 13 attractive O
BEMNSIELE2NENTHAEI EEFERINTER, FROERETA 7V 2E L
U TOREEENEE. 228 —% > r2AENCRELTZO TR, Y17
£ %EFRFICRELT 2 DO TRITSIERSRWN,)

10. No Need for Offsite Response : ‘
WMEE IR Z BB LT SRR FUARZBLASNENEDITTSH L,

11. Minimal Waste
ERREBEICEEREIENETHIT L,

12. ALARA Radiation Exposure
VAT LOEF BT OB REKRIE ALARA OREZ DD I L,

13. Tolerant of Human Error

ANEIAITHLTEWEREZETA I &,

14. Evaluation of Proliferation Resistance
FESTENTZHA RI4 CHEEL T, Gen- VOREHT DWW TEILBUE % DO %
FABDEORAFERERBLER LARTNE RN,

LLE
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