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Develeopment of Safety Analysis Methodology for Fusion Systems [1]

- System Model of General Fusion System for Safety Analysis -

Mitsuhiro ARTKA™

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received February 7, 1994)

One of the most impertant safety characteristics of & fusion energy
system is the fact that erergy and RI (radioisotope) sources as a hazard
potential are distributed over and some of them move around the system.

Abnormal release of these energy sources result in abnormal state
of the system and may induce another energy release, an increase of
vulnerable RI (source term) or a formation of flow path from system to
environment (RI leak path). Moreover, these relationship is complex
and extended over the system. Then, in this study, I will arrange these
relationship in order and develop safety analytical model to be able to
analvze system behavior quantitatively under abnormal conditions. In
this report, T constructed a system model as the first stage of develop-
ment of a comprehensive analytical model.

The system model is composed of conceptual system elements such as
control functions, spaces and boundaries. This model describes the
characteristics of general fusion systems in an overall semse. Then,

I arranged in order the system model mass and/or energy transport or
storage processes between system elements on normal and/cr abnormal
conditions and defined the inter-relationship precisely.

Based on the system model, a mathematical model is being developed.

* Special Research Student to JAERI from Tokyo Institute of Technology,
Graduate School of Science and Engineering, Nuclear Engineering
Department
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This mathematical model enables us to analyze system behavior quantita-
tively and survey parameters controlled by safety features. The mathe-
matical model will be the basis to develop a computer program which will
be a good tool for selection of dominant event sequences and request

for rational safety features.

Keywords: General Fusion System, Source Term, Leak Path, Safety
Analysis, System Model, Control Function, Boundary

RI Sources, Energy- Sources, Abnormal Event
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THMLEERODEY BE L VR RENEY (BDBEs) KBTI, KGRV A
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DK 2N EEROESE (DBEs) KOWTKLERFMALTINE, MH00K
SEREE L BZVENHLELEZ LN TS

TDEILESHESEEITIEGIE., NEETIHVATLAORBELEL. £O
HBMARETLI EMNAHENTHA, FIT, B8, BREI AT LOLE FOREE
BWEIIE DA LUTOL IR,

BB AT 2. RIV—2Z, TRLE ) — AL PLICEFR L THD KER
EHROS AFLTHY, LLBFESEERETCP OB ETREBG AT VY OE21E
WEBLTITLNS,

— 5. BEE VAT L. VATLAPCLRLVE AR Bl - MEETOVT VAT
LIHR T, BB OEE - T - WBAEFHIFT AT LPOERINT NS, £DLW,
RI1YV—RIZVAFARESHL ., B EERCEOTLRA DY TV AT LAMEBEL
Tnd, B, CNOEDHT VAT ARBESEE2DICAVEIINF—Y —AbT A
S APICH A BT AN - RBLTHD . REHICER | 0BHE (=HBSAPTO
BEEADT L) AT YF ) (=R1IOBEEHSEE) ot cEEE 5 X 5
Bhs, TOLII. BEEVATARRI ELFUF AL ATFLHACSELTHSE
EESWHO AT LEBRIITONS, ‘

HoT, BOHIATADE S HEEFEEPRDL AT LTHTLONTOLAFLPLOL
LEmAE LIRS T IO, RERIBBEOBME L AT LTIILETH DL, &
oL BB VAT AT, VATFALAROREOREA,N S EEFEANOERF AT LITIID
O, EMARTFRCRETAVEESHLIOT, RLMEMRAETOCHRNGE
A FERVWVHITRDLYLETHD,
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St TNOEDIEER., B2 — YV ANBITLHY AT LAEHELLREICL SR
EEELEBGGBIFFEAESHY ., MR RHMESS (DBEs) DEH&T
VAN EN SR ESRAERFEFEORICKBM L T LEXDH D,

AT, —RICREIT R ROV AT LARETRET HMEHEEET M EL, HL R
WEMEIRELLHEINLY, REBOUATFLAA¥HAERILTEZETHD, ZOE
SRR, BHEOHEPERLAERER LD, WV AT LOLR2EDRH
DM FETE 25,

BESI TOMBBE Y AT LT OVWTOELEITL, BTN EL A7 L% —8IREL .
BEODRHAHEE LEEFUEFZTIEEY L. T HERAZI SV TL. BE

TN DRI A B o S BRI RTE, FONGEBNTORERITERE BT
27, Ll FROORERELS LFEERRIOBBHEDA YT ) Y720 AD
Lolidied . FRBICEsORMRFTOBENLRFENRELETIEE., 2T LD
IR AR A ENT AL TR,

BT, VAFLEEERBL., B¥FEEL-r A0V F ) F IR - EBNEN =
F2ALEINBRENEELRITTTOSILOMEE, HHVIEEYOHMBIERET I LD
TYAFLADESE YRR ICFHET 2 FHEOMBFIVLETH D, 20X 35795 T 4
FHOBEBIIL > THHTERERIRMTHIEME L AT L2FOELFFHHET O &K
SHHERENT VAL EEIHI T EATEE LD,

FIT. MENEHEA»OEBREV AT LR LD R KRN - SFEF&HEEL L THES
NTWADN, GEM—S ATFE( General Methodology of Safety Analysis /Evaluat-
ion for Fusion Energy System) T D - | AEEQIERMLELEEETLEE
A EME VAT AETRETAEIEFEMELTENY . FOV AT LAELEFTET L2
HOHHFKEESE (DBEs) ORECLEHHERELTONT Y ADIWELRKIED
BREVATLLE DL - THEMP DRBLISTHILOTH LH, FFEOHAEER
FETI., EUIR L AT LAEHFHEIE S DBE s OEE L K L2WROIR A HIZ
o Tnh, TOBBFTHOFEIL>T, W22 OEREG Y AT LEFNOEALIT
hhtTnapt il

HOTFHBERIE S LTI, VAT LAEBHOEROENA T, FRICLK » TEAD
DBE s X &&HEX BAEMWIIETTSZETH L, 230, AIBORENLE2ENT
OV I hHAHVEHEMBTERZ O TV FEOBMENIGCGEM-SAFEDT L—L4



