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The THALES-2 code is an integrated severe accident analysis code developed at the Japan Atomic
Energy Research Institute (JAERI) in order to simulate the accident progression and transport of
radioactive material for probabilistic safety assessment (PSA) of a nuclear power plant. As part of a
level 3 PSA being perfofmcd for a 1,100MWe BWR-5 with a Mark-II containment, a series of
calculations were performed by THALES-2 to evaluate the source terms for extensive accident
scenarios. This paper presents the methods and insights on the dependency of source terms -on the
core damage sequences and the containment function failure scenarios from this analysis.

As for core damage sequences to be analyzed, 5 following representative core damage sequences
were selected from the core damage sequences systematically identified by PSA works at JAERI; (1)
Loss of containment heat removal with high pressure injection available, (2) Loss of containment
heat removal with low pressure injection available, (3) Loss of coolant injection to the core, (4)
Station blackout and (5) Anticipated Transient Without Scram (ATWS) with high pressure injection
available. As for containment function failure scenarios, this analyses covered the following 4
containment function failure scenarios: overpressure in drywell, overpressure in wetwell, controlled
release by unfiltered containment venting and accident termination by drywell spray fecovery. All
physically possible combinations (15 scenarios) above core damage sequences and containment
function failure scenarios were analyzed by THALES-2 to determine the source terms.

Results and insights from the analyses were that 1) the calculated release fractions of Csl and
CsOH to the environment were in the range of 0.01 to 0.1 for late containment overpressure failure
cases, and the release fractions for the containment venting cases were one order of magnitude
smaller than that of over-pressure case and those for drywell spray recovery cases where no
containment failure occurred were two orders of magnitude smaller than the containment venting
cases, 2) the governing factors for source terms of Todine and Cesium are different depending on
whether the containment fails before core melt orr not, 3)the éontainment venting, which is one of
the accident management measures, can be expected to reduce source terms of I and Cs if

suppression pool bypass is avoided.

Keywords: Source Terms, Severe Accident, THALES-2, Level 2 PSA, BWR, Mark-II Containment

% Japan Systems Corporation



JAERI-Research 2005-021

H =X

L. T U IDIT +ovevoesonenonsnaetencaseasoeusarecsesastsserersasisesonessnens 1
I = =l 1 B R R R R AR R 1
A 4y R R R REEE R R 1
1.3 *&%%@%ﬁi ........................................................ 2
2. ﬁﬁﬁ@%‘%k‘?‘é7?y}‘}:$ﬂiﬁ“/“}'92}' S PN 3
z_lﬁ@yf;@%-fﬁyl\@mg..................... ......................... 3
0.0 HEHES T U cvevonensetotentitetntntiotietetsetetirtettiiotiiiieines 3
2.92.1 ﬂ;ﬁ:[‘_ﬂ’ﬁ{g‘gﬁﬁf/“—b‘ LA seseesectesseetertteseses et sttt ensnens 3
2.2.2 WANZEMERRIEAR S F U A coveerrrin i 6

0.3 JEATLAE T UMBAT 27— R e ceereneasestntusteentisusesncistsenssinenes 8
3. AT ET VL BBt cvevererenretieneiiiiiiiiiiiiiietitiiiiiiicieieins 9
3.1 fEMTXIER T T > b L BUKITRBICONTDET AL ceeveerereceees Ceeeens 9
3.1.1 RY 2 — AR EFHEITONTDET /AL coercerrresesaciciciacins 9

3. 1.2 LA R RS AN R D B BRSOV TDET /AL cevvveeees 10
3.1.3 YET T2 VF Y MEDRBITONTDET AL +-v- - sereereneenn 1
3.2 KIS BRI OFHRIE L FBFTEREN sevvrvrrreresrontenteniniennaens .- 13
3.2.1 FP OBFFICEIT BEF A DT corevveernveeranneenn. eereeriaeees 13
3.2.2 HRIRFP DILFETET /L ceceretrssttttestctocacrtrtssroresscnsooans 16
3.2.3 =71 ‘/‘\}I/%%:E"f‘ll/ ............................................ 17
3.2.4 T Y JURRE T /L teeetetteetctittttsctectsstctassttticcntines 19
3.2.5 )L AT G E LT ET )L seeecretesttcttottctctsttsttstssttcsnons ZQ
3.26 A VAL B FPREDTET L ceererettrttctrstsctttstresctassanes 21

4. BHHER N OB BN BT AREHTAER oo errrreerrttretietieiiianan, 29
4.1 J;E‘L‘/%fﬂgiﬁ& (TQUV) 3/—Ar L/ R eeeeesnes R R R R TR e 29
4.9 BATHBIETELE (TB) S/ Ar L R +eevrreseesennniecessnnns [ 2%
4.3 ERERVEBI R EEERELB(TQUVLN) S/ — A L/ R seeereessttonscsatannnnens 25
4.4 BIERVEBNEEEB RIS IR (TH) S/ r /R wevessesenseosossnsosineenaens 26
4.5 BEFIFER Y ﬁA%E&(TC)“/‘—‘b‘.‘/X ............... seteseessstsstsan s 27
4.6 ARy NGFENTEI T A HELEF cocvvevrrrerrreresettttttettenaainnnanass 27
B, VA — MCEEF BREATREIL +ovvvrrrorreeeetrneerrsnsesseninnisessaees 29
5.1 MANAIREETEL Y F UL DHEEIZE DY — R Z — LD ceeveeienn. 29
5.1.1 TQUU S —A 2 ADT T RINFPZEHE] crvvrrrceccrttstotttstnacnsias 29
5.1.2 A7 LA M ORI DBEIZ X D FP DFREZHRADEEE «oovvvnens 35
5.1.3 V—AZ—DLA~DEHEE covcveinnanss SRR R R AR 36

5.2 FLBREEMRL — 7V ADHEBIL LD Y —RAZ —AA~DEEE coeveereeenns 40
5.2.1 Xe DIFLBEEE S —5 L AR OB GRERIE 7 —R) coreeeereeene. 40
5.2.2 CsI DIFLBBEM S —5 o AMO LB GRIERE 7 —R) corerrreeees 40

ii



JAERI-Research 2005-021

5.2.3 Sr OIFLBEEH Y — & o AR OB GBERE r—R) co0veee SRREEE 42
5.2.4 DD FP DIFLREGHES — 7 v AH O GREME S —R) +--+ 43
6. BHODIZ seveveees tesessrsesne R R R R R eees e 44
- TR 47
BREETTIR vovverrsrecoesttoresstitostsssssstssstonesssttssssssessescannsases 48
s e R L LR R PP PP PP P PR 51

1“-}@1 Surmmary inEngliSh A SRS 126

iv



JAERI-Research 2005-021

Contents
1. Introduction ***c ssevrersrercercsrtcsoacotscrsssosrssrssrcsessrscscsscnss [P 1
1.1 Background and Objective ................................. J 1
1.2 Outline of the Analysis ...................................................... 1
1.3CompositionoftheReport B R R R R R R R T T T T I ]
2.PlantanqucidentScenariosAnalyzed I R R R R R eee. 3
2.1P1antDescription'-““-""'““"“-'; ................. “eeesesssscsacrarsne 3
29 Accident SCEnarios s+ v ceessercrettertoatctrtostiacorsarcosterssnsarnrnns 3
2.2.1 Core Damage Sequences .................. teeceas eseessrssesssrsstanccanan 3
22.2 Containment Functi()n Failure Scenarios ..................................... 6
2.3 Calculation Conditions and Cases *«+c++stssreeeossssssssssssecssscearnas SN 8
3. Calculation Models and Conditions for Analysis ++++++veereseseesesns SARRRRRRRRRRRER 9
3.1 Modeling‘(')f Plant and Thermal Hydraulic Phenomena + ¢+ +sccceerereecscvvecccccces 9
3.11 VOlume and Connection MOdeIS ............................................ 9 )
3.1.2 Modeling of Core Cooling and Containment Cooling Systems « ==+ <+=rsrercesecees 10
3.1.3 Modeling of Phenomena under Severe Accident Conditions «++++++ersrsesssssesns 1
3.2 FP Release Path and FP Transport Behavior «=«ecceseececeesescescisticticnneanns 13
3.2.1 Models of FP Transport <+ «s=cesecececs S A A S I 13
3.2.2 Models of Gaseous FP DepOSHtion =+« ++ssrereeerenraettiiattiiiiieiiiiiia., 16
3.2.3 MOdelS OfAeI'OSOl DepOSition ............................................. 17
3.2.4 Models of Aerosol Growth «+ceeseeeereeesrersrtsrtactiitiitesitccsonsanens 19
3.2.5MOdelSOfPOOIScmbbing R R R R I I A AP A A A R I ) teevcecesceser e 20
3.2.6 Models of FP Removal by Spray +«cececesesrerssesecasnaracaanns ceeresneaes 2]
4. Calculation Results for Accident Progression and Thermal Hydraulic Behavior ««««++««se+++ 22
4.1 Loss of Core Cooling Function (TQUV) Sequence +cssccrerrcrerrrrorcnscscscsnnns 22
42 Station BlaCkOU.t (TB) Sequence ............................................... 24
4.3 Loss of Containment Heat Removal with a Low Pressure Injection (TQUV1W) Sequence * 25
4.4 Loss of Containment Heat Removal with a High Pressure Injection (TW) Séquence ------- 26
4.5 ATWS with High Pressure Injection Available (TC) Sequence ®<+ccccevererecrreccecs 27
4.6 Governing Factors for Event Time ««+cvceceeesrereroeces R CERE R 27
5 . Calculation Results for Source Temls Y et e s s ececcssesssseenst st s ss s 29
5.1 Dependency of Source Terms on Containment Function Failure Scenarios << eeveeee-- 29
5.1.1 Source Terms of TQUV Sequence *+=+sevsrseverees B I I 29
5.1.2 Dependency of FP Removal on Size of Spray Droplet =« cccsreereocevecces e 35
5.1.3 Dependency of Source Terms =+« recesesvevevecess ERR R R R REEE 36
5.2 Dependency of Source Terms on Core Damage Sequences *ccrreeresrerecsrrrrcccras 40

5.2.1 Comparison of Source Terms of Xe(Overpressure Failure Case) <<csccveee-- s 40



JAERI-Research 2005-021

5.2.2 Comparison of Source Terms of Csl(Overpressure Failure Case) <=« <" ARARRRRR 40
5.2.3 Comparison of.Source Terms of Sr(Overpressure Failure Case) eccevecrrcccereee 42
5.2.4 Comparison of Source Terms of Other FPs(Overpressure Failure Case) *«*xcevcv+ 43
6. ConcluSions *******vvsrsrecsererseccnerrstrrssncccssssssssssscssstnsrrccccsosns 44
ACKNOWIEAZEIMENT ++# ¢ v ves o esesunsssesestsuiasttuaiiettttiiiiaiiatittutsnces 47
RLETEIIICES ¢ o v+ ceesscosessosnesosvassssssasassnsasosssssosnessssssnsesosovessse 48
AbbreviationList...... ........ Cesrsereseses st ases T T P 53 |

AppendixlsummaryinEnglish ooooooooooo R R 0'000‘0000000'000000000‘000‘0‘126

vi



JAERI-Research 2005-021

H&x—%

Table 2.2.1 JFLBEEER S —7r  ADGH

Table 2.2.2 FLBEER S —r V AOHGETHAVWLN IS —E

Table 2.2.3 &7V A & EERRZERMOER O BRCREMRE T —X)

Table 2.3.1 f#tr/r—2=

Table 2.3.2 fRHTSRM:

Fig.2.1  fRATRER T T MR 3 TERLZEREOMROEE

Fig. 22  HOWARBBEE— K& LCER SN RINEBORIEA Y =X A

Fig. 2.3  THALES-2 =1 — RiCHi} 5 FP BATEBI DER K

Table 3.1.1 JRFFIENEHRORY = — L 53H|

Table 3.1.2 TR OREM

Table 3.2.1 7 1 JLEEA R D MR K O (IE H (R 2=
Table322 =7 uYVEEY F X '

| Table 323 BN DRt L Uiz FPLAMOOHIFR R

Table 3.2.4 THALES-2 21— RIZBWTEET 3 FP TR EOMAA DY

Table 3.2.5 FP TTRED T NAITRI D EERE

“Fig.3.1.1  f#ATRER T T MERCK O THALES-2 =2 — RIZ & 5 fEig s &

Fig.3.1.2 THALES-2 22— NIZRBIF AR FFEANFEHEORY 2 —b55H

Fig.32.1 FP OEEBBITEF N

Fig.3.2.2 H AR FP DUl « KREET NV

Fig.323 AR FP DILEEEEF L

Fig.3.2.4 =~ H AR FP ORI EEHET v

Fig. 325 =7/ LOEEFA (FEARIR)

Fig.3.2.6 =7 uaY LOIEETF L EEIR)

Fig.3.27 <=7 aYLOEHEBETFIL

Fig.3.2.8 =7 u Y L OiLEikEe T v

Fig.3.29 =7 u Y )LOBKEIET IV

Fig.3.2.10 =7 a Y L OEEEEF IV

Fig.3.2.11 =7 aYLVOREEFNL (B

Fig.3.2.12 =7 a2y VOREETFNL (GE)

Fig.32.13 7—AVRI7 T TETFI

Fig.3.2.14 JRHEERT COEEBITRE

Fig.3.2.15 AT VA RIEIC L D FP &E (U RIR FP)

Fig. 3.2.16 AP VAEHEIC LD FPRE (=7 /')

‘Table 4.1 A~V FBEAERFZ] (TQUV ¥ —4 2 R)

Table 42 A X2 MBEAERZ (TB v —7r v &)

Table 4.3 A X MEEAERZ (TQUVIW ¥ —7r L/ X)

vii



Table 4.4
Table 4.5
Table 4.6
Fig. 4.1
| Fig. 4.1.1
Fig. 4.1.2
Fig. 4.1.3
Fig. 4.1.4
Fig. 4.1.5
Fig, 4.1.6
Fig. 4.1.7

Fig. 4.1.8

Fig. 4.1.9
Fig. 4.2.1
Fig. 4.2.2
Fig. 4.2.3
Fig. 4.2.4
Fig. 4.2.5
Fig. 4.2.6
Fig. 4.2.7
Fig. 4.2.8
Fig. 4.2.9
Fig. 4.3.1
Fig. 4.3.2
Fig. 43.3
Fig. 4.3.4
Fig. 43.5
Fig. 4.3.6
Fig.-4.3.7
Fig. 4.3.8
Fig. 4.3.9
Fig. 4.4.1
Fig. 4.4.2
Fig. 4.4.3
Fig. 4.4.4
Fig, 4.4.5
Table 5.1

JAERI-Research 2005-021

ARy MRERZ (W —F U R)

&R - KRBT L DWEBERILROKRERER (£ —F 1V R)
L CTOROERE L T OER OB (F L ISR AR R)
A X MNRARA

BRI RES (TQUV &4 —X)
JRFFHRERES (TQUV 25— X)
BFIFRHRAKAL (TQUV &4 — R 3:5E)

JRFIFEER AR (TQUY iREmE S — X)

AN BRNEE (TQUV @BERIR Y —R)
JRPFHEIRANSMEE (TQUV B H s —X)
AR (TQUV BRI 4 —R)
HFFRARAR mﬁﬁ(mwmmx7v4§m7—x)

 RRIABRNIEE (TQUV-D/W R VA EIE—R)

BN RES (TBLr—2R)
BFFAHRES (1B &7 —2R)

R EIRAA (TB &4 — R 3E58)

B EAHRNSMHEE (TB BEREYS —R)
R SRNIEE (TBBERHE 7 — X)
BRFFERERNTAREE (1B EF k7 —2R)
IR SENIEE (TB & EHH 7 — R)

R FRERARARRE (TB-D/W AZ VA HEIAS—2R)
WANFRNIEE (TB-D/W R 7 LA IR — )
WANRERRES (TQUVIW &4 — R)
FEFIFRERES (TQUVIW £ —X)

R IFREIRAAL (TQUVIW &4 — 2 3LiE)
FFFRERATAIRE (TQUVLV IRERHR 7 —R)
KA IRPEE (TQUVLW 3B EREIE 7 — R).

RTIFREIRARAIRE (TQUVIW M & — )

BRANZTERIREE (TQUVIW B 7 — R) _
RFFEGEIRANRAREE (TQUVIW-D/W X S LA IR —R)
KA ASRPNIRE (TQUVIW-D/W X LA I —X)

BB RES (WRERE —X)

FFFEGHRES (TWIRERE —X)

FFIEREIRARSL (TWBERE S —X)
FFFERHBNSMREE (IVBEMEr—X)

AR (TWIRERE S — X)

ARV P OEENC & D BREA~DOHHEIE (TQUV > — & R)

Table 5.2.1 fR#T7r— A Z L OBRE~DOKHEIS

viii



JAERI-Research 2005-021

Table 5.2.2 BREH & D CsI DLHEIS & EATE 7 — A ~OHkHEIE

Fig. 5.1.1
Fig, 5.1.2
Fig. 5.1.3
Fig. 5.1.4
Fig. 5.1.5
Fig. 5.1.6
Fig. 5.1.7
Fig. 5.1.8
Fig, 5.1.9
Fig. 5.1.10
Fig. 5.1.11
Fig. 5.1.12
Fig. 5.1.13
Fig. 5.1.14
Fig. 5.1.15
Fig. 5.1.16
Fig. 5.1.17
Fig. 5.1.18
Fig. 5.1.19
Fig. 5.1.20
Fig. 5.1.21
Fig. 5.1.22
Fig. 5.1.23

 Fig.5.1.24

Fig. 5.1.25
Fig. 5.1.26
Fig. 5.1.27
Fig. 5.1.28
Fig. 5.1.29
Fig. 5.1.30
Fig. 5.1.31
Fig. 5.1.32

Fig. 5.1.33
Fig. 5.1.34
Fig, 5.1.35
Fig. 5.1.36

BREL SR B Xe DAL X HEE (TQUV BIERE 7 —X)
FRTFRERAD Xe DEE) (TQUV BEMKR T — R)

Uxy U= AAOD Xe DS (TQUV BEME S —R)

RFA4 T /VAD Xe DZEH) (TQUV BEREE T — R)

2T O FP OREA~OHHEE (TQUV BERR 7 — )
JRTFRHEIRANO CsI OZEH) (TQUV BEME 7 — X)

R F—2LNO CsT 028, (TQUV @ERkE - — X)

U=y MY =VNO CsT OB (TQUV BERHR7 —2)

RF A7 x/VND CsT OZEB) (TQUV SBERRE 7 —X)

BREEDN B IEA$ D St DIKALIZ X AR (TQUV BERKE 7 — X)

BTFFRERAO St OHB (TQUV BERHER S —2)

Yy b7z /VNO Sr OEF (TQUV iBEME—X)

RS A T 2/VND Sr DB (TQUV IREREE S — X)
BWESA Y MEBIREOBILA~O FP OBITRE
FFFRHRND Xe DEE (TQUV FEKH I —R)

