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Japan Atomic Energy Agency (JAEA) has released FEMAXI-8 in 2019 as the latest
version of the fuel performance code FEMAXI, which has been developed to analyze thermal
and mechanical behaviors of a single fuel rod in mainly normal operation conditions and
anticipated transient conditions. This report summarizes a newly developed model to
analyze intragranular fission gas behaviors considering size distribution of gas bubbles and
their dynamics. While the intragranular fission gas behavior models implemented in the
previous FEMAXI versions have supported only treating single bubble size for a given fuel
element, the new model supports multiple gas groups according to their size and treats their
dynamic behaviors, making the code more versatile. The model was first implemented as a
general module that takes arbitrary number of bubble groups and spatial mesh division for
a given fuel grain system. An interface module to connect the model to FEMAXI-8 was then
developed so that it works as a 2 bubble groups model, which is the minimum configuration
of the multi-grouped model to be operated with FEMAXI-8 at the minimum calculation cost.
FEMAXI-8 with the new intragranular model was subjected to a systematic validation
calculation against 144 irradiation test cases and recommended values for model
parameters were determined so that the code makes reasonable predictions in terms of fuel

center temperature, fission gas release, etc. under steady-state and power ramp conditions.

Keywords: Fuel Performance Code, Light Water Reactor, LWR Fuel, Safety Evaluation,
High Burnup, High Burnup Structure, UO2, MOX, Fuel, PCMI, Fission Gas Release, FEM
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Fig. 1 Phenomena treated in fission gas behavior models of FEMAXI-8
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Ve = (0 + Terack)? trr (37
[dB,/dt]g, = (Nx — Ng)Kg (38)
[dB;/dt]g, = fjKg (39)
[dBj1/dt]g, = fj+1Kr (40)
[dBy/dt]g, = —Kg (41)
[dM;/dt]g, = TjifiKRr (42)
[dM;1/dt]g, = Tjs1xfj+1Kr (43)
[dMy/dt]g, = —1Kg (44)
Ng = (rg/rk)3Nk (45)
_ 1/3 1/3 1/3

ry/Ti = (NT“) _ (1 - ”ICZC) ?_ <1 — Nyge %rkg) (46)

OWVWTNNERIRL (Bil) ., WHT D0 bpeson = 34 X 1077 em3s M AR, ayppld 7 7 >
FNT =)L ADRFFEDHIIL . 1o = 10ATES R R T v 7 ONAR | ppr = 6 pm 135 2
A N7 27 OIRRE, nyge = 200133 RF DERIZ LD ANT B RPN D ZZHLOE Ny &gl
ZIZITHEENENSISCEVAECTEARNTVOZENENT AR L ERICHHET 5, EXo
dB/dt. dM/dtH Ggr& GmplZ TN FNEL ZEN 5,

TEBUC LD A v v a DHAY Ly DN, Lpag jl820TL JFSCHR 9 TR L

2 6 2 \1/2 (48)

Sigh = d. (Z Six) 48
g Tk

St = Kix/B1D, (49)

MFTHIN TV DA, FEMAXI TII AT ARHAREIC & 0 DE S35 7557 TH & il d RIS 0D Bk
AV 2 BICFHl L TR T IVEBESLE— AV FOMBIE S LT ODE ICHAAND Z & T,
MEHIC Z DD L ~DFEZ RO TN D, — Sl [V T, RN DRI 72 ST VAT
HWE VgD FT (X2 MOITERTIIES) EEMITRRA~OBIT 8L 2 &4 5 %K
OEPIHNEZDOEERAL TN D,

fab =1 = Vayy? (3dg — Vang )/ 243 (50)

Vavg = Z By Ny vbias,k/z By Ny, (51)
% 7

2 ISR O ERE TH 5,
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TNV O IR T 2 AN OF G IR LV RESh D,

drk 1
E=_E(¢V_¢i_¢\l;+¢ik) (52)
¢V,i = DV,iCV,i (53)
¢4 = DyiCykix (54)
Ap* = p§ = 2y/7i — Pex (55)
dCy;/dt = BY'® + P — Py, s — P. (56)
Pt‘(l)(ta'ie = Ag,icvu,iu + /1\9,]? Cvu,iu + Z Ac,icvk,ik + TICquiu (57)

k

Cyk = Cyy exp(—Ap*Q/kT) (58)
Cix = Ciy exp(Ap*Q/kT) (59)
P =Y, FQ (60)
Psi,sv = Ai,vCi,v (61)
P =nCy(; (62)
n = 10'°D,D; (63)
)\Sv = Di,VZi,vpd,l (64)
Z;y =1.02,1.0 (65)
)\i(,:v = z 4“Bav,kRavg,kDi,v (66)

k

GB 6 \/' d C

AP = VDL 08, +25) (67)

g
Ay =A%, + A8, +AF8 (68)