JAERT-M 94—045

J=0 L THLRELEINTV D,

2T, LOXINTRBH IOV I AERARTHILDOBRES AT LDETY VT
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1.2 YAFLETFILOERAS

L AFAETIVOFERTIE., eV AFACB O THEE EEETXEREI 1 E 8]
S BETHLEEZILNABUEFEFIVOPIRRTHILELRDD,

Shid. B AEREOBEAOFHBREA R 585 — VY AT LET IV
CBRWTEARSEE TS, 220, THEKEBICERINS AT LAOKRE SN
DEVHEOR T (LEY —AY —LEWE) CBREPAOKNEZER (V—-252) OF
WSH— 2 OBEANTEZ VI ZEEERT S,

KEBSHATHLIERE VAT A Fig FIKRT LI, TRHEDY =AY —-LOD
GHANBEY =2 NAOBRMEAN., #HHl, HELELThE, V- TH, BaH,
RS EDLT., BETHYATLAORLEROLDIZE., VAV - L2 BHT LD
w TRIH@E] . V=2 SABREHRLET LB TRy 0et] | 2LT. €
NEE NPT o T AL TigMidett] % [F5HXE) THd,

RSy AF ADSEE, YT AF LMD Y ) OHEN, BEN~D) —~F32
OEBAITITEEMICIEEL ThiEnbadds, LirL., Z0L5437 25 OBR
BSIZIdH T U AF AMOI ALY —RETO—AHRIN, BESINHT 227 LAK
BHARIDVERCBEETS (V—AY -5t 5) fiEts, RIBETH O
I OBIE ()2 NATR) RERTLIERNDHL, BT, ZOEINHT
CAFLEONNT ) OReED [FHRE) TAT7LTHD.

SAFLEFMCE., ZAOD TFLHRE ] FTATFLCHETLHI DY AT L EBIK
F28E (LUEYAFLREREEL) ABh A BHasn TR bk, F
ANETAFLCBEETL VAT LAEMEZIE, VATARNORIARETLHLO/N
A, RIOBEEDSSY F) OBBIEESEZLZ 00X -ZABRL THDL Y
ATFLEREE DD,

GEM—SAFEKBOT., BRI ATLAEGHIRICHCAEYATLAETVTHS
— sk E L G DM General Discriptive Model)id, ¥ & L AT LBV T T5F5
NE|TAFL B TRISIEMSE ] & Ty ) et CHETHL D Ix THEED |
empE, . To)7l . THEAT Y U] FOBENI AT LERER) G BN
a7/ (Fig 1-2 1) , O EEh. GDMiEg{parR—-Fr e dlhicd
FER e RBATHEL 700, i EEFESR (DBEs) #4400 HICEFEHLHI LN TEL,

XT, ABITOERNE VAT LAERHMRINFIT IO, EDED T FNF— -1
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FEFG
CHEMicAL | @ ———t——e——lT ELECTRO- i d ;iz:z;i?c
T A iAo | o
BREEDER, AV | prasme [razRMav ]
ICOOLANT ! 572 WESTEERLICESEE MGB I LE =
"""""""" " — ] CONTROLLEDf ~47
,:.:.:é._gi- ; E\MMDBiLEH @M }g
MO31LE
0B Lt CHEMI CAL ﬁ‘PSUL'I FPEX
| V F
iicol  |rEcr — s
F CHEMICAL
F MECHANI[CAL
FHEC ? AF
MECHANICAL MOBILE
!_| F CONTROLLED
| B f; IMMOB I LE
"""""""" \Filrilrivrr FFPSF

Function

General

Interface Boundarﬂ [Eneray Sourcef |

discriptiwve

RI Source [

model (G DM}

Notation of Fig. 1-2

Functions (F.)<12 kinds>

FPFG
FPIE
FPEX
FPSU
FHCI
FRCO
FFSP

FFTR
FFST
F¥PR
FWST
FEEG

Magnetic Field Generation F
Plasma Heating F.
Particle Exhausting F.
Fuel Supply F.

Material Circulation F.
Heat Conversion F

Fuel Separation

and Purification F.

Fuel Transfer F

Fuel Storage F.

Waste Processing F.

Waste Sforage F.
Electricity Generation F.

Areas <5 Xinds>

AV
AB
AF
AW
AC

Vacuum Area
Blanket Area
Fuel Area

Waste Area
Containment Area

Boundarys <6 kinds>

BYO Vacuum Area Boundary
BRO Blanket Area Boundary
BFO Fuel Area Boundary
BWO Waste Arta Boundary -
BBV Boundary between Blanket
and Vacuum Area
BOE Boundary between Containment

Area and Environment

Interface boundaries <3 kinds>

IVF Interface Boundary between
Vacuum and Fuel Areas

[BF Interface Boundary between
Blanket and Fuel Areas

IFW Interface Boundary between

Fuel and Waste Areas
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2. HE4&S VAT AEFIVOERK

BEA D AT ANBERRRBICH L. VAT LAHHAPBIINA TSI TEA
Vi, [T, EHROBR S ATLDET ) I TE, BA Y AFLRIFCEENT
WEES FOMBEARAALI I VAT LAETIVERETLLENDE S,

FOT. EF) U HEE BRIV ATAEEVT, BREV AT ANHA LN
ERAMMBECEALTYATLEFVERELL, TOYATLETIVE Fig 2-110mR
S

LR CDEF VSO THRBTE, COVATFAETVEBRTLERELTHSL Y
AFLAERBEZORBICONT 2.1, BBV ATLREORIV—ADH/E VAT
AEFWIEREZLHDLO0E 2.2, BRE VAT LAAMOLINVE -V —AD5HE >
AFLAEFNV LLICEEhRbOE 2. 3ENENTT .