Ty bz LND Xe DEF) (TQUV FEBH 7 —X)

RSz LIND Xe DEB) (TQUV BT — =)

2 TOFP ORE~OHKHEIE (TQUV FEMH 7 —R)
FFIFRHERANO CsI OZEE) (TQUV BEKH 7 —X)

Ty b= /VNOD CsI OZEE) (TQUV BRI —R)

KT A Dz /VAOD CsI OZE) (TQUV HHEKH 7 —2R)

R FHREIRAD Sr OZEE) (TQUV FEHKH 7 —X)

Txy b= /VRO St OB (TQUV FE R 7 —2X)

BRI A= )VNOD Sr OZEE (TQUV FHE R — R)
FFFEAHZBAD Xe DZB) (TQUV-D/W AT VA EIHT —X)
Yoy b7z LND Xe DEH (TQUV-D/N 27 LA IR —R)
RS AL T2 LAD Xe DZEEH) (TQUV-D/W A7 VA EIBF—2R)
BE~OKRHEEIE (TQUV-D/W A S LA EIRr—X)
FRFFHARND CsI OZH) (TQUV-D/W A7 VA B —R)
% xy bz AR CsI DHEB) (TQV-D/N 27 LA BRI —X)
RF A7z /VNO CsI DEEY (TQUV-D/F AT VAEIRT —X)
TEPRE L DV AT LA I L BREDROLER |
(TQUV-D/W A 7V A IR —R)

BFIELHZHNO Sr DZE) (TQUV-D/W ALV A IR —X)

Y=y b= LNO Sr OEF) (TQUV-D/W XV A IR —R)
RIA 2= VD St OB (TQV-D/F 27 LA HIA7—X) |
AT VA X DRGSR (Brown HEH#)



Fig. 5.1.37
Fig. 5.1.38
Fig. 5.1.39
Fig. 5.1.40
Fig. 5.2.1
Fig.5.2.2
- Fig. 5.2.3
 Fig.5.2.4
Fig. 5.2.5
Fig. 5.2.6
Fig. 5.2.7

Fig. 5.2.8

Fig. 5.2.9
Fig. 5.2.10
Fig. 5.2.11
Fig. 5.2.12
Fig. 5.2.13
Fig. 5.2.14

JAERI-Research 2005-021

AT VAR L DREEHR (SAEY)

AT VAL BHRYSHRE (EHEZR) ,
KM BREREIER YT U A OHEBEICL D Y — R F—LHE(ZD 1)
NIRRT U A DHEBICL D Y — X ¥ — A LLB(E D 2)
WERE 7 — R BIT B A X2 M RAERE

BERRE S — RZBIT DY — A F— DL

TQUV BIEAER 7 — A D Ke DZEH)

TB i@ R & — R D Xe DEE)

TQUVIW 1B EREHE &7 — R D Xe DEEH)

TW SBIERGHE 77— R D Xe DB

TQUY iBERER & — A D CsI DEF)

TB SBIEREE S — A D CsI DZEB)

TQUVIW & EREE 77— A D CsI DZEEEY

TW IBFEREHE 77— R D CsI DEEH)

TQUV @ERER 7 — R D Sr DEEE)

TB BERFIE & — A D Sr DZEH)

TQUVIW i AR - — R D Sr DZEH)

TW B EREIE 7 — R D Sr DZH)



-Table 2.2.1
Table 2.2.2
Table.2.2.3
Table 2.3.1
Table 2.3.2
Fig. 2.1
Fig. 2.2
Fig.2.3
Table 3.1.1
Table 3.1.2
Table 3.2.1
Table 3.2.2
Table 3.2.3
Table 3.2.4
Table 3.2.5
Fig. 3.1.1
Fig.3.1.2
Fig.3.2.1
Fig.3.2.2
Fig.3.2.3
Fig.3.2.4
Fig.3.2.5
Fig. 3.2.6
Fig. 3.2.7
Fig. 3.2.8
Fig. 3.2.9
Fig. 3.2.10
Fig. 3.2.11
Fig. 3.2.12
Fig. 3.2.13
Fig. 3.2.14
Fig. 3.2.15
Fig. 3.2.16
Table 4.1
Table 4.2
Table 4.3

JAERI-Research 2005-021

List of Figures and Tables

Classification of Core Damage Sequences

Symbols used for Classification of Core Damage Sequences

Relationship between Accident Scenearios and Actuation of Safety Systems
Calculation Cases

Calculation Condition

Composition of Safety Systems on BWR-5 Mark-II Plant Type

Description of Containment Failure Modes

Radionuclides Transport and Deposition in THALES-2 Code

Nodalization of Reactor Pressure Vessel

Calculation Conditions of Engineered Safety Features

Geometric Mean Radius and Geometric Standard Deviation at Aerosol Formatidn
Acerosol Size Distribution

Initial Inventories of Radionuclides considered

Combination for Radionuclides Groups on the THALES-2 '

Physical Forms of FPs in the Plant

Nodalization and Configulation of Plant System in THALES-2

‘Nodalization of Reactor Pressure Vessel by THALES-2

Representation of the Radionuclides Transport and Deposition

Models of Gaseous Radionuclides Deposition by Condensation and Evaporation

- Models of Gaseous Radionuclides Deposition by Chemical Adsorption

Models of Equilibrium between Gas and Liquid
Models of Aerosol Diffusion (Flat Plate)

Models of Aerosol Diffusion (Pipe)

Models of Settling Velocity of Aerosol

Models of Aerosol Deposition by Diffusiophoresis
Models of Aerosol Deposition by Thermophoresis
Models of Aerosol Resuspention

Models of Aerosol Growth (Condensation)

Models of Aerosol Growth (Agglomeration)

Models of Pool Scrubbing

Models of Mass Transfer Coefficient at Liquid Surface
Models of FP Removal by Spray (Gaseous Radionuclides).
Models of FP Removal by Spray (Aerosol)

Event Time (TQUYV Sequence)

Event Time (TB Sequence)

Event Time (TQUV1W Sequence)

Xi



Table 4.4
Table 4.5

Table 4.6
Fig. 4.1

Fig. 4.1.1

Fig. 4.1.2
Fig. 413
Fig, 4.1.4
' Fig. 4.1.5
Fig. 4.1.6
Fig. 4.1.7

Fig. 4.1.8

Fig. 4.1.9
Fig, 4.2.1
Fig. 4.2.2
Fig. 4.2.3
Fig, 4.2.4
Fig. 4.2.5
Fig. 4.2.6
Fig. 4.2.7
Fig, 4.2.8

_Fig. 4.2.9

Fig. 43.1

Fig. 432

‘Fig. 433

Fig. 4.3.4
Fig. 4.3.5
Fig. 4.3.6
Fig. 4.3.7
Fig. 4.3.8
Fig. 43.9
Fig. 4.4.1
Fig. 4.4.2
Fig. 4.4.3
Fig. 4.4.4
Fig. 4.4.5
Table 5.1

JAERI-Research 2005-021

Event Time (TW Seque.nce)
Cladding Oxidation and Hydrogen Generation by Metal Water Reaction
(All Sequences)-

Relationship between Stored Decay Heat in the Core and Accident Progression

" Event Time

Pressure in the Containment (All Cases of TQUV Sequence)

Pressure in the Reactor Cooling System (RCS) (All Cases of TQUV Sequence)
Mixture Levels in the RCS (TQUV Sequence)

Atmosphere Temperature in the RCS (TQUV Overpressure Failure Case) A
Atmosphere Temperature in the Containment (TQUV Overpressure Failure Case)
Atmosphere Temperature in the RCS (TQUYV Controlled Release Case)
Atmosphere Temperature in the Containment (TQUV Controlled Release Case)
Atmosphere Temperature in the RCS (TQUV-D/W Spray Recovery Case)
Atmosphere Temperature in the Containment (TQUV-D/W Spray Recovery Case)
Pressure in the Containment (All Cases of TB Sequence)

Pressure in the RCS (All Cases of TB Sequence)

Mixture Levels in the RCS (TB Sequence) 7

Atmosphere Temperature in the RCS (TB Overpressure Failure Case)
Atmosphere Temperature in the Containment (TB Overpressure Failure Case)
Atmosphere Temperature in the RCS (TB Céntroiled Release Case) '
Atmosphere Temperature in the Containment (TB Controlled Release Case)
Atmosphere Temperature in the RCS (TB D/W Spray Recovery Case)
Atmbsphere Temperature in the Containment(TB-D/W Spray Recovery Case)
Pressure in the Containment (All Cases of TQUVlW Sequence)

Pressure in the RCS (All Cases of TQUV1W Sequence)

Mixture Levels in the RCS (All Cases of TQUV1W Sequence)

" Atmosphere Temperature in the RCS (TQUV1W Overpressure Failure Case)

Atmosphere Temperature in the Containment (TQUV1W Overpressure Failure Case)
Atmosphere Temperature in the RCS (TQUV1W Controlled Release Case)
Atmosphere Temperature in the Containment (TQUV1W Controlled Release Case)
Atmosphere Temperature in the RCS (TQUV1W D/W Spray Recovery Case)

~ Atmosphere Temperature in the Containment (TQUVIW D/W Spray Recovery Case)

Pressure in the Containment (TW Overpressure Failure Case)

Pressure in the RCS (TW Overpressure Failure Case)

Mixture Levels in the RCS (TW Sequence)

Atmosphere Temperature in the RCS (TW Overpressure Failure Case)
Atmosphere Temperature in the Containment (TW Overpressure Failure Case)

Relase Fraction of FPs to the Environment by'Containment Vent Actuation



JAERI-Research 2005-021 -

Table 5.2.1  Source Terms of Calculation Cases
Table 5.2.2  Released CsI from the Core and Transferred Mass to the Suppression Pool
Fig. 5.1.1 Relationship between Mixture Level and Xe Release from the Core
Fig. 5.1.2 Behavior of Xe in the RCS (TQUYV Overpressure Failure éase)
Fig. 5.1.3 Behavior of Xe in the Wetwell (TQUV Overpressure Failure Case)
Fig. 5.1.4 Behavior of Xe in the Drywell (TQUV Overpressure Failure Case)
Fig. 5.1.5 Source Terms of All FPs (TQUV Ovefpressure Failure Case)
Fig.5.1.6 Behavior of Csl in the RCS (TQUYV Overpressure Failure Case)
Fig. 5.1.7 Behavior of Csl in the Steam Dome (TQUYV Overpressure Failure Case)
Fig. 5.1.8 Behavior of Csl in the Wetwell (TQUV Overpressure Failure Case)
Fig. 5.1.9 Behavior of Csl in the Drywell (TQUV Overpressure Failure Case)
Fig. 5.1.10  Relationship between Mixture Level and Sr Release from Core
Fig. 5.1.11  Behavior of Sr in the RCS (TQUV Overpressure Failure Case)
Fig. 5.1.12  Behavior of Sr in the Wetwell (TQUV Overpressure Failure Case)
Fig. 5.1.13  Behavior of Srin the DryWelI (TQUYV Overpressure Failure Case)
Fig.5.1.14  FPs Release Path to the Environment on the Containment Vent Actuation
" Fig.5.1.15  Behavior of Xe in the RCS (TQUV Controlled Release Case)
Fig.5.1.16  Behavior of Xe in the Wetwell (TQUYV Controlled Release Case) -
Fig. 5.1.17  Behavior of Xe in the Drywell (TQUV Controlled Release Case)
Fig. 5.1.18  Source Terms of All FPs (TQUV Controlled Release Case) 7
Fig. 5.1.19  Behavior of Csl in the RCS (TQUV Controlled Release Case)
Fig. 5.1.20  Behavior of CsI in the Wetwell (TQUV Controlled Release Case)
' Fig.5.1.21  Behavior of Csl in the Drywell (TQUV Controlled Release Case)
Fig.5.1.22  Behavior of St in the RCS (TQUV Controlled Release Case)

- Fig. 5.1.23  Behavior of Sr in the Wetwell (TQUYV Controlled Release Case)

Fig. 5.1.24  Behavior of Sr in the Drywell (TQUV Controlled Release Case)

Fig.5.1.25  Behaviorof Xe in thé RCS (TQUV-D/W Spray Recovery Case)

Fig. 5.1.26  Behavior of Xe in the Wetwell (TQUV-D/W Spray Recovery Case)

Fig. 5.1.27  Behavior of Xe in the Drywell (TQUV-D/W Spray Recovery Case)

Fig. 5.1.28  Source Terms of All FPs (TQUV-D/W Spray Recovery Case)

Fig. 5.1.29  Behavior of CsI in the RCS (TQUV-D/W Spray Recovery Case)

Fig. 5.1.30  Behavior of CsI in the Wetwell (TQUV—D/W Spray Recovery Case)

Fig. 5.1.31  Behavior of CslI in the Drywell (TQUV-D/W Spray Recovery Case)

Fig. 5.1.32  Relationship between the Mass Median Diameter and Aerosol Removal by Spray
, (TQUV-D/W Spray Recovery Case) ‘

Fig. 5.1.33  Behavior of Sr in the RCS (TQUV-D/W Spray Recovery Case)

Fig. 5.1.34 Behavior of St in the Wetwell (TQUV-D/W Spray Recovery Case)

Fig. 5.1.35 Behavior of Sr in the Drywell (TQUV-D/W Spray Recovery Case)

xiii



Fig.
Fig;
Fig.

5.1.36
5.1.37
5.1.38

Fig 5.1.39
Fig 5.1.40

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
‘Fig.
Fig.

5.2.1
522
523
524
5.2.5
5.2.6
5.2.7
5.2.8
5.29
5.2.10

5211

5.2.12

5.2.13

5.2.14

JAERI-Research 2005-021

Effect of CsI Removal by Spray (Brown Diffusion)

Effect of CsI Removal by Spray (Interception)

Effect-of CsI Removal by Spray (Impaction)

Conparision.of Source Terms on Containment Failure Modes(No. 1)
Conparision of Source Terms on Containment Failure Modes(No. 2)
Event Time of the Overpressure Failure Cases

Source Terms of the Overpressure Failure Cases

Behavior of Xe (TQUV Ovefpressure Failure Case) -

Behavior of Xe (TB Overpressure Failure Case)

Behavior of Xe (TQUV1W Overpressure Failure Case)

Behavior of Xe (TW Overpressure Failure Case)

Behavior of CsI (TQUV Overpressure Failure Case)

Behavior of Csl (TB Overpressure Failure Case)

Behavior of CsI (TQUV1W Overpressure Failure Case)

Behavior of CsI (TW Overpressure Failure Case)

Behavior of Sr (TQUYV Overpressure Failure Case)

Behavior of Sr (TB Overpressure Failure CaSe)

Behavior of Sr (TQUV1W Overpressure Failure Case)

Behavior of Sr (TW Overpressure Failure Case)

Xiv



JAERI-Research 2005-021

1. ZL®Ic

1.1 FRELEW

TR FmEY L 2FF i (Probabilistic Safety Assessment, EAT PSA LI&E$)iX, MR CTRELED
Eﬁ@?%ﬂi%ﬁﬁb\%n%m%&ﬁ&&%%%ﬁﬁb\%Eﬁ&&%%@k%é@
FEEIITONOBEEE LTERSND VR 7 | BEEL L THROREM 2 ERNID
WERNZIMAT 2 FETH 5, TETIE, PSA OEIROESEHE 2 T, BEMHEDD
DENEZOEEMRIECCHE LETTA200FNRFEL LTELB#Sh, &5
WKRWTY R7 2BRTHREHM - REBHOEANED LN TWVB,

B AFF AW ERT(RAF) Cid, PSA FIEOREMR LIERICBET 2 E2ED TE TRy, H
X, BPETED DN TV ARTFAREBEORTCET IR OB 5K oMt
A RBmICB B LRIBEREBDIZELHNE LT, BAFETALT T M ERNRIC,
DROBE~D Y R 7 ZFET 5D LUV 3 D PSA ZHEHL T3, :

LoUL 3 D PSA Tl ARD Y R 7 ZFHET 372012, FLBEBIZED U A0F.0E
B — X EFER)DRE L RREBREDOFEEIT D L~V 1 O PSA, FLEEN LR
BRI E R 2 B > ) A ORIE & AR O FEIE CICEREE~D FP D i
B/ —=AF—=L)DFMMEITH LUV 2 D PSA %38 T, TLCHEINSE Y —RZ—1%
AWEREZEFMEIT, @TOERST U FICHT 2 RAHE L BECEILIHED
k%é%ﬁﬁmtfwéoﬁw%%ﬁ\:@v&nGMAw—ﬁ&LT\y~x9—A%ﬂ
iydEebic, Y—RE—2EXRETIRTFOEMEIBEDLZEEZHME LT, ET
T VT v MENT 2 — K THALES-2 Z W CTIT o BT ONE LB b mR %l L
T2bDTHD,

BWR 77 MZH LTY —RAZ— L% EE UBEFHRE LT, ES T T Mgk
L TI% NUREG-1150", N7 > Mkt LTl MELCOR =— iz & % HH02~042 3
b5, LML, ZROEDOFEICBWTIX, Y —REZ—LDFERICOVWTOHFRITH DM, #
hERD 3 ETOHBEFLVORA, T LORERRY —R ¥ — AOXEETF 7 Lico
WTREHIZEER S N b DIRFR LR, ABEFIX, ZhbOEREERT S Lz, Fx
DHEH YTV ALY T U AT 5 HEE RS FP ORFE~ OB EIE OfEIMTIcE
BENDIPERRLIZLDOTH D,

12 fRETOME

THALES-2 =— RIS HP AREICRIT BV ET 77 V5 v NSO EHHERE &
FP OBTEBR VY —AFZ— LT TE D L )R CHREINZRANIET 7727
Y MEFT - FTH S, FHMEORR L L TiE, Mark-Il BEWAREZRD 110 T kW KD
BWR-5 BLDEFNT5 v MBELTWS, EFALT T FORHFETIL. ROEEORE
BWR 7’7 MZET 3R ESBICFEFICBONTRELZLOTHY . WhiEFE LN
FUbTHD, Tl FFETIE. THETRFICEBEL ZBKFET LTI > hORKY



JAERI-Research 2005-021

CESIZET A LUV 1 RV UL 2PSA OFERICESW T EHUD YT Y A2 I v—FL
T, FOHPHRENRVT Y A EBAUTHETEITo 0, BERICE, FOREERY—
by ACOWTHE, BEREBAERRERES — 7 v R (REY—F 2 TW), KER
EBRERMR BRI — 7 R (RFEV—F 2 X TQUVIW) | FFLBHRIKY —F7 v A (R
F—F VR TQUV), 2XRMERERY —Fr 2 (RE—F X TB), RFFRZ T A
RS YR (RRU—TVRTC) D5 ARRME, Eio, FLRED DR
BRBOBHICEETOL TV AN(ZZ TR FPEHY T VA LREZ L LT HNIDON T,
BANBEBEOBEBRBICES VT Y AL LT, BEEFICECTRIZA V= /VD/WRBHEREDT
Yy hTz WWWRHED 2 BEE X, & BIZ AM BO—>Th B HBMARY h ORI
L DIW A7 LA BIRMToNESFEMERENDE VT U F LV ) 4 DOBMARHEEER
£ FUAEBEL. Zhbd 4 7 VAL 5 BOFLREFK—F L AOMAEDELE
LCHBLINDBHRE 20 DT U I bEBEOFLMREFRY — 7 VA TIIFELRNT T Y
%P L., BEEA~D FP ORHEE R OBHERORRBE 15 OVF ) Flext+2 Y —
RE—IDF—FEy FEER L,

