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FORNAX-A is a calculation code for amount of fission product (FP) released from fuel
rods of pin-in-type high temperature gas-cooled reactors (HTGRs). This report is for
explanation of outline and basic formulae of FORNAX-A code. FORNAX-A is based on
Fick's laws of diffusion and can calculate FP release amount from fuel rod under normal
operation and accidents without failure (including oxidation) of graphite sleeves and fuel
compacts and without melting of fuel kernel, for example, stopping fission and increase in

temperature.

Keywords: FORNAX-A, Fission Product Release, High Temperature Gas-cooled Reactor,
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72720, Ceicout - B 37 NMESH A U — 7 B3 CHMUNT I 1T D 4HE 1 DREMERRICE
AP [ 1 mol/cm2/sec]
Ge: B LRy NEA Y — TR OERSRS [, AT —#)
Ceicin: JABF = 2 X7 MESHA ) — 7B/ T SAMNC I 1T D 1 OBREHERRIZE
5 ¥RE [ 1 mol/cm?/sec]

BRI (REh 2 U — 74 RH) ICBIT 28RS LT D 2 9 b@IRT 2,

> BEHEREICBWT Ca=0

» FORNAX-A Ofii & Tl 5 FORNAX = — N DITHEHLT 5, REHHEREICHIT S FP R
FEIZ. WA Ot EF KT D,
FEANT 4.4 Bl TR 5,

4.3 K1 OBREL 2 oy h~DOHEEE (GI ) DOFE
gL OBREl 2 X7 b ~OEEE (GI) X, LFD 4.3.1 K 4.3.2 /NHiDOTFINETRK D
%,

4.3.1 Bk o)y NELLIRFEY 72 0 O FP g
FT. BB N FRAERTES 20 O FP R E 2R %,
(1) UTFTOREE B,
3.1 Hi(D) Tk~ k9 ic, EEOHLICE W TIL, #2364 CFP 2N @R L7854,
I IZERFF S LT W2 FP MR & I S 41, CFP W T FP 45341 73 U B A R )~ & B
4 CFP Cho2b D L% L A ETILh HREDRKE N5, Lo L. FORNAX-A
WZBWTIEZED L D 2P HREBIZEZEE L 2V, BIb,
> AT — RS A& L L7z CFP X, B CFP N TO FP /3 Ains, HURBA
MR BEET— R A THo1Z CFPOZNEE LI R LT 5,
> ZTOBZAEL D CFPATO FPIRAEDZEITZ ORI 2 /37 F A~ S
ndE45,

(2) F£7=. Wzl t— At lsl~t [slickBiF 5 CFP W TORME 1 OISUILL T OEY Th 5,
2L, AtIIRUNRERITH D,
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BBt LRy SO R [pmoll (JEHL - KBK AT — RERIZES 5 b &)
=CFP N CTO#HEUT L 54 &E [ 1 mol]

+CFP N CTOBIUEME ORI X 54 E [ 1 mol]

—CFP N CAIEEIZ X 538 E [ moll

—CFP NOMRAHINE [ moll
=CFP N TO#ZIC L 54 &E [ 1 mol]

+CFP N CTOBIEMEOREEIC X 54 E [ 1 mol]

—CFP V\?“C“ﬂ”ﬁ% ZX 5 {HEE (1 moll

—(RZ t 1I2361F 2 CFP WA #—RZlt— At)Ic 1T 2 CFP NOMRA &) [ 1 moll

(3) ﬁéof ) 12 381T k= > R 7 S BANARR Y 72 o FP it Hd E Ret; [ 1 mol/em3/sec]
ESS ﬂ?‘j“‘77/7§ SO B EEL T,

Ret; =n- {Gennv,i St Gensic,i e t Genb,i Sy = ([nav,i N, )/At}"' Recanmmi,i

(21)

722U, n: Ay Ry MR OBMAEFRE Y72 CFP % [/ems] (A)7 — %)
fin, fsic, fp: Wil 1231 24 CFP, SiC fif#8 CFP, HiEfik# CFP & x Ol
Ho BT E1ICRD, (N1T—%)
Genn,i, Gensici, Genp; : BiZl t \I2B 1) B4 CFP, SiC fif#8 CFP, Ei@fkE
CFP %41 470 OEROERE 1 OEMGEE [u
mol/s]
Inayi , Inlavi: %% B0t KOG t— At I28 17 5 CFPL 8472 v ‘FH O EEFE i
OERA & [1 moll
CREL S Ry NBYE T T s b ORFE 1 O3 A [ 1 mol/cm3/sec]
TRE@DAS M

Re

contami i

> 227, Genm,, Gensici, GenpilZLL FD(22)~24)XTEEh D,

Geny,; = § s cvp w{z (uix + Cow)+ B pi $dv (22)

Gen,, = [ siC pum v m{z (uix + Cow)+ B pi $dv (23)

Gen,, = V' smness crp m{z (uik * Cp)+ B pi $dv (24)
k

> Fiz, Ingi U TFTO@)ATERIND,

,14,
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Inay,i = [nlN,i : f[N + [nsic,i ) fsic + Inb,i ) fb (25)

7212 U, Inini, Insici, Inp;: Wil t \281F 5% ~ f@¢4 CFP, SiC ff{f CFP, Ei@fifia
CFP1 X% 7- v HE i OfRA = [1 mol] (16)X5H

> [FAREIC, In'avi XL TR TEEINS,
[n'ay,i = [nle,; 'fvlzv +In'sic,i 'f'sic +[n'b,i 'fb' (26)

772U, In’iNi, In'sici, In’i: W54 t— At 1281 54 ~ 4 CFP, SiC fit#8 CFP,

EimaE CFP1 X4 7= v ZfE i Of"A & [ moll
1e)Xzm

fini, £sici, £i 0 WiZl t— At 1281 24 CFP, SiC fik#8 CFP, Hi@EkE
CFP OHEIA [, B3 & 112725, (7\7]7“—5)

> ET=. Recontami,i IFLLFo@NATEREND,

R cantamt l ﬁk! ' f‘contami (27)

217U, Bri: BN K58 i OAREE [ mol/emd/secl, (AT —4%)
fz’ontaml BREL 2 X NERR T T RS [']o (7\7‘75:‘_‘&)

4) ZZT, UTFD@YXTEREIND In"avi ®EANT D,

I av,i ( [nth f}N +[nwcz fwc+1nbz fb) (28)
Zo@8)XAEQDAUTRAT D L,

Ret, =n- {Gen,N,i - [ +Geng - [, +Gen, - f, —(Inm - aw)/At}+ Re,opamii
=n- {Genm,i - f +Geng - f,.. +Gen, - f, - (Inaw —In),  +1In), . - Inm)/At}+ Re,ami
= ni{Genin;* fin+Gensici * fsic+Genp,i * fp— Unavi—In"ai),/ At
—Un"ai—In'avi) /" At} +Recontami
=n [{Genin;— (Inivi—In'ini) ./ At} - fin
+{Gensici—(Insici—Insici)/ At} - fsic

,15,
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+{G6‘Hb,j_ (Inb,i_IH’b,i )/ A t} * ﬁ) _(In”av,i_ln’av,i) / A t] +Recontami

(B) ZZT.
Genini— (Inivi—In'ing /At

= {4 CFP1 4 7= 0 (G 1 O IEM DA % — K5 1 O A 0 BN T}

= {4 CFP1 {472 ORFE 1 OYLH - RKBKIT & 2 Hott s e
ThHoHNL,

Genini—(Inivi—In'ing,/ At = Reini

Th b,
7272 L. Rein;: f&4 CFP1 4 7= 0 B i O ftHEE [ mol/s] ((15)=& )

> [AERIC,

Gengici—Unsici—In’sici)/ At = Resici
Genpi—Unpi—In»)/ At = Rep;

(29)

(30)

(31)
(32)

7272 L. Resici, Rep,i: SiC fif{8 CFP, Ei@EfiHE CFP1 #X%7= 0 BFfE i O HH#HE [ 1 mol/s]

((15)XzM)
> o T, 29T,

Reti = n* (Ren,i * fin + Resici* fsic + Repi* f—Inni ) + Recontamii
Inn; = (Un"avi—In'avi )/ At

6 22T, @6)KVE2)XEBHXIZRATD &,
Inn; = [n[N,i R (f[N - f[N ')/At + [nsic,i . (fsic - fsic ')/At + [nb,i . (fb - fb ')/At

(7) fin, fsic, HlTt DEFREBTHDL ET5HL. At 0 OMBITHBWTIE,

deN,i deiC,i +

Inn; 2> Inin; + Insici

> HEo T, (B3)RXuE.

,16,
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Reti= n * {Ren,i * fin + Resici * fsic + Repi * fp

df[N,i deiC,i ) dfb,i
d

—(Inini + Insic,i + Inyp,; & ) } + Recontamii

L5,

4.3.2 Gi DFTH
FRL 431 /NEITHE LY Reti b Gize R 5,
FTaNZEVEUTD 22905 LWTINEIRIRT 5,
> a7 NAEETERIZ FP S &b &35 ik
PRz 7 R T Gi = Ret;
Z DOAIZ T Gi=0
> FORNAX-A O T 5 FORNAX =2 — R DIZHEHLT 5 ik

G{r) = FERMI(?) + Ret;
FERMI(r) = 1,/ [expi(r— AFERMI ),/ BFERMI }+1]

Z 2T, AFERMI : ¥tz 37 RNEH R Y — 7 EERAE [em]
BFERMI : &%:(=5.0X10"3) [cm]

r: (& [cm]

4.4 FORNAX = — FIZHEHLT 5 56 OREHE R HIZ B 1T DB &t

37

(38)
(39)

ZZTCIE, BEMEEE (B R Y —THEKH) ITBWTA T arTHDS FORNAX 22—
R DIZHEHL U 7= B SRl D W C BRI R D, Tk, s EgEfME LT Cs 2ELRED

DTHD,

4.4.1 EIEDHN

AHEITHAT DERRMCIB N TIE, BEHEREICI T D FP JREE A m AR O it &5 IR AF

T5, ZOXIRGEORNAY —TIMAMEROM &N % Fig. 4 1287,
FT. LT DME0)AAHL Y LD,

N Cumw=C

ci,in ci,out

72U, g BENA ) — T IAEIMEI R BT 2 B 1 OFEEERE [,
Ceiin : B AV — 7 HHM B F SWRNC 31T 2 BFE 1 OIRE [1 mol/cm?)]
Ceiout - B AV =7 IREAM B RS HMAUICISIT 58 1 ORE [ 1 mol/cm?]