CZWEPEATAVRETORMD 7 T v 7 A, D I XMOIEBEE (R—25 U X
NL_HFP_PARAM(6) & NL_HFP_PARAM(7)2Y, TN ZEhwlillTHAr—0 v 777 7 X%
ELTHERET D). CITRFABREE . viZZefL, 3R TR T, pyld KR OMRRES AU eV IR E
SNDHANTIVIES, y=1527 — 0.3457T erg cm™ 2 |I K[ T RI/ILF | pegld~ b U 7 ZDFK
JE. NI KBGO SR ER . LB G REH. Y, = 10* fissions ™ L7 L 7 L3t DI, pyq =
108 cm ™2 IHRALFE CTH 5, 72k Khvostov B IFAL, OBIEIZ DWW CIREEK A2 £ 5 L0
723

d Tais
}‘i,v = Di,in,vznpd,Z/log ( ) (69)
rdis,o
Tais = 1/V(1pq) (70)
Taiso = 1/V(10%%) (71
Pa = max (10'2,10%exp (—2.07 X 1073T + 21.825)) (72)

ZHAWTWAN O, ZnZHEHAL-E 25 ODE OIUKRAE( L, FHE 2 2 M RIFTHER
REMMDol2Z b, A7 arE LTERAELIILTWVWDAHLOD, REIZHRRDLHELEEST
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VRN T A —H DIREIZRBWTITERH LTV,

%

Cour CulZZNZNBEHIRREDZEIL . s TRUE T (34 4720 OREED) T, Ik
L UTHRE OIS AICHUS B F OIEE R A - L TEHF SN 9,

Kr 1 1
?u(cvo)4 + (630)3 T E X (Cvo)2 - EKFO(CVO) - Ks =0
s

CouCio = exp(—AGs/kT) = K
CyoCio = eXp(_AGFo/kT) = Ko
CouCiu = exp(_AGFu/kT) = Kpy

(73)

(74)
(75)
(76)

N
RE

=1
(=1

N

=
==X

TIZAGHE Y 3 v b xR =R T RV X AGpys AGpy lE 7 L 7 VR T RV X TH

o
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3 ZHEIFE T T LD FEMAXI-8 ~DOfi & LBMET U > V8K
ATENC IR R E RN SRR T VOO FE 2K L TR Y | Fiilchids, Ny r—

VICBMLIEEY 2 —VEEOa—F 1 7 LTI, 26 0ERED T, LEITIS CHEAT
WHoE & RO PR D8, B AT AREECRIND A > & 2 RIS D W THEE O E D H
KoHkk, AR TER AR L Tnb, —JF ., FEMAXI-8 ~f5& L CHWAD ETix, Z#EE7
NELTR/MER TH 2 2HETEMT 2722 L, LTICHRRDENTA—ZRE, €7 VU VHEHK
DBEMZHEL TV D,

I, T A= FZFREIZ OV TIL, RENTR D MREEMENT THEE L 72 285 e 7 L6 A
A7 2y GBFIS=40 I/ 2. FRENKARIL, VY —AT7 7 A VOREPMEIZR DB O
D, ¥ =2—/L pd_ode_interface @ setup_rate_equations_1 ETEIICETE., Y10 EZ 237
HETH D,

2.3.1. NTNLOREEK

ARETNLVOHFE A ML, B—FEAT L ORBBRIZE S TER L E TV Dk D FEMAXI
BIN ST VBT MR T, — I, KREL R D, FRCHRITIFR O TRA SN TN D, N7 L
BEHCY 10 28 2 2 RR7e MR Tl KIN FP BATEHE O 22 2 h 3 FEMAXI-8 OFHH 22 2 b 42K
WO LEEPMD TREL 2D, ZLOMTRIETR MRy 7 ERDZENBESND Z
LB, HMEORESE LT, ZREAT VO E LTI b /NS WEESE=2 28 L7,