13 BEFOHR

UTFTik, &2 BIZEITORNRLTHST o BRI T Y AOME, §F 3 BITHTE
FAANTONTEHBET S, FLTHRITERE LTE 4 ECHEROERLBKNZES), F 5 E
THABSRETEL S 7 ) A R OFE LMEEER Y — T VADEBWZL D Y —RF—b~D
EBIZONWTRRD, BREBIZELHEF 6 EITR~D,



JAERI-Research 2005-021

2. BERORBETEITSUMEERTUE
KB, BRORBLTETT Y b, BT Y A RO ROV TIR S,

2.1 TR T b OWE

ABFZETIE, Fig2.1 1R & 9 72 Mark-T1 BUASGHIBS 2R 2 0 110 T kWe ik BWR 7" T + &
L Lz, BT, %75 v N OEREIERT 5 TRNRZERHBT OV TR S (BFE
SBRBEORMIT B2 HEBRBOZ L), 07 I MNlEb A IEFEAFLBEBREL. &
DAL LA R (High Pressure Core Spray System:HPCS) . {EESF LA 7 LA 5 (Low
Pressure Core Spray System :LPCS) . {&E#:7K% (Low Pressure Coolant Injection System:LPCI)
B Bh38E % (Automatic Depressurization System : ADS) TR I TV 5, EfFLGEANIFIA
TEDEOMOBAE LTk, RTIFRBHERA AR (Reactor Core Isolation Cooling System:
RCIC) RO RR H B, £-. BT FELREORENEZRET 72D ORFBRERIT,
IA—FTHERSN, 2095 2N —FIRBAKHIBER LTV, BEEREROTERE
EE— & LTRFFRNOREREZRET IRFFELRRIT— R, BAASENORE
BERET D ENHH T —LBET— FROKMERR 7 LA T— KR END S, Rk
WHRF 4 —PAREREIL, FEHAT —PARE 2 KL HPCS BAOT 4 — P A REH
1BECERENS, BFRFRNOBEDCEHN EFZHIET 5720, ERIBFITITKB LA L
ML ERERBENBN BEDY . —EOREELHEZD L FROERKZRNBHFNDET
S — N~ 5, BESRIE, BRI 7= O/M ETHOY =y hy =V
W/WIZ RS v, WWISIEAIH T — V855, D/W & NN IERE O MM Tl X
. EEHESIC LD DWICRRABIH SN & ) REERICIE, BRIV MEERE-
TEHE S — VTR EN A L > TS, BHARIE. 2608 EFFE2ETH
FNTEY, FRRICIIBEMERIME2THNIBNRREBEIH - Th, RFFEBANOD
BEIIHEE AT ANERD T A VFERTAY v 7 D LRE~H SN, L, #H#K
RENBEHBTAESICE. BFFEREBNOEAPELETAOTRIFFEED 70—
T R SKANREE, E oD FPABE~RH NS Z LIt B, |

22 BTV A

FF. DT, REEFTAVBERLT U AICOVTERT B, FLREEHRS— 7
VAL, FLEEEHIET B0 RT LOEGRREO R/ RBDOMAE DT ERT
bOTH S, BMABRIERLS T VA LT, BNEBR LD LD BA D =X 5 CHHRT
BN D A SR — KL BRI L bD AM FE, THRAES ST
~D FP DR DS & F T, FP ST U AL, (T OB HSE S — v A & BRI
ks T ) ADMBEDRICE > TRESNAERBKDOLF Y FERT,

22.1 FLRGFG L —T R
FHFCH, SEDIF DRI — 5 Y RCONTLUL 1 RIL-SL 2 PSA & 5



JAERI-Research 2005-021

PR, T3y | ZORED 1oL LT, FLRHLHBBERREIRDL VAT LD
WIREDMHEDEND 51 RO DREER S — 7V AERAE L, &biT, TOMFH
5. b S1EDELREFHS — 7 X i, fFLERBIAR X ORI SRRERRA &
Wo 72 BEROBRD D Table 221 IR T X S IZIRD 5 DT —br VAT N—TFIT
SETEDILERHLTWDS, ZZTHRLBEGHESS - v 2OSETAVW LN SRS
D—5 % Table 2.2.2 IZ7RT, .

TN—7 1 BEREBRERRERES —Fr 2 RE—T X TW)
Tn—7 2 RERESBRBEBSRE R — 2 (REY—F7 2 TQUVIW)
TN—T7 3 FELREIRE Y — &2 (RFEYV—F &2 TQUV)

TNh—7 4 : RIZMEBRERY— VR (RE—F X TB)

TN—T5: RFIFRY T DRI —r VA ((REY—4 VA TC)

RIS, ENENRD I N— T 2 RET BELBEER S — 7 RTOWTIRRS, 2L,
AT CIXREA~FP PBHEINDIETERET S Z 20, AFRAIZ. FLBESES—7
VR L BMBEROBHRDOH ZRET DRMEBEERELS T U 40 1 5Th 5BEMIE
PRBEDREEY T FE LTS, 3 F V4L ETELRZERBOEGOBEGELEY
F U F OSRABREHEEE AT 5 RAES GBEME)% Table 2.2.3 1277,

IA—T 1 CBIBRES—F R TW o—F v Rt #—Er b v FEDO RS
= MNEIZETFFERRZ 5 AL, £0O%, RCIC I LV FELICHHAREA S h. BT
[ MR SN HM S —r v A Th B, FLTRETARRILEN LEZEREREL, F
TS — B & B DA RN O B BEIIRBIC R Ly T KR L
FerE L REIC & O MR BOSBIERHR T 5. MMARSEET 5 2 & T LD FEE T
RCIC A3 L JF D~ DEAIMMEILF 5 2 L 10 & o TR LETAIEE 5, 5l U7 BH
FEOLTFEICY nr—va v L, BFEEARBRTH~y REAEMEET 2 & DV O~F R
BZNRITHKHI SN B, ~F RS AVRICHH S MIEBREHZ XV RFRF 10 ar s Y —
FOBRENELR, TOR, Y ANRET S, 2Ly ) — MEARE BITHELALT
2 EVRNEET B L. TEICAET 5 E A 7 — VI ERRE % T L, BRUC LY
P VKRB U BT B, TOBEHL—F L AL, BRESNEICEEL TN BT,
2y 7 Y — MBAROIEREY 2 DRER VST 2 ZAMEE O S —AKDRRER, &
WEBRNOERSZBE~RHSEREBAL RS, ZOV—F7 L AORBCREFFEAER
RCS) A BEDREBTELMBIIESL LV~ VAEREV—F VR EREZ L ET D, ¥
o, B EHESE DAROMCRET BT U A 2 BRERETHRES TV 4 LR
ZeEE¥5, '



JAERI-Research 2005-021

TN—F 2B R\ —HF A TQUVIN O —F R, FTr V= MEIZ, BFIF
MRZ TG KL, Z0%, BEEAR HPCS K8 RCIC) SRIEBIOD 5, EEREARIC &>T
FFFRMPHERINDIER S — T AThH D, BEEARPEERT THLDOT ADS I
&% RCS OBIER., FEAIHI T —NkEARE Uiz LPCT I & W KFFEARMBHERF SN S,
UL, BHASRAOBRBERREICR]R L., EHME S —A R8N R2DLR TR xy
EF—va VEBI L, LPCT AHRETER U CHR.LDERICE S, Wmh L7oREHL, FL T
winalr—varl, RFFEENRBETH~Y REBMEET 3 L DV OXRTFRAZ VK
B SN B, ~F R F VBRI SN EBIRENC L ) RFREADa L7 U — L DBR
DL, Z OB, FEEHEMNT ADNRET D, MMESROENL, T OHERETRITLY
MESEN, 20 LEEEIIKBROACLIMECEE LY REN, a7 U —MEAN
E DITHERART A ZNVERBET D L, FEIAES 2 E N 7 — A ERRE R %
T2, TO%, T—NAKBBINCET D L BIBBEL, TR X DIMEC &L > TE#K
HICRRMARHRICE S, Z0OY—F7  ADKRIT RCS NBMEEDRE CF.OREBICES v
— TV REEEY T REERZ L &5, Eio. BARBEPFEOERORICRAE
THBREMEBOV T A2 BMBREHHBES TV A MBI L T3,

TN—T3 BT EIRF—FT ATV I —F U RiX, bF ¥ = MRRIZ, JRFPFER
27T AL, FOH., BEEARHPCS KUt RCIC) B UMEE AR (LPCT K O LPCS) 23 ke
WRTDIEHML — T VA TH D, FLODORBERICE Y RE LIAEINES LEZERND
FEAIHE T =N~ 5720, RFPFEALMETT5, £ L TEEEARICELBRTF
FEAKICKRT B 72D FIERMITET LT 5, BEENRFENT ADS Z{EEISVRFFDO -
WA T 58, (EEEAROEBICEIT 5= DFLEBICE S, TO®ROFHROKE
BiX, ZA—2720 TQUIN —7 v R Lk, ENRBERUMEHESROMBIZED,

Th—T 4B DIREFEV—FT UV ATBI—F R, FFrPzr MNEZETORTE
TR (P R UM BBIR) B3 B S — 7 v A Th B, E DT HRTEBENLER HPCS
R MEEREARIEART CH 50T, FERBER, RFFRMSMETT2 LFR Ay
FU—ERL X — U BREBIOR FEFIFA L, CST 27Kk E L7z RCIC 12 & BAFLA~DEA
BTN HERF XD, £DH%., RCS WOKMIZHKTE LT RCIC 1%, {EBL{E1L%H#kY -
BT, SRRy TV —BRMABIZEY | FOL~DEANTE THELEMICES, £
DROFHOERIE, JN—7 2 O TQVIN ¥ —rr o R L RIRR, EERRURNEROM
BIZED, LDV —7 v AiX, RCS AREEOREBCFLMMEBICEIBEY—F R
TH D,

¢w~75mﬁﬁéﬁ§v~&yxmv%#yxﬁ\b?yymybﬁmﬁ%ﬁxyﬁ
DR B ER L — A TH B, BEERO N INEITLY | HIEED X IT4E
BIEART L5710, BYBGREROAHENLZ L b3 FE.LHARERET 5, BIESF



JAERI-Research 2005-021

AT VUAFR HPCS) DIEENC & HFFAMIIMER SN DN, KFFRA7 7 AITRELT
WAZDELNNIRBITABEKOEREN S L, REZEAIH -V ~BEBREHShD Z
L CRMBBROENNER L, BNESRBIRICED, REFT CIX. MHERIBERICED
Lo IFDIEKRITEETE R L, FOBBNCE S LR L, ZOY—F Y RIE, TH &Rk
IZ RCS NABEDRETHFLMEBICEIBEY —F Y ATHD, B#B, TOY—F VAT
. 27 T MCEBLTNBDT, Fh~DEHADEKICE Y RS FRMEFT2 2L
TEDRA K74 — KAy 7 HRME . —BHCEORSENECHAN LRSS, £
DI DFL~DEKITIE, FISEOHIENCER L TR LOBELZE < & 5 ERRVVERN
YEC B, EEBEEARCNZ, BEEEIED 5 EHTRESN TN & TEBAEA
FZEHATE AN, REACTIIIETORMEET S, THALES-2 a— FTE, 2O K
5 RIS EERZ ;5mﬁwmﬁ%+%¢5tb@ﬁ%ﬁ%rﬁﬁﬁsz&wtb\_
DEY S — & AT, ) BT HREBEEINERE /e S/ MELCOR == — FIZ X% BWR-5
MﬂkHﬂ%%aﬁkﬁfém/~7/x®%ﬁﬁ%mwo%%%ﬁbwL5%ﬁf%%
ﬁ%ﬁmﬁb,ﬁb%ﬁﬁ%i5VfU¢%ﬁﬁbto

2221@%@%&m$%/+)z-

RIS SEREEETER ST U AT, BB R LD X ) RRE THEBT 212 WRIET DM
REWRT— P, BPESMOLDICE bR AM FHE. RNEBOREMER & OMArE
PEEH LT, BNARBHRT— e UTd, BEBEE, @IRRHE, RaRIRRER.
A2 B#—7 x— R LOCA, KFBREE, KETBR., HMAREEMNE, BHARERRER
LOBRERE 2 DD, HRMNERBHT— PR AM K, BHEMEIC OV TUTIRET,

(D%%@%m@%~°
%%@%mﬁ%—beLfﬁﬁénéﬁm@ﬁwﬁﬁXﬁ~2A%szzﬁ#o%%%
rﬁﬁm@%whwwg%uT;wTo

SBERH | |

SBEME L 12, FLRGET » 20y ) — MRESH DI LI IR X & BT
Yo TEAFH T —A 5B R LI AR & 0 EHARSBIIGEE Sh, HnEss
WA B BEE T

BIRAEE
BERHA & 1. BRABRNOF T Y OBAICEK L. BHAROBREETOL —LT
HECRBRICL ARBNBRETIEREHET,

HE A7 25 (R eSS R ,
AARIBHES R & X, RIS T 2 BRI O D ENE DM b 2O KE THRHA




JAERI-Research 2005-021

SRS OV R E T

A BZ—7=—ALOCA

. A vHF—T7x—RALOCA LiX. RCS REETH HEICREEAOBESIZLY | FTF
. BEHROEAMEERKROEEICHD D T, AR OSMAUTHMTAE CTIREIK D
FHT % LOCA %189, ZOHA. FP OEEEL L TORMBRIINA NREND T LR
Do ' ' '

KRR

AEREE L 1. (T B D00 B TSR O RIEHEAL A3 72 STV VIR EE IR DR
WWEL L, &R AN L > THRAE LT_7K$7D>J¢EEE?6 2 )N %%ﬁﬁ%&iﬂb&iﬁ?’é
HE2ET,

| KIREIRIE

TREERIRFE LI, %5%#Tfﬁﬂbt'M&Umm%ﬁ%mT%kaTééﬂm&
BT 5 Z LI KV BWAREANBERRE L, FRBEWO IV A MEIIE T A28 SR
DORHBIZ X o THRMEBOIES & OFEREE OBEIC Lo T, BMAROREMES Kb
DEBEET,

AN SRR B

BN SR EBINEDCH) & 13, ﬁFFTE%F@%ﬁW@Té&Wuﬁﬂ%#%%ﬁ%A
BRI L LT RIE TS 5 = L T, RERME Zr 2 & D@ BRSBTS BIER L 720 |
BEGOMBCHRNEBIHIRT 5 B2 LT, |

AR SR AR E

FeAMZSSEBEVABIESE L 13, RCS WAAEBET CENABRIHETAI Z LICL Y., Fakke
DNTEE LRSI BREE (O A3 T IR R PR % T C BRI I B U I A BRI IR 3 5
RERT,

BEEFTClE. RBLTHETOY—r U Rx L TRHRSBEET— N LT, B4EH
FEN LRI E N BERR A E LT,

@ AM 5K , '

AM FEIZ. BFAREFOFHEER RMARIIEORAEFE R EBR ST 5 720I10E
AShi-BHEMETH B, AT TER L AM HiX, BMASOBEREL LT
- ORMARNOBRESE N ME—EATH T — L —W/W RAB R R S8, HERE» D
B~ S DB RNV M ETH B,



JAERI-Research 2005-021

@ BMBRBOBHEME

MR ZR OB E & U T, ww&ﬂwwwzﬁﬁﬁ%xGné AN ER DIRIR G FT
BRIRBD & THRHBOBREOBITRENRRL S, AEEH O, BRABORBMEY L
CTCZD2EHEER LT,

2. 3 FRNT S B ORAT o — R

Table 2.3.1 [Z AT THHME U 74T - — R, Table 2.3.2 IZAEMT R % RT, RITOXIS &
LT fF BB ESR Y — 7 v Ak, BEREBRESRERB —Fr 2 (REV—F X
TW). &ERIEBREHERE RS — 7 V A(RE L —7 2 TQUVIW), (FIRHEILHS S
— U ARFE—F A TQUV), ERMEBERERL —Fr R (R —4H X TB), RF
WA Y5 NRERS—r v R (REBEY—FVATC) DS5SODY—F UV ATHD,

IRHD 5 ODFLEBEERY — 7 ACBWTER Lo ERETE R ST U FiX
D/W SR 2 IBEBHRD/W BEBIR), W/W KAHCR T 5 1BEBHRW/W BERIR).
ISR~ N BMEET A B ERHE., DIW AL VAEIBD 4 2D —ATh D,

L CBERES AR, RLEIRERBEVLE DN A MMARBET—FThD

e, KVEMICRET A OMBEMEL LT D/W KL WW KHEO 2 @t E48E

Lo EGBEBRS —R TR 2 HRMAROMBAETIL, NUREG-1150 IZ81F % Peach
Bottom $F(Mark-I %, kA= 2 U — MUKGIARE) OSSR 0 FR B A S 3
EHED 2.5 4%) TR L. NUREG/CR-4624 DFFEE ™ X ¥ K& X 900mm (M EFH 0. 65m?) D
WO BRET B LIRE LT, 2L, BIOXNRL L7 T v MNlEb 2 HfUsEs
kU GEEER S 1/10 A — A D EER26) 7. 28l 1z 1 24 b SRERMKITREED 5. 97
fETRZ(KRE S 190m, 85mm @ 2 FED BELTRY ., REITICBT A OES
HIEEMOEE 2o TWS,
BRI — AL, AM FED 1 D TH BRNEER NBREBIT 55— A Th B, M
BRIV NI, BRARNOFRER LY ME—ENIE T — L —WIW SRR S8,
PEENOBE~RHERDZLICX Y, BNABOBREREEZ SO TH D, HME
B MNE, BBRBORFED 15TV M EHE, REETHLA b DL LT,

DIW A7 LA BIHDOr — A3, BHREROEIEELZC LI ZEREOEEEZER L.
C EHIAER 20 BEICDW AT LA BERTEEDE L,

% LT Table 23.1 {777 & 512 kg, ELBIEER S — 7 R L R RE TR )
Y A ORLA DD D WEIIC TR 15 D3 F U AIckt LT, THALES2 2 & B Y —R &
— AFMERER L, 22T, OSBRI S SR T 2 B R ER M R E
By — A VAR BT AEEREE R D/W A7 VA EIRD A — Rk, Th bEHEMEN
i ST DA~ D EAR UIBNERR D b O BRESRES R S, BMNSSREREV
FUDBICE bRV T P DA CREM L apole, £io, 27T AR —F VA
Tﬁ'HMHSZ:—bkﬁ@%ﬁ%TmeKT&<#M&#ﬁif%&W@f BB~

FEIREVWEEZ N5 DIW KM TOBEBBEDOHEER LT,



JAERI-Research 2005-021

3. BTETIVEARSEH

ARE T, %ﬁwﬁ%k#577/bm%rwm&/t??ﬁV7/bﬁ@%mﬁﬁ%
B OB B 25 B D RERTE T VO E 2R~ 5,

3.1 TS T v b EBUKHBRBIZONTOET ML |
THALES-2 =1— R CiX, R Y = — AR5 L FE. F LB EI K OHMARMENT R D 5 810HE.
VETT I MNEOBBD ISR ETMMEL, PETTIIUF Y MNEOT T RO

BEBHRL TR . TOME L TNRD 5 ARMT C OB TR,

3.1.1 RY 2a—2rRyLBBIZONTOET VL

THALES-2 =t — RiZRBIT BT R 77 N OFERSENL, VAT A58, XY a—25
. RESEIE WS 3 BEOSEFRERANTT Y, T, YATLAHEITRSI U b e

/XTAkwgfﬁ&ﬁﬁk\ﬁﬁéok®/xTAﬁﬂkioTA@éhtﬁﬁWm

EELRELTHESRS, 2L T, R 2—sHETIE, £VRT LARNEZEES OHE

SPHELXZRLTRY 2— 2 ZBET 3, ThERORY 2— 2N TiEE, BEREZFALF

—REEZZE LT, [EENEMIBE, BEE, A4 FRERHEENS, b, E?ﬁ‘

HETE, BEECTRY 2 —ANOBRICE ZRBEEEOBVEEEL, &b
PREENCSETHZ BT TH D, ’ ,

THALES-2 IZ iéBWRSMmHRf7/F@ﬁWAﬂI%Fg311kFLtmu;Tm
VAT AREERNT, BB T T P ERETFFRHIRRCS), BHARR, Y=y by =,
FFIFREO 4 D238 LT, .

