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caleculation of the Additional FPs Release through a Defect

Hole on the Cladding of a Fuel Rod ( code CODAC-ARFP )
Tsuneo TAKEDA

Division of Reactor Safety, Tokai, JAERI

( Received January 20, 1976 )

To study the additional fission products release

- through a defect hole { the pin hole ), the model and

computer code have been developed. It is able to calculate
the released radionuclide yields in complex decay chains
with simple input. The release behavior of fission products
depends on the behavior of water ( or steam ) through the
hole on the fuel-rod cladding. The mechanism of the
additional release behavior, not inferred through a visual
picture, e.g. the behavior after increase of the coolant

pressure, is also clarified partially.
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BB OREL RH TS,
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MBI n3EEIOdNELAAATSEE OBBL T,

a0 Complex decay and activation chain & Additional release of fission products
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Te-131m

U-235 I-131

Fig.3  Sample of input chain in CODAC-FP code.
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Te-131m

I-131

U-235

Fig.3 Sample of input chain in CODAC-FP code.
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131 KT 5. Te—lalmia;zﬁ"reﬂslgmgz{bfl—131%55@—;50 o4
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heEnoflow DHER—ETH 55, TONEELTORDC DHFEFERET 5.
CODAC 2~ FERLFEILE >TCij 2RELLK, WRICX > TH A Dregion DY
HBE R OREE RS 1, E 1K (FIKER) ORE bEBICLTRY 720 BLEORE
FIEAFig. 5 iCRT o hgsquEYSi mm%@%Ttﬁﬁﬁéﬁ%®ﬂw~fﬁf
50, WROEKC) RSN —FC ElRpi, $xTFI NAL REEOK THEICHLS
nécﬁﬁﬁz—ri,&7*9-t«yfVa/%—+$;U§En74—ﬂ,@Aﬁ@a
THESETL, EUT - 42BRLER T 4~ —ORBMEFEEEAT 22 L3I

6. WEBLEEH

Fig- 3 TRUEMF— 2ABALTOL —131 ORHEBZHELLREREFig 610
5651KRT, Fig.- 6.3a0563cOHEREEOH AP, LENOFIORBEIRKAE S DT,
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in fuel pellet of part (B)

{ Region (1) )

in fuel pellet of part (C)

{ Region (2) )

in gap of part (B)
{ Region (3) )

in gap of part (C)
( Region (4) )

in plenum

( Region (5) )

in coolant water

{ Region (&) )

‘@ » in gas phase of
O @ V separator

(8) ( Region (7) )

Fig. 4 Sample chain used in the CODAC-ARFP code.

( (O i flow number )
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* Title
* Nuclear data

No

) |

r’—* New parameters

] * Initialigzation

¥ T=T+ AT
* Determination of pressure and temperature
in each region .
* Determination of water flow rate
in each pass

* Determination of calculation procedure
* Calculation of water yield in each region

ﬂ I=1,KEYS

* Determination of flow rate and release rate
of fission product

* Determination of calculation procedure

* calculation of ccafficients '

N |
-

* Calculation of fission product yield
in each region

* Qutput of results

Fig., 5 Flow chart of the CODAC-ARFP code.
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6.1

DECAY AND ACTIVATION SCHEME
OPERATIUN MODE
PARAMETER L}ST

CASE FUEL PiN 15 DEFECTER

*

#*

TITLE: 2Ll ¢ TEST LATA 2 LAt el TEST BAMFLE mMO. Q0001 *
»

INFUT  CHATYN LENGTH vauy s & NUMBFR OF FUEL GrCu® i *
GUTPUT CHAIN LENGTH +.uy- 23 NUMBER OF KELEASE GROUP 3 -
TIME UNLIT wyvanraarseys HOUR *
NORMALIZAT LON FACTUR +..e 1.UUOR+CO »
*

PART serunsnpnreptitnatasararsostsaninnen (A) (R (Cy &) *
EFFECTivVE CRUSS SECTION OF HULE Ok GAP 8.UU0E-UZ  3.000£~03 0.0 8.0C0E=02 L
COBFELICIENT OF #ATER FLOW +ravsaneass B.4QUE+00)  B.45Uc+0U  8,400E+DD B, 4GOE+U0 -
( CURRECTION FACTUR OF [NYERSE FLOw 1.000€+0U  1.UDOE+QD *
COEFFICIENT OF FP FLow BY DIFFUSION 9.0 0.0 0.u 0.6 *
{ CCRRECTOW FACTUR UF [NVERSE FLOW ) 1,000c+00 1.U00E+00 »
*

SEGMENT 4ur.vaen (98] 2 {3 a2 ) (D] (4 )] L4
VOLUML  vovynans 2.000FE+00 2,000g+00 I1,000E~0L 1.0U0E=0l 2.400E+00  T,000¢+05  T.000E+02 *
IRITIAL WATER CONTENT  4reaesvrarveres  5.53%E-03  5,3396-03 1.329E-01 3,4T7E+04 *
*

NUCLIVE NAME  TyPE INPUT  QuTPUT Cifhi I CAL INiTiNAL WuMBER OF ATOMg 1N EATH SEGMENT *
NG, NOY FORM NO, -

- - —— *

DIFFUSION  OFF=~GaS REILFASE 39 [¥:] 3 tad *

TO GAS P. GROLP NQ . 53 (&) (T *

»

U =235 FUEL ¢ L To 1,70E+2]1 1.2T70E+21 »
_ #*

TE-131M RELEASE ¢ 2) € 32 To € 9y ( 52 G.0 0,0 .0 0.0 *
1.000E+80  1.U0VEYOU t 1) .0 0.4 0.0 *

. +*

TE=1316 RELEABE ¢ 3) <102 To (i6) ¢ 33 0.0 0.9 0.0 G.0 *
1,000E+00  1,000g+00 (S} 0.0 0.0 0,0 *

*

| =~131G KRELEASE ¢ &) (172 TC (23y (€ 5) 0.0 0.0 0L 0.0 *
1HyQ0pk+0u  1.000E+00 32 Y 0.0 9,0 »

*

CHEmICAL NUTE RELEASE RATE -
FORM NO ——————— *
mam 1000 =e= 1100 === 170y === 1300 ==« 1400 === 1300 —==- 1400 -

1600 =w= 1700 === 1§04y === 1500 === 2000 === 21g0 === 2200 === 2300 *

E300 —=e 2400 —=— 2500 === 72600 === 2720 ==~ 2800 === »

»

[P RARE GAS TYFPE 0.03000  0,13G00  0.13000 0,13000 0,e0000 0.220080 0.60300 *
0.95000 0.35000 0,%5000 0,95C00 0,9%00u £.93000 0.95000 »

0,%5000 ©.95U00 ©.95000 0.¥5000 U.95000 0.95200 *

-

HELEASE ALMO CUEFFICIENTS OF ALPHA FUNCTIOUN *
(,RQUP NOQ - - - "
FUR SEu(l) 1) {23 32 (4) 52 *

FUR sEG(22 1) {2 (S (%) 52 -

*

<L 0.0 g0 .0 0.0 g.¢ 0.0 *
0.0 0.0 0.0 0,0 0.0 -

-+

2 g.0 Q.0 0.0 0.0 Q.0 0.0 L
C.G G.0 0.9 0.0 0.0 -

*

¢ 31 0.0 Gl v,0 0.0 0,0 040 L
C.0 0,0 Q.4 0.0 0. *

*

-

-

-

*

-

-

*

-

*

*

( SEE OTeER PAGE 1}
¢ SEE UTHER PAGE )
{ Sk OTHER PAGE )

AT FLEMUM PART (B).

AXRXXXKREXAEXXXSARKARAKKRAAAXK  AARNAAKKX

A X X %

X tmartmereedacasdem=s X K (7 X

Al ] KAKX oot rar ek

X ] L8 [£-)

! i AAXXXEAKR X

At wRREARERR, (0], x X

E I * 1 X XAKA X

AL w (p7 = 3y 1 (& X x ox X QUTRUT INDER
F ] » I X x X X LAME

A taemERrEEran, (D).t X LIXy X X

x| = - 1 X X X A L5F 2 1
E I S T -0 B B TV I (] X O 1 (FF) 2
P * : X EXE S Y L50) 3
P ARE R R 1 X » % LFGY 4
P e L et ULl AXXKLNERR X [ ]
I X (Cw) &
EERAKARAATNRYRE S REXNAKN L ARKERKX R KX X ARET KA X LCar 7

ARXNER LUCH —emm—n CLED wesgate PELLET

List of input parameters. ( An output sample

behavior calculated by the CODAC-ARFP code. )

of fission product release
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e ¢ TESY SATA ) YT 1EST SAMFLE MO, 00DO1 ~== BY CODAC-FP =ae

——— [ESREAY

NUCLIDE NUMBEK .y = i 2 3 3 ] 6 T ]
NUCLIDE  HAME oy = | =232 L =233 Te=i3iM TH=131x TE=L3im TE=131# te=131M TE=13iM
SEGMENT  HaAME u. = (5F) (FFJ (SF] HEY 56 tFG) [ ({4}
INpTIAL  ATOM = 1,27CUOE*Z1 Ll.2ToouEeal o.d 9.0 0.0 0.0 9.0 0,0
NUCL IDE NurBEk . = i U 11 i 13 14 1% 1%
NUCLIDE  NAME .. w TE=13Lm TE-1316 TE=-1316 TE=-131¢ TE-131G Te=1316 TE=1315 TE~1316
SEGMENT  NaME ... = (CG) {5F 3 ¢FF) (5062 (FG) [ ({0 )] tce)
INITIAL  ATOM MO, = 6.0 0.0 D0 0.0 0.0 0.0 4.0 ¢.0
NUCLIDE NUMBER «.. = i iB 19 29 21 22 232

NUCLIDE NAME ... = | =13l0 I =1216 1 =136 1 =1216 1 =1316 I =1316 1 ~1316

SEGMENT  MAME .. = {5F) (hé3 (567 CF&> P tCwl {4}

INSTIAL  ATUM WU, = 0.8 0,6 n. g.0 a0 G0 )

arnarrriar.s raese

R LR

HueL { 3) TO C 19) | BRANCH QRCARY. BRANCH  RATIO = 1.3G000£=21 CECAY CONSTANT = 2,31009E=02
NUCL ¢ 4)° 10 £ 11) IE wRANCH DECAY. ERANCH RAT[O & 1.84QUCE=0L pECAY CONGTANT m»  2.31D89E=~02
NLCLC ) to € 12y s BRANCH DECAY. BRANCH waT1O = 1.,80000e-0l BECAY CONSTANT = 2,31049E=-02
HUCLG b} TU § 133 IS5 BHANCH DECAY. BRANCH RATIO w  1,40000E=0l DECAY CONSTANT »  2.31049E~02
HuCL ¢ TJ T0 ¢ Lle) 15 BRANCH CeChy. PRANCH RATID =  1.80000E=1L DECAY CONSTANT m  2.310a9E-02
NUCLL @) U {153 (5 BRANCH OECAY. BRANCH RATIQ = 1.8D00CE~UL DECAY COMSTANT = 2.3104%E-02
NUCLC % 10 © lay 13 BRANCH peECaY, _ ARAHCH  RAT]O = 1.B00QDE={1 DECAY COMSTANT =  2,31009Ew02
Carrarst ey Seesaeanea
RuCLL 32 TU ¢ 17) 15 ERANCH DECAY, BRANCH RATIO = B,20G00E-CL DECAY CONSTANT =  2.31049E=-02
NUCLG w3 TR L LB) 1% BRANCH DEUAY. BRAWCH RATIO = B.2C000E=G1 DECAY CONSTANT » 2,310a9E-02
nUCLL 53 TU ¢ 19) [S BRANCH DRCAY. BRANCh RATIO =  B.20GODE~GL DECAY CONSTANT = 2, 31049E=02
NUCLL &} TD ¢ 2Z0) 15 BHANCH DECAY. BRANCH  RATID =  #,2G000E~S] DECAY CONSTANT »  2.31049E=02
. NULLE T3 TG (0 £1) 1S EHANCH DECAY. BRANCH RATIO = -6.20000E~UL LECAY CONSTANT = 2,3104%E-02
' NyCLL &5 TO (22 IS EWANCH DECAY. BRANCH HRTIO *  8.200UDEwQL DECAY CONSTANT = 2,3l049E=02
NUELE 92 TU € 237 13 BRANCh DECAY. BRAILH RAT|O = 8.200UDE=0L DECAY CONSTANT = 2,31049E~02
1 NUCLL Q1w TC € LT IS DECAY, CONSTANT & 1,66355E+00
| NUCLE 112 TO { 1R) 1S DECAY. UVECAY CONSTANT = 1.68353E+00
' KUCLC 122 10 ¢ 1) IS DECAY, DECAY CONSTANT = 1.68335£+00
RUCLL 13 10 ¢ 20y In tECAY, DECAY CONSTANT s 1,86355E«00
NULLG  18) TU ¢ Z21) IS NECAY. DECAY CONSTANT = 1.68333E+00
NUCLT 122 TU © 22) 1S oECAY. DECAY COMSTANT = 1,66353E+00
NUCLE  16) TG { 431 IS UECAY. LCECAY CONSTANT =  1,663553E+00
: Ciatasraness - cans
i NUCLS 17 18 DECAY. DECAY CONSTANT = 3,5&105E=03
KUCLT  in) 15 DECAY. BECAY CONSTANT = 3,38105£=03
KUCLL 1% s BELAY, DECAY CONSTANT = 3.5B105E-03
NUCLY 202 15 UECAY, DECAY CONSTANT = 3,58L05E=~03
‘ KUCLE 213 15 BESAY, DECAY CONSTANT = 3.58105E~03
NUuLLE 222 I3 DECAY, DECAY CONSTANT = 3,3d3035E-03
RUCLE 233 15 NECAY. DECAY CONSTANT = 3,58105%E=03
Srerreraes
iarseres
NUCLS 1) TG L 3) I3 FI5510N, FISSION YIxLD = 3.235608-03 CROSS SECTION = 5.T9300E+02
i BUCLL  2) TU L s) 15 FIsS IO, FISS{ON Y]ELD = 3,23560E-U3 CROSS SECTION = 5,T3500£+02
I mraterETabas Frataa e
| MLUCLE 12 TG € LUy 1§ Flsgion, FISSION YIELD = 2,%66815Fayz CkOSS SECTION = 5,79300E+02
! BMULLE 23 TC O A1) QS FISSIUN. FISSION YIELD = Z.94410E~02 CROSS SECTION = 5,79%00E+02
1 Paararirraag AstrrRaE R,
! NUCLE 13 10 L 3T s FIS5[0N. FISSiON YIELD =  6.50000£-0% CROSS  SECTION = 5,79500E+02
NULLE 27 16 ¢ k82 i3 FISION. FISSION YIELD = 6.50000E~02 CROSS SECTION = 5,79500E+02
b reaaaes
amaxmxm=ne UPEHATIUN MUDE =azms=ma=s
STER  NLMBER o o= 1 2 % 4 ] [ I 8
TIHE srens w00 2. UUOE+Y0 Z.290E401 2. 4U0E+01 3.20CE+04 4.,C00E+01 4, BODE+OL 5,600E+01
TIME MESH secas ®  1.00GE=~0L £.000E-ul Ls0uuE=721 L.0G2E~01 1.000E=D4 1.000E~0L 1.000E=01 1,000E=01
PUWER INFCM) = 0,0 9y 0.0 €0 w0 1) 5,0UUE“GLC U) 5.000E+Cal O 3.00CE+01( 0) 5.000E+C1C 0) 5,0GQE<0L( O
COOLANT TEME (LsD) = &,00UE+GLy 1) 2:550E402¢ 03 2.550E+02( 0) 2.3508vu2( U) 2.550E+p2s 02 2.550E+020 0} 2,750E+02( 0) Z,S50E+02(¢ 02
COOLANT PRES {ATM) = . ¢ 13 TLOUCE+UM[ U TWQioE+04L¢ O T.0GUOE+0LC Q) 9.000E4GLE 22 T.o0C0E+0Ll¢ 0) T.CnOE+01¢ O} 7,000E+01¢ D}
CLEAN=UF EF sevee = 1.00OE40GS 6) 1.0UDE+GOC 0F L.QU0E+LIC 0) 1.000k+00( 0) L.OQUE+ont y) L.O0CE+BOC 0) 1.000t+00C 03 L.0GOE+00¢ 0
OFF GAS EF svvae = 1.0DUE+OUL n) LLUUOE+0GC Q7 1,0CGE+N0( 0 1.00UF+50( L 1,000E+00¢ Do 1.00UE+00C D) 1.COQE+DOC 03 1.000E+00¢ O
STEAM CUNTENT ... & 0,0 ¢ Do ¢ Lz Ul €0y L0 U Lo L3 ¢ 0) 1.300E=02¢ 02 0,9 0
i
STEP  NUMBER surrs & g
TIME v % QL A0UESDL
TInME MESH oevsw = 1,00ULmUL
PONER W/CMY = ULD ¢ a)
COULAKT TEMP (L.0) = #,550b=Ded )
COOLANT FRES (MTM) =  7.0QUE+Qa{ 712
CLEAN=UF EF s1avs = 1.000E+GUC O3
OFF GAS  EF vawew = 1.00US+00¢ @)
STEAM CUNTERT cary »  G,0 Lo

SYMBOL DPFERATION MODE

Cu) oK (Q2 LONSTANT OPERAT |ON

(1) or (L} _iNERA CHANGE OPERATIGN *
(2) On (EJ SXOINENT [AL CHANGE OFERATION *

* = BET<EEM £No OF STEF(I) AND STEP((+1)

Fig. 6.2 List of nuclear data and operation mode. ( An output sample of fission
product release behavior calculated by the CODAC-ARFP code. }

—_ 14 —
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Appendix CODAC == — F~ D H K DA A
CODAC :'—F4j TRAADENAE T — 213, RO 3group EAFHINTH 5,

Group (1) HHFREEICKGELLWET ~ 2
| CREE 2 70 AT R &)
Group {20 HEFHEEIIKGT EHET 4
(BRI G s & 0 B )
Group (3} Zofth

CODAC = — FTiZ, Group (3)@?—ﬂ%ﬁﬂﬂif)b§'€%éi}§. — i iddummy card
AEADFEITI - FRTRAERRS LK, 3—F&AXH OEHDCX (i, 1) i, Group (1)
BT iBEOEBEOZETH, DCX (i, 2) 3Group 2 KETI FEOBEOREEH
smEE, = LTDCX (i, 3) @Group B BT HEEHEMBREETH L. i &
BoBE,» S (BAOBEAOSE LS L UESRIES L, 3group THANEHEBRC
(j,i)%&%?étb,E@yomKE??—ﬂm%%%fééxﬁmﬁﬁc(Lj)K
Group (1) -2 -BUEET AExR, #hsFhl - 2HITIVRAZTN L, AR OCODAC
—ARFP 32— FTi2, 2®OGroup BB T7F— 2 & LTEFRELFHTHRELBEES
oh3 R (FHEHE) 2RA LG

FE i, RIETT LS 2MOE CEEHSIS, Group (1) BIURIOF-2 L LTHS
HUBATIRTHNEET S, 1 BEOZKE T —13 1i2Region (A) T, €L T] Z@D
Wi 1 —131dRegion (B) hicEET B2L4 5, Region (A) oo [ —1314, &HE
t BEXOFEAp WEEL THKHB S Region (B) o [ —131kE5&T 5. TLT,

- = ] —131 — Xe —131 in Region (A)
f
|
!

—- > | —131 — Xe —-131 in Region (B)

Fopl xoEEEEL, EKf (1. p)ThHobIN, HOERK TEEERLSHICRET
XLt hot + 4 OB TELEBLEEETEEET 4, T, SllbEx THE &
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