2.1 VRAFABREZOHBED

2.1.1 GDMKEBWIIAT LEHEZOMNL

Fig. 2-1 hD U AF LAEREZEZHE T 0. BRBE VAT ADNERNCLELL
TWa TEAMEE oB»olEH, BMETE VAT LAHDOIRIVY—LPHEDOT T
— R AT LAETF I ETERRATREE 2 5E T, LELZRFOWNHEFE WA T TEFayH
El #ofEL7-,

T TEAMBEE oL TIZ, GEM—-SAFEO—#aEEE7T IV (GDM)
BEOLZDOD3 AT v TOEFIALELEOERVFHATES 1, ZOFETIE, ZRtG
SAFAOAEY [BRasRIET IV —-2HALAREEE] &L, B1RED HHE
EFNAL] TUTFO3 20 [XEEWIKBE] 28 T3,

(a) BEEMIET RIVE — & AR & & DHEE

(Fusion Pover Generation Function).
(b) EEARIEIINE-PLLIINE 5% - FRLTHEEL T BEEE.

(Energy Conversicn and Transport Function)
(c) EBAMaRICHRITIREORNE T - g HHeE
(Fue! Cycle Function)

FLT, BoBEED N7 N{E] T, 3OOXAMWREXER T LHIILER
THgEE | & THREEAVERT 59E (LT, FABEETES) | 2HBEBLTHES, 2O,
BRERIEAR., TOXTHLRAHAER, BEH A ZIUAR. BEARICH T HHEHILD
SR BIEE TORRMAMBOHENS | |

(1) DT/,
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Notation of Fig. 2-1

Material Boundaries

Vo Boundary between Vacuum and cOntainment areas
FQ Boundary between Fuel and cOntainment areas

Wa Boundary between Waste and cOntainment areas
BO Boundary between Blanket and cOntainment areas
co Boundary between Ccolant and cOntainment areas
VG Boundary between-Vacuum and Coolant areas

VB Boundary between Vacuum and Blanket areas

BC Boundary between Blanket and Coclant areas

1] Boundary between cOntainment area and Envircament
VF Boundary between Vacuum and Fue! areas

FV Boundary between Fuel and Vacuum areas

BF Boundary between Blanket and Fuel areas

FW Boundary between Fuel and Waste areas

Energy Boundaries

FG- IMEB Boundary against abnormal release of Mechanical Energy Included

in magnetic Field Generation function

FG- |EMEB Boundary against abnermal release of ElectroMagnetic Energy

lncluded in magnetic Field Generation fuaction

HE- I TEB Boundary against abnormal release of Thermal Energy Included

in plasma HEating function

EX-1MEB Boundary against abnormal release of Mechanical Energy Included

in particle EXhausting function

SU- IMEB Boundary against abnormal release of Mechanical Energy Included

in fuel Slpply function

SP-IMEB Boundary against abnormal release of Mechanical Energy Included

in fuel Separation and Purification function
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(2) BB AD SR,
(3) L iiEATHIEC LD BEBEBEY A 7V,
(4) B A I NICKLHRE

FOSEOCERERT S EESSORREBNIF A MEL TREL., ZOHFCE T,
HEEE S FEMEEZREL T o,
LUFA i S R/ HBBEEL (FRMETH L.

(a) WERh& DT 3OV F — % A B HER & & HHkRE

- HEBE W R RE (Magnetic Field Generation Function),
T 5 A huEAE AE (Plasma Heating Function).
BEre kS EE (Vacuum Preparation Function).
PREHEFOHERE (Fuel Supply Function),
TE e S BEE (Ash Removal Function)

- YEFE - BRLE RS E (Plasma)

(b) HERARIET AVE =05 L3 Lb¥—#tn - B L TREL T O B
- HRRE D HEE S RIS & o T U T3 OL ¥ — & Bfbd D RS

(Energy Conversion (Deposition) Function).
Ehig s -Gk O FEBE (Heat Removal Function).
ZEEHEE (Fiectricity Generation Function)
- {EFItHE . BAEMYE (Heat Deposition Material),
shifxnE (lleat Transport Material)

(c) ERERIEER T ORI E S5 - M4 HHEE

- HgE DR BB RE (Fuel Production Function),
PRE R kSRR (Fuel Transport Function),
PRE E B EE (Fuel Purification Function),
Phk} 5y BEE% BE (Fuel Separation Function).
PEE T RS BE (Fuel Storage Function),
FEE W MIEHEE (Waste Processing Function),
FE B M BT E%HE (Waste Storage Function)

- VEHYRE  PREEEWE (Fuel Production Material),
prE ) E (Fuel Material).
FEEME (Waste Material)

L& 5o, HAMBELSMEL T, FiREs FMpHEEHL L. EL. &5
AT a itk o Tk, BB EN R EENE BT EE RS (WIFL I
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FPFG Magnetic Field Generation F. BVO Vacuum Area Boundary
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FPSU  Fuel Supply F. BFOD Fuel Area Boundary
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heat Transfer material
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Table 3.1-(7) Symbols of Magnetic Field Generation Funqtion in the system model
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Table 3.1-(8) Symbols of Plasma Heating Function in the system mode |
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Table 3. 1-(10) Symbols of Particle Exhausting Function in the system model
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Mass and Energy Flows related to Particle Exhausting Function
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Areas

AV
AF
AW
AB
AC
AQ

Boundaries

Event Initiator
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Notation of Table 3-1~3-8

Vacuum Area

Fuel Area

Waste Area
Blanket Area
Coolant Area
¢cOntainment Area |

See Notation of Fig.2-1

BF
EMER
MEER
THER
CHER

Functions

FG
HE
EX
SU
3
ST
WST

M.RI
C.RI
f.RI

Boundary Failure
ElectroMagnetic Energy Release
MEchanical Energy Release
THermal Energy Release
CHemical Energy Release

magnetic Field Generation function

plasma HEating function

particle EXhausting function

fuel SUpply function

fuel Separation and Purification function
fuel STorage function

Waste STorage function

Mobile RI
Controled RI
Immobile RI
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Table 2.2-(8) Symbols of Waste Processing Function in the system model

[2- (8)] SHEWUESE Waste Processing Function)

o ST e

i Waste (BB i
: y Processing F. & BREIBTEL S RS S BRER
S amsmssmssmsEmamaEw ] éﬂél?-ﬂ#%f'—‘/‘—x

MEE Hafr z X —

YN EL CTOWAIALF ~ - EIT O~ CRHUTOL IR T U5 L
HEnd (Fig.3.2-(8) 8E) .
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3.3.1 7305y bR)THERBTOHYATLABRER
TSy PL) TRERMERIDICE s TERSNFRF L OBMEE EMERY
FAITNTTHY, BTEVAFLLLTUTOLDEEZ D

(1) BREH (2) teFIEEH

3y TIviry LU TER 4) BOWENIYFY

(5) BCHHEN 7T

(VB. BE®EAY VF ), BE#ZRECOVTES. 1. 1, 2 THL)

TH5 Yy FLY TREMIY T, BEL) T, &EHI) T, BEIY T EBELT
BH. AoDWESYYF) (BO, VB, BC, BF) KLV ZEREBIRESND.
SOR. BRI T EOMICE, BEESEICHE EESALMNIFYL) 0T
BB EDHE T THRENTED, BEAY YV EBEEEEKCOHBES NLY
BIU—AERINTOERENAT YY) THL,

TGNV ATLBREZOEMERBLERI VA, TAVF -V -—AOFHEE LD
A&, Fig. 3-3 X Hs 5,

Coolant Area Space Vacuum Area Space
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5 TR IHEE 13, #EH, PETBEHS, VBRENRY V¥, BCHENST Y
¥ . BOWESY YV ORERBIZLDERONSTERYSHS (R OBEIL) .
T, TRAYYFNELE] CONTD, HEAYYF PRI TEMOREREIILY
BN HEEE DS (WETY Y )RR .

X6, HAEH. BETHEH. TV b)) TERMASHEORBLERGICE -
TH L AREI AL~ T O— 5 BT HTERL HD (TINF—OREER)

£ AT AEREEIHEOH LI ILE—  BETU—RLUTIREEDH S,

3-(1) 187+ .

M IR ARG TE LN PHF I OBE (M) F Y0 OBETTOIBETD
B, IOPWBEETADCHBEMERT (M) F7L) ¥RFLTEY, BIFNVF—FER
TEUAFLAEREETHD, T, B FVF—Y -2k, BIZ4E, EEBEH
FHELTVADTAFLRIINF -V —A LB EEFH D (Table 3.3-(1) $#) .

Table 3.2-(1) Symbols of Breeder in the system model

[3— (1)1 g7Es%t (Breeder)

! &RI1) % 3 IR AF—EERTEVA
?E;i%ﬂéigfgc 5 LERERTHLELE
EERT Eo

(1) R1v—2-HBEHRI BB SERILE NB T R F — Y — R

I R IR " i N
Hr zL¥— : FIRAF—
(THE) (RIDEE) €:-47:0 7))

AT, BEM B0 VAT ABRERLOMORYE - E¥BO U2 L TEEEHD
(Fig. 3.3-(1) &) .

BB IALE—T70—rLT, TIATEPEFHEHIPSODDEEZDL R T).
ST I F—TuU—id., PHTFHEEM, T P 7ER. BO, VB, BC#H
"y ) EOIREREN TS (TH36, 37, 38, 20, 39) .

NFEIZNE—TJU—iE,. 707y b)) 7ERAHEE ORFELERTICEIVHE
Ju—%#-7T CHTAEHEN 5.

WEI7u—I3, 77y b)) TEREOBMIIER IR TS M),



JAERI-M  94—045

maEnw, s o - e EariEREAEBEGEEEREESARE

R, M/.m, R
T 'W 7

smmmm? seanm?

Y e pAEEEe RN s EEEsREsa R

Fig. 3. 83— (1)
Mass and Energy Flows related to Breeder
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3-(2) h#-FIBMEH

ik FHEEMIIER SIS THE NP FEBE L TERTIIHIB T ORETH D,
TOWEIRRICEBBHERL (M) FTL) EREFLTEY, BIAVF—V—-ATH
D, EF¥TANF—) AL L BTEREHD, £z, BIFVF-2FWIDLL AT A
WERTHS (Table 3.3-(2) B8 .

Table 3.3-(2) Symbols of Neutron Multiplier in the system model

[8— (2) ] ‘hEFHEsE (Neutron Multiplier)

- ©

ME (ER1) 2EHETS RIvV—A-#3EMHRI TALF-FEETLY A
v AT LEBRERTHL % P FBEINIC TR FLERERTHLIEE
LEHET / ' 57

”

Y Neutron Multiplier

: A
D (THE ) (CHE)
3 wim

Yy prmrums e LIRS RY ]

$ﬁ¥%%ﬂ#6%&éhéziw#—;::\\N“

B 2 ¥ — N B o — ~ A ¥ —
(fiF) @HE) (RIGEAE) (R )

wir . HEH ROV AT ABEEELOROAY - EEBOTU—-ZLU TR L0
(Fig. 3.3-(2) &8) .

B TILF—-T7O0—E LT, 779X HHENTAHTLL0 CHEEH ICHE
TAHMERIGERFETFEZL TS (RD2, 7).

BT IOLF—T O3, BEH, 7Ir5 v bx) 7ERM, BO, VB, BCHENY
VY EORICER SR TS (TH36, 40, 41, 21, 42)

TR F—T0—it, 7907y VL) TEMAPEEORELCFRICICE VDE
TJUu—%# -7 CHS R EINS.

BEIO—E, TI Uy FLYT7EREOMIIERENTHD M5,

TIT. PEFREEHIREOHSIINY - - WEIU—FHDTELHDDLELUTD
R DIT A,

B TANLF-TO—

Rp2 PHTFHEEHNODTRICERTHFAFICILDOTE—
RDT ik FEEH > SEEMAOEERICERPETT O~
(RD2,7 13, HWHEFIE<=75XAVA>BIDABRENS, )
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TH3E SHFHEEH EBEHEOMIBRENIBRBEHHLVEAMEEILL 7T
TH40 RETFEEM TS Uy I TERMIERINSBAGEEILDT O
THAl rhiEFHEHEBOFOMIKERINIBEFTHLVIEIATREILLTT—
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Fig. 3. 83— (2)
Mass and Energy Flows related to
Neutron Multiplier

3-(3) 7y b)) TZER
TS5y hL) TEMIZT I Yy hL ) THEAYYFVCE - THALEATVD
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X EAEEEALO N F7AEEETY S THENLE. HeZn)» "\~ #H
ZrEBERI (M) FIAHTR) TH-INTBH., BENRY YA DHEBRIZEDBER
OFARREDE . ZHAETRHRIOBE L LCABLEZNTO DRRELGESR
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EBHTS Uy b Y VEREBTEENHS (Table 3.3-3) M) . 22T,
ESOEBIFEERSXLT Iy VLU TEMORBEATBTTLLHIZ. 772
oy hI) TRMICHEOHLME (SRI) JU— IR VF—TJU—ZHHEICT D4
EXHD.

Table 3.8-(3) Symbcls of Blanket Area Space in the system model

[8- (38)] J3vsoebxyY7F7%R (Blanket Area Space)

YIE (2 E) HEH - TRAF - () BERET
) vavazrlEmERcs TN By T ABRERTES
By T LEERT

RIV—2—B&8MRI 73v¥y U 7EERAIroBRENZZZIALF—V—R

RIEZEY BRIz
SRISEHA) 2P CHE) b= 3% — ORI
—#hT 2 ¥ —& UCER

LR, 7904y LY TERBEBOVATLERERLOMOEY - REROT T
—%Z o (Fig. 3.3-(3) &8B) .

BT L — T O—id, WM, ik &, HENRY YY) (BOL VB, BC)
FORICENER, BEEICL S T O—THIT, 40,43, 19, 4RI N T 5,

BRI l¥—J0—+LTik. BF, BC, VB, BONOENARMIBREATE
n., InsnITO—FFNFh ME2T,29,9,30 &7 5,

I3 NX—T0—it, TFEMPBOEFIRNF—)— A (KERME) FTRE
RIS LD BRI ZLE— L LTEOEIHBIERSNG, MEH L PETFHREHORT
RIS DWE IO —%#->T CIT, 8T 5.

%E?n—m\%ﬁﬁ\¢ﬁ%%%ﬁ‘%gﬂ7>§0(BC\VB‘BO)Tﬁy#
G FLY 7REE ORI, BRI BEESSVIRE/ HERECLIHRIZTEAL IO
BRI TINDE (M4~18), '

MEAEI T RINF—TO~E, BEEEBIIBEVT, BT TEMEOEIZERD
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DB IZL - TEnl3, 17,6, 18R E NS,

TOLBI, TIVT 9 P TERMBEZY - U ALEBNT, OV AT LABK
EELORICERINE IO E{tTAEREEREZREILT, 797y PTUTA
mo TR &M R, PHETFHEEHRH, BO. VB, BCIZEENhHRIDBEIL)
Iy ¥y el (BO, VB, BC, BEFAYXFVHER) KEEET SIS,
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Fig. 3. 83— (3}
Mass and Energy Flows related to Blanket Area Space
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Table 3.3-(5) Symbols of BC Boundary in the system model
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Fig 3. 4— (1) Mass and Energy Flows related to Coolant Area Space
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MES3 CONOBHFIY 7ERMOENAFEZET 70—
ME3S CONDBMIT)) 7EMOENDEMERT 70—

IRV F - HFEIPRET O
Fa20 COWBHOBEAM L) 7TEM-BHL) TERBOWEBEIILLHT70—

4-(3) BEEHE (SEM) TBRHEEE

sEEME (AE) BREEL. BRARTSPRBEEBERLEC X » TEL LI ALY
—E BRI, REREABZL. »OBERE YY) (VC. BC) #8875
Foabic, BREME (BEH) EBEHEATLFY (VC. BC) . COnwry,
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LB EOMAEE S Y AIRETH S, REEZ., B ERRBRERNHSICERRT
ANE—-FRGL. TOIALF-IE ) BEEEERORBETS (Table 3.4-(3)
£

shan ) B IEIBAE(F BB I E . AR EEL S ORI AL F T O -SMRENRT
(ME34) . Bt 1) 7ERAGEBANEREIThnb (Fig. 3. 4-3) Z8) .

GEo T, BBEMEEEISECEETAI AN - HETT I,

NES4 BABEMEEBEEC L ARHHOBRBICEREINSTU—

ThD, BEL -y ALT, BECHHEFEE MHEHNERKE ) FEZ - LBEIT,
INTU—DRENEETLIEIIRD,

Table 3.4-(3) Symbols of Material Circulation Function in the system model

[4— (3)] H&EPHEHBEREERE (Material Circulation Function)
CMaterial "
v Circulation F, meeesseserevnces (o
semmER o L) aeees!
ENBZnrAF—V—RA Bidx 24— RS E R BRI

mEAERFFPFREAEAEERN NSNS N

E Coolant
*Area Space

‘Material (MEE)! MESA

. . ;-a--a-—a-—e—-s--a-
:Clrculatlon F.

‘-I'--

+

Fig 3. 4—(3)
Mass and Energy Flows related to Material Circulation Function

4-(4) BAEHREE (+ REIRE)

B EE . RSN EERBEICL > TEONTL 28MENME (GEH) 78R
LThaBEREL., —EHEOHEENE ($PH) 2HERIT-CRTBRETD D,
KHEE AT RIS AR AR (AD) BIZL¥—F2ABL TS (Table 3.4-(4) &
B) . BEMEIZ. COBRBRIIAIINFE - FERIRNF -~ IERT HRETH LA,
CORBREORECIAFBUIBERBEORR L VI THETE D,
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%E%%%ﬁ@%tm‘%ﬁﬂﬁﬁ#Bmﬁliwﬁmvm—ﬁ%&énfﬂ%m\%
s Ty T ERROSERERSTbAS (Fig.3. 4-(4) £8)
GEo T . BEEESEEICEET L ALY - MET O

THE) BAZSHRHEEIC X B AR EMHMOKRERIIERINS T U -

ThBH., B ALT, REOHHARTER MNEERNBRE FEZ - THRID,
IOTU—ORENEETEHI LR D,

Table 3.4-(4) Symbols of Heat Conversion Function in the system model

[4— (4)] HEHER (Heat Conversion Function)
THeEFEE: (Electrocity Generation Function)

shas s A S BRI o R
ShAeang—y_z (THE) MTia¥- feeend R

i Heat ; Electricity =
: Conversion F. 5 Generation FE

TH3 0 ;Heat

Coolant __________________
i Conversion F.

‘Electrlclty
- Generation F.

Fig 3 4— (4)
Mass and Energy Flows related to Heat Conversion Function

3.4.2 BEHI)TIEBILEEERORKD
BEHIY) 7B AR EZOMEBREETable 3-435RF . Table 3- Lﬂ“L?‘JA
HIL) 7B 2EEERIEUTOLONDS.

Temperature - Pressure Increase
Pressure Increase

l.oss of Coolant
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3.5 EBEHIUTFICHEETR IR LE— -PETO-

3.5.1 EEHI)TEETHIVATLIREAESR
EEWI)TIEYATLARATE U EEDONE - FEZXIXFI3TVTTHY. BT
ABUATLELTUTOLDEEAS.

(1) ExHL)T7ZERE (2) WOHENY YT
(3) BEESBEREEREE ~oorrooreree e a) HEEEE|HDER

b) MEEREENE
(FWiHBA Y v ¥ ) . EEHABEREICDVLTES. 1. 2 TEE)

%%%1U7m\%ﬂiU?t@ﬁtﬁﬁﬁﬁﬁu%E(%%%)7D—ﬁ%$%ﬂﬂ
BEOSHM T CHRINTEY . BFEERCLHBSNNETO-HPERINATLD
%EN@V&U&LT\FWNﬁyﬁUﬁﬁiéhéait‘%%tfhéﬁmlU7&
DRICWORY Y F U RBEENTNS, BVO3 L) TERIEELTVWAEZVLDOT, 20
D oMBENY V) BEERL ) TOEMEBEREL TS,

ThLED VAT ALABREROEMEELRIY — — A, LHRNF=)—2A0HHEEL LD
LY. Fig.3-5 O&HIkD,

----------------------

cOntainment D Waste :
.Storage F. . (3)

Area Space Rl iiiesmasassass o

----------------------------------

-""1 I Waste Storage @
: . i Material
MLAS S TP CHb
(2) ----------------------------------
EME T AL T e
BT AL — (1) Waste Area Space @ m
THE g&lj‘)b#:_ --------------------------------------------------
@ EE) #®HIALF—
.-C HE {p2rz AL —
+ FU e 1 ﬁ /F'W
@ SEER I Area Space J
©  mmsmeRI e Feemreeesennee, ‘
i Waste !
@ RBDER I | ! Processing F. MEE .
Fig. 3—5 System Elements related to Waste Area
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TOEIELE, BEODERIBNT. BEHTYTHOD [FHEXE] TATLTHD
TRISIEIE) 1. EEYFBRBENTEENERSECORERY I VETLN LT
EAHL (R OBEL) . T, [V YFIEL2E] KO0 TH, HEASAT VIR
T FEMOREREICIVERDONLEIEENHD BENSY V) ER) .

X5, BEEYERPELERYL) TEMASGORTEAFRICI X » THLEAT
IANF-TU—EHRTHTRESHD (RN F-ORHEL) .

LFAVAT AERERCHEOH AL ALY - - HETO—Z DD,

5-(1) BEEHT ) 7

BT ) AR ERI ) THESY VI ) L THEANTOBERTHS.
S DERE A MR (RISHFR) #RELTEY . WESY V¥ ) ORI
FREEDEANES AL, HEIaTRTOAARRMENEEC L > TRBERIGE
BRIl AEEIRLE Y —ALBEEINA IS, . JOERBEBALIILY
S ERMF DL AT ARESETHY . TEENL - TREEHLVREN LA 2HE
Ji LN IR E B TR A S B (Table 3.5-(1) BR) , 22T, BLOERIYE
b5z AEEY T FENMOREEZERTAADIC. RENIY 7ZEHCHEOS S
WE (BR1) TO—-ETRNF—TO0—% BT HLENS B,

Table 3.5-(1) Symbois of Waste Area Space in the system model

r5— (1) ] EEwzy7%M (Waste Area Space)

E (ERY. BEY R weenn, TRAF= B0 BEREY
C % sy 2708 Ty By R ARERERTH S
RERTHD I EERT et D EERT

M RIvV—A-BEERI BEL ) 7EMA» SBRINEZAALF -V - R

(RIESBEHR) 2HFIC
s FAR) =R fx 2% — ORZIENIE)
—#r xA¥F—& LTER

Fre. BEHIT) FEMEGOD AT LABREZ-OBOAY - BEROTO-% L
Fizg ks (Fig. 3.5-(1) B8) ,

BT A F—TU—IE, BEEYL) TEMIIEET S0, I ) TEREERDER
KEENTEENERDE. BEAY Y IWOE OB, TH52,53 A FEEN TS,

BT A L¥—70—& LTIk, ¥E26,27 A FhZFRPEAY Y FI)FW., WONDIE
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haEFELTHRERTYV S,
tErzux—70—l, TTERABOAEEIIVF -V~ (KEREE) TBE

L DBIANFE - LTFOLIAMCERSND, BEMTBBRENTERDE
BHHEOREMFRIGICEY, HETO—k#->T CHEHHEREND.
MEIU—it. BEREFEDELESHL) TERE OMIIERIA TS M3),
TANF—EEIPBETO—E, BEEERIISVTIE, BEL) TER L OMIZER
DI —(Enl) AR ENRTOD, BERKICIZ, MBES Y5 (FW. WO) OBIRIK

L =T Enld, 163 SN S,
oL %%%lUTW@i$%/ EyZ LT, OV ATLERERSE DRI

ﬁ%fﬁéhé')ﬂ—@iﬁuk%ﬁ%%ﬁﬁ WMBENY ) (FW, WO) DR, BiE
HMEO LA F—BEMBETIERIL, L TO-DHERIND.

'..“;..-t ------ AAEEEBRSESAR .i
. Waste '
aStorage F THE K
I THS55
\

aste Storage @

1
ateria mm

A q
THazf CH6 M13
. q
X ¥ ']
............................................................. -E
Waste Area Space () :
Ll
MEZ2§
T
i'.{l--E]--E-:'-
MEZ3
---------- H--l---------'.
l
' Waste !
. Processing F. @i::DE

o IRIRKIC DB

Fig. 3. 5—- (1)
to Waste Area Space

Mass and Energy Flows related
BT TENCEEDHSIFINLF— - PETU-EHDTEEDD FLLTFOLD

iz A,
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cBhT RN F—T O
THE? EEE4T) TEMCEEMETEHEEOBEBRINIBEEILSTO -
THSS EEZEMITY TZERMEWOrOBMUIFERINLSIBIEELLILT T -

CEH L ANLF — T
ME2E EEHT) FEBMOFWADELARMEZRT 70
ME2T EEEHT) TEEOWOANDIENEFMERT 70—

ALFFVF—-T O
CH§ KEEVFBRDEORFLFRILILILTE—

- HET7O—
M3 EEYHEEHEEOROBRE/MERZILLT70 -

FIRNF-EHOPET O

Enid  GEE-EEE) FEMABRKREONEII L EENTOTU—
(FWHRIRE) MEL) 7 -BEH ) 7ERBOBEBRIZL ST U

Enls WOMMBEOREHIL) 7 ML) 7TERMHOMEREIII ST

5-(2) WONRD v (BEEW- ) TRwE 7 V5 ))

WONRY V¥ REEYT) TENEBHI) 7TERLOMOMEERTH D, BEE
SR EEMOBE IO~ FEKRLTWS,

WO, T FHMEORIAYARY N ABEETEAEE X, RIBRFERELTOA
. 27 TALE—ICELTIR., BIAF R ERTLVATLARRERTHHLES
2. EREEIE. WOBREOREEHOEILE > THS (Table 3.5-(2)BH) .

Table 3.5-(2) Symbols of W0 Bouadary in the system model

[5— (2)] HBEYzU7-KAxy 7HYPE v Y (WO)

BT ) 7 IER]
BRI EEY - BN ) TR

DY o~ % BT S WE T Y
/ Sy ThE L EERT

-
L]
L
. A0

\ ',...--.. TFEAF— (B) Z2EBRTAEVYAF

MLIEL LERBERTHLIEERT

R U 7 EM
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TONRY YT ORBEREICI > Tk, WONRY U FUHER (A7) RLEDR
£Y AR B, T, WONY CEYDREENEETAIFILF—TU—IIDONT
L Fid~<aZ ko5 5d (Fig. 3.5-(2) £8) .

BTN E—-T7O0—+ LTI, BB THE T LT, T ) 7R (EEY.
BED S OROBREZCILZLONEZ 5N S (THSS, 34),

BT A LE—Ta—, WO U F ) BEBIC, ) 7TER (BXD. BW) OF
HAEFHICEALDEE XD (ME2T, 28),

ITALE—FEISEIO—E LTI, WORD Y F )VBARIC, REHT) TERL
BT ) TR OROMEBEICI VRIS T OB X 51D (Enlb).

F, WONRTFUIE, Y UHYOREEECRAL-BHLEE (BELR) ®
BetRES T B (RS - BT U TEMEN - BRI TEMENSCLHLAER)
AR AL B YY)V BERERIL, V- RNAZFEMT D,

WONRD Y F)REEY —F VALT, DY AT LERERLORICERENSGTT
—OTEIcED . WORY Y FUBREBRI LT, ERT7U—2ELEE D,

/M’W

2

TH53
! ¢cOntainment,; ' < ---o--- = Waste
" Area Space - - j<z-=-3-8k Area
v *
N1E27 -----------------
}
“ / ¥ Enlés

% - WIEE I O AR
Fig 8 5-(2) Mass and Energy Flows related to WO Boundary

:h%@WONﬁVﬁUE%E@%éliwﬁﬂ'%E?mméamfﬁ&mékuT
DEHIWED,

BT R F-T0O—
TH33 WO FrEZEHIT) FEMEOMIIERENSIBAEEIIILTO—
TH3d WO SHBRMIY 7EMEDHMIIERINIBEGEEILILTO—

WML ANLFE—-T0O—
ME2T WOAOEZRYL) 7TEHOINARERT 70—
MEZS WOAOKMI) 7TEEMOELANERT IO —
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CIFRNVF-EHOIBMETO-
Enl6 WOREROREZEYLT) 7EM-#MI ) 7TERROREBRRICIS70—

5-(3) BEFApiTRblae

SR R EEI . RS MABBEC L > TRET) TEMPSEE S NLERYDH D
WS RETHICB LN EE Y —BEETARETHL . AREL. REYITRME
S, BEANTEEDERPEICORENS (Table 3.5-Q)FH)

Tabie 3.5-(3) Symbols of Waste Storage Function in the system model

[5— (3)] HEHYFERE Waste Storage Function)

o - | ®
N N S TTTYTITTTI I TILLLD RIY—2—HEHER I
MEERDEERTE N waste SRR RE R
R - Storage
Material

PR REETE DB S BRI
cip_ @) THrEriE,
TRAVF—RERETELHVA e
;A%ﬁEﬁT&%C&% ? CHE %%%%%%%E)
=3 . .

anmman, ' V\aste _
I : "‘”‘ﬁ. Storage F. - T %g‘%i;;é)
FER YT BARREHIEISE

FEYREEIIEEL TOAIINF — - PE T U RLUTOL IR TI-FFX
5hz (Fig. 3.5-(3) 88) .

IR ¥F—T70u-—& LT, EEE R L A REHHSEED R E
R AR TNS(THES) . /. BEEHLY TEMEOKREEC I LT U REMER
WMEICEBERER TS (TN,

MEIO—It. BEEYEENEOERAI AN X —BORE T TERAEIO LIS
FOEEEEDEAORE/EEES (SR1) KX EILND (M3,

I FLE—TO—id, BRELAERG (BERE) KX570- 2 REEMERDE S
NEEHLT) TEMACEAS (CHE).

EEMEESEIES - VALT, DEEWREEL LT MRENERY] . MHE
HEEHLHOE TRPTETER L LT (EEEEEBEATEZOFENE LT T IV
¥-BERE] 52D,

eI EET AT ALF — - PET O WD TUTORIITE DD
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BT FINF—-TU—
TH5) BEESEBRHELEEHITY) TEMEOMCERSAAREELSLHTT -
M55 REdEsEBOERYFENERENHCLIDERINLTU-

AEFTANF-TU—
e FREVMFEDEORFMAFRLCEILTE-

-HETO—
M3 EEMEERMELEREH) TEMMOREREREIILILT O

--------------------------------------------------------------------

TH52: CHS M13

Waste Storage

ial
Materia ‘ilﬂli' (:::::>

Fig. 3. 5-(3)
Mass and Energy Flows related to Waste Storage Functiion

3 5.0 EXEHI)TIERTILIEEFZOMD
%%%107uﬁwéﬁ%$%®ﬁmﬁﬁ%MMe36K%¢OMMe&5w%Lt%$

ML) TEBILIERNERIBLTOLOL D5,

Temperature - Pressure Increase

Air Inleakage
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3.6 BMHIUTCHETAIXILY— - PETO-

3.6, 1 BMIVTRETHYATLERER
BT TIZohE TR LRI TERMTLI )T THY. B3HYATAELTE
TOLDEZX D,

(1) *W#H1) 7TER (2) OE®ENSIVHFY
(VO. FO. BO. CO., WO. BBFBHEEII>HTI, 3. 1. 1 ~5 TEEd)

BT ) TR0 U T ONAMEIELBEL . AFEERIBVT, Th50L YT L
DEOWE IO —REHEN TS, £-T, BHIY 7RO TPABRRLOR
TR oN6 OOHMENRYYFY) (OE, VO, CO. BO, FO, WO) iZ&-T=
BUBESRRESINTN D,

TN VAT ABREROEMEBELRIV A, IHANF—V—A05HEELD
2L Fig. 36 OEIKADH, BMIY TRERE S ATLARAOERTHD . OEDE
YU F YIRS VAT AL A EEELOMOBERELTRANV TN Lo TS,

EEOBHICBITHEMA L. B i (L) FYARE, AR, GF - BE
) SBEIN, BRLEEHZVRBELL > THERMSNEAIT Y 2 VO FE
T4, JITOVATAETFTNVTIE, & SEHRYATARREE L T—BEMIILD BT

VTERETL,

Vacuum Environment
Area Space

-----------------
> Y

Generat1onr ;

) @)

----------------------------------------------------------------------------------

-----------------------------------------------------------------------------------

ﬂﬁﬂ.’ln,,
%
’///IIIII/ .’

AR

Blanket Coolant Fuel Waste
Area Space Area Space Area Space Area Space

EME) SEzAHNF— T E— 0D BEMRI

Fig 36 BT AL — fzzang—  (©) WEHMER 1
Svstem Elements related
to Containment Area T X — (1) BBIMR]
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LTFTREVAFLABREZCMEDSHH I AN - PEIU—-7E DD,

6-(1) WML 7ZEMR

BET ) TEMIRBHI ) THEAY I VEI > THEONTWAZERTSH S, Z0
LRI ANF 2 ERTEVATLERERTHY , SHIXEMATTEETATHE
BUVEA. MEAY YY) OBBICE - TiET ) THEOBELFRIAOEBRY
BT AL, ERDEOLRGCL - TRENABERICZREIL, FI2LF -V —2A
MBS AHI &5 (Table 3.6-(1) ZR) ,

Table 3.6-(1) Symbols of Containment Area Space in the system model

[6— (1)1 #&#R=y 7% (Containment Area Space)

WHE (S5 2ERT LV ceeeae, TFRAUF— (B EFRET
() =5 ~BEERTHE L OV Byay LERERTHS
ERY et CrEET

PR EEwEEEEFSFAASGEEEFEERANEEEEAENBEAEEESRcLRAnEy FazseREEEERESABE -
E C ontainment Area Space CHE i
"- --------------------------------------------- -Z ------------

B ) TERAS OB g {tFx z¥— (BER)
ERATXILF—YV—Z —#Hrzi¥F—ELTER

WA BT ) TEMEMOY AFLEREREOMOBYE - REROTO—F LTI
z L7 (Fig. 3.6-(1) BH) .

BT RN ¥—TO—-E LT3, ) FTERMEHEAT YY) (VO, FO. BO., CO,.
WO. OE) £oRlicEnFh, THIO, 34,45,51,54,56 BSEEHINTHD,
MBI ALY —T70—& LTIk, HEY ¥ REBICE. EATFY (VO,
FO. BO. CO. WO, .OFE) ‘HBHREBEASERI ALY -T2 FY) (FG—
IMEB) "OFEHE&R & LTEFNEN NET, 26, 31, 35, 28, 36, 13 SN TV D,
bF T NF—T70—id, BT 7THEHE - RICATEEOS LML) 7HBEDE
fhd AT ) TTHESH, BIRIEF—LLTEFOEEREL) 7TARIERSN D,
IR E—FEIPETIU—L LT, BEBIIHENRY YY) (VO FO. BO,
CO. WO) OBEHAHAVIFILANEX—NY¥) (FG-IMEB) OBIBICL-TE
h#h., End, 15,19,20,16, 8 PRI ND,

BT PERIEERY S Y AET, XY YF1) (VO, FO, BO, CO, WO)
WERP (FG—- IMEBO#EIC L) BHIALVF-BRICL-> TERENST7O—H
LT 5,
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