Fig. 312 WRTFEABBRORY 2 — b5 EIRZRT, RCS WL, fERE DBEREIZIG
LT, $FANR Y = —L%F : CORE), L7 LF A(UPPL), & K—A(STMD), ¥ 77
<(DC). F¥7 V7 ALWPL), BIERAEE A L —7(LOPA), BERELE B /L' — 7 (LOPB)
DTHODORY 22— hZHE LTz, BHARRIL, D/WDRYW), X7 R ZL(CAVI), X b
BVENT)D 3 DDRY 2— MIHEI Lz £ 0 = v b ¥ = W(WETW)R DR FAFEL R (RB)
W, B—RY a—2a¢ Lk, ZOM, BREENVDEEHKITES 7 (CSTHIE, F2r7 LHEE
NAEEBOBRER T 2Z X282 EeTVE LT HFo7, £/ RCSHDORY 2 —AlE
BB ORBUTEROE N2 ZE L, Fig. 3.1.2 FX X O Table 3.1.1 IZ R TARICHEE O XHEH
(LWPL:2 X/, CORE:2 XH. UPPL:3 X, STMD:4 K&, DC: 4 KEN)NZHEI L7,

THALES-2 =2— KTk, fiEETF V& LT, RCS ARUHBMARZND X 51z, EIE
THHEVATARNDORY a—LBE2EKET IO (Pyrsvay) 5148, BRZL
EAEHEDVAT AERERETIEOO [RR] EFARD S, EEAREFLTIE, 2
DI BRBEUNCEARERERTA-DIHREEZANTEET S L, K, REZT
WENZRBIT DV AT LOENDOEEL LTEZHT LNRTE DS,

ABIEWT T, Vv 7 v arE LT, RCS ATOHBHAKDRNEEET 57291 9 .
BIEBRND D/W & _XFRE VRPN MEOTEDORN T 572D 2 M2 RE



JAERI-Research 2005-021

LtoéBKkaLT\Eﬁﬁ%&@%%@%%GW@D\%%@%&@ﬁ%ﬁ@%@
K. FEERTANER, KLEZLH, HEBRER. BEEAR. KEEKR,. D/WD/W)
ATV A, BIABRBEN MEERE LT

3.1.2 FOAHRUBHEBSHICRD REIC OV TOET VL

THALES-2 = — KGR U TR EREOES /2 1L, AROT Y B2 %E, =—FA
R AN TV BRI Yy 7 CENWTEBEN S, FTHENZERMITIT 5 FE/F1L
DERTEE ST REKNL, FEBIRE MBI, KIREVEARMEIE, AT — 5 TRET 5, THALES-2
TR L TRHREREEUTIORT., EERESEORMGIE. XMIHTT7 0 FTOERKE
L LTz, ZhvbDOfE% Table3.1.2 IZRT,

(1) BAEEZABR MR A

P D ORREERER., BEARNIBFEIRERICI VTS, WEKRICLD
B, EERSEROF — VAL ARROBRIC L R TR & RHEARORKEEF L
kT3 L CHEEELE, £, ARBRELARCEKBEEEERR COEEEROBKI
BRI EBRBITERVOT, AT TEFRER L L, SRBAFRRERICOV
Tit. BMAERR F LA E— R, EHME T — BT — R, BT AFE EEGHE— IR
HAR, WTFROE— FTH HESRERENER BT IE. KFFROBMEIRE
L ORERRENTRETHY . FRIIKET I b, AT T, DVATLAEIRD
r—ARRETEBL L, -

@) JRTAF R

BT AF MR HRRCIC)E . BT AP L & 2 O JREIC & 0 B R O A2 EIE L
I BB R OREO—H AR Ui & — C VERBIAR Y 7% N5 2 1T X 0 R DkeE
RS 5 bOThH B, RCIC DRV FH, #—C VBB THDH 10, RFHBHELEL ¥
P BETFFEKMER( N 2ERSE 2T CEBIT 5, RCIC Oft&EiX, RCIC R 7 DEAEH
B Ut . SHERMEARICE, 8 BMCSy T ) —BEAR OFL~OEART
BTh D LIE LT, . | |

(3) BEFLAT VAR
BEFLAT LA HPCS)E. BTAFAMIE(L L 2 BXE DIW ENBEEE2ZITT
EB+ %, HPCS iX. KREET LOCA IZ bR TE 5 X H 350 725 1580 t/hr & RCS NOEH
IS U R OB EIK 28T 5 2 L TR B, AT TR, RCIC OEBIZEELTHY
HPCS 1365/ L TW72a0, ' :

(4) HERUER

B BT RADS)IE. BEFIFEAME(L~v DR D/W EED 2 55 23%1T 120 HOK
MBI &3> CEH L, RCS NOENEERHCBET D2 LN TE S, BB, TETIX



JAERI-Research 2005-021

AM EDO—B L LT ADS DEBIRHEOEER T =28, I O Tk AM EARTO &M
TNt BT - T\ B, £7 ADS 1. EERE RSB TEAME(L L ES2RM LK, T
B CIEB S €52 L bARETH S, ADS iE, TREMN LEEF 18 HOND 7 ENHA S
N5, ThEhOIESER LLLROEBITER, HHEF—# LV 5k, &b
WiERE. W L R 5T — F KSR, HHIEIBY SBAKERET S L
WEYEHLE,

(5) IKEREAKTR

IEERARLPCDIL. BEFIFAME(L~V 1) XX D/W EABEEOVShr 155 %2%
. BFEOEAMENEA IS ZEB L. EAHIHE T —AKERKFIZAR—Vy—%
LU CELTESAEICEAT 5, £72 LPClL X, BEARERDO—D2ODEEE— NTHY,
3REOME LT A ko THREN, £02 RFICAZBRENREINLTVEIRE, &
FEMTCIE. LPCI 2MEBNT A M — 7 V AR ERR IR L T\ 5 729, LPCI {EEID
EIIBMAEB R ERA L 2NS DL LI, T LPCIORER BRRGRER A IERELE L,

(6) EEFLRS LA FH A |
IEEF LA T LA ROLPCS) L, FFFAMBR(L -~V DXL D/IWEABEFITLY 408
ORIBNE b > TIEB 2 Bt L. EAMEI— A 2KEE LT, Fb EOR =V -
Ny BD ) AN RBEAE LIZA T VA T3, AT TR, REEKROEBRIIE -
LPCI 5% T 55D & L, LPCS IR LTV, '

(1) BIMEBASLAR - :
BARSEA T LA 13, RERRERD 1| SOillET— FThY, EEEARL LTAD
HE L7 b O REEEIC L BB LV RMEBRR S LA RV BXTHERTS, £
FOKEL, EHEE S —NTH D, MHBBRAT VAR, DIW AT VA & WW A
LARS D . EBOREREZRT THRSEHATS, KRASRA T LA R, BY
CBBRERCTOERERLY BB, REED 95%E DIWIC, BYVD5%E Y=y b
SACRT LA SHDbDL Ui, EBTiBnRMRT, BRBO—RAK TR
ROFHRBEDZECHHIT 2D L LTHEEND, A Tk, BMBFSHEAT VA,
DIW A7 VABIBDr — A 2 RE RIEEE L,

3.1.3 YT 77Ty MEORBZOVWTOET VL

THALES-2 TEBLTWAYET 77 V57 MNEOWBEREE U TICRT, #7201,
THLAES-2 22— FIZBWTIX, KERBRO LI RV =T 1 v 7 BB E I RFTHICE
22 E LB E DN DOFHERVERRBITEEE TE RV, 2B FP OFENIOWTI, 3.2
Hicmk~5, :



JAERI-Research 2005-021

(1) BEIOWR - BE)

THALES-2 Tid, 7 DOEME T DOET N2 BN TE 225, FAETITBV T, FOLRT
WECRAE LR, FLFRECETTSEFNVEMER L, FOEE, BHMmiC 3
BT RIS 24 DEEIICAEI L, B Ly b LEEBEC Y CREFEEZERL TV 5, &
BHOWHHIE I, WRNREICET 5 LRAMEEEA L LA L, RELHECKEL
TETEEORICLY THICBETIbDO LY 5, E/BRATICBT 2EEKEDOS
TFHRLERL TV,

2) Dna=mg KR KDL KBORAE

REBERBE OMB TH DL UN A=y AL AKBRREDRKIEZZER L, KEORERRW
BILRISEBEZHET D, Y a=y AOBLRIGEENX, Baker-Just OBV &2 HWTE
BT 5,

(3) Pl pAsE

WELERIE. BTN 3. EhFMIC 24 OFEIRICHEI L T8, FLOK TEOFERIEHK
BYasL, EEBOIFHMPBE Lz Bk L, TOERO EMICAET 2REHIFEL
i%ﬁtm%??éo

i@)ﬁ%wrﬁgﬁmﬁ

FFFEEARBROMBIFEL LTI, ﬁﬁ@ﬁ &I/?mﬁ‘fﬁWE®30%%Eb
TEY ., WP OBEREREZ SWUEEARBENEET 30 L35, BEMET
i, ERSEIROBEN AT TEH 2 ZHERE (1100°C) ZBATBEICHKET 5 L AT,
T FHE T, ERERDOBENSANTEZBIBE (1000C) L EVRRT THE
KENTBBVHART 5 L BT, ISHBHE TR, ERSEHREIC»151550(F7 ) OEHR
R EBISN B, ANTEZIBRRIES (BEOCBEKE LTF—TVTAN) 2BLEA
BT b DL T5,

Gy a7 «aryV—hEim

R LIRER a7 Y — b R (b2 W) . BEW~O %M & R {EEE
ZREL, a7 ) —bhOEREBAELVa T ) — b@é}ﬁﬁ%&(ﬁ&ﬁf“é EHET D, ¥
T IRRRENT, BRBETHD L, a7 U— Fﬁﬁ@&’iof%&éfré MR R GREER
TR CO) DIRRARIH % BB T A BROERBKG L ThIZ L 2O EILEZEB L TV D,

(6) ESHH 7 — N ~DOEERBRE OB E)

BWR Mark-I1% A 7 DRMNB IR EFFOT 7V MNTBWT, ENBRBROBMBICE VTR EN
ik SR imaREHE, 27 - ary 7 ) - MRBCEVEREZERL, B@THLE
HEE S — N ~ETT 5.



JAERI-Research 2005-021

(7) SBEF-ILRIRIC & B8R 2 E ‘
KBRS DIBEREEE CREREOEEN R TH 5, WHEEAROWEEEIX. AS
T B TR E?é

3.2 B RAERM ORI & BITES)

THALES-2 = — R CHEUV # 9 FP DZEEBET VIZiL, ART T R0 52 B30y 5L A fH U

TW5B, AMEH TiL, FP OB *Béfé?ﬁfﬁrﬁ%@:i%ﬁ%é@f»%@{-f‘/w:ou\fjc
R [3-2~ 3T EVVTREMC A 5,

u*ﬂ@ﬁ??é&ﬁ%%hi@%ﬂ@mﬁ@éh WH%%W%W&éM% BB

DR L 723BATIE. FP i & 5, THALES-2 =i— RTHWTWAERN (EHE

FRMHR AT B K OMFS (B 1 2R R R B ) 2381 2/ DS RO FP OHE T LD
WEE 3.2. 1(DEIRYT, $hay - ary7 ) — b WGRHCBIT 27 VOKEEST
N T a Y VA OV T OMEZ 3. 2. 1(2) KT8 2. 1(3) TIT/R T, MBHD» b Ik H T HE
72 FP E (WIEIFNNER) I W TOMES 3.2. 1(4)HIZRT, THALES-2 =— R CEER
BE72 FP T#IX, 3.2. 1(1)IHT/RY CORSOR-M EF NV TCREINEZTETH D, 12771
HHBER DO T2 DT R O E R B O TR IEFA— Z A —F L LTRY 5
FIELITORR LTS FP ORBEOHES 3.2.16) RO 3.2. 1(6) HITRT, £ L THAE
BDOFP DL 75 NN TOBITICOWTOMES 3.2, 1(7) BUV3. 2. 1(8) TR,

3.2.1 FP OBFTICET 3 EF L OHE
(1) FARRCFENTBIT S FPKRHET LV |

THALES-2 21— RIZ8 ) 2 BUREN> B D FP Ofk & UYF N ED 0> b DR E Dk
HitX. Oak Ridge EZAFZEFT(ORNL) & Karlsruhe JJU-F /1A ZEET(KFK) D EERIZE D & Battelle
Columbus BFZ2FT(BCL) CBI% SN 7z CORSOR-MPIEF L& AW THE SN S, 20
CORSOR-M EF/VCiE, & FP OMHRENARR D72 ¥ OMHBIE)X, BEHREE O Z DB
L HKEROTWA, LML, BESLD FP OBHEBERET D EERNRTA—F L LTI
RBRBEICN R CRBEESNEZ N5, MEHEERFE o — MICE VEHSh 5 —F,
BRBEFEIZ DWW TCIE T T > b ORRGH & R A COERRM TIE &5, THALES-2 22—
K-CiE, CORSOR-M EFADEITR - 7= LB L 0 3X 104 MWd/t FBREE DMRBEEE 2 HE LTV
BN, ZOEIE, AREESTHRITONSE L L27T 0 b OREIBUERE O£ AR O 5 R i
B L AR CH D DT, AT CORSOR-M EF /L %A LT b &I BB,

BHENEAERIBETHRHENR A ER b T a A THHEND N E Vo ik
FEREIX, FP TR O(LZHMEIC X o TRE S, HEPERMENE W Xe, [, Cs, Te £D TR
iE, Kk & LTREI DI L. St Ry, Ce %@%ﬁﬁ%’&m%@i =7 a Yl UTRERD
bt s,

PEAMT IS B IERMREN B D FP I DWW TId, BWRMRBIORE ) &0 FP ORI T
THL, AT avy V) — NRIRICE U RE L a7 U — MEH A BSTARIREL N % 38
WL, SMCBHENZEDOZ S P A AV MEHEBRL TS, £z, a7 U—1



JAERI-Research 2005-021

ISPRH A DERREIN 2 BB T 3 BOSBRIGIC L D REEN ADRELZZR LT\ 5,
LA LRARE, FAREET S Z &I LB EAROBBIFIC XV @BRRIEH EDFRE
B RESNB MR, 227 U — FOROEBMAE H ORBLEBRORIZ Lo TR
BBHRE, AN AANEHTCTHRESHREL, BHETALHOIREENTZHDOT
m@wo%@kamw&z;%F?mﬁﬂmﬁﬁéFPH&%?»KomT%%%%Kﬁ
NEFEDEF L E VTS, 72721, Xe, Cs. [72 LD FP mBITH L Tid, #FREMEDR
i < HH N VO THRHFE 7 VI £ D358 L2V, BHERMED FP JERICH LTI
%%K%@%&E?ﬂhﬁ&é:&mﬁﬁénkwo

(2) FEHTBT B FP UAN DT S VOBIHET IV

ENEBHRBO T « 2> 7 Y — NG, FP kU= 2 ) — MR ER S
PERETAREMN AT TR =T a AREDOa 7 U — MRS bRHER S, &
Day.ars)— NERICBT 27 a S AREROHEET ML, WBMurfin® 50
EHFAMurfin OEFMNEER LTS, |

3) =7 u S VORIRST

R Loz T v NIk a R E RO L EZ DI, %@ﬂFkEL177/FWT®
BITRENRR D Z LD, THALES2 22— R, =7 v Ik U THEER S 2R
B LTRBENF LR, ZO5H% 10 DERICLDHREY T RHEIL, TORES T
Zﬂu%%é@®#%%%ﬁbf“5o

Hmuﬁzn—bfilw@%ﬂmamm&ﬁ&mm%@é@#ﬁf%mEhé20@
=7 u Y NORBESHNEET B, SHITRED DRET ZBRMOTT By ME, TV
FNNEBITTABRBLY, BEPRKEXVWEDTHD, 20Tl VEEROKESMT
i, EZBREIPNEBE I ED M~ EDOHABMRE SN TN D, T DOHH &R TR
B R OSTIERERZEDE % Table 3.2.1 [ORT, 2 THFEMIBIT D=7 vy AREAEROE
AEBBRBFENOLD LY RELRBDIE, a7 «aryy J—MRISRIZa 7 Y — MR
HOERBIIZEY., IV KREOZT7Ta ) VRRET IO TH D,

RAEBDTT O Y ML, 7T MREBITTS D LT, BHOEBESOA =R L
DRERLHR B EALT B, ZOEEBET 5720, THALES-2 TilEfa) /opie oz
" Table 322 1R T 10HEOEEZ 5 AP HEI L TE 7 7 RBITHR LRI FEBELL T
S ERYEMFEETF VEMA LTS, 2T Table 3.2.1 U Table 3.2.2 1R L7 /8T
A—Hix, a— FRIHELARAENRTZHDTH D,

(4) FP DHIHIF AR

BREID BRI TTREZR FP B2 IR ET A IHIF NNBRIZ DV T, THALES-2 =1 — R Tk
R & D IR E T A& VTV %, THALES-2 =— F Tk, BWR OFREEEE LT
ST b (Peach Bottom 2 S4F. HHF7 3293 MW)Z ikt LARBERHH =t — I¥ ORTGENE® 3t
B EE RPN RS TR o — FRICH A DR TR Y . IEERNERIE. BRI



JAERI-Research 2005-021

B4 LRELT, ZOBRTT > b EMATRHETT b e OEBEADLPLHE S
- D, KEHTIZIT D FP OWHIUFANEE% Table 3.2.3 IZ7” 9, 723, Peach Bottom 2 F4F
LIFNTRE T T v FOBBARFA L TH DO T, MHFRNERICORERNEEZ O
60

(5) FRTOXR L Lz FP

R DREE B % T 5 BT T, @mm6oﬁﬁ&gwﬁﬁ%%ﬁbrw6m
THALES-2 =1 — NCid, FIALTTR O CIIMEA R UMLFRZEE 02T R <, FIBEIC X
BRROEMLRZVS D LEL TR B I, —F ., TREOBITEBOMEIT OV T,
WASH-140081%° NUREG-0772P1%% 17 b= & 5 IO b D% 10 BRED S L — 71
FEHTHED ZEP—FATH Y. THALES-2 22— RiIZBWT % Table 3.24 (2”7 X 51
Xe. Cs. I, Te. Sr. Ru, Ce ® 77D FP THEENRRTH L LT3, THHADOTHICD
WTIE, ZRENOHIFRNERREICS LT, 7»~7W@ﬁ§m$kﬂLﬂA®§#P
BIZBRHEINRA3bDEFEEL TV,

@)%L%%wmﬁwi7u/wm

BREE UO,. u%m%%mwﬁau@&umwm%):/7)~bmﬁﬁﬁﬁﬁﬁm%
) ERBARUSNDTHRIIX, BITODRILDOEZD TZOMOTT Y V] ITEHERET
RS, 20 [2ofozT7ay i) ik, RETHEOBITEEL L TOREZREZT,

(7) FP D8 ,

[Srl. Rul. lCel. TEDMDTTaYy)V] ITEIZZTrY Ve LTHD ODTIERE
K LTV, [Tel [2oW T, BEE LTIV EoTW3, Cs) B 11 i, Zh
ETCOVET T I IF v MIRICESE 77 PRIRBWTLAY CsI KU CsOH & LT
FEETHLEZLNTEY, —RITFONITIE IO 10 BRED Cs NEWTH 2L b,
THE BENOBRHENZ2TOIIIXCs LA L TCSIIZRY, FRY D Cs tX CsOH 172
5 ERELTWAD, £/, THALES2 — FCiX, 8%, Xel. Tel, [Csll, [CsOH]. lSrl.
[Rul. [Cel. T#DO=T V] REFTOFEDFP & LTW3,

Fi, HERY 2 —ANIHFEET S FP OFRE L L TIX, Fig. 3.2.1 IR T L 5@ TR
Pl. @ IFEEKNICERET S =T ey v, @ NEKMEMICEMAIUIREIZILE], @ (B -
MELEZTaI V], G TBE~OEH]. ©® [BEE~DILFERE] O 6 DORELEET
%, ZZTO~ODBMEOBITLHIIRY 2 —2MEBITTHIHOTHD, 2EZLIND
D FP DY ) ML, TR EhDOIFHIMEIC L > TRR Y, Table 3.2.5 IZRFEITRIT
X575 N TOEERER T,

@)ﬁuz~AW&@ﬁU;~A%®FN%7

RY 2 —LHOFTEOHITIL. [RENLTHE~OBE. K mme&w«mﬁﬁjfﬁ
mw&%m«®@%Lfﬁﬁm%mmmwﬁaj@ui&%fk%ﬁfﬁ@&ofwémg



JAERI-Research 2005-021

321 28), THIERY 2 —ARNICHEET S FP OFER, s Lz o 6 BizHESh
TWB D, MEBITOXA IR CTBITOEMNRER 72D TH D, D KE-XAHE
T QBRI IC B TR AEORIBIIEL L2203 KD DI ~OBIT R VR 2 5
SH~OBITIZBWV T, ThENRT AR T a AP RECHBEINDS T —NVA I T
v B&B25 HESR)EBEERFRAKICIRY SN 7 7y v i d7u v
{bEEZRB L RTNERLRVEAERS DD THD, AEN TIE. EH#H T -1 T
— VARG TEEZERLTEY, 7Ty TIEERL TOHRY,

3.2.2 HRIRFP OIEEETF I

THALES-2 =1— RGlt, RY 2 —AWNICHEET 2 H R FP 2k LT, BB R UYL
HOMEE (BRI EUE., TEM L R ¥ —, S FRHBIN. KIRSEURES)ICESX U TITRT
(D~@)DHRBIT L BB, =7/ Vb, BH~OEEEZEE LTV,

(1) HEHE - 2R3

Fig. 3.2.2 24 R4k FP DR R 05 £ 7 AL BP0 S R 2R, A AR FP O4EMR
BEERT T 0 VORERE TO FP ORFAKEL VB 25 L FPREHRT 1YV
FREICEHT 5, Fig 322 KBV TRY 2 —2ARNOBREG) DB 7 0 Y VEF~OH
R FP DUEMIEEE Vo X, R Y 2 — ANOEHRE L BEORBRIIH L TERENDSE
PR MEOBTHEE LR LTS, ZOBBBEER. R 2— 000 bEEETHE
DERBE~DBENEZR LIZQ)TRARBAMFILHKIC L 2BE L REFENOLE~DT T VR
Bz L ABEO 2 >OMEBRTERENS L E XL T, ThEhOBEEEWEBEHRE)
Vi BONS BERE L TR B, Elo, FP OFIEHE vip 13, BEREED LRI OEE I
LEAESERR 0 Th 5 L E 2, MM OEIZER LEROLEZER L TN 5,

(2) *HPEHLER

Fig. 3.2.2 DT R FP ORI L B IEBOREE vy 1. TEBERE, RER S, ERTE
Sherwood &3 S5, Sherwood FEH 123 RV 2 — ADFHR & B KR OELT &
Wo e RBERICIE L BT AP BHESND, 22 TRY 2—AR &1, BHERD
YO IR EREEERORY 2 — AOBAIHERSNATRRY 2 — b LBREERREL
FAEADERERY 2—hD 2 5Rb D, =OH IR FP ORI & BIEEHEE vy, 13, RY
2—APOLLOEEBEBMTDOBERE~DOT AR FP DBITHEL KT,

() (LR , |
Fig. 3.2.3 [Z 7 AR FP DLW T 7 L OBEAR 2773, RCS OB O BERE 1B
B L. H AWK FP BEEEMEEMCEE L, —E., LREE L b OIERR LA,
RY 22— ANOBREKH BEE~DH AR FP DT E T & 5 BITHEE vios 1, HilE & F
BCRY 2 — 20 FLD b BEIEE OB E~OBB 2R L7c(1) TR & 5 H5H
VY, & EBRETE 2 OB ERE D bE~DLREEIC & 2BITHE Vi, ZHEME LT



JAERI-Research 2005-021

R D, T THITHE NV, 0):57*/1/ tZ. Csl i2%} L T i Battelle Columbus BFZEFF(BCL) D %
B CsOH KU Te k%t L CIE Sandia BFZERT(SNL)DEBRRL % VTl Y . L& E
DREOBEEE > T35,

(4) K[IEHEMBAT

 Fig. 3.2.4 | 2 H AR FP ORIE T EF A OWAR % R, KR - BHEE O FP OB EE
X, FEE O FP ASILEUC & W KARSERBAN~BAT T DILHOEE k, & IRARSERBND D
P VKR B k& & 2 EREEF A CERE LCHE SRS, AR & KA
DEFREIMNCBIT D FP DEEEC KD Cid. BITEEMEP kYL WV 5EZX DD, £,
CHEEHO 2 SOEREETO FP OBITIE. KIESEUREK HPI TR E 2 5ERIEHN TOFE
R EE C,Cqi IS5 £ DI FP AR L IBHOME BB T2 L BEATHE SN D, 25EA
BEFLEANDZ LT, R LIRHEO FPBITICRY 2B AZE T 5,

3.2.3 =7 Y LEET NV
HMU$23~F11‘f):_AWuﬁfTéi7D/WkﬁLT‘HTKT?O%@)
DRET L DR R A~DLEEZR LTV D
(1) ek
JEBET VIR, ngS&Uan6LWTi9k\TJJHLW@%#iﬁﬁfhé
NERERTH BN EV SR Y 2 — LR EBREOTHRNORBIZESHEETABAN
ENTWB, |
(a) FERFR
ZDEFME, DIWERBW/W O LD REBORKENWR ) 2 —2ORRTHERSH
3, KEOHNIZONWTIE, RY 2a—2NOEREZEROCKAERS DREZEIZ L > TAE
LHbDELTWS, 22T, THALES2 22— RORY 2 —AETIVIINEHORER
FEAEH— L LTI D 3, =7 LOwEOHEICRN T, BEEEFADME
DBEETF AN, BLHEOREAA., BER, MERCEHEL. RERCRED
EZR, BEEOARTELD ERELTWD,
() 77 7k '

R Y 2 —ARNICHBTRL RWEEIE, =7 Y g, SREFRD bIEREEHE
ISR TT T U AR L BENT 5, hEEEL. Fick DIEANCEE | 58
BRBES LT 0 VR T OJLERE D, Z AW TEHEAT %, HBEMEESIC
BEBRIOEONIZIMMEEZ AV, =7 2 VT OIEBARE D, =7 ay
BT DILH ) AR F1EE ﬁ#ﬁéiok@<ﬁ¢@#ﬁ&w%®mmk%bw
&R L7z Stokes-Einstein DR L ¥ sk 3,

(i) *FFRILE

RY 2—ARICHAN D BHA1E. BT, HSchlichting &7 AL 18% F
%, LI TIX, lum LTFO= 7 vkt UCER & e DifdrE e 77 v 4k
B xZE L1 Davies DEFALPIL 1 ym B kD=7 0 sk L TXER & 72D



JAERI-Research 2005-021

B E % ZE LU Friedlander D EFALMD 2 oDEFAEZEA SRR
~ TRAP-MELT2 22— N L RERDET N ZHERT S,
(b) EEEIR

HNn2ds54, BRTIE, BEENTOLREFC LY RUF I T 2 Y V3R E R
BHLTWL Z & %2EE L, PGGromely, MKennedy DEEFIZIIT DT 7Y VRIFD
BABEZBEBRERL LTELEEFAPOZHNWS, LK T, FHRBR L B,
TRAP-MELT2 DEFVEERT D, £, WhRRWHEE. FARPR & FERIC
Stokes-Einstein D% 5

() EAHLE

Fig. 3.2.7 CEALBRETVOBERERT, EALRIEZ, =7 0 L ORETG T TE
O AN =R LR EIR D2, BT Reynolds F(Re)ZFAWZHEN T HMLEL LD, Re<l
DIEIR, DFE Y =T oY VKBREES T OFHE BITREE L NS WBA TR EE
Wk E LTTIRARLS, SHXTFLLTEETILENRDH D Knudsen FIRE RO S
& Lol B S 3 AR C & 5 Stokes FEIRIC BV THE, TREHEE vy id, Cunningham O 99
WIEX1T o7 Stokes PEAULBERELFAVTEHET S, £72. Re = 1 OfFEK, F W EME
77 & Ee U RE DR JTAMER T % 5 Newton $EIR(Re= 1000)5 ¥ Stokes FEIR & Newton 8
D FRIOBBEIR( SRe<1000)ITRVTik, TLEHEE vy ix Newton DEHFIRN LEHE S
5, Newton DIEFIRUTIZ. Re 12 & 0 HD 57 2GRS fp OTHA S Y . THALES-2 22—
Fizid. Re & fp OERP %R LeF — 7 ABEBAENRTWS, ¥72 THALES-2 =— N
T, A 2a— 2 BEEBROBE, MEO ELAROFELBERTED L), EHULERE
B O ERHOMEE THEL TV S,

(3) SIS .
Fig. 328 (<=7 0 Y L OIEHKBIEF L OBAR £ R, BAKKTICH DRFICHEL,
%Wﬁ%wﬁﬁﬂmmibmﬁﬁﬁﬁiuéoMﬁ%@m B BE~ DU v, b3, WL
BRIC & 5 FEERRHE KRS T OO KBk & BE CATRR O YRR A U 5 BT BEMTEIC 220 T
PV U B ZER MR Stefan FHIC & RF~OEAEEE LT T L% AV TR
B, & 2°C Stefan WM U, i3, HEEWRE TORMIC & 5 BITHEE v, £ RPHC & B
BOHE Venvs & PEEIETRD S,

4) BukE) ~

Fig. 3.2.9 2= 7 Y VORKBETF NVOMERKERT, BEEEFHEKICEEAENH D
BE., =7 Y VBRI & o GEIRWERICILE T 5, BE~OBKENIL., BRI
Knudsen KD KE SITH L TEDA D =X LNRIE D, Kn 1X. BEK TOKMEDOFY
BEfTR 1 =7 a Yy VR Ol THY . =7 Y VOEBR, FEKOIAEDF O
EENCHEINEINE I PE/B ST ERTA—FThHD, BB L 52T ay V0%
FTTEEE Viimop 1. Y 22— A D HLD b EEE T OF B ~DOXIFIC & 5 YEHOEE vien



JAERI-Research 2005-021

LEBRTE L LN AERBI DEE~OBIKENT L 5BITHEE vim ZEELTRD D, =
T vk, Kn = 02 ik, =7 A 0RELFHEKOBENMZTELWERRLE
Waldman DEFALS Kn < 02 THTZ7 1Y VREILEOBEAE % %8 L7 Brock O
FFALMEANS,

(5) BElE
_Fg32mLITu/»®ﬁﬁﬁ%7W®%ﬁ@%T?omﬁﬁfwﬁwwﬁﬁﬁﬁm
REDREUEAN, =Ty AONEBENE EDEZ LT ARFERETDHELEEXD,
7217 LB DB OMEBUEE X B L TV,

3.2.4 =7 Y NREET NV

BENA B H O T 1 VI, %m$ﬁﬁkibﬁﬁbﬁﬁbﬁm¢é
() =7y VRRET /VEE)

Fig. 3211 IEEIC £ 5 =7 v Y VB ET NV OBER 2R T, HARFP BT ay v
FE FICEET 3BT, Kn ORESZELTEDAL=RLNBERD, AR FP Bx
7o AVREICEHET HHE. FP TR T o AVRE L TEOEEMET L0, bLL
. KBKLBEBLT %, Kn>1 OBATIE, RBEL CHERL L2 FP A FRBCT T a Y VRE
L2 BRERIT/N KV, Kn<<l DAL, =7 o AREEL DEEST L FPOTF
L DEEMILTHEOFP HFRTT v Y AVREIAHT 2RBIRE W, 27 vy VERE
A@FP®&W£EV%@LITD/Wﬁ%#¢éD%Akt%é&ﬁ A FORMEE
J L7 Fuchs % O Sutugin AR5 U 785V Kn 301258 I T 4872 (HE R 20 2 fu e
THEEND, LT Y ARE~OKESORHEE Vi 3. BRAORERIC X
D REOELEN LA T 3 Kelvin ZVER EHEREZR L2 AVTHESN D,
THALES-2 =1— R G, =7 v/ MCEREFRERME & LT, &Icwﬂ'm\mﬁm%%
BLTHY, =7/ VORI U CEEEE & RERERFRE SN,

@) =78 REE T ) -

Fig. 3.2.12 IZEHEIC L B 7 u Y VREEF NV OAR 2R T, £RS DT 1Y L (FP
SORREL, FLEEY., L7 V) — MEEME ST Y V)BRRET HELE, UTO 3
DOAH =R LS T B & LT B EBBB2630,

() 77 v rEC L HEE
75y BN & BURETREE v i, =T R Y VELOEBREER T T U ERIC
PO L LT AVEAVTIHAShS, 22T £TO Kn BOFEHITBN TR T
EBFNAEERALTHND,
(i) BLIRSEIC X DR
AP & DUREEE vogr 13, ELIRIEEIC & 2R L ERERO 2 DDA D =X
AEEELEEFAZHOTHESNS, WTROHE b ELTE O FHAHE 2 EH5



JAERI-Research 2005-021

fi LRE L, BRERE R 7 0/ L OBMZEE ©F Uiz Saffman &8 Turner™ % 0
EFAEAWCEHET 5, '
(iii) BAWEOEEZIC L HEE

BEHUREOBEZEIC X DEEHEE vogo 13, =7 0 Y AVFELOEALRICET 2 3
=L EEMEEN DL HEADNAEEEELAWCHEIND, 22 TEALEOEE
EiX,. =7 u Y )V ERE ERE Lz kT Stokes DITELE FAVCHE U 72 LBEE» b
Hxbhbd, £, HENEREIL. $MPOLEENEEL 7 0 S VEEOKNE
£ L7 Fuchs DEF AV TCHELTVS,

" 3.2.58 P—NRIFEUTEFTIL

THALES-2 Tik, RY 2 —APNICHBAERAEE L, ZOH~TT 1Y E i h AR
FP BHAT BB, T—ANTRY TP L ABH~OBITRERSND, T
R FEVTTEAIBITHEL, VRRFP L7 a Yy Vv CETARERDDT, 2215
TR B, EL, 7~wm¢1%méném@kowfﬁ HREERELRY =—
LEIZEREANTEZ TS,

(1) =7y VDTS —VAI T TET IV

Fig. 3213 \Z 7~V R 7 7 © U VBT NOBERZRY, THALES2 DS —NVART T
FEFAL, 20DF S a v’ B, 1 OB, SPARC = — FP¥z b T3 ES
ThME. ML, SLHOLE. AEROBME L IER L EE L EHERRTH B,

2 SEIE. BHIERRCBOTHESNELTFLDOEFALYNTHY S 2s L
v 7 DRYAEIK DF 2= 7 0 Y VRIFR, T AVREDEN, A7 TV TRER VX v Y
THRACEENDIRRDLEENRF A —F L LERREZERT —FICESWTHRELLE
BRATHD, AT, BRBFET N EIES), BIBFET VI, YET T2 VF 0 hOKGET
T? BWR OESMEH 7 — A ~OEA 2 ER U e ZRICESXERENTWSH DT, SPARC
a— FOBERRL Y bHEEORVFHEXFTETH D,

Q) BARFP DS —NVART TS

Fig. 3.2.13 X' Fig. 3214 [T AR FP DT — VAT F U TETNVOHERERT, K
T DT AR FP Ik LT, Fig. 3.2.14 17T & 5 [CKRI@H D FP DMERIC £ W KyERE D
RIBBERBICBIT T HEE () L . IREREFEND FP 23— VKPICBERT D EE () & %
2EAEETFVCHEE L. BITEERHAT 5, 2 L T2 20HEFETO FP OBITHE L.
KRIELSERBIZ L > TR EDFHEREICES L IXBITT2bOLTHET 2, [EN
@ FP PIEHUC & 0 KA E ~BAT T DB E (k)L Fick DERNIC L Y KIBRETD FP O
WETZ7I v/ AROTHEENS, £ LU THEMAEFRBEAD FP BIEHE~BITT 5 HE (k)
. [RIEBOERZZBRBLEZETAVERWTHEIND, £z, [IBF TAEROARE
B H B EAE. TRICEABITOREE IIMELEE I B,



JAERI-Research 2005-021

3.2.6 A LAIZEBFPEREDET NV
(1) AT VA& B HRIRFP ORRE .

Fig. 3.2.15 IZ 2 7 LA 12 & B 7 RIK FP DBREDHERK ZRT, H AR FP B2 7 LA i
RN EN TP T 256, FEKOLEBREIND T AR FP D&, BREEAsp,g AW
T M, g/dt CHHE SN D, ZOMRERAspgld. R LA EROMTBEICE SN THEELE
Postma E) @‘E“?\ﬂ/[s‘u}’ [3-35), (3-361, {3-37]%)% % ‘T%‘}‘% é 21/%)0 Postma 6 @@ﬂ—"‘ﬁ"f\/l/fi\ /f—\‘{&
SR H CIRE DA T LA RO KR EEREICH L, MENETT 5 HICBIR LR
AT ORNEHEREDMENCET 21 EN ) A7 LA IRHOMFE E ICE SO THEL
2bDThHD, ElARRFP & A7 VAl L DEEBITHAE ke, i3, Ranz-Marshall 5 ®
CEFpALBBO e a5

Q) AT VAL LB=T a ) RE

Fig. 3.2.16 LA LA LB =7 a0 S AVREOHER EZRT, =7/ ABKREINRD
A H = RLBOBHL LT T ok, EHEEREPY S &0 0 3 02ERLTE
D, ZTNENDA T =X LB MIIZB LD E LTS, TRHED A I =X AIROED,

TR L BT e S VRER, TV VEEBICE AR TET o AR R TV
A FEE~EE T DEETH D, EREHFRICL DT Y ABREL BEOEDLY ORAK
DTN » TEETH =7 Y ANERC LV EHCEETIHETHS, 2V
L3z7uy kiR, AT VABEOE TREICHEET T a AR T LA B
BRI IBLHTH D, , :
TS ADRRY TR asc (BT D FP fE k ORMRH BV OBEIL, BRERL
sp,asc & VT dMS, /dt TRE SND, 27 LA BIEEIERT 5 BIRICIRET DR Y T X
asc DTT 1 Y LEREFNE Ep,asc DEIG THRESNW DS, BHEKFICEET RS T
 asc DLT 1Y LDRRER L spasc 1, Epase. A7 LA ik, WTRIREDRMEND
5 2 b b, BrERNE Ep,asc I3 PEBUIZ L 5 BREZHER B .ase VBB 2RI L D BREZN Epcasc
EZ2EVICKBBREYDReasc D3 DDA I =R LDFITEHEZ T3S,



JAERI-Research 2005-021

4 BHERRURANEMIET SRITHE

ABETIL, AR CEEE L &P UHEEERY — 7 Vv ADBKNBBERKEREZRY,
72U, BT R OB, BB LR EM TER LT WERY — 7 U X BIEIAT
Do . .

Table 4.1~4.4 [ R HEH S — 4 L AD 3 DORNAIEET R LT U A+ GRERHE 7 — X,
BB — R, DW A7 VAEIBY —R) /T 5 EEA N hORERL 2TT, 22
| CHREMIRY — X OWHESE O/ LW/ OB LS AR MEZIOBNERY, E
7= Fig. 4.1 \CRfFHT o — A D A X hFAERZ O B & R T 5, (7 DISRBAAREZIE, TQUV
St A THEYEBRIEHER 40 45 (0. 67 BER) L TB 3 —4 o X TH 650 43 (10. 8 ) . TQUVIW
S tr s ACHT 480 43 (8. 0 BEfE) . TW o —4 L R THJ 2540 4y (42. 3 BEff]) & 72 o 7z, JEIE
SEREBIEANE, TQUV o4 v X CHBBIAHA 240 45 (4.0 BEf) | TB 3 —4 > A TH) 855
45(12. 3 BERA) . TQUVIW 3 —4 o/ R TH 890 43 (14. 8 BFRE) . TW o—4 /R T 2835 45 (47. 3
BERE) & 72 o 7o B ZS SRR ISR 13 TQUV S — 4 v R MBI AAE 1660 4y (27. 7 BERE) |
TB 3—4 3 AC 1860 47 (31. 0 BEfH]) . TQUVIW > —4 AT 1515 43 (25. 3 B[ . TW > —4r
A C 2335 43 (38. 9 BERE) L frotr, ETo. MR h 0% | E B OEBIREIIE, F
BEOBRHED 1.5 FTOEBEZRE LZEE. TQUV ¥ —F o A THERBHREK 780 o
(13.0 BER) . TB S—4r v A CH 860 4y (14. 3 B¥M) . TQUVIW —4r > X THJ 1040 43 (17. 3
) ThoTo, BATICHRIT 7 — A DEHEERIZ OV TEHEMIZIT T,

4.1 P AN (TQUV) ¥ — 4 & R

Fig. 4.1.1~Fig. 4.1.3 {Z TQUV 3 —% » A DREMHE S — A, BEBEH I —X DNWATV
A BB —AD 3 Fr—RIXT DHEMBERDIES], RCS DEARVKMOREEZTT, Th
BRFORY 2 —ADES Figd.12 R T LBV THY, CORE: JFb, DC: ¥ U,
STMD : R F— A, LWPL: TH7 LT L%ETH D,

(1) TQUV iBJERKE S — R

FERERHRIAR S R T T ey NEARIC EASEER S EHE S 3 EREAET 5.
HHEBE L ITIETRBICEFFEIZIR 7 T 508N 508, RCS EAFRBICEA L, BLZeHf
(SRV) BEBT 5, (FLOBIEENC X > TRA LI KRR ESN I 7 — L ~FiliT 5 0 T,
FELARALIIR 4 IR T4 5 (Fig. 4.1.3 28R), FPFEARMR, JRFIFRBEER G AR (RCIC) &
OEEFE LR T LA T HPCS) (EBIKROLICET 248, Zh b OEEITRKT 5 D THRFFK
PEEE BITIET LT 5, HEsBAMATE 13 HOERERIIFE CEERESR (ADS) ZFEi & ¥
RCS DOWEIZHRENT 33, IREEARIC & B HEAKITERT 2 O CEHBLRE 41 5IF R
BLOMRE B, BWREL7=F 7V i3, B4 CTHCHNE LFLO THICAET 2 R ki
EBRIND, TSR 56 SIFLERHRABEL, R ECEEEINET 7V T
WS LF ANOBEMPIZETTHD T, RCSIENE—7 B4EL 5 (Fig. 4.1.2 ), £
WL CRAE U To K FEEIT. SRV 8 H T RCS b EAMHI T — L~ S 525, FHIHIE
BBV T — LV COEMEN TR TH ¥ AR OES LRIZE A L7ev (Fig. 4.1.1



JAERI-Research 2005-021

BH), HiREILAE 178 HITAFMEEIZEY . &I 238 FITEAREHE TH~y FIE#H
BRT 5L, WAREHIEBO A ORF A VRICHREBEN D,

Table 4.5 \Z& ¥ —7 v ADHEE OBILBI AR OKRREERETY, TOWV V—F A
CBWTI, HEE O 6% BB L 158kg DKBRRET D, 2OV —F U ATRMO 7 —R
LU RAETHABENDRN, ZOEAIX, FLEAREI BRI E, TLT ADS O
B & 57 —F U ERRKE <, BRWBICE RE TR OEERERZD TH S,

Fig. 4.1.4 1 RCS WOKMIRENELETT, T~y FBIRKICET 5 RCS DIREI,
RCS WICHE - 7 FP B RAT 5 HBHNC X - TR ORER & T ER$ 5, STHEMASR
. VERAE E RF R FAEROaY s Y- R paT - ary Y — NRSEICREET 5K
72 ¥ OIEEENE N A1 X o TEADN LT 5 (Fig. 4.1.1 BR), £ L TEHBLKE 745 21
RF R NS EREE LABREI R E ST S A ETT 5 & RRREIARAI SRS
DT IR IE B OES ERTBOMTR B, 1350 SMTEHIH T — kB EafR
BE (Fig. 4.1.5 OEMABRNBEZBR)ICRY . T KOERPIERIZ/RD L BNERO
A ERNIET B, - QKT — v AT, EEEKROEBICEKL TV DT,
A%@?4y@—%%ﬂmLT%%éhé%%ﬁ%mgoﬁﬁﬁﬁﬁﬁﬁhﬂmf%&m&
RELTWARD, BHBAE 1662 SICHMARIMBEMRET 2, RTFRE T, &
REMEIZ L AT RAORAC LY EABBBC LA T2, RFFEBOEND ERITLY
FTu—7 7 hCRANREE . BHARIORH SN A AL, £ 22l UREEA~ LR
b, :

(2) TQUV FEIKH S — R . o '

Fig. 4.1.6 X 08 Fig. 4.1.7 [CEEHH o — R D RCS PO SRR & #AA SN DIRE DZIL
%ﬁﬁn%%ﬁ%&yF@w%/Hﬁﬁ%#éi@@MB&U%%§%W®%mﬁé@&\
BEBHEO Y —R LR U Th B, WHINEHL, OV~ hMAEBIT 2 £ TIT, _FRFVK
USRS S AN S MCET LT3, AR ME, BEBRmE 779 o1
VEBI L. WW D A B BEEA~RM S W5, OV ARy M & BB~ N R DR kiR .
OV EMNCIEET BN, EBREE (BWMARREED 1.5 »bNr MEEREE B
HIE) ETO 3 [BRETH D, EHHE TS —AKRBEFHEICRB L, T—AIKDOERRER
TES L 72 B O THRINEEIENIL B OLSR LAY 5 (Fig. 4.1.1 XU Fig. 4.1.7 2 ), £ D,
BB OENCREV SRR hOEB)/ZE LRV RSN D,

(3) TQUV-D/W RV A BRI —A

D/W AP LA K. BESEEAAE. 1200 4y (20 BEf) THEIBT S LEELTVS, DWRS
VA, EORE 7 — A EKEE LBERREZROR Y TROEELZHAOT DV CRITDL
NIEAT VA ~y = DRMHEREAKIZBKT 260 TH D,
mgusﬁﬁmmgm&mefoJ@m&~x®msW@ﬁﬁﬁ&k%%%ﬁmm
EEBL DAL 2R, D/ AT LA BMEIRT 5 F TORCS R UMM ER N ORUK /12 BhIL,
BERBEOr —A LR U TH B, DWAL VA BMEBTHEA I T, T A ZNVBERR



JAERI-Research 2005-021

TH D, D/WAT VA DIEBNC Ko THRINAESRFER P ORI ENE S 5 O THRMARN
DIEFEH 2 WK T 33 (Fig. 4.1.1 28), D/W 27 LA BYEEIT D15 DB B W T, /K
RTHDENTH TS —NAKOBERE N =D, 27 VA DEBNZ L > T D/W OFEHRIEE
E—BIC LR35, LU DWW AT VA O & FIRICER SN ABRERBRER LA
CESHI TS — A ORBIC L D . T VKIBIIRAITIET L, 23S DWW R W/W @
FHRIEE L RLIUET T D, ZOF—RTiL, DW AT LA OEBHIZ & > THRIBESR? S
D FHEEEBREN RN T 5 DT, BMERBERICE D RV,

4.2 BRBEIL (1B) & —4 > =

Fig. 4.2.1~Fig. 4.2.3 12 TB 3'— 4 L ADBIEMEIRr — X, FHBEHIr — &, DW AT LA
BB — 2D 3 r— R BRMABROES, RCS 0)1—73&0‘71({_::@’2'([2%1“;‘

(1) TBIREREER I — R

Fig. 4.2.4 &X' Fig. 4.2.51C TB ¥ —4% » A DREREE 7 — R 1Zx4 5 RCS NOKFIEEE,
BWBHRANOREOELETT, ERMBREREFLKTH 5O THFFAMIL. FEFIFERE
BERRA AR (RCIOIZ X Y #ERF X 5 (Fig. 4.2.3 28), RCIC OEERICIZ, HIEAEBAL LT
Ny TV —PobOERBERLETHIR. 2Oy TV —FRIZSEHEWLEEL TS
FLTRELLARICEY . BLEREFR (SRY) OEEINED R3O TEAIH 77—/,
S ESRLBR AERTICARFNICE T 5 (Fig. 4.2.5 218)

HBRRAE 480 45 (8 B 128y 7 U —BIRAKEYB L RCIC iHfE1E¥ 5, D%, RCS 7
EEDE R OEBICED (Fig. 422 Z8), £ U TEKRBIAYE 856 MICEHRBEIAE
$ %23, RCS WIZEED E EBHIER LTV B 70, T~y FOBIEIC L Y BRRE %
BREBEOH ASEH L, MWABROEN% LR S5 (Fig. 421 B1B), KEL -7
ATHD TV =& ZTl iﬁ&hr‘xmotJ)ﬁ%&kiaf%#ﬁ@a‘%@rﬁ %, 0.1MPa
?%)EJ:%TZM

JESI B BARRC B DB E OBRLEIA 138 22%., KFBERAERIL 566ke & 720 TQUV 3
— AL R 4 5L IZ72 5 (Table 4.5 2/R), BAETHKBENTQV —F R LY
LVDIE, IFDEBBIERZIA TQUV S — 4 ¥ RIS~ AR EN T b &
8 ADS DMEBH L2V b, DO NEIER & 72 5 BN DT KB DA E STEFE LT
WA ER- KRB EESREZ LiITE B,

- F L CEHEMBRAE 1468 ST _F R A NVEROERPEBEE, A% 1860 DITHMA
BT B0, T R FNFEERERICBWTEAIE 7 — 1V KOBEFBECEERETH S
DTRFT A NERD DR ZRIEE E TORRMIE, TQUV —& v R EH_EW,

(2) TBEHMM I —R _
Fig. 4.2.6 X O Fig, 4.2.7 [ B H 7 — A D RCS NOKABIRE., BHABNOREDEL
EIRT, CV AU NMI, EERATANBRDOTA L O—E%2 BEIR TV EX HERT 32
B, Ny T ) —BESHEBT S LEATERY, ZOHAE. BEMBO S —2 LUK
REMRD, K TIE, FEITIA VUV EIEERTZ2HDE LT, CV RV hOEED



JAERI-Research '2005-021

r—REERELE, '

CV N b MEBIT £ % TD RCS RUMESHARIRNOBUK 28I, REMB O — R LFH
Ui B, RCS Wik, BETH 5D CEARBTH~y FE TRMABROEANA LR L,
ZDZA IVTTH LEIED CV 2 FBEET 5 (Fig. 421 Z28), TAW ¥ —4F7 2 AD CV
Ny MEBID =R LARTRIR DD, FBIDS A IV T LB LTEB O CV Ay MEBT
T VRBEBETEETH D, Thit, TDI—F 2R Tt RCIC OEBHC & v F i
T OIREPEFUSITFVREEICH A Z LT LD, i CVARy FOEIRBT IR
BRBADESNEARH OGNS, %2 EHLBEOZESLL, TQUV EFEEETH D,

(3) TB-D/WAF VAR —2A

Fig. 4.2.8 X ' Fig, 4.2.9 IZ D/W A 7T VA A7 — A2 BT 5 RCS NORKHFHIRE & A&
NOBREDOEERT, TQUV > —Fr A RRBZDMIE, XFXZVEEHERNZ DWW A7 LA
PEBTLIRTHD, ZiL, FLEARDOEC L > TR LDEMBGR SO A RV M5
ERZNEBND Z L2k D, RBARMHT TIL, D/WR T LA KIZ L BIEBREIOBENIEE
LTOWARNWDT, F7YREANGES—METFT L, 22 TARSNS, Z0r—Xit,
TQUV S5 & RIS, AR, b OBEROBREICRIIT 5 = &1 & 0 HnA S
RUTILE ST HEHUIE BT 5 (Fig. 4.2.1 XV Fig. 4.2.9 2],

4.3 [RERIEBI A SRR K IR (TQUVLW) o —2r i R

Fig. 4.3.1~Fig. 4.3.3 |Z TQUVIW > —4 > A DBEREr — X, BHEKEH 7 —X, D/W A
VAR —AD 3 &= R KT DR EROES & RCS DEA R UK O 2R T,
(1) TQUVIW B/ EREE A7 — R _ :

myMA&Umgm5KﬁEWE#—xmﬁﬁéMswﬁmﬁgwgwﬁw%mgﬁw
DREDEILAFY, T0r—A T, BERITEECHS M, [EEEAR LPCD HF
BYY 50T, BT 14 1 ADS IC X 5 RCS DIRIEH (Fig. 432 M), /|71
EKIRE LI LPCLIZ R VAR LADWADBI SIS (Fig. 433 BIR). ZO%k, LPCTI2IFH)
/MEIEERYIEL, FLOKMITHESE S AN, FRCELO ORISR LR ERCEAN
HlF =T &N D, EATR T —Mid, BBEEDN D OBRBEHRECKMLTWEO
T 6 RFMRE CAMC /2 5 (Fig. 4.3.5 2R), KESEFIZ/R25 L LPCI RV IR, Fr b
TV arERITOTFEL~OEKBRAREL 20 FHBAMESE 483 4 TR LOTEHN
¥ B,

TQUVINS —% > R 1%, LPCLASEBIY 5 2 b4 DA D BIRARSZI I8 < D L~
TQUVIZ B~ B D G, LPCTHE IE 2 B IR VAR BB 5 & C ORI b lE BBV, 2 LT
FERBRLRD DRI ARBHEE TOMB O BEBA L~V OBBIZ LV EL2Y | QW —4
Y ATIEKI20053 ThHoTeDBR, 2DV —kr VR TII40055 L IEREThH o 12,

TENIRERE. FHBAAERSI0 N ERE TR 5, EHREUHERIIR T 2 HBE O’RLE
EIIR44%, KEBEREREL1160kg TIQUV S —47 L ZADEFEE, TBY — 4 A DAUZFRE T
B o7z (Table 452 ), BAETHKBEBTQVY —7 VR XY E VDX, 1 LEEBER LR
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DRTQUVS — 4 v AT AR T BB L ~AB KRN & FLORENGE L 7225 RHI
I KB DBEB W LT B e DB kRIS MBS W LIk B, iz, TBY
—hr VR LD KRBEREERRSZ VDL, TBY —7 v AT AR TFNEAROEENZ L DIF L
HMOBERBRICT ., FLEREBIMGEY b ENFHRWIAE TORMAE 20 &R-K
KiaeEshizeZELx b5,

W%, B 1516 49T R X ABHRBHET B2, ~F R X AR OB TR
%E%m%ﬁ&ﬁ<iftﬁbfﬁb\&?xawmﬁ&ﬁﬁmﬁmﬁ%%mﬁfé@g
43.1 Z2),

(2) TQUVIW FHEMMH 7 —2A

Fig. 4.3.6~Fig. 4.3.7 [ZFHHIH & — A8 % RCS TABDIRE & N SR ORE DL
BT, OV Xy RAMEEIT 5 % TO RCS RUMMA RN ORUKIZEBIL. BEBRO T —
ZEFCTHB, H1EHDCV Y NI, EAEBHEL T XA ZNVEBAOR TEHT S
(Fig. 43.1 1), 7= 1B ¥ —4 R LRKRIC OV <> MEBNC X Y EA#IH 7 —/VIZEE
T B DT OV Ry b IR T CIERARNOEN ER B S b (Fig. 43.7 20,

(3) TQUVIW-D/W RS VABIHIr—2R .

Fig. 4.3.8 2* & Fig. 43.9 12 D/W X 7 LA @AY —RITIIT % RCS OKARIREE & s ss
NOBEDEETT, DWW AT AL, ENEBBE L XTAZAVEROBTRIBYT 2,
TQUV R TB S — 2 v & & [AIAR. BRMZSEED b DRREBR BRI T2 O TRINASRRAI
HE ST EYIIE BT 5 (Fig. 4.3.1 KU Fig. 439 31), TB v —F VA LRIkR, T ORI
BT DN AT LA KIS & BERRB OB AT EE L TV,

4.4 EEDRIEBRAERARELRK (V) o —F R

Fig, 4.4.17> b Fig. 4.4.5\2 TW & — 4 o R DMBERHR Y — A DHEMARN OETI R IRE,
RCS NDEA, KNI, KABREDELEZTRT,

(1) TV REmRHE S —R

=D — AT, FFKAL OIS FICEENCSTZ KR & 35 R TSR IRRERHAENR (RCIC) O
B/ 1L A3 0 R S, RFFERALIHER S h 5 (Fig. 44388, Ll BEEBIREICK
BLTWB T, FLTHRAE LRESE, SRVERE CEAMR T — kit S,
L5 2335 5 (RIS AN IBERR T B (Fig. 4.4.15 ), BiNARSHET 5 2 & TRCICHH
fegase U, EHBIIAE253T I F LA IAE B, T 2T, RCICOKIRIE, EH#HT—
JURMEFIFRFUKALICEET B L KR ECST) b EAHH 7 — MBI D B2 20, ZOFKY—
#yx?mﬁﬁ@ﬁm&m%Lﬁwt&ﬂn@ii%ﬁéhkoit\:@%ﬁv~7yx
ELR%Wﬁ%&@%%?ﬁb@%ﬁ%éEEV—#yXf%D@hAAﬁﬁ@\Eﬁ@%
K. BB AT 2840 TR TR T %, E N ABRHRRIC I S WEE ORRILEIA13H949%.
IKEIA B1L1290kg TH Y . MOFEH T —r v ADHTHE L% /o7 (Table 4.551),
SR, MO — A v AT AR TR L VR R BN D FLIERBRIAD D E



JAERI-Research 2005-021

FEEMHRE CORBBE RV B ARISMEES Wi L EX BB,

FE SRR . RURENE D/W DRFRFARIHKIHEN, a7 « 2v 7 U — N
& BIEREIES R DORLEDIE D, TO%H, FAIVEBEETS L. FHICAES
BIE I 7 — ACTERRE B E T L. BT L5 T — VK ORENER L 25, Z0O%
o —& v AL, BMABRREZHEELTHWADT, ar 2 ) — NMEEBROIEENEN X
®%$&U~7x5wm@%®7~wm®ﬁ%# KRB NORES 2 BE A~ S
BEBH LR B,

(2) TH A o — A
OV L F DFEBNIC & 0 RS RE L7e vy, S AUC & 0 RCICIZ & 3 BRI IE LA
TRECTH Y, RBEHRERDEBAHFHTE 2O THFLBEBICELRW,

() TH-D/N 27 LA IR — 2
D/W R VA DEIBIZ & » THRIEZEN D ORREBREIZRIIT D O T, BHEERIIEE
LAWO TELDERBIZE DRV,

4.5 FFIFER T T LK (IC) —4r A
HIEBEO—HOBWART 2 LB T 572D HAHO—MEE LIDRETOHEIT. KISE
AT E T ABHDAE N TORNE L b THALES-2 =— R TR TE RV, 207D
IC L —Fr v RADIF L T O AR R HN DR L BIET 5720, WH KR DN OFEHLBE
EEAECEBREL. B 1.5 BIRE CHRIESEATERT A bOL LTY—RH—h
BN R M LTz, BEo T AL — 7 L ACONTIE 5 EIZBNT Y — R & — LT
ROBETT, -

4.6 A~y NEEZICBEY 2 XERRTF

FOTET O BIERZIE . P O~DEAN & OBREDHM, M MickoTRESH, 1
DHBEER — 7 RACEoTRRD, 2. TOBROFELIERMEE, ESRRERMEL
Vo la A Ry N OFEERANL, FFOTEBIARS OB R O BEBO B RICIKET 3.

Table 4.6 1= TC 2[R < 4 DDFE MBEE S — 4 v A2kt 5 BB A b IF LIERBE 1
ETOFELTRE LRER, FL0bORME, FL~OERBE, K10 hOREHE
ARG O i 2R, R0 b OREEIL, FLBHROEBORRICE > THRESh D&
Th D, FLTOEMAE L EROERLH 5 &, FLEBBLAR A TCOEHEAEN S
B~ AR, FROEBRBENZ EBbND,

TQUV r—4 v Rk, BELEARBREL BNR2VWERS —F VA TCHHDT, FLTOE
BAERRE LS <, FOAERBIAY b ISR £ CORMMEIL 156 5L HHEV. Eh
XL, TQUVIW & —4 v A Gk, LPCT RSB = 7o bIc, J6i LT Bl ok
BN TEY ., FLERBAD D RE S TORBMBRIL 121 2L EROERITED
B o, FOTRBEEDEOEROER I, FOTHICET 2AHKOEERRY
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ERIKFIENORET HREICHHET 2O THMTITRVWAE, ZOEFBENS HK
Vi v A ERFLEERBRAAD D E N AR E CORHMMRAE VB L DD,
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5. V—R 5 —LIZET BRATER

AN CRIE LI Y — A ¥ — LEITRERETRT, AE TR, BAAHREERLY T A
&wﬁbﬁg$&v~#yz@§wﬁywx&~A«&H¢%@%mmac

5. 1 BANARHRETER T T U A OMEBIZ £ B Y — R F — A~DR R

AECIL. IBERE RERALE D/W) . BHEHH. DWW AT LAEIRE Wo Tz 3 DOKRME
BRHEAETE A S ) DBV VSEREEA~D FP DIHEI S ~RIFTEEIZ N TRAS, £,
B 5,11 BUCARREZRIF DIREEH — 7 2 R TQUY 2T 3 DOz STk
FUACBT BT T MO FP BB EBBICHIIT 5, 512 HIZ A 7 LA HiE ORED
FEIZ X B FP DBREMR~DEEL 513 HIZREE~D FP i HEI &G ~DEEIZ OV T
MRD, ZZTREHICEWTERY o7 FPIE, Xe, Te, Csl, CsOH, St, Ru, Ce ® 72D T
HBH, 511 HTIXREMZ FP THS Xe. Csl. Sr D 3 DT OWTEHHMIZHAT 2, 2D
D FP DWW T 513 IR TR~ 3,

THALES-2 =2 RiZRBW T, FRV = — ANTEENT 5 FP OFEREIL, OF AR FP,
QOBREBERAKEZET TR YL, OWHNICER LS OXIKEIREELEZLED, @
BB LT ey, OB~OERE. OBE~OILFERED 6 DIZHELTEY -
T3, AREEICEBROMIL, RO 3 DITEHLIERL TN

il REL TV LD (LRI TO+OIZHEY)
hE SLELTEY FPORE THAENFARER LD (@+@D+®IcHEY)
=2 & P FREARETER LD (@ITFY)

511mw/~&/x®77/théﬁ
(1) TQUV BEREHE 7 — A
(i) Xe DFT v FNZEHE)
@ RFFHRHRND Xe DEEH)
Fig. 5.1.1 [ZBREH B D Xe DRAER L FEET LF ADKR OB TS, BED SO
Xe DFEAEIT, BBIOBEMPBINED LIER L2V | JFFEABBOTEH~y NHRHET
5 E CIAHFRNERD 8T%M K SN D, Xe DRAEL, JFLFFR EICER LT
BRURBI R B OBBIZ L > T TFTH S LT ACE s A HM P ~E T L, 2 THE
ENDOTRENIMZ B D, Fig. 5.1.2 1T RCS D Xe DELETRT, RCSHD Xe td, T
LT LR RET A7 M5 5E T SRY B L, KKK L HIEANE T — L ~B
715, ERTE~y FAHIRT S & Xe i3, BERUREI L LICRHAD 2 D/W ~HH &
N3, T0%k, WEREIL RFRAZNVEKOMETH D a7 ) — L ORIGENORET
% FIEEEMEHEN R X > T D/W DEANTERT S, £ LT, D/WOESH RCS DES &
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DEL 2% L., Xe lLRCS ?\ifﬁ“ﬁﬁv“éo)f‘ RCS D Xe DIMB A B D,

® vxzy bU=VND Xe DEEF)

Fig. 5.1.3 {2 W/W D Xe DEALETRT, W/ N Xe I, {FLIERBALAHIZ, RCS 236 SRV
RETHAT D Z LIC X VBT 5, FHBAED S 800 STREE TOM, WV ICIk#E
BB BB DI Xe S ENTH 5 BRIKTHEIC & 0 KICEMT B 72D TH B, Z0OH%,
M7 — AR L 725 &, S—AAPDEKOREREL L 721 | HIHREIE
T DA ~OFARE U B e, F—AKRIHMR L7z Xe 1, SHETH L BT 0OBE
TOBMEBNEEZE L TWAD TR KM SRS, % L THMARIHAICES &,
WL TV D Xe DREBIL, MBSO NRE TRE~RH SN D, T~
HKITEIR L TVS Xe 13, FERFD Xe RBRE~HHINDZ Z LIZX D | Xe DRIETFH

RS KBRS AKEN BRSNS,

@ D/WHN®D Xe DZEEE .

Fig. 5.1.4 12 D/W D Xe DE(LETRT, ~2F A ZABHME TS E Tt EEHER L%
B LTWWHRDS DN A~BITT S, Z0%, _RFAZVOREENEIS L, D/WE W%
EERESERIEL, MEOEAZICLY Xe BBITT 2, EHEHNET—VCET
U7 ERREBHZ K o T — VK DERNRAED L. ZOEKOTWIIC I 5 W FHRF
D Xe DWHT L > T, T—NKICEE L Tz Xe ERIBEEICESE BB I D/WNIC
BATH B, T 0% TEIRED S OEBIC & o TEHIH 7 — A KB EFI /25 L W/W
6 D/WA~D Xe BT E HITMEEND, £ L THRMARISBERT S & DV HO Xe
. BETFEEREA R LTRE~RIH SR, |

@ BREEA~D Xe 0)735({:1:'. v

TQUV 3B ERRE & — R (RZIRALE :D/W) DBREE~D Xe @ﬁit.':ljob\'(.&ﬁ@ﬁ"é Fig. 5.1.5
(CBEREHE S — 2 BT BB~ FP OIHEIS 2 RT, BEE~D Xe OHHIL. 4
RBERWIET 5 E TRBMER» SR TFFRE~OBRI CHELERRICEZHOT
HbD, HTFRBRE~NRELUZ Xe X, FEEATALERO 7 ANVEZEZRHALRZ v 79
LBE~HHEENS, 2L, XelZ7 4 VA TRESK T, 2ESBRE~KHEINh 3,
Z L THMABRNTET 5 & 75 FAO Xe 1L BERHE CTRE~KH S5, Xe 11,

B, WIHTERRNEREOMN AN BE~HRH N3,

(ii) CsI 7T hPNZEE)
O RTFWERAD CsI DZEH) ,
Fig. 5.1.6 {2 RCS ;N CsI DAL &Y, CsI L. Xe & ABICHEREOE VWE THD
7o DOBREN B ORI X, TE~ v FERBEEMEE CIZPIHFANBED 87% X F LI
HEhz, Ll Xe Li2E20 CsT ik, WEHED DR S & BRI & 2 MAIEKE
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DIETIZ &Y BERRET AT 2 Y VREIZENET 5.

JELNTHAE LTz CsI X, SRV TR ADS 12 & o TEIMH 7 — A ~DOFREDOFTNBLEL %
DT, RCS WIZBVTIREAR F—AICRHEFEL TN, Fig. 5.1.7 I2 & F—AHD
CsI DRI L DBOELETRT, T~y N, RCS NTHA L7 FP OFZRNC &
D, BROEHKEEIX LTS, =0 FP ORRESC & 38 TRA 450 LR, &R
F—ADQBIRERERICR Y, BEOHEKG22Q)LFREETNVER) Th HLERE
BEOXEMNT 5 L & bio, BERRICEE R Ot LT e CsI ik, Rl 1050 E % Tk
R LSRR TERRT S (Fig. 5.1.6 ), TO%, RCS O CsT i, HihARi

BlLoThibENIBELCEY, %@jcils/\z;x”FﬁliJ\/ RO A5 D/ ZiEH L
TRE~KHEN 5,

@ w=v hT=ANDCsI DS

Fig. 5.1.8 {2 W/W N D CsT DEALETRT, W/WHOD CsI ik, RCS 25 SRV EH THAT S
@T\%®k%ﬁﬁ&ﬁ%ﬂ7—wk%ﬁéx?ﬁfyﬁﬁ%KiD\f~wmkﬁbn
LD ThHD, RFAZUNMIET S &, CsI ix, EHE. DN M HMAT SO TREERNR
ETHIINT 5 03, BMBSRARERICE S LBiEL TV 5 CsI OKES M D/W KR FIFE
BE%s L TRE~BH S5, '

® D/WAND CsI DEHE)

Fig. 5.1.9 {2 D/W @ CsI OZAL &R, D/WND CsI 13, EAFBTEH~y FBAMET 2
FTIR NN OELEWERLBHILBITLTERZLDOTHD, LNL, ZOBIT LR,
AP T NAKTRI T T ENTHED D THDDEORIIPRY DI, TD
#%. THE~ > FOERT 2 &\ RCS [Z¥RHET B CsI DRERSAS D/W ITHH &5 728 D/W
D Csl IXAMIHINT 5, EE_FREVCET LBRRE»b b a7 a7 U — b
RIGBHEITT AR S CsI REAET DD T, D/WAOERBERIZE HITHMT 528, WRRE
DEEMET UHEMETT 2 &, L LTEAERBRICL Y CsTIIRICILE T 5 O TH
(& 3T T B, £ U TRMASERICE S & D/V RIS 5 Cs1 i, BHRR LV B
~HHEnd,

@ BE~D CsI O A

BEE~D CsT ORI, Xe & FRICHMASRRE CIBMARN D ORRIZE S b
DTHY . MMBEBMHEZIT. BEOPLREFFEEEZEH L THREENS (Fig.5.1.5%
B, BT CsT i, MIFFENNREOR 3. BNRE~HRE S D, BIWFSEIBEAT
5ECIEFFREB~RE L7 CsI 13, EFEATALHEROT 4 VF T 9%BERESH
2E I POREENS DT, ZOBRE~OHBBEIGIED T/HEW, CsI DRFE~DOK
BRI MASRERIC X v Z 508, i & iz CsTIRFFMmEAIRRNICREEL T\
LORKEH % ED D, |
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(iii) Sr 77 v hNZEH)

Fig. 5.1.10 2288105 O Sr OHEIE & TEH S VT A DOKMDOELETRT, £ Fig.
5.1.11~Fig. 5.1.13 {Z RCS, W/W, D/W D Sr OFAb%ERT, Srid. EHERMTH 50O TRE
Moz TrY e LT ENS, FPERHET /L& LT CORSOR-M EF /L& ANTN D
DT, BB D D FP Ok HSRIL, R R OBRERRE L EBHPICEEN TV FP B &
S TEE D, FOERMOYIM B TIE, #EREMEDORE Xe KU CsI OHIT e~ BEHEZEM:
T 5 Sr DEHIZD I, Fig5.1.10 THRZIK 50 43235 140 4y D, BB & O
BN LR WHIR D 585, ZHFE ORI ERIC2F LA TS L ACBE L.,
ERUAEIA N — BB END Z Lic kD, T~y FEHEE TITREP LR Shiz Sr
X, OIHIERANERED 0. 6%RBETH D,

BRERN S B ST Sro bk, KEER & 25T SRV &REH LEAE S — A ~BITT 5 28,
Sr T 7 R Y ABETHS D TRESITS—AKICHBSNW-EE LD, TDOW Sr
A H A CTH D Xe LITXRINC W/ OBEZERIES 2 H L TO DN ~OBITRIID 2L,
D/WA~DOBITIXE L LTTFE~y RPBEE LZBEOFANLORHICL 2D TH D, €
D%, a7 a2y Y — MUSKIZERREIN S O Sr OFAEIT LY D/W OFERERHEM
TBHH, St =T uy AL LTT Iy MEBET SO ENRBIT &Y RH & IR

CIZHBEE LTS AT RSOV, ERREE SR S TR SRR < e 2 0T
D/WN®D Sr DREIXE BITIETT 5. EDEDHHEMKINEMBTRBARIZ XL 2RFTE~DK
HEIE D TH R FHIELANRED 16X 0%BETH S,

(2) TQUV FEKH 7 — R
O BMABRSHAT 2 & FP MENM TREICREASARH S S O THRE 2L S E 5 R

NRbB, TOMED—DL LT, HMERSL ROV RV NI EZBE~OFHES NI
R BRI D55 2 BTV 5, BEKHIRIL, HMARIHERT 2 #IC Fig 5114 0K
RITRT & 9 IHRMHBRBRNOFRERKESY N - EAMKIT—A -0 &M - 2% v 7%
HTHRRBICHRHEED Z L TEARIEEZIT), R¥ vy /2bEHEND Lk, FP O
B REREBDD L b, EAME T —AERETHZ LTS —NVRI FEVTHRIC
X % FP OBRENHIFTE B,

ZOBBEBH Y — A TIEMEBRORFED 1.5 TV MrEMKSE, 20k, £
HIBPEFT LG, REHETHL S EDIRE LT,

CV Xy NEBIT 2 ETO PP EENX, BEHBEDOr —ALFA—DEETHD, 2B, Z
D TV ¥ —2r 2 2T, BHID CV X2 FOEERHCIE, EAFBTEH~Y RRURFT R
FVFBEICHER L TV 5, '

(1) Xe DZEH) ,

Fig. 5.1.15~Fig. 5.1.17 {Z RCS, W/W, D/W D Xe DEALETRT, ZDO7 —ATiE, (V2

N & W THRAMESBNOE I 2 EZH L TWAH 0T, REREY — R ORERRANE I
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BEORBRBEX R, BERES — AT, ZORBWRBMEIZ XL > T RCS IFEEL
FP SIEEICHH S ns, T OB — R Tk, RCS ICEIEL TV 5 FP ~DREIX
DR, THUELRCS WTEEL TS FP OKREISIE, BR R —AIHFELTWD 1D TH

D, TOFP ZFTHE~y FOBWEONLREE CTHRIHIE A2, BEBESr—AD L5 7%
L0 KERBERLETH B, VY RAMEBL TV BHIFE, D/W RN/ KM Xe 13
RREICHREEND, EREAIHET—ARNICERL T D Xe 1d, [IKEE & BITROBRE
THEEEN S ZE L TV B D TR IO T 5, '

Fig. 5.1.18 \[Z BB & — X ORISR FP £ Tt 3 2 RE~ORHEIA 27T, s
~D Xe DIHEIAIE. TIHIFERNBEED STHRERETH D, CV 2 hOEENT LY BEEA~
B EB FP ORI, EBIENICET 57T Y MNICERIET 5 PP ORICEET S, 7T
¥ FICERIET 5 FP O &%, D/W OFRERIENT 5 EARBHHEUE CHIE, Figo
EREZBENEEEL RDHOT, BE~NHMHENWIELE 2P LEE1 NS, ZOF
BHRH7 — BT, CVAY MIARIFERINTND, TQUV ¥ —F » RZEIT D n(n=1
~4) [EH D CV -~ b DEBNIC & B REE~DFIHFI & % Table 5.1 1R, LBEOMERL, nlE
Oy MEBNZBIT ZRE~DOKHEIES. TEOHEITSEKNZBHEIEGEHEK TR IR
35 n[EBOBHEIEDHERT, CVAY MEENZ L D2RE~DOKHEIEIL, Table 5112
ATEIOREIEENKHEL . HEKTRO Xe OHEIEK 0.87[-10 18R DX A
IVISTHIEND, £ VAV FOEBZERZBICTT v FNICERET S FP BT
DPFBOT, EOBRIERE~NKHEN DB LTV,

(ii) CsI DZsEf

Fig. 5.1.19~Fig. 5.1.21 {Z RCS, W/W, D/W ® CsI DEA{LERY, RCSHOD CsT iE, & LT
A R MZBETET B, O~y M XBMEIC LY, BR F— AWl 5 4 2RO CsI
L. EAORBEMENOMEBT A FH LS AMICBIT TS LIk, B F—AlikE
T 5 CsI ITHENRERER A OND, CV2 NOEBNT LY W/W NI 5 CsT i
T 5, ZHUTIZBELTWS CsT id, WW XY D/W DHEREL, OV _2 hOEENZ LY D/W
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APV AZ & D FP ORYESIRIZ, MEBETREINDIANR—V DO TIRA SV A K
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SFEET D, ZTHUE, D/W Tik, SRV-ESME 7 —RE TOBIT. EARBTEH~y Pk
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TQUVIW TIIE 2 @B k£ CIIXF R A NABKRBHEOKRETH Y, EHIHIS—A2RB LS
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[LHEZRELRTWVDOT, HARFP LV =Ty VOBBTT I MREBITT D, €Dk
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LTeo AEiTE, FLEEERY —F7 V AOBWI X ZEBIZONWTHRRS, BIE~DK
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U BB B, &Nz Xe X, SRV #BH CEAIE T — /Wi Sh, KBSEARIC
5 U R LhE B BT B, Xe D W ~OHHE & & 0 EZRHEREE TO DN~
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HEh5, 2OEDFELMEEERY -V ADBEWZ L ZRBE~OKHBIEGOEITFRLER
W, 2L TQUVIW Pr—4 v AL, BREIN DD Xe OEHEISBD T —F7r AT D &
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% fe OIS T~ A~ OBITRE LR LI,
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LdoT, TOREYE EDBH 80%NENET — VBT 5, ThickL, BEY
—dr 2 A (TB T IR TH) T RCIC RO AL R 7 LA MBI D THR LIERRBIAA R 208 < |
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BVRBEAD CsI OBHEIRICRIETHEBIZ W THAT 5,
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Table 5.2.2 #AAH & CsI DILHEIR & FEHHH 7 — N~ DI HEIS

RCS NTOBENHD | RCSHEURCS | S/P NEEZIA [%]
Csl R EIE [%] AN TORENLD | (T AR
Csl kB
, [2]
TQUV 87.50 97.27 79.80
TB 93.01 97.13 66.00
TQUVIW 87.10 94.82 86.00
TW 93.63 97.06 77.80
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Appendix 1 Summary in English

Systematic Source Term Analyses for Level 3 PSA of a BWR
with Mark-II Type Containment with THALES-2 Code

1. BACKGROUND AND OBJECTIVES

The THALES-2 code! "3 is an integrated severe accident analysis code developed at the
Japan Atomic Energy Research Institute in order to simulate the accident progression and
transport of radioactive material for probabilistic safety assessment (PSA) of a nuclear power
plant. As part of a level 3 PSA being performed at JAERI for a 1,100MWe BWR-5 with a
Mark-II containment, a series of calculations were performed by THALES-2 to evaluate the
source terms for extensive accident scenarios. This paper presents the insights from the
analyses.

2. FP RELEASE SCENARIOS

In this paper, the FP release scenarios are defined by combinations of a core damages
sequence scenario and a containment function failure scenario. The core damage sequence
means a combination of success/failure of safety systems and operations for prevention of core
damage. The containment function failure scenario means a combination of the containment
failure modes which define the reason of containment failure such as overpressure,
overtemperature, accident management measures taken for mitigation and the location of
containment failure. As for the energetlc events such as steam explosion which cannot be
31mulated by THALES-2, these scenarlos are out of the calculation case.

3. MODELING BY THALES-2

The THALES-2 BWR version, used in this study, simulates the thermal-hydraulic transient in
the reactor cooling system of a BWR and its containment and reactor buildings with
consideration of the operation of emergency core cooling systems (ECCS) and other engineered
safety systems together with their control logics. ”

The thermal hydraulics model of the code is based on a volume-and-junction concept.
Parameters such as mass of fluid, pressure, mixture level, void fraction, and temperatures of
fluid (gas and liquid) and wall are calculated in each volume. The core region is divided by axial
and radial nodes. The temperatures of fuel and cladding in each node are calculated with
consideration of the relocation of molten-fuel to lower region. Severe accident phenomena
considered in the code include the hydrogen generatlon by the metal-water reaction, reactor
vessel lower head failure, hydrogen burning in the containment and genera‘uon of
non-condensable gases by the molten-core/concrete interaction.

" The models for the FP release and transport are based on those of the ART code? and they
cover the release of FPs from fuel and the transport of FPs in the form of gas, aerosol, deposit
on structure walls and floors, and solution in water. THALES-2 solves the governing equations
for multi-component aerosol, taking into account the particle size distribution by a sectional
method. The aerosol model considers the size growth by agglomeration and
condensation/evaporation, chemical adsorption of the gas species at structure surfaces,
deposition of aerosol to walls and floors, removal by sprays and filters, scrubbing by water
pools, and convection by liquid as well as gas flow. The aerosol removal by pool scrubbing in
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the suppression pool is calculated by the Kaneko's model™ based on experiments by the
Japanese utilities. ’

In THALES-2, radionuclides including components of fuel and structure materials are
classified into 10 groups in terms of chemical properties. Seven representative chemical species
or elements, i.e., Xe, CsI, CsOH, Te, Sr, Ru and Ce, were considered in this study.

The control volumes for representing the BWR in the present analysis is shown in Fig. 1. The
reactor cooling system was divided into seven volumes, the reactor core, upper plenum, steam
dome, down comer, lower plenum and recirculation loops A and B. Moreover, the containment
was divided into drywell, wetwell, pedestal, and vent pipe that connects the drywell and wetwell.
The environment was modeled by hypothetical volumes connected with the containment or the
reactor building by junctions representing the leaks or piping for containment venting. Other
models used in this analysis include: the filtration of FPs by the stand-by gas treatment
system(SGTS), feedwater system, reactor core isolation cooling system(RCIC), high pressure
core spray system(HPCS) and low pressure injection system(LPCI) that takes suction from the
condensate storage tank or suppression pool.

A characteristic feature of this plant is that it has the suppression pool under the drywell floor;
therefore, if the drywell floor is penetrated by the molten core, the melt will fall into the
suppression pool and it makes a flow path from the drywell to the containment venting pipe that
bypasses the suppression pool. The suppression pool bypassing is expected to increase the
source terms when containment venting is conducted for preventing the overpressure failure of
the containment.

4, CALCULATION CASES AND ASSUMPTION

4.1 Calculation Case

The core damage sequences identified by event tree analysis in'a level 1 PSA  are classified
into groups based on the similarity of accident progression and these groups are called the core
damage sequence groups or plant damage states(PDS).

The previous analysis”’ at JAERI with the THALES/ART code system, which is an older
version of THALES-2, had shown that could be classified into the following 5 groups from the
similarity in accident progression, where a representative core damage sequence is also shown
for each group as follows:

(1) Loss of cooling function (Representative sequence is a transient(T) followed by loss of
feedwater(Q) and high(U) and low(V) pressure injection systems(TQUYV sequence)),

(2) Station blackout (TB sequence),

(3) Loss of containment heat removal with a low pressure injection (a transient followed
by loss of feed water, high pressure injection, low pressure injection(V1) and
containment heat removal(W) (TQUV1W sequence)), ‘

(4) Loss of containment heat removal with a high pressure injection (TW sequence),

(5) Anticipated transient without scram (ATWS)(C) with high pressure injection available.
(TC sequence). :

The source term analyses were performed for the representative sequence of each core damage
sequence group with THALES-2. Considering the various influencing factors on source terms,
the source term analyses were performed for a variety of FP release scenarios. The present
analyses covered the following 3 containment function failure scenarios in the FP release
scenarios: overpressure, controlled release by unfiltered containment venting and accident
termination by drywell spray recovery. Furthermore, as for the over pressure, which was
considered to be more important than the other containment function failure scenarios from the
frequency and consequence point of view, two different failure locations, drywell and wetwell,
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were considered. Thus, the source term analyses were performed with THALES-2 for 15 relase
scenarios except what can't happen from the combination of 20 scenarios given by 4
containment function failure scenarios for each of the 5§ core damage accident sequences.

4.2 Major Assumptions for Scenarios Analyzed

The following assumptions were made in the present analysis.

The containment overpressure failure was assumed to occur at the contamment pressure 2.5
~ times higher than the design pressure and to have a break size of 0.65 m’ as had been assumed
in NUREG/CR-4624""). The break was assumed to open a flow path to the reactor building
volume which has a break flow path to the environment. In all calculation cases, the
containment was assumed to have a leak to the reactor building at a rate of 0.5%/day. If the
containment has this small leak only, the SGTS was assumed to release FPs in the reactor
building through a stack with filter efficiency of 99% for FPs other than rare gas. As for the
station black out (TB) sequence, the battery power, which is used for controlling RCIC and
other systems, was assumed to be depleted in 8 hours.

As for the scenarios involving the containment venting, which is an accident management
measure to avoid-the containment overpressure failure by a controlled release of containment
atmosphere to the environment, it was assumed that the venting was made through piping
connected to the wetwell gas phase without any filter. The venting was assumed to start at a
containment pressure 1.5 times higher than the containment design pressure and to stop at the
design pressure. '

In the scenarios of the containment cooling recovery, the containment heat removal by
drywell spray was assumed to be restored at 20 hours after accident initiation.

5. OVERALL RESULTS AND DISCUSSION

Since it is considered that the radionuclides Xe, CsI and CsOH, which are volatile and have
high release fractions to the environment, should be important for the consequence analysis, this
paper describes the source terms for these radionuclides. The other radionuclides, which have
much lower volatility, have smaller release fractions and relatively lower importance for level 3

PSA. In order to understand governing factors for the source terms of non-volatile species, the
results for Sr, which has relatively high source term among non-volatile radionuclides, are
discussed in this paper as a representative of non-volatile species.

5.1 Accident Progression and Timing of Containment Failure

In order to estimate individual and collective doses under a level 3 PSA, not only the source
terms but also the timing of release is important. As for overpressure scenarios, the left side
graph of Fig. 2 shows accident progression for the 5 core damage sequences.

In the TW and TC sequences, the containment failure occurs before the core melt starts. As
for the TW sequence which is the loss of decay heat removal case, the containment failure
occurs at about 40 hours by steam evaporation at suppression pool. The core melt starts about
200 minutes later. In the TC sequence, the containment failure was assumed to occur due to
over- pressurization at about 2 hours because of the decay heat generation in the core that
exceeds the capacity of the residual heat removal system. Then the core melt starts in several
minutes. Since THALES-2 does not have reactor kinetics models, the timing of containment
failure was determined from surveys on existing analyses of ATWS events at BWRs.

As for the other sequences such as TQUV, TB and TQUV1W, the core melt starts before the
containment failure and the containment fails between 25 hours and 40 hours. Large fractions of
FPs are released to the environment at containment failure. The time of core melt initiation
depends on the conditions of the core damage sequence, such as the availability of coolant
injection systems and existence of pipe breaks in the reactor coolant system. The time of FP
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release to the environment for other containment function failure scenarios may be determined
as the times of events shown in Fig.2 such as the times of the core support plate failure, reactor
pressure vessel head failure, and melt through of pedestal floor.

5.2 Dependency of Source Terms on Core Damage Sequences

This section describes characteristics of source terms for each core damage sequence. The
source terms for overpressure failure at drywell will be used as representative examples. The
plots on the right in Fig.2 shows the source terms of each species for 5 core damage sequences
calculated by THALES-2. Since the behavior of radionuclides depend on their
physical/chemical forms, such as gas or aerosol, the behaviors of each species will be described
separately in the following.

Most of Xe in the plant is released to the environment in all core damage sequences because
Xe is transported as gas in the plant.

The volatile and chemically active species such as CsI and CsOH have complex transport
behavior because they can take various forms such as gas, aerosol, and deposits on wall or
solution in liquid phase. Therefore, the controlling mechanism for the release to the
environment is also complicated. Furthermore in this analysis, the release mechanisms of these
species are different depending on whether the containment fails before core melt or not.

For core damage sequences such as TQUV, TB and TQUV1W, in which containment failure
occurs after core melt, the dominant factor for source terms is the amount of FPs suspended in
the RCS at the time of containment failure.

Fig. 3 shows the relative masses of Csl in different locations in the plant for the overpressure
failure case of TQUV sequence as an example. The amount of Csl suspended in the drywell is
small at the time of containment failure because Csl transferred to the drywell deposit on the
walls in relatively short time for the reason that the deposition rates of Csl is high because the
temperature of drywell wall is low. .

On the other hand, large fraction of CsI deposit in the RCS in the early phase of the accident.
Much of these CsI will be revaporized by the decay heat of FPs by the time of containment
failure. Thus the RCS contains most of Csl suspended in the plant before the time of
containment failure. The failure of containment brings about the depressurization of drywell and
the release of Csl suspended in the RCS to the environment. Therefore, the later containment
failure, the larger CsI suspended in RCS, the larger source terms. For example, the TB sequence
has larger source terms of Csl than other sequences due to the largest amount-of suspended CsI
at the time of the overpressure failure of the containment.

For core damage sequences TW and TC, in which the containment failure occurs prior to the
core melt, the governing mechanism of the source terms is not the revaporization. In these
sequences, revaporized Csl remains in the RCS and don’t contribute much to the source terms
because these sequences don’t have significant depressurization of drywell after the start of FP
release from core.

The dominant factor in these early-containment failure cases for source terms is the amount
of Csl released to the drywell during the core degradation phase and at the time of reactor vessel
lower head failure. The Csl released to the drywell is likely to be released to the environment
before deposition to the drywell wall and floor because the containment has already failed. As a
result, the source term of Csl in these sequences is usually larger than those in the sequences
where the containment fails after core melt.

As for the less volatile species Sr, the revaporization is not considered because it behaves as
aerosol in the plant. The source terms of Sr have a clear tendency that the shorter the duration
between reactor pressure vessel failure and containment failure, the bigger the source terms.

5.3 Dependency of Source Terms on Containment Function Failure Mode
The dependency of source terms on containment function failure mode will be discussed here
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using the calculation results of a core damage sequence TQUYV as a representative example.
Figure 4 shows source terms for all containment function failure scenarios. almost 100% of Xe
would be released to the environment except for non-containment failure case (drywell spray
recovery case). And Sr doesn't depend on the containment function failure scenarios.

Source term of Csl tend to becomes small in the order of overpressure failure case,
containment venting case and drywell spray recovery case.

The source term of drywell failure case is slightly larger than that of the wetwell failure case. -
This small difference can be explained by the fact that, as was described in section 5.2, the Csl
suspended in RCS is the dominant factor for source terms. This is based on the difference of the
path from RCS to the environment.

The drywell spray recovory case was analyzed with the assumption that the drywell spray and -
the residual heat removal system of containment were recovered at 20 hours after accident
initiation. The containment doesn't fail in this case because of the successful removal of decay
heat from the drywell and wetwell. The FP release to environment is only by the small leakage
from the containment. This case has the smallest source terms in all core damage sequences.

As for the containment venting case, the vent valve was assumed to open at the pressure 1.5
times higher than the design pressure of the containment and close at the design pressure. At the
timing of the failure of the pedestal floor, the molten fuel drops into the suppression pool. At the
same time, the drywell pressure increases significantly and the first containment venting occurs.

Figure 5 shows the relative mass for total core inventory of Csl in the plant for containment
venting case of TQUV sequence as an example. Since the depressurization by the containment
venting actuation is smaller than that by the containment overpressure failure, the
depressurization of containment by the venting does not cause the release of large fraction of the
FP suspended in RCS. Thus the dominant factor of this case is not the CsI suspended in RCS but
that suspended in the drywell. Furthermore, it should be noted that the source term of
containment venting case is significantly smaller than that of over pressure failure case. The
reasons for this difference is that (1) the contribution of CsI suspended in RCS is smaller in the
venting case because of lower RCS wall temperature and smaller depressurization of the RCS
and (2) the shorter duration(several minutes in the present calculation) of release in the venting
case allow the more deposition of aerosol in the containment. The present results suggest that
the containment venting, which is one of the accident management measures, can be expected to
reduce source terms. But it has a demerit that the release of FP to the environment occurs at
earlier phase than in the overpressure failure case.

6. CONCLUDING REMARKS

Using the THALES-2 code, a set of source termis were calculated for use in a level 3 PSA of a
BWR with Mark-II type containment, and for obtaining better understanding on the profile of
source terms of severe accident scenarios. Results and insights from the analyses for a
1,100MWe BWR-5 with a Mark-II type containment were that 1) the calculated release
fractions of CsI and CsOH to the environment were in the range of 0.01 to 0.1 for late
containment overpressure failure cases, and the release fractions for the containment venting
cases were one order of magnitude smaller than that of overpressure failure cases and those for
drywell spray recovery cases where no containment failure occurred were two orders of
magnitude smaller than the containment venting cases, 2) the governing factors for source
terms of lodine and Cesium are different depending on whether the containment fails
before core melt or not, 3) the containment venting, which is one of the accident
management measures, can be expected to reduce source terms if suppression pool
bypass is avoided. '
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