,17,
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ENDREEARE E B2 . i BANT—F TR R TH D, £72. Ceiin bARAEKT
H5, 22T, FORNAX-A [ZBWTIELATD 2 >OMBHISEN T 7= S b EIRET D,
(@) BEpA U — 7K O EF AT FP OFEAE L,
(b) HEp A U — 7K OB HMEI T FP OZEKENZE LU,
Z LT, FORNAX-A ITEBWTIZ, 20 2 50&ME27-3T X957 ni O Cim & EFE
WX VRET D, (ZORKEFHEICHOWTITN SR A T A-5 #(2ILE)
UTIZZD 2 o0& 2R T ROV THIT 5,

(a) B2 U — T OB EHB T FP O AR LUy,

oC .
ﬁEOVC\ J:Jci,in :Jci,out =_Di,gs : aa _aD,i ‘(Cu,out _Cci,o) VC\\&)%)Z])E\
r .
acci
- DiagV ar ' = aD,i ' (771 : Cci,in - Cci,o) (41)

72720, Digs: B AV =7 RMEIZHIT 2R A Y — 7 P 1 OIEHEREL [cm2/s]
Fotz L REHHO OSBRI RR A RET B DU TR,
EERN 7L OE L BENAST —X)
7it Ceiin bEE 72\, AL 4.4.2 /NI TR RSB,
Ceio : AR O 1 O [ mol/emsl, (AJj7 — )

(b) B AV — 7R R OB HM AT FP OFRKUERFE LU,

E-T, P

i,out

=R, (T,

out

+273)-C,,,, = R, (T, +273)0,C,,, Thoir,

ci,out ci,in

Pim= R, -(T,, +273)-n,C (42)

out i~ ci,in

7212 UL Piin: BN AV — T IR HIMBERIC BT 2 B A U — 7RO 1 0K EHAKE [Pal
FKEE Ciin BB TH D, ZNITDNTIL 4.4.3/MHICTER D,
Ry : 7 2E¥ (= 8.314 [J/mol/K])
Tout - WEMIRE [Cl, (N17—%)

,18,
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4.4.2 BEpA ) — T EEAMEERICB T D W HERER a D
22T EREDRUCBT D api OREIEZE~D, ek, FORNAX-A TH 5 mAIM
T OTLRITBIRIHE TH D,

(D) £ ~V T LEHMOEE o ge [kg/m3l, KitkEfEE ¢ [Pa - secl. He & EifE i DA
YEWAREL Dhe-i (m2/slZ 3532, 272 L, MAELEGEEZED 53, BfEi & LTCs
ZRELIZLDTH D,

1073 P,
= L He (43)
Prre 1+0.00351-7,, 60
0.645
u= 1'7969 :0.8779.[ Tou £ 27315 107 (44)
10 6.03
DHe—i = DHe—iO . PO : TOW +27315 (45)
P, )\ T,+273.15
7277 L. PHe: He ®E S [Pal(N 157 — %)
Dpe-i 0 FEYEIR FE(T)REYEE S1(P)IZ BT 5 He & £ZFE 1 OF BEIEE RS [m2/s]
ANJ157—4)
Po : 1#=¥EF 71 [Pa] (NJ157—#)
To: YR EE [Cl (N 17— %)
m: 7 NVERFIONT—%)
(2 He LA /L 2% Re[-]. He oEEfilco\ThY =3 v bk Sei[-1z384 5,
Re =dVoue / u (46)
Sci = u« /(o HeDHe-i ) (47)

=72, de: MEAMREE OFEMEL [m] (A7 —%)
TROBHAM ONIELITBNZ AT T 5, 728,
de = i BT AR It 6 B 1 oD B [ = &
Th b,
V:He Ofiii# [m/s] A7 —42Th b,

3) UTFD2o0EEHET 5,

,19,
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0.1
a,(Re):0.018-[Z"J %-Re‘)-g-Sc,.""‘-102

i c

ahO(Re)=O.116-%'(R °7_125)-S¢,"* -10”

=72, do ANV [m]I(N )7 — %)
N [m] (AT — %)

(4) ®iZ, UTOMEZEHET 2,

& = a«(5000),/ @ r(5000)

(B) BIIWELERE apiitET 5,
1) 2200 < Re = 5000 D4

D,
ap, =0.116-& - —H=_ (Re"7~125)- S¢,"* -10°
’ (d,—d,)
2) 5000 < Re D54

oy, =a,(Re)

4.4.3 BEA Y —T MO 1 OFRHEAKE Piin

FORNAX-AIZBWTIX, UTD 420647 a ) TEIRTHZ EIZLTND,

>  Henrian O &5+
>  Freundlich ! D 7&K+
»  CeiimllXoTERL2OZUIVEZ D,
Bk OBEBIRE( Ce ) &I
Cci,in S pg< Ct @%é\ : Herrian 7!
Ceiin / 0 s = Co : Freundlich
ZIT. og: BEARV—T @ﬂ.ﬁ}; [g/cm3] (A J17— %)
> Henrian %! & Freundlich O+ #5375,

(48)

(49)

(50)

(51)

(52)

DI, BBEE. Henrian B! & OF Freundlich B O K KE DO HEIEZ IR B IZ Piin DHE

HiEE R~ 2%

,20,
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(1) EBEE C: [umol/g-carbon]iZLL FOGBI)XTiHEA IS, CeOBENIZIEETH L,

InC, =F +G-(T, +273)

L, EG: &%, (ANHTF—%)
Tin : BnA ) —7 OAKEIRE [Cl (AT —4)
ﬁ%\%\x U wj/é\iﬂ*jfﬁiﬁ@m'fﬁ”& |7 5 f%:%"c\‘ in @%i%'@iofb\%)o

(2) Henrian #&KJE Py [PaliZLl TG THE I NS,

E C..
P, =exp A+L -Ct[D_1+T,,,+273j. =
T, +273 Py

=72, A, B. D, E: &%, (N7 —%)

(3) Freundlich 7R T E Pr[PallZUL T GBE)XTEHEIN S,

@) Peiinl I TOGE)RTEHE NS,

P.iin = fuPu + frPr

(53)

(54)

(55)

(56)

72720, g, (RZ 1 £23 002 LY, ANEHOBHE TR AT v a itk oTikE S,

L flH Z Lo T, BARRLRRITEKT D,

4.5 FP filt & 0 HAE

PRBH RSN R BLAT R FE 2 72 0 R EIM ~ DR 1 O Y 3% F 7o 13X fE DY CFP 2 51
REER TR LV AR L, ZORERIZBWT CFP 25 LR EHED NI TFET D% 1

D)% Rei [pmollem2] &35 &, Tt BN 1o,

cl —

dR
dt

I A —THmE Zk:(uik ‘Rck)

,21,
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5. £& 0

W R G O HE IR D e - A v - T a oy 2RO IR ZIFRE D & Ok 5y F A Rk
Y(FP) i R %G HE T 5720 OFtH 22— K Th 2 FORNAX-A OFEEE & FEpEX A il L7,

Eth. EBRT — X Loz X FORNAX-A ORGEEIT I LA, R — RN IELL
EHEL TS Z &MU, EEOBIRNFHHE I — FIZBWTREL TWHBREIZAWZ & H
W PEEN TN E ) IOV T B ETRETH 5,

2 E BN

1) S. Mitake et al.: “An Analytical Study of Volatile Metallic Fission Product Release from
Very High Temperature Gas-cooled Reactor Fuel and Core”, Nucl. Technol. 81, 7 (1988).

Fuel kernel
Buffer layer
IPyC layer

SiC layer
OPyC layer

g A,
=

Fig. 1 Schematics of CFP system
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(a) IPyC layer
SiC layer
Fuel kernel Buffer layer OPyC layer

Recoil region

(b)

Fuel kernel Buffer layer |pyc jayer OPYC layer

Recoil region

()

Fuel kernel Buffer layer

v

Recoil region

Fig. 2 Recoil regions in CFPs of each mode, (a) Intact CFP, (b) SiC failed CFP, (c) Through
coating failed CFP

,23,
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Center of fuel rod Graphite sleeve

Fuel compact Coolant

é r
Fig. 3 Schematics of fuel rod system
Coolant
Graphite sleeve

Ci,o
O .
. r

gch/n Cci,out
iin Pi,out

Fig. 4 Schematics of graphite sleeve/coolant boundary in case that boundary conditions
depend on velocity, temperature and pressure of coolant, and FP concentration in

coolant

7247
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ik A BT i

H &

FHBK A EARAT ot -eeeeereeereemse e 25
N B B N L B R S e 26
A-2 RFHETT DU wommmmmmmmm oo oo 27
A ISR OORETE 7 eeeeeeeeeessss e 28
At BEBEITRRIDMRE -eereeeeereesssssersee s 31
A-4.1 TDMA 7 -mmmmmmmmmmmm s s oo oo oo oo oo oo 31
A-4.2 SOR Vi -mmmmmmmmmms oo oo oo oo oo 33
Y B e 34

A-b FEFRHRIC X 2 B 2 Y — 7S E 3 SN 31T 5 FP IR EE J ONREEGR L
DRI G mmmmmmmmm oo oo o oo oo 34