2.3.2. FEARKIOZEME] Rk A v v =2) K

1;‘&5{%0)*4#\1/\7/»:&7/»}:H% TREERRI A BRI E L CGEELL, BREA v a2 bk d —ot
BRTET ML TEY, SEHREA Y a2 TREDEIL TS, Aviafil LT25RAL
72o ZiUiE FEMAXI-8 O W) O MGEMENT THERET /VICHEMH L2 2FIEIC % L,

2.3.3. NTUEEKET L
FEHEET NV EBEAL, FCH Y22 E |2V =1.1x107Y, Ay=18 £ LT 5,

2.3.4. FE&A MR AHREDOH
JFSCHR 50 TIEW T LS ODE 24t L Tl TV 5dC,;/dt DN, #& 1R 1 B2 G L D\
TIXdC/dt = 0, BIHEHRIRAE & L CTHi> TV 5, ZAVXFIEE OB E LA O BT L~ THEE W
(128 < . ODE DKL AHE - TRHE 2 A M RIFTRENRKZ VN —J7 | BREEZEBI it Tk o
%Gl 2D FP A AMHFESEOFHEICE L, R LR CIEEEmoR WA ERIC L5 E
BT R NPT T D,

2.3.5. FP J AR DL
FEMAXI-8 (%4 545E (x—2 U A2 FIDCNST) "FoEFwMAEINn5,
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2.3.6. NTNTI—TFBDONRT N0 T ARF B
RTIA—=Hm=260 %K ELTNWD, TNV —TF1DORTNVIERTHAETFEHILI2 TH D, it
ST, TN —7"2DONNTIVITIEHF R 500 D H ARFRNEEN 5,

2.3.7. NTNVIEFOERIZLDHEET v

i 6 B H Ky DHIEIC RN DD ZiE, WREMET D 24 (ST VHLVEET) ThT
NOWEREOMAE T TAH, T, HWRITAKISCEET 3451, KIn%Es 0.1 ET5, =
OEBIE. BB TLERENRKE S BARY 50 B RA~DOBITROBNEL F 4 DEBIZH
BN R XN LD, FEAR AT A— A PHEEEL o TN,

2.3.8. WIEMRET IV
Turnbull B O EX(ZEH L T\ 5,

2.3.9. HANT VOISR
JFSCHER D TE FARIEMEATIANT ET VR EEZSEZ L L D, 7 U X LAEBIHTERT 2 37 VIR
f%%70121%. Buescher, Meyer DT — X IZESKDET N EFTLTDH 7,
—-22
Dy = —1'19 2310 exp (— %) (77)
F Rk O Y FEAVEE ) IRBEBATICR LTI RV R RO ET VR EEZSE L LT,
HEIZ Maiya & ORI K DN T VIR E A EET 5 9,

3043 s 108
Dgymk = 2 5.4 x 105exp (— ﬁ) (78)

JERAREL, T VR [IREE. IREDOBAIXZNZEI ecm2/s, ecm, kcal/K/mol, K Th 5,
Maiya & ORIE, T v ¥ AYLETAIZFTE Tz b DI TR 2 4 — 4 — DL B K & e flite iz b5
Z. RAEHEEOFHZRE L RIFTIVUTHH TERNE SN TWD, ok, fRAMEL LD K
WOATICH 4 A ISR IC SV Tk, F— 24U %~ NL_HFP_IP(1) X 0 Sz Ic 8, dLiET
BEE L7z, £/, *—2 U A+ NL_HFP_PARAM(5) & NL_HFP_PARAM(8)723, Z L Z 4Dy &
DguxP AT — V777752 & LTHIET 2,

2.3.10. ZEFLIN L ZED RN ART IV (VU RAAT V) O 2EH)

JRSCHER O THA SN TV ABETH L, ZZToflé LTUEIZA—7 1 (TRRF¥2) OF
I RTN . BDHWNITRTA DT T AZ LFESREIEFIT/NE NI L—T 2oL, Eil%
bR, ol b LTHRMEBOREFFERZEH L CENE2RE L, FEhakfic@E M4 2
T —FIIERELSRVWEEZLND LD, IR E N R DS EREHF R &
FLHRNET D, ZOHE, BB E S, SEBEOSIEERY % 5 23, 22N L D37
VOB IR II D72, ODE 2%t L Tfibn D N7 IVIRIERIT, ST IVEBEEBD
HEID, TN—TD/INSNANTIVIZHEHAEN D RERNTHY, ZZ2CTlX, Z7r—71 (F
2T 2) \COBBEHALTWD,
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2311 R A v ¥ a TSN AT AEROERA v v 2 | 2RT 25 A

el LI 2RI T B W T AT VBB EB L N7 LE— A FMIX ODE £ T,
ﬁ%&%ﬁﬁﬁ%ém%%%ﬁ%%~ﬁ NI N X TN OREFROZE(FITEET L HO
®., ODE Z#CiX72 o T, MY 2Tl 4 8 A L CHHEIIMRNLT 5, N7 ARNEET 55