Contents

Appendix A Numelical analysis methods ----------=-=-====-s-mommmmmmmm oo 25
A-1 Control volume method -------------------=-----m-mmmmomomom oo 26
A-2 Treatment of time -------=-==-=--mmmmmmmomomomoooo oo 27
A-3 Setting time step widths --------------m-m-m-mmmmmmsomomom oo 28
A-4 Solution method of descreted equations --------------=----------momomooooooo- 31
A-4.1 TDMA method ------------m-m-mmmmmmmmmmmomomom oo 31
A-4.2 SOR method -----------------m-mmmmmmmmmmm s 33
A-4.3 Judgment of convergence --------m-m-mmmsmsosmsososomomommooooooooooos 34

A-5 Method by iterative computation for FP concentration and varier

factor on graphite sleeve side at graphite sleeve/coolant boundary--- 34
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A1l 2 hPue—LARY =2—24kE

LU FP 8k o 2 R of 2 /rd,

%%:—vua+§ijcg+@ (A-1)
k

ZZT. C o FPEMIRE [1 mol/cm?
¢ KeZl [sec]
J, : FPEfE 1 O3t [ 1 mol/em?/sec]
u, : FPIHE k ORI L % FPRGHE i 0k (k=i OB 2H0 % )
u; =—4
Uy = Egly
A« FP B 1 ORREEH [Lsecd(N 17— %)
g, Rk DRBEICLVBERELICR IR N7 —%)
B, B FIC XD 1 OEREE [1mol/emd/sec] (NJ)7— )

ZZTADKEa b= R 2— METHBILT 5 L LTOA-2)RUTERIND,

%.dVZZ(Sj'Q,’J)‘F[Zuik-Ck+ﬁi\).dv (A-2)
k

J

ZZT. dv  BEHRAEHElems]
S« BEREIS M j O 1 F& [cm?2]

Ql.’j CEEBERE O OE B EE~O FP 1 O K[ 1 mol/cm2/sec]

ZORIGEAEICEY, & B2 EFP BRI OIS AfEE Y| FHRIRZEN AT
50

,26,
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A-2 BT 0RO
HIFE Tl FP ik o ek i fR R A- DTk LZERIFE S 21T W (A-2) I ~EH L 7=,
2 TIEMEETICOWVWTE 2 S, T TRA-DDEDTHALN, ZHUTFFEEFHETH Y KA
THEH L S D,
oc, . _cC'-¢"

—tdv=—""-"="—14dv (A-3)
ot dt

22T, G AERTLORART v TR AT 7 n)O FP AR 1 IR 1 mol/cm3]
G IR T TR AT » 7 n-1) 0 FP R 1 #E] 1 mol/em?]
dt - FERIZI 7008 [sec]

WIZ(A-2)ADHIDIT I T, R AL 2 1 5 M B BT L £ ORFZI O A2 FV 2 vk 76 <
TR 572075, FORNAX-A TiI EfLo o LIEEFHHUN ZHRELU AT v T OEE T 5 LT
DIfREZ R Uiz, BIEIIRFRZ 2B BICRE TS, MEBRPRIER & 2 5 TRHZ
HMEZRESIMDZENFAETHL LW OFELH D,

dt ~

J

n n-1
G -G ‘dVZZ(Sj 'Qi,jn)"' [zuik -G, +ﬁi”j'dv (a-4)
k

22T B RRAAT v 7 n OB L B 1 OARGEE [ 1 mol/lem?/sec] (N7 —#)

Q. - WHAT v T n OEFFIFE ] XV AEHEFRE~O FP A1 O

[ « mol/cm2/sec]

,27,
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BMBZEETIZ, UT, BRELGZ T2« =23y U iEBRLTEL,

> BRERTRZ OEEZ Vv %)

n n—-1
% -dv = Z(Sj . Q[,jn_l)+ (zuik . Ckn—l n ﬁ,‘n_l) dv (A-5)
/ k

J

> 7 Trr s =any SEEIZL HRL ORI EE v D)

n n—1
idos{
dt

(Sj 'Qi,jn_l)+(zuik G ﬁin_l) ‘ dv}
+0.5'{ A (Sj .Qi,j")+(zutk .C” +/3;1J.dv}

J

(A-6)

A-3 WA A DORBGETT 1k

AiE T, FORNAX-A TIZRMEZHRA LI L 2B\ Lz, Zo%Ra, KRZAA2Z2Z B HIC
RIETE D08, REQLFHZAAELZRET DI21E, ITHREET 256005,

PRI W TIRFHIZ A DR E D BB 20 & 9 2 OHIWTITEE L < | W2 208 2 25012 LT
FHR ZATWVEMRER R IR E 2R U2 T Ui &2 08— TH 2,

7212 LR A 2008 2 /N & < U 213 ERHFRRERNITIE R T 5720, fEERLEE LSO

A 2 DR E 2 AT D72 X7 b7,

723 FORNAX-A CiL, RHRI A8 % B E T 2 HIEOM, 7707 « =2y URICHE
DEHEWICKRMA AR ZRET D HEL BRI 7 a v E LTHE L, UTIZEEMZ £ &
D,

TV T =any EICBIT 2 EMEAA6) A EIC FP ZREREICER L TX%
BT 5,

,28,
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C- n_C n—1

—bm  Tim .dv:0.5‘(a G _1n +a,,"-C," +a,," -C +1n ~4-C., -dv+G n)
df w,m i,m p.m i,m e,m i,m i i,m m
+ 05 ' (aw,mn_l ' (ji,m—ln_l + ap,mn_1 : Ci,mn_l + ae,mn_l ' (:'i,m+1n_1 - ﬂ’i ' Ci,mn_l ' dV + Gmn_l)
(A-7)
ZIZT, G AALAT vy n, BEmITEIT D FP L1 mol/em?]
G," : FP BfE 1 RO RO LD 72 b D[ 1 mol/sec]
a,, :FPEREIREC, "1Zhh5H%% [em3/sec]
a,, FPEAEIREC, " 1207555 [cm¥/sec]
a,,’ FPERIREC,,, " "\[Z2h 265 [em¥sec]
[ EiRT]
nn-1: KHRAT v 7
[T¥RTF]
m-1,mm+l : BEEK =
EREHICEHRS L LR EHGD,
dv n n dV n—1 n—1
—=05\a,, —A-dv]|-C, ~=|—+0.5"\a —-A-dv)]|-C.
(dt ( p,m i )J i,m (dt ( p,m i )J i,m
+ 05 ' (aw,mn : C[,m—ln + ae,mn : Ci,m+1n + Gmn) (A-S)
+ 05 : (aw,mn_1 : Cii,m—ln_1 + ae,mn_l : Cii,m+ln_1 + Gmn_l)

zzTC,". G, HEORMICERTH5, ZORKOBENRRSL L K OETIZHE

WIRBIZNAET, SHEPEBLTLE I LOHEZLE L TT I IZIEME & bF51E LR
N7 B 720,

n¥EC,". C,  omMtoa,,". a,," ZHERS L OWELEIC X DBEEN S IRET
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LR B D, BREEIZE N T, A-DRAD B A-2)NA~DEHITIB W TR Q, O idE B 2

FICHMATDHMZIEE Le, 22 TWHARBEZH LT LHRQ IFKRATREN D,

Qi,w =a; ., (Ci,m—l - Ci,m) =Q;,," Ci,m—l &, Ci,m (A-9)
Qi,e = a[,e : (Ci,m+l - C[,m): ai,e ' Ci,m+l - a[,e ' Ci,m (A'lO)

ZIlTCaq,, o JIERERKEERT D,

FREVEHERCHAT 2 HMEEL LSS, C, Ol -a,, ,~a, L7320, &
BOMEIZIRDZENGND, ZHUIIERICE 2B EIZHOWTHLREBETH 72D, (A-TNB L)

(A-8) 2B\ Ta, , I TLRIITRDE L 72 D,

FELFETHLNE. A-RDEDDC, " DRIITHICIEL 25,

%—0.5-(%” —Jy-dv)>0.0 (A-11)

Bk KO HEARECATOND DT, T OREHE T HERD 5,

%+ 05-(a,,"" =4 -dv)>00 (A-12)
df<——2dv (A-13)
a,, —4-dv

L7278 > T FORNAX-A TEIFFHAAORIEZ BEIRIIIAT O K224 T v a ViERLIEGE,
FTARTOERKICH L TRREFHE L, B/NhDbDERMAL LT 5, RATE, (A-13RXDh
WaUS LEebDaRMAAL LTS, ZHITEVEHREROLEENL O TH D,
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(A-14)

A-4 BERE TR o iRk
T3, EAEIC X DR E(A-) A FP EEMEEEICER LRI 5,

+a "-C "+a "-C

dt w,m i,m—1 p,m im e,m i,m+1

" },-C,"-dv+G,'

(A-15)

FORNAX-A TITEEMET A OBEBILIC L v 56 e T2 < I2H 7= TDMA LR
FO'SOR #Ez M L7z,

FARRIZIE TDMA 545 W CEHRT 223, 7 2 FEHE TRETF v o 1L FP LR TR
TR FFEBE DR L WVEF DR & o 727D BT ¥ RV ORI DWW T R FHRLE]
Hm 20 [ & 8 2 72356 SOREICHI W B2 52 L L L,

Z 2T TDMA EIIHREAGFMOBEN RN FHREMNBUIRT E CTHUNe BB 20 iR LT
AREMER B D, L7ed> T SORIETLHEMAMRT 2 LICENEES L E LK,

LIF. A-4.1 §il28 T TDMA HEIZ DWW T, A-4.2 2B\ T SOR IEIZ DWW TET 5,
FIZ, A-4.3 FillZ B W TIHHEIZ DWW T T 2,

A-4.1 TDMA &

TDMA £ THBERZM L BE ., ETEBEIERXA- 1RO FHEL 25~ 70 FP ifE i 2k
DO—WDBE AT X TCEBITBRIET S,

n n dv n n n n n -
—-a -C +(——a ” +/"t.-dvj'C. -a,, C,.. =G +C =~ -—
5 dt P, 5 5 5 5

S bS5 L kA 2G5,
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Am,m—l ' Ci,m—ln + Am,m : Ci,mn + Am,m+1 : Ci,m+1n = Zm (A-17)

INETRTCOEZICONTITY, L0 LLUTOTIREB S, (ax ITEHZEH)

Al,l AI,Z O Ci,ln Zl
A2,1 A2,2 A2,3 . Ci,Zn _ ZZ (A']_8)
O Anx—l,nx Anx,nx C[ ”x" an

ZOFHIREN T ADHEETHLS & TC,," 2B 2N TE DN, ERICIEZ, 130
FP BRI & D AR ER S0 & FPEMEREIKFT L 2A58H 50T, EXLD

BN G, EEERRICBE 2, Lo TREFEIC & 0 OIS R 5 BB B 5,

7272 L FORNAX-A TIIHMICH 7 ADHEELVHBONZC,," 2ZDEEMET DD

TR, REMZ MRS 2720 FOFE 21TV KEFSIEEK k B A O e C, " %Rk
60
c,"=0-C," +(1-0)C,""" (A-19)
Z T, o EMRE (N TF—4%ThH x5, 0<a<1.0)
[ FRs]
n =37 Al
k,k-1 : KB R EI S

ZOoDREFZA—F—DABTHLINR, /NSWEEZIEET 2 LHENLET 228, IRIC
W2 D RAEFHE U 2 2B & e D,
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mx+&dq

A-4.2 SOR 7%
SOR ECHBRALM B, TEMIRXA15)% C," ICB L CEET 5,
.Ci m—ln +ae mn 'Cl' m+1n +Gmn +ﬂcl mn_lJ (dv—a
’ , ’ dt ’ dt
(A-20)
’ Cl',m+1n DEEFNLTND, ZOD

i,m—1

-

4 ZOFHRBEICIXC
HRHEIC BT 0 BEMARA IR TOW D0, #RELNTEC,," b ERI

ZIZTEREY G, BERESND R,
PR ATV 2 RO D LB B D,

! N C11',m+1
7272 L SOR 1T % TDMA i & FEEIC(A 10 TR b C,," %20 % iR &, kAU

7

C11',m—1 ! cz
HE 7,
L7=7 - T FORNAX-A TlIfK1E
KO H e REEmC,, " Rk B,
Cc,"=0-C," +(1-w)C,"" (A-21)

o R AT —%2 ThH5 2%, 0<a<1.0)

ZZ T,

[ EiRT]
RN T v T

s R EH R K

n
F I SOREIZ, 2D wiZ 1.0 L EDEE AT L7286 %5 9 55, FORNAX-A Tl

k,k-1
ZDoDREFTEI—F—OABTH L0, NSVELZIRET D LEHRNZET D23, IURIC

W2 D ROARFHREEIBUIHE 2 2B L 72 D,
LE BT 5720 1.0 K DEZ LTI 5,
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A-4.3 IXHCHIE

1]

FORNAX-A TiF, REFHEOEICTRTOERCIHHEM s, . &,. )% ML, 4

e, N7 —2)% FlEl o 2R CRFEIR L7z L HIET 5,

max

&=[C." =G, (A-22)

e =[c, -, )le, -, (A-23)

i,m i,m

L. ¢, -C, 20

i,m

Q=Wlnj_C;M4yC'M

i,m

(A-24)

[ EiRF]
n,n-1 WG AT T
k,k-1 s AR FH R B
[FiRTF]
m P EWRE T

703 FORNAX-A Tld, WA AT » Al W T FP BEEEEOE KMEZTFH, EHTHH
FD FP EREEENZ ORKMED 1/1020 L FTHHE AT ERAE L RS 2, URHE &
DEEANT B L E LT,

A5 IKEFHEIC L 5B A Y — 74T <SWRNZ I T 5 FP IR E K ORI Ok J7

T ITIE, AR 4.4 Hi TR EHEER I (RS R Y — 74 Em) IZBWTA S g T
& %5 FORNAX =1 — RIZ ADHELT 5 56 OB R E 1T D8RR 2 T 256 K&
FHHEICE > TR AV — TS T SRS T 5 FP IR K OBEEELRE A Ko 2 J7 ik & BAKMY
B ~%, Fig. A-1ICZD X5 G0 RMA ) — T IHHMER O EXK 2R~

(1) A 0(40)(41)(42) X% DL FICHEEL,

77[ ' Cci,in — “ci,out (A_25)
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2L, pi BERAR U —TIREMIZ T D% 1 ORERERE []
fOBER L1320 . RN TH D,
Ceijin : BEA U —TWHEAMBER T HAMNCI T 2 1 OFRE [1 mol/cms]
Ceiout : BERA Y — T IHFEIM BRI HMUNCH T 2 1 OFEE [ 1 mol/cm?]

- Di,gs a;ji =Up,; - (77i Coiim — Cci,o) (A-26)

in

72720, Digs: BIAA V) =7 REIHB T LB A Y — 7P 1 OIEHEIREL [em?/s] (B
KT« JEPEAL T R L - HENA ST — %)
@ pi : WEIB ISR 2505 5 KR L OMTTEERA [omls]
7ib Ceiin bEERV. ZNORDIFITOWTITIANEF 4.4.2 /M Tk~
7o
Ceio t HHWEFORALT DRI [ mollemA) (A7 —4)

Pim= R, (T, +273)-n,C (A-27)

ci,in

7272 U Piin: BER A ) — 7 B HME RIS 5 B A U — T loZHE 1 o R mAKE [Pal
K Ciin B0 TH D, ZHITHOWTIIARFEF 4.4.3 /NEIlZ T~
7
Ry : 7 2 E% (=8.314 [J/mol/K])
Tout - MERREE [CIONT) T — %)

(2) Piin ® BARM 22 BAEIEIZ DWW CIE EFLD K D ICARTRS 4.4.3 /NI TR 728, Z Z CTILLF
D EHNZ Cigin DBELE L CRER T 5,

-Pi,in = fpress( Cic,in) (A'2 8)
(3) Zz 7. (A-20) Xl & HEib 3 5,

A cC.. —-C.
_ D aCc[ — _Dl " cl,in ci,m
’ Ar,

(A-29)
1,88 57”

72120, Dim: BEA Y —7 O bAMUDERITIS T D 1 OILHERE [em/s]
Digs LRIT, BERT - BT X - BERANT—F)
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Ceim: BIHA) =T DR BIMUDOBEFZ DO PO IR T HEE 1 OFEE [ 1 mol/cm?]
Arm: B8RV =7 O bLIMUOEZ OO 45 [cm]

1) (A-29)20% (A-26)RATRA L T CeiinlTOWTEFET 5 & |

D, -C

ci,m

+Ar ca, -C.
m D,i ci,o (A'30)

cijin —

Di,m + Arm 'aD,i : 771'

ThHbD, £, 7illOWTHEET L L,

D (C. —C. ))Y+Ar -«a,.-C.
77,- — i,m ( ci,m cz,m) m D,i ci,o (A'31)
Cci,mArm : aD,i

(5) éf::wf\ }i@%‘%fﬁ&)é Cci,in\ 71 @gé%/l’l‘i%ﬂf\‘j—*a*%& LT, 8Zpress U TD X
INTEFET Do,

gpress( Cci,in, 77 i) = Rg( Tout+2 73) 7 iCci,in - f;)ress( Cci,in) (A'32)

(A'27)(A'28)fti IR Cci,in\ 7 175‘#@@5’]61%{6% faff[é!‘wf‘ %ﬂ@i Zpress X0 &7 Do ﬁéo <. 8Zpress
P ONZTEITVMEIZ 72 % K 91T Ceijine 7 i % FAEFHHRIZEZ D ROIIT RV,

(6) FORNAX-A 1B W TIE Coiine 7 i3 EARIICIZLL FTO L 512 L TR TV B,

O 7iOEEME LT iz =10, 7i2=095L#EL. A-300KL V55T D Coiin DEE
B Ceiing « Ceiin2 % &4 3HT 5,

@ i1« 7niz2 X Ceiin1 « Ceiin2 % (A-32)FUTMA L XHIET D Gpress T D Qpress,1
Gpress,2 & RO B,

@ =a— b AEICE Y BT Ceiin DEEM Ceiins RO D, AIH,

C

o =C .
ci,in,l ci,in,2 J'gpmm (A'33)

press,1 - g press,2

Cci,in,3 = Cci,in,l - (’Opress {

f:fi L\ @ press - ﬁ%%ugﬁiko FORNAX'A ‘/C\\!i 0.5 k LTU\%)O
@ Ceiins\ZHIET 5 il THD i3 ZA-3DXL kDS,
@ LJTIEE‘?K@'@%%BT% Nk T ch,jn,4\ Cci,in,5\ 75_’*&)\ 8press,4» Spress,5 «eee--.. %fjk&)
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50
ZGpress,k D IETIZ O IZIEVMEIZIUR T 5 & TR D T,

25 R
A-1) S. Mitake et al.: “An Analytical Study of Volatile Metallic Fission Product Release
from Very High Temperature Gas-cooled Reactor Fuel and Core”, Nucl. Technol. 81, 7
(1988).

m-th element
(Most outer element in

(m-1)-th element Graphite sleeve)

)

iin P i,out

Fig. A-1 Schematic of graphite sleeve/coolant boundary in discretized system, in case that
boundary conditions depend on velocity, temperature and pressure of coolant, and

FP concentration in coolant
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4% B FORNAX-A OEEMEZEOBI(Z D 1) : CFP K%

6% B FORNAX-A OBEHRRDOBUZ D 1) 1 CFP ARG --sroreosssereosssereossseesoaeeeeoaeoe
T
B-2 ML S AU RRIC I 2 IR PR O FEGi:  -oooeeeeenosssemeoseeneossecneees

R L
B-2.1.1 # H L7= %% m 5 OPyC J& 0

B-2.1.2 # H L7= %% m 5 OPyC J& 0
R
B-2.2.1 #HTAER m A b AMOBER TROEE oemeeereeeeeee

B-2.2.2 #HTAER m 2SS NMOBER TH DB -eeeemereeeeeee

B-3 BEHKIL SN RRICIT 5 RBOMHBIE DFF IR --eereeeeereesssereosseeeeees
B FEf]  +ereeeeerees e
I
Br4.2 EHHE oo

Contents

Appendix B Example of validation of FORNAX-A (1): CFP system ---------=--=--=--=-----
B-1 Whole process =-=-=-======m==mmssmsmsmsmsos oo oo oo oo
B-2 Calculation method for flux by diffusion in descreted system ---------

B-2.1 Outlet flux by diffusion -----------=------------m-momommmmmomomom oo
B-2.1.1 In case that focused element m is not outermost one in
OPyC layer ----=---=-m=mm=ssmsmsmsmsssssososomomomooo oo
B-2.1.2 In case that focused element m is not outermost one in
OPyC layer --------m-mmmmmmmmmmmmmmmmsosomommmo oo
B-2.2 Inlet flux by diffusion ------------------------m-momomomooo oo
B-2.2.1 In case that focused element m is not innermost one in
IPyC layer ------==-=-====mmmmsmmsmsmsomsmsomoomomo oo

B-2.2.2 In case that focused element m is innermost one in
IPyC layer ----------m-m-m-mmmmmmmmomomomooooooomoo oo
B-3 Calculation method for release rate by recoil in descreted system ---
B-4 Examples --m----mmmmmmmmmmmmm oo oo oo
B-4.1 During normal operation -----=-==-=-==-==-m-mssmsmsssemsssoosseooooooooos

B-4.2 During accident --------=--=s-=s-mmsmmmmmmmmmem oo
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AAHERIZE VT FORNAX-A O AR L L THASNDE FPOT R 7 7 A VRSB DHH A A
ATy FICBWTEMRNLTH L TWD Z L 2R T 2 HIEIC>WVWT, £7, 4 CFP K%
BT D H kAR BERENCHIAT 5, REHEERIZOW T8k C ITINER)

WHBALEZA LAT v FIZONTIOL I RIEELITH 2 L1128V, FORNAX-A NIEL
<%M’EL“CI/\Z)73)E57D>%E%‘\?Z) ENTE D, L, ARPE 2 HIZHIR~T@ by | 5

BAEREEBREREN LS H O 20I2iE, FORNAX-A 2 IE L < 8ifEd 2 LIS O B G i 7= 3%
ERDHDHZ EICERRT X,

B-1 &0

F3. BEHRORKRDOFWAUCHOWTHIAT 5, FHEOFEGEIX, B-2 HEL NI THIT
Do

4 CFP 0 FP ik 0 FFEX TH 2 AmT (DX % TRic i 7 5,

oc
—dv=[V -, ¢ ; (- C )+ B, — ha,Jdv + JhSh (B-1)

7-77 L. Cp1 : CFP Hlc BT % FP & 1 OEE [ mol/cm3]
: B [sec]
J : CFP BT 5 FP B i OWE O R [ 1 mol/lem2/sec)
uir : FP B k O FREEIC X 5 FP R 1 AR [] (k=1 OHA T E )
ui= — Ai
ux = cikdr fori#Fk
Ai: FP R 1 OAEEL [1sec)(N )T — %)
&k Rk BHREEIC K WG 1122 D =R [N )7 — %)
B pi: CFP HIZHIT 2080 X D 1 OFERGEE [ 1 mol/cm3/sec]
ANNT—4)
ha; : KKBERHEIC X 58 1 O] 1 mol/em3/sec] (BKEEREA A )17 — #)
KBkfEIkIZ BT hai= Fi
FhUACBWT ha;i=0
Jh; : KBk X 2 FE 1 O A OB H[ 1 mol/cm?/sec]
Sh : Bk i OO i fE [em?]
IBkEEI A RIS BN T Jhi Sh= | - B dv
FhLsMcE T Jhi=0
(S Bk BE K Y CFP & 58~HEN A T —4)

Ihzay ba—R Y o—LEROBFREC THEET 5 &
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(Cpi,mn_ Cpi,mn_l) A Vm / Atn= in,e,mnse _in,W,mn SW
+ [z uikai,mH + ﬂpi,mn - hai,mn] AV
k

+ Recoil; m" (B-2)

722l Coim®: #ALAT > 7 n, fHim m(EHRE m OFROICEIT D% 1 ORE
[ # mol/cm3]
Avy: BFE m OFFE [em?]
Atr: 2 A4 LAT > 7 n Ol [s]
Ipiem: XA LDAT v 7 n BT S EFE m1 25 EE m ~OKRE L ORI L DA
DA [ mol/cmzls] B-2.2 fii Tk %,
Se: #HHFE m-1 L EHE m OFFHEH [cm?]
Jpiwm™: FA DAT v T BT HEE m DR mtl ~OHE 1 OIS XD
O H [ 1 mol/em?/s] B-2.1 fiCib %,
Sw: EFE m L HEH m+l OB EE [cm?]
Bpim™: ZA LAT v 7 n, BEmIZB TSR XD 1 O BAERY 720 Ak
M [ mol/cm?3/s]
haim": Z A LAAT v 7 n, BHEm Il DR 1 OENARFEY 7= 0 Bk EE
[ » mol/cm?/sec] B-3 Tk~ %,
Recoilim® : # A4 5L AT v 7 n, BH m ITRRBEIC L0 AT 288 1 O AR
[ « mol/s]
Recoilim™ = | ppwommms O pi 2dv  for /N 7 7 J@ i N H OB
Recoilim® =0 for =D EFHE

LT DO B-2FICIRRD X 51T dpie,m® K Jpiwm™ 1 Cpim? 2 O Cpi,m™ 1 DRI EHL T X |

B-3 EZHR~2 K HIZ haim® bBHEICHETE S, #->T, B2RXOLEDRWELDOT 07
TANMIZALAT v T n kO 1182 FP 707 7 A M Cpim? KX Coim™ 1 D7 00 7 7
AWM HRHEY 7 ML o THETE %,

FaxHBELTEBAXROED R OHDOT a7 7 A N EWHEET HZ LI2X > T, FORNAX-A
THEINTEZAALZAT v 7 nllBITLFP a7 7w A N EMRARIZ L TWD Z & 2R

THENTE D,

B-2 BEHUL ST RRITIR T D ILH O Wi R O FHEIE
B-2.1 it tH O YEHBE R
B-2.1.1 #%H L7=%% m 7 OPyC DR/ E TlIrWigs
CFP AR THREMEAR TS, HEHE m KV R m+1 ~i i $ 5 1 OILEO MR HITLLT
o TcE£EN D, (Fig. B-1 &)
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in,W,mn = _Di,mn (Cpi,Wn _Cpi,mn)/AI'm (B-3)
Jpiwm? = — Dim+1? (Cpim+1® — ¢ imCpiw?) / ATm+1 (B-4)

72720, Dpim?: ZA LAT v 7 n, BHFEm BT D 1 OJEERE [em2/s](HE K T - 1
AL 3 L%« BEERA ST — &)
Cpiw: Z A LAT v 7 n 2B 2 EE m OHNFEROFT SRR IS 2 -HE 1 DR
[ © mol/cm3]
G im: BFE m/ER m+1 BRI T SRR N7 —%)
AI'm : g% m DA VVJFPEO)#éﬁj\ [Cm]

b 2XLD sz,Wn%(‘%fﬁ—é &

‘-']pi,w,mn = Di,mnDi,m+1H ( @ im Cpi,mn_ C’pi,m+1n )/( Di,mn A Im+1+ @ i,mDi,m+1H A I'm )

(B-5)
B-2.1.2 % H L72%3% m 7\ OPyC @O &/ ETHHEE
(1) BEREM : CFP4 £ TFPEE=0 OLA
in,W,mn = Cpi,mn/ Arm (B-6)
(2) BEREM  AMEREENRE I N TV DHIEE
Kids 3 B Th~7=(13)1)XZ LA FIcHET 5,
GCP[’[n/8r+Cpi’m/IDKJ =0 (B-7)
Cpi,out = ¢thi,1'n (B'8)
7272 L. Cpiin: CFP £iH 3 <HANZHIT S CFP HO:FE i OFEE [ 1 mol/cm?/sec)
BiH, EEm D CFPRAEDOELETHDHHE. CienERAILTH D,
Chiout : CFP Fifi 3 <HMANZ 1T D CFP FO%FE i O¥EE [ 1 mol/cm?/sec]
Ipri : #MEEEE [em](AN )T — %)
¢ n: CFP £HIZB T DRt NN T—#)
Bt EHEm D CFPRATDODELZETHLILE., dmERLTHS,
F9°. B-DALBLEFE 1 HIT,
acpi,in/ar = _Dj’mn (Cpi,en _ Cpi,mn)/ A I'm (B'9)
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LBITS, £7-. B-7NRXEWE 2 HITIB-8)X LV,

Coiou/Tox; =& mCpiw® / IDEi (B-10)
Thbd, 1E->T, BDRUF.
—Dim? (Cpiw® — Cpim™ .,/ Arm + ¢ mCpiw® /Ipri = 0 (B-11)
L%, W T,
Cpiw® = Ipri Cpim® /(Arm ¢ m +Ipri ) (B-12)

e~ T,

in,W,mn: _l)i,mn (Cpi,wn - Cpi,mn)/Al"m
= Di,mn¢m Cpi,mn/(Al"m dm T IDEi ) (B'13)

(3) BERSAM: - CFP A £ T FPIEEOAR=0 DiHE
e]pi,W,mn =0 (B-14)
B-2.2 Jit A DPLHE R

B-2.2.1 HEHT2EEZE m N bWNAIOEZETHRWES
EHEm-1l LV EEm AT AIEE L OEROBRIZUTORTEINS,

Jpie,m™ = Jpiwm-1"
= Di,m'lnDi,mn ( @ im-1 Cpi,m'ln_ Cpi,mn)/( Di,m'ln Armt @ i,m'lDi,mn Arm-1 )

(B-15)

72U, dpiem?: ZALAT 7 nllBOTEFE m-1 LD EFRm ~RAT DM OJEE O

7id [ u mol/cm2/s]

B-222 5HT2EEZEm N EbNUOEZTHIHEE
CFP KR THREMERRTH., IONAOEFE~FHAT DM 1 DI DO HRIZ0 TH D,
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B-3 BEHUL ST RRITI T D OBk A R EE O FHR L

CFP RRIZBWTEE I N DM i OB ORI E R <5,

HEm DL, HOEENKBHEKICET 256, EHE m » 6 ORKBKAHHE LT
DTN D,

bai,m Avy = ﬂpi,mn A Vha,i,m (B-16)

72720, AVhaim: EHFE m D5 LA OB EBICE T 2 @8 [ems]
PSR
TE m AR 1 O KB H RIS R S WA A Vaaim =0
ZE m B 1 O KB B E T 5 5E . A Vhaim = A4 Vm

B-4 FZf]
Table B-1~B-4 (278 L7=7t5 4% FH\ C FORNAX-A ICCFP Va7 7 A Vv &FEHE LT,
DOHBEFMEIREN R b O TH D, LU ICEFEEGR « S~ 05 5B O CEfE
MR EAT - Bl Z R~ 7L, AT OF 2 TR~/ X 512, FORNAX-A OFFHRIZEBW
TIIFHIRF ORI 72 3R T — ROEET D 01T Tideu,

B-4.1 8% EEL R

IKe %l 3456000 [s](40 H) K OREZ) 3455940 [s](40 H —60 I H1) 54 CFP ND FP 7'
77 A E AV, B4 3456000 [s]icB VT FORNAX-A OEi{EMER %247 - 7=, Fig. B-1 X’
B-2 127tk Hic, ERRB22AXOEDLEHEDDOT a7 7 A MIRL A>T\, - T, Kl
3456000 [s]ICB W T FP 7'u 7 7 A VIR A 72 LTz, LRIz X 0 | K#4 3456000 [s]
IZHB VT FORNAX-A IZIELSEfEL TWAH Z & 2R LT,

725, (B-6) L NCFP ~FiE B3R L7242 CFPLE Y 72 O X Je VY O il sk FE 1%
2 %) 318X 106 LTI 1.34 X105 [ mol/s] T~ 7=,

B-4.2 F R

%] 126230400 [s](4 4E+1 B) K OEZ] 126230370 [s1( 4 4E+1 H —30 #)ICB 1T 5 @4 CFP
NO FP 7o 7 7 A V&RV, K%l 126230400 [s]i23 T FORNAX-A OEMERKR 1T 7=,
Fig. B-3 X O'B4 12T X912, ERB-2RXoLDEHDAOT a7 7 A NVITEL A5 TWLO
o T, W) 126230400 [sIcHBWT FP 71 7 7 A AN R AT~ LT, BLEIC
%) 126230400 [s]i233 VT FORNAX-A (T E LS EfEL CTWDH Z & 2R LTz,

725, (B-6) L NCFP ~FiE B3R L7242 CFPLE Y 72 OB X S VY O il sk FE 1%
2 718X 1076 KUY 3.72X10 5 [ mol/s] T~ 7=,
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Table B-1 Calculation condition (1/4): outline of operation and temperature history

Outline of normal operation and

accident

stop of fission by scrum and increase in

temperature, after normal operation for 4

years.

Temperature during normal operation

constant at 1500 [°C]

Temperature during accident

constant at 1600 [°C]

Table B-2 Calculation condition (2/4): informations related to FP generation

Nuclide X

Nuclide Y

Outline of FP chain

consists of nuclides X and Y.
100 % of decaied nuclide X becoms nuclide Y.

Rate of generation by fission™!
[pmol/cm3/s] 01 01
Decay constant [/s] 7.30%x1077 7.30%x 10710
*1 only during normal operation, only in fuel kernel
Table B-3 Calculation condition (3/4): specifications of CFP
Radius of fuel kernel [cm] 3.00x 1072
Thickness of buffer layer [cml] 6.00x 1073
Thickness of IPyC layer [cm] 3.00x 1073
Thickness of SiC layer [cml] 2.50x 1073
Thickness of OPyC layer [cm] 4.50%x 1073
Contamination uranium fissile exists only in fuel kernel
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Table B-4 Calculation condition (4/4): informations related to transportation of FPs

Nuclide X Nuclide Y
Pre-expone | Activation | Recoil Pre-expone | Activatio | Recoil
ntial factor | energy distance ntial factor | n energy | distance
[cm?/s] [J/mol] [cm] [cm?/s] [J/mol] [cm]
in fuel
6.75%x 1076 1.77%x105 | 7.70x1074| 6.76%x1076 | 1.77%x 105 | 7.70 X 1074
kernel
in buffer
1.00x 107! 1.00%x 103 - 1.00x 107t | 1.00x 103 -
layer
in IPyC
6.69%X 1075 1.98x%x 105 - 6.69%X1075 | 1.98%x 105 -
layer
in SiC
1.77%x1073 1.76 X 105 — 1.77x1074 | 1.76 X 105 —
layer
in OPyC
6.69%X 1075 1.98x%x 105 - 6.69%X1075 | 1.98%x 105 -
layer
Barrier
1 for all boundary
factors
Boundary )
o concentration = 0 at surface of CFPs
condition

(m-1)-th element

—o0

m-th element

(m+1)-th element

(D:i,m-1z Di,mn Di,m+1n

im-1 Cm” iw! @mCiu" Cime"

S - < R I. I

‘ Ar,,., "-Arm_1 W Ar, ] A, Al T Ar,.q ”
rm-1 rm rm+1

Fig. B-1 Schematic of diffusion flux in in discretized system
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Fig. B-2 Increase rate of nuclide X in each element at 3456000 [s] (before accident), (a) by
outflow by diffusion, (b) by inflow with diffusion, (c) by generation by fission, (d) by
inflow by recoil, (e) by decay of nuclide X, (f) by decay of parent nuclides, (g) sum of
(2)-(), (h) calculated with profiles of nuclide X at 3456000 and 3455940 [s].

Calculation conditions: Tables B-1~B-4. Note that contamination uranium does

not exist.
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Fig. B-3 Increase rate of nuclide Y in each element at 3456000 [s] (before accident), (a) by
outflow by diffusion, (b) by inflow with diffusion, (c) by generation by fission, (d) by
inflow by recoil, (e) by decay of nuclide Y (very small, but not 0) (f) by decay of
parent nuclides, (g) sum of (a)-(f), (h) calculated with profiles of nuclide Y at
3456000 and 3455940 [s]. Calculation conditions: Tables B-1~B-4. Note that

contamination uranium does not exist.
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Fig. B-4 Increase rate of nuclide X in each element at 126230400 [s] (during accident), (a)
by outflow by diffusion, (b) by inflow with diffusion, (c) by generation by fission, (d)
by inflow by recoil, (e) by decay of nuclide X, (f) by decay of parent nuclides, (g)
sum of (a)-(f), (h) calculated with profiles of nuclide X at 126230400 and
126230370 [s]. Calculation conditions: Tables B-1~B-4. Note that contamination

0.01

uranium does not exist.
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Fig. B-4 Increase rate of nuclide Y in each element at 126230400 [s] (during accident), (a)
by outflow by diffusion, (b) by inflow with diffusion, (c) by generation by fission, (d)
by inflow by recoil, (e) by decay of nuclide Y (very small, ut not 0), (f) by decay of
parent nuclides, (g) sum of (a)-(f), (h) calculated with profiles of nuclide Y at
126230400 and 126230370 [s]. Calculation conditions: Tables B-1~B-4. Note that

contamination uranium does not exist.
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AfFHERIZB VT FORNAX-A O EERLE LTHAEND FPOTu 7 7 A ARH DX A A
ATy FIZBWTERX A2 LTV D Z 2R T 2 FIEICONT, BREHEERICB TS
HExE BRICHAT 5, (CFPARICHOWTIL, 4 CFP Ol & 4% B (2 IXék)

WHBALEZA LAT v FIZONTIOL I RIEELITH 2 L1128V, FORNAX-A NIEL
SEELTWANE I DERTHZ ENTED, 2L, AfRFHE 2FEICHIBR7-@Y | 5HHAE
FEER L EREREN L H O -0icid, FORNAX-A MIE L < BIES % LISk o Bk & il 72 4 4 8
DD LITERERE L,

T ITIEVEHR A Y =TSRRI T DR EMED FORNAX =2 — R COIZHEPLS 2551
WTik R 5,

C-1 ko
PREVRIR R T T FP kD X TH 5 ARTP AN %E FieiciHs+ 2,

a; =V I+ Y (4 C)+G (1)
k

7272 L. Cei: B 1 OREHERRIZI T 2 E [1 mol/em3]
CFP IZREF STV D FP T & £720,
: BERE 1 OBREHBRIARIZ B T D HEENC X S [ 1 mol/em?/sec]
MR 1 OPREHBRIA R IT I D AR r“ [ » mol/cm3/sec]

Ihzay ba—R Y o—LEROBFREC THEET 5 &

(Cci,mn_ Cci,mn_l) A Vm / Atn= Jci,e,mnse _Jci,W,mn SW + [z UikCci,mn + Gi,mn ] A Vm
k

(C-2)

727170, Coim®: i mEZE m OhE), XA AT v 7 nllBiT HREHERRICEIT %
1 O¥E [1 mol/em3]
Ay s BHE m OFFE [em?]
Atr: XA LAT v 7 n OE [s]
Jeiem?: XA LAT 7 nIZBITHEE m-1 O EFE m ~OREHERERRICE T 58
1 DPLHUT K 6{)IL7\®{}IL;E [ mol/lem2/s] C-2.2 HiTilk~<%,
Se: EHE m-1 LR m OFEREHE [cm?]
Jeijwm? 1 XA LAT v 7 nllBITHEHE m Db EHFE m+l ~OHE 1 OILEIZ LD
HORR [u mol/cmzls] C-2.1 fHiTik~ %,
Sw: ZEHFE m &2HE m+l OB HEH [cm?]
Gim": 2 A LAT > 7 n, BHEm TR DM 1 OBREHRIKRIZE T 2 AR Y 72
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D AR [ 1 mol/ecm3/s] C-3 & Tk %,

ik B Tk ~7z CFP KRICE T 256 L RIS, #45H5H L72(C-2X0 LD R D D7
77 ANERKT DI EIZE o T, FORNAX-A THEAEINTZH A L AT » 7 nllEiF 5 FP
Ta T ANVBEERETE L TWDLINE ) DHERTHZENTE D,

C-2 BEEAL SN RRIC BT D LR O FiE R O FH 5k
C-2.1 i O Pk H

C-2.1.1 HHLEEZE m N R Y —THAE TIER WSS
(B-3)~(B-5) & &= < [FEkIZ,

Jci,W,mH = Dci,mHDci,m+1H ( @ im Cci,mn_ Cci,m+ln )/( Dci,mn A I'm+1+ @ i,chi,m+1H A I'm )
(C-3)

7 U Deim®: 5 4 5AT » 7 0 BHEmICEB T 0= /87 bAoA [em/s] 0
FER T« JEM L= R X JBENRA ST — )
¢ im R m/EH m+1 BERICH T B WK [TADT—4)
Arm: ERmOA Y 2WOF5 lom]

C-212 HALEEZm AR —THRAETHLHE

PREMERIEICR T 2 FPIRENBEM OREFIKAET 2551280 T, FP REL RO
T 7y ANDF =y ORRLT fHERA OF D A5 BT KEHEORIED LETH
%, C-4EITHED THRIBT D,

C-2.2 P A DILEITE R
C-221 FHLEEEm P27 NgNHEH THLHE
CFP AR THREEIERTH, bWNMOERZ AT LM 1 OO HRIT 0 TH 5,
C-2227%HB L7-EE m Na /7 MgWNE TR WEA
Jci,e,mn = Jci,W,m-Zn
= Di,m-lnDi,mn ( @ im-1 Cci,m-ln_ Cci,mn)/( Di,m-ln Armt [ i,m-ZDi,mn Arm-1 )

(C-4)

7220, Jeiem?: XA LAT v 7 nllBOTERE m-1 LV EEm ~HATIREHEERRICE
J AR L ORI O TR [ 1 mol/em?/s]
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C-3 BEHUE ST AR IR RIZIS 1 2 BALIRFE S 72 0 FP ARl 0 3+ 5k

2 TIHEEBE L THET AD T, AtD0 D[R A & ARTO A W5,

REL 2 X7 NHENLREE Y 720 @ FP O 2 355 2 Afe o X(383) L NB5) & E & H
T L,

Retin= N+ (Rern, * fina + Resic, + fsicn + Repm + fyn—Innm ) + Recontami,i®
(C-5)
Inny = Inv2 (e — fine)) /A tn + Ingic i fsich— fsien™) /A tn
+Inpm1(fyn—finD) / Atn (C-6)

2L, Ret : 2 A LAT v 7 BT HE A /Ry MEARICHAKRIES 720 it &
WD 1 O HE [ 1 mol/cm3/sec]
Ntz oy FEALRREYS 729 @ CFP % [1/emsl(AJ) 7 — %)
Remvi . Resici® . Rep® : %4 L AT v 7 nilEBi) 54 CFP,SiC ik CFP,
HiEkE CFP &4 225 O CFP1 & 7= v % 1
O RHEE [ mol/s]
fiNe, fsict, fyt : XA LAT v 7 n il B4 CFP 4. SiC ik CFP #l4
Wi CFPEIA[] B3 11c2b, (AT —%)
Inin® | Insic, i  Inp, 7: % A4 L AT v 7 nilBT 54 CFP, SiC fk#H CFP,
EiEfkE CFP 1 O O%FE 1 ORA & 1 moll
Recontamii " : 7 A LAT v 7 nllHBT DEL = 87 NIRRT T b ORFE
DOFAEFE [nmol/sec] AfHQTAEM,

WIZ, Ret, D GaRD D, A7 a X VUTO 22009 bz ®RT 5,
> U RT FEETHRICFP s s &5 51k
BBt =2 X7 FHIZT Gt = Ret
Z DIz T Gn=0
» FORNAX =2— R COIZHEHLL | =2 X7 M REIG TIEBHER D20 E& 35 ik

Gi(r) = FERMI(z) - (Reti®» + Retm! ) /2 (C-7)
FERMI(r) = 1,/ [expi(r— AFERMI),” BFERMI }+1] (C-8)

ZZC. AFERMI : ¥tz 37 MBS A Y — 755 UL#E [em]

BFERMI : ©#%:(=5.0 x 103) [cm]
r: & [cml]
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C-4 FORNAX = — FIZHEHLT 2 56 OREMHER EIZ BT 2 BERKMEOHE BT 2 AEFR

DR

FER DAY — 7 AN EIC BT D FP OHLHUE R DG

ZDOXEIBRBERITBNT A =T IHEIMBEERICEB T DBEREMIL. ARt (41)(42): & [FRE

7=72 L

g
™

=77L., Z

_Di,gsn ag:” | _ O[D’l-” ' (T],-n ] Cci,,-nn _ chn) (C-9)
Piixn = R, (th + 273) n,"C.u (C-10)

NP HALART T nlB T LR AY —TIEHMICR T 8 1 O REREELREL [[]

Ceiin": # A LAT v 7 n BT 5 EMA Y —T/WMAMERT AN T 5% 1
DIE [u mol/cm3]

Digs: A LAT v 7 nlZBIFTDHRHAY —TRMEICHITDEMAY — 7 FE%H 1
DYEHARE [em2/s](BHEE R 1 « {EMEAL= R  RER AT —H)

apl: XA LAT v n BT HHEMMERmICB T A 1 OWELRERE
[em/s] AfwH 4.5.2 /NEiS PR,

Ceio?: XA LAT v 7 nlZBITHEHEM PO 1 OWREE [ mol/em3](N )7 —#)

Piiyt: A LAT v 7 n BT ERMA Y —TIRAMBERICB T 5 B2 Y — 7
D% 1 OFEAKIE [Pal

Ry : 77 2 &% (=8.314 [J/mol/K])

Tout” : 2 A LAT v 7 niZBT HWEAMRE [CINT—%)

. (C-9XFHH A (A-29)iT K » THEHUE L TIRAT 5 &

_Di,mn( Cci,inn_ Cci,mn )/ Arm = ap® ( 7" Cci,inn_ Cci,on ) (C-11)

OEAITEEmM TRV TR DOEEE -7,

Izt A T o(A-30)F & FRRIC Coiin? IZOWTHEET 2 &

EaN

Cci,inn = ( Di,mnCci,mn + Arm CZD,inCci,on )/(Di,mn + Arp aD®ni ) (C-12)

REFTHETRD D Ceiine 7 i DZHMEEZTTHE L LT, & A FD(A-32) U TE

HLz &Spress T 5,
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gpress( Cci,inn, 7 ) = Rg( Tou+2 73) 7 Cci,inn — -Pi,inn (C-13)

L, 8k A FOA-32DRH D fpress( Ceiin) D031V IZZ Z Tl Piin OFERRE V5, %
A EP@(A'28)KW_%"9FJ: 21z, fpress(ch,jn) s Pj,in TE<ELHEDOTHD

LUF, MEFREOBGEER A U — 7S EIZ 1T 2 FP OILBUR R ORI RO ik E R~ %,

1) F9. AP 452/ IR LT HETapPERD D,
(2) MEFTEOBFEEIT ),
7 AL G (348 A F D A5 FEIGRRZEVDICKEHAEICI > TRDD, ZhEaKEH
BY 7 hNTITH ZEEARARETH D, £2 T, 721220\ TIX FORNAX-A |2 X % #H
L EAAN
O (C12K LY Coiinr ZRKD D,
@ Z D Coiin® %WV TARMES 4.5.3 /NI R L2 HIET P 2Kk 5,
@(C-13)R &LV gpress(Coiin®, 7 2 ) %2 KD 5,
@k 7= gpress(Ceiin® 7 M )H 0 124D THVME THIIT R,
(3) AV —T7EAEIZEB T 5 FP OB H O K 2R+ 5,
(C-ORDEHED T LD EHNTEHET S, AIG,

c.'"-C. "
Jpiwm” ==D,; " % =ap® (7 2Ceiinn— Ceio® ) (C-14)
r

ThH D,

C-5 Fpi

f+4% B o1 Table B-1~B-4 |2/l 2, Table C-1~C-4 |2~ L7z #5444 % I\ » T FORNAX-A
WCCFP 7u 77y ANVERRE LT, ZOFREMHIFIENREDTH D, LLUTICEF EiER -
FHIES 2 OB DEELNCB O TEEMR 21T 1202~ T, 7L, AP OF 2 Tk~ /-
£ 912, FORNAX-A OFHREIZIB W CILFEIREH ORI 223 £ — RAREET D DI TIER W,

C-5.1 i EHHER R
iK% 3456000 [s](40 A) KX O 3455940 [s](40 H —60 F)ICH1T 5 FP 7' 7 7 A V5% % H
W, FRO~@)DOFIEICHE - T, ) 3456000 [slic3 )T
RBHER RN 1T D R RS EUNAT LI TS Z &
oFP 77 7 A NHREMEXEZW - L TWnWDH b
R LT, LLEIC XY | K% 3456000 [s]ic5 W C FOENAX-A IZ ELLSEELCWVWH Z L &
ffesd L7z,
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(1) BEHERTICBIT D REHEOBRIE,R VA Y — 74 ICBIT 5 FP O R O F 5
NI X K OVY &2 12DV THI 5.71 X104 LT 3.95X 1073 &1 H FORNAX-A OFHH
fEEZ W, FiL C-4 ETRAREFIETITo 7, Z DOfEH,
o gpress( Ceiin® 7 AL AEFEX L VY 1TV T A& & K9 1.75X 1046 % U9 — 6.97 X 106 [Pal
VOO TNS R MEIC AR 572 2D D Gpres( Ceiin, 7 1) D P inn(BEH 2 Y — 7 15 H)
MERIZBIT 2R A ) — 7O 1 OREAKICHT DI, X KDY 1o
NTH %K 9.17X10716 LTI —2.834X10 8 TH D, fE- T, BREMERE ICRIT 5 ER
HizixmoicirbnizeEZxons,
e AU —T7HNHEFEY T2 FP BHHEE X, B X KO Y IZO0TH A 4.17X10 3 LY
#)2.43 [ mol/em2/s] CTH - 7=, ZOfEIX Fie@IfEHT 5,

(2) HALARFES 720 FP AERGEE O R
R C-3 ETHRATZFIETITo72, £T, (18 B T2 L 512, e CFP1E47- 0 D

@X&UY®W&LEi\%ﬁﬁawxw6&0@mew5[MMMH%mtoEh\
HEEED I B, Tio 35X 0 HAL K Y- FPAREEAZHHE LZ, ZOMITI @I
FEHT 5,

oCFP IXHIZT X T4 CFP O 7,

oFP T /7 M TRk ENnND L35,

oJREE T Ry M OGRS T2 0 HEL

(3) (C-2XDEDKOHFIANBEL - TWND I & DOfER
Fig. C-1 KX C-21Zm- T L9512, (CAXDEDKEOHANEL E-TWDHZ &, BB FP 7
I:I 7 T/r/l/ﬁ‘gﬁmft%(ﬁﬁ_ Lfb\é — & %_’E%ﬁb [/T:o

C-5.2 F i
%) 126230400 [s](4 4E+1 A) M OWF%) 126230370 [s]( 4 45+1 A —30 ) ick17 5 FP 7'
7 ANEERO, FRD~@)DOTFIEIZHE - T, KX 126230400 [s]icB T
BRI T A KEFH RS EINATOIL TS Z &
oFP 77 7 A N EMEXEW L TVWDH Z &
s L7z, PAEIZE D, KZl 126230400 [s]ici T FOENAX-A (ZIEL<EfELTW5SH =
L afERR LT,

(1) BRebERE BT 5 KEFEORGEL DA U — T EIZE 1T 5 FP OJLBIE R O FH 5
NI X K OVY &4 1220 TH 173X 1073 L TUYT 9.13X 1073 &\ 9 FORNAX-A OFtH
WERAZAW, FRR C4AETHRNEFIETITo72, EDORE.
o Zpress Ceiin®. 77 i NE. BHEX K ONY ICDWTH 459 2.10 X 10 44 L U —4.56X 106
[Pal &\ 9 FsD T/NS RIEIC 2R 5720 25 D Gpress(Ceiin™, 7 ) D Py in? ({253 % Hold
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R X LY 12DV T 4 2.31 X107 15 LTI —6.30X107 9 Th 5, fit> T, REHE
REIZBIT HREFRIITETIITbA L LB B,

oAU — T HAIEA Y=V FP AHEE X, BEX KR Y IOV TH 4K 1.35X10 34 &
O 1.07%X10 2 [ mol/em2/s] TH - 7=, Z OfEIX Fie@ITEH L=,

(2) HANLARFEY 7= 0 FP AR E Ot H
EFC-3 ECTHRARLFIETIT o7, £F°, fH& B Til~7= L 512, @4 CFP1H4 7= D%

FEX LOVY OB IL, K48 7.18 X106 LU 3.72X 1075 [pmol/s] TH-7=, FIZ,
HEZMEOI B, TRO 45X 0 BAKREYS 70 FPARBE LA LZ, 2oz Fi@)Iic
fEH L7z,

o CFPIIHIZT T4 CFP D7,

o FPiXa /s M C—HRICH SN L5,

o UTUITBEEHIZORIFET D, BID, 1GHRT 7 0370,

o BBt XY M OBARTE D T2 Y HE

B) (CADXDED R OHFINEL —FHLTWD Z & DR
Fig. C-3 KON C-4 1273 T L9212, (CAXDEDKROFINEL EG-TWDHZ &, BB FP 7
077 ANDEBREHZ L TWAZ & 2R LT,

2B ik
C-1) S. Mitake et al.: “An Analytical Study of Volatile Metallic Fission Product Release

from Very High Temperature Gas-cooled Reactor Fuel and Core”, Nucl. Technol. 81, 7

(1988).
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Table C-1 Calculation condition in addition to Tables B-1~B-4 (1/4): temperature history.

Temperature during normal | Constant and uniform at 1500 [°C] in fuel rod and coolant,

operation

in addition to CFPs

Temperature during accident

Constant and uniform at 1600 [°C] in fuel rod and coolant,
in addition to CFPs

Table C-2 Calculation condition in addition to Tables B-1~B-4 (2/4):

specifications of fuel rod

Inner diameter of fuel compact [cml] 5.00x 1071
Outer diameter of fuel compact [cm] 1.30
Length [cm] 54.6
Number of CFPs in fuel compact per unit cvolume [/cm3] 612
Profile of rate of FP from CFPs per unit volume in fuel compact uniform
Thurough coating failure CFP fraction 0 (constant)
SiC layer failure CFP fraction 0 (constant)
Outer diameter of graphite sleeve [cm] 1.70E+00
Density of sleeve [g/cm3] 1.77E+00
Contamination uranium fissile exists only in
fuel kernel

Table C-3 Calculation condition in addition to Tables B-1~B-4 (3/4):

information related to transportation of FPs in fuel rod

Nuclide X Nuclide Y
Pre-exponential | Activation | Pre-exponential | Activation
factor energy factor energy
[cm?/s] [J/mol] [cm?2/s] [J/mol]

in fuel compact

1.00x 10711 1.00x 108 9.00 x 10! 1.57%x10%

in sleeve

1.00x 107! 1.00x 103 9.00x1072 1.57%x10%

Barrier factors

1 for all boundary
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Table C-4 Calculation condition in addition to Tables B-1~B-4 (4/4):

information related to release of FPs on surface of fuel rod

Type of boudary condition between sleeve/coolant

same as FORNAX-code

Type of surface vapor pressure of FP on sleeve side

switch Henrian-type and
Freundlich-type at

transition concentration

Standard pressure for calculation of coolant/FP

interdiffusion coefficient “Po” [Pa] *1 e
Standard temperature for calculation of coolant/FP
interdiffusion coefficient “To” [‘C]*1 0
Modl constant for calculation of coolant/FP 18
interdiffusion coefficient “m”*1
Coolant/FP interdiffusion coefficient at To ['C] and Po [Pal
[cm2/s]*1 27
constant "A" for calculation of vapor pressure *! 24
constant "B" for calculation of vapor pressure *1 —3.60X104
constant "D" for calculation of vapor pressure *! —1.56
constant "E" for calculation of vapor pressure *! 6.12X103
constant "F" for calculation of transient concentration *1 2.04
constant "G" for calculation of transient concentration *1 —1.78X10°3
inner diameter of flow channel of coolant [cm] 1.7
outer diameter of flow channel of coolant [cm] 2.05
equivalent diameter of flow channel of coolant [cm] 0.7
initial concentration of FPs in coolant™! 0
velocity of coolant [m/s] 44.7
pressure of coolant [Pa] 4.00 X106

*] for both of nuclides X and Y.

,60,




JAEA-Data/Code 2013-025

O
'
—_
G

—
)
N
e —

Increase rate [10-2 ¢ mol/s]
o
—
e —
o
[s/|ow 1T ¢e-0 1] @181 BSEaloU|

(@) A i

(f)(9)

Increase rate [102 u mol/s]
\\

-20.4 06 038 1 12 14 16 1.8

Distance from center of fuel rod [cm]

Fig. C-1 Increase rate of nuclide X in each element at 3456000 [s] (before accident), (a) by
outflow by diffusion, (b) by inflow with diffusion, (c) by release from CFPs, (d) by
decay of nuclide X, (e) by decay of parent nuclides, (f) sum of (a)-(f), (g) calculated
with profiles of nuclide X at 3456000 and 3455940 [s]. Calculation conditions:
Tables C-1~C-4 (in addition to Tables B-1~B-4). Note that contamination uranium

does not exist.
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Fig. C-2 Increase rate of nuclide Y in each element at 3456000 [s] (before accident), (a) by
outflow by diffusion, (b) by inflow with diffusion, (c) by release from CFPs, (d) by
decay of nuclide Y, (e) by decay of parent nuclides, (f) sum of (a)-(f), (g) calculated
with profiles of nuclide X at 3456000 and 3455940 [s]. Calculation conditions:
Tables C-1~C-4 (in addition to Tables B-1~B-4). Note that contamination uranium

does not exist.
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Fig. C-3 Increase rate of nuclide X in each element at 126230400 [s] (during accident), (a)
by outflow by diffusion, (b) by inflow with diffusion, (c) by release from CFPs, (d)
by decay of nuclide X, (e) by decay of parent nuclides, (f) sum of (a)-(f), (g)
calculated with profiles of nuclide X at 3456000 and 3455940 [s]. Calculation
conditions: Tables C-1~C-4 (in addition to Tables B-1~B-4). Note that

contamination uranium does not exist.
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Fig. C-4 Increase rate of nuclide Y in each element at 126230400 [s] (during accident), (a)
by outflow by diffusion, (b) by inflow with diffusion, (c) by release from CFPs, (d) by
decay of nuclide Y, (e) by decay of parent nuclides, (f) sum of (a)-(f), () calculated with
profiles of nuclide X at 3456000 and 3455940 [s]. Calculation conditions: Tables
C-1~C-4 (in addition to Tables B-1~B-4). Note that contamination uranium does not

exist.
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