Fio A MIHEBIORE < 20 A FEBIET 570, 1 REEOFHIE R A v v a (BREA

Y 2ROPMEE, ZZTIIEAPL 1BEHDOA v 2) TORTV., ZOHEEMDOETD
Ay alZ@EBL TS,

2.3.12. VY U v RXT )L OYLEAREA 1E
HIF7E VU RARTIZHOWTIR, BREETTICEE O RBH AR A RE DA & LT, JIEHfREL
*ﬁIEfdlf’polz)s‘iEﬁH é j/l/ é 4)0

2.3.18. RIE AT O fE R ~D FP 7 A fi & H L OB &

ODE #-% o0 Wi R FE /0 (23 ] & 5 BEI A1 2203 BDF 2 % — A2 X 0 B2 U T H BRI
b EN 539, ODE OO Lot Th 2 ZHEI T T L OFIHE Y = — /1 iX, FEMAXI-
8 MOZIFIEENT- b D ABORMAIKESIZ DN T Z ORI & 17T 5, Wil X st
AU DB Ly MEERRLO AR EIS (R X O Rif: C ORI HEIE) SRygelE. *—2 0
Z b IGRAIN #4733 > O#IRITIEG U T FEMAXI-8 il Tl EAE S, R00d v SR IE £
TINCZTESND, SREIFEEHEET L TiE, BB KB OESIZE W TRENIZFEE L HR 1
ﬁX&UwXA7w@W5m“r%bwﬂ~aowfiJﬁﬁzﬁmﬁﬁif:ﬁW#Eﬁ%
Hahsd (RR~BITTS) k. % ODE B Oy EHAMIET 5,

2.3.14. ¥ 1AM & 1 O JRERBAT OB
THANRTNVDR S Dm0 2 /e T LCREBIZ, 70 7TRERICBEIND T —ADRH D |

WO T X NRPEBORRE & IR OBITESG E L TR L TH D 2 — RBNEBIFEET 5, X
fik 8 CILARAT G2 2 — A D3 8 W 1) 70 BRUFE 2B 1) 7 BRI 2012 L 0 il 8 7 L 3 B L X1 S
fRIAMEZ M D IEBBATIIRE ICOBRBEH SN TV D, vpigepll £ DRIFA~D T ABATIEE LT
VHELEBIZ XD BATICHE AR TR EL, EFHRREEGICFEBEOME, TV E2Z0E £l
AT 5L, TABMERZBRKFMT 2 Z L L7529, 22 CRENREGEZHEL TET LD
W 2 fENT TR E T DN B D | GERRLN /N T AT DN TR I I S 1T 2 8
LIEBLT 5 2 ERHCRR oo, 5T, FINAR e 7 ¢ ORE 2K 2 mERN 72 5

PRI &2 THZICRIN LT X 72 29, —HSRAETHET AT, FICTLnpmEf LT

HANT IV OBPERI7Z2DRAEERR N B SN TEB Y, wEREOREZ LY BRI TERET S
TENTED, BWEETFP U ADNKRNICIEE L TV AAREE HREHEE N 20l FR- L=
WE. HARABEFROHARTLVOREICL VYA ZDORENAT L (ZZTIEITNV—T20DT
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V) BENERT DN, ERHZBEELE T CORRICHERD L NT AR HARAFFHOR
W72 RIZKE LT T T LD ZEFLRIN & ZAUSHE S [TEIREFNZ BN AL D72, NT LD
JENx@m< e p & 72 D, & 2T, SREFEME TV A RO ECR AR ESEHE L LT, A
TNET pg DRIRFEERS L & WES) (f— 24U A b NL_HFP_PARAM(2) TfiE r[HE. 7 7
4V ME 100 MPa) % B[RS Z & BV > FNOIREAE D 100 K/em & EH2 2 & 5
DS HEEN L& WME (2—2 U 2 NL_HFP_PARAM(4) CHsEFHE, & 7 4/ ME 0.0
n/em?/s) & EEZZ L, EEDTWD,
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3. FRALEMAFAT

02 IR LB REE T E T VA L BT EkE T VE R & [R5 O P RIMERE DS
¥E)

BFond Lo T A=F O, IREEZITV. FEMAXI-8 2B D i

7R PERE R C R

144 OWBHRER r — R D% bR, B RN 2 3256 L 7=,

Table 1 HRAEAFAT 7 — A D S H

Fuel typec
U0 MOX Gd-doped
Burnup [GWd/tU] 3-99 15-72 25-95
Max. LHR2 [W/cm] 146-585 201-469 174-392
Rod pressureb [MPa] 0.1-3.4 0.1-2.6 1.0-2.6
He ratio in rod filler gasb 0.0-1.0 1.0 0.5-1.0
P/C diametral gap® [uml] 42-508 75-290 49-186

a: Rod-average linear heat rate that a rod experienced during its

irradiation period
b: Initial condition

¢t Cladding material is stress-relief annealed Zircaloy-4 or

recrystallization annealed Zircaloy-2 in most cases

Table 2 MEEAAT D 7 /L—F431F L35 B+ 5 EF — 4

Validation-case group ID

Measurement data focused in validation

PCT/BOL
PCT/LowBU

PCT/UO2, PCT/MOX, PCT/Gd

FGR/UO2/Base,
FGR/MOX/Base,
FGR/Gd/BASE
FGR/UO2/Ramp,
FGR/MOX/Ramp
FreeVol

HoopStrain

PCTa at the BOL
PCT at low burnup < 5 GWd/tU
PCT of UO2, MOX, and Gd-doped rods for a
whole irradiation period

FGR from UOg2, MOX, and Gd-doped rods

FGR from UO2 and MOX rods subjected to a
power ramp
Rod free volume at the EOL
Hoop strain increment in cladding tube
induced by a power ramp

a! Pellet Center Temperature

,14,
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3.1 MRAEMEAT 0D f G2 ST RABR 7 — A

FREEFRAT 23 J1 3 — 3 2 U SRAF R R OVE B 35 /37 A — X2 X % 7 /v —7431F % Tablel
J2 (X Table 2 (27~ 29, [A# 2T, PCT/BOL I3 FR & BHAA B O B& KB OEEE . PCT/LowBU
IHARABEE (59 5 GWA/tU £ T) oREHH.OIRE, PCT/UO2, PCT/MOX, PCT/Gd IZZ 2
L UO2, MOX, Gd BB Ha S IR IZ B 2 6 LR . FGR/UO2/Base. FGR/MOX/Base,
FGR/Gd/Base (X [FI#£(ZE RS 7 — 2 0 FP # Akt % FGR/UO2/Ramp, FGR/MOX/Ramp
XFNZFN UO2, MOX kBT o 7 HRE 77— 2 @ FP 4 At 2R . FreeVol 1% R R 0 ks
N H B {&FE. HoopStrain [ZMHHC XV A UBELERICOWT, ZRERMET —& 7
B SN TR —AD 7V —7"T, 3t 57 —XHEBIZHOWCHIEE & fRHTED
I XV BREZAT > TV D, &7 —7 IR T 2 BB — 21200 T X 03RRI 72 i i
SCHR 2 12 THAE LT,

3.2 FTINNT A —=HDIRE (HELE AT XA —H+E > FDOFEH)

RREEFEATIZH W22 r — AIEDO T T N RT A — X (SR THT T Vi RO HELE X T 2
— %% > ) 00029wnZuhG % Appendix (2737, /3T A — XD 5 #H1L FEMAXI-8 /ABAFF
ORGE 2L R TH D, AID, REPERE) 2R ~DORER K WIREHFOERE L FP H A
OFBMEZEME L, RTFHUASOR Y IZOWN TIRORE AR IZHHE Lo, simulation set {2 & -
TIHERERIILDEZERLODODOBRA N AT 4 A— MIMHYTHINT U AERELTWND,

FRFEFEAT 238 U7 BT VIR T A — 2 OREMET MR TORT v 72 R TWD, £7,
SREIFE AT TV BT CROITMRAEZTT > 72T Lk v |k 00022th7ocd 7 & KiNBITET L
D FrZe BREIFEE T T VA A4 7Y a » GBFIS=40C & H L7-, Z O# T, FGR/UO2/Ramp
FRPERM T O FP T A RICHOWT, AEE & O 00022tbToc 22 HHILRT 5, T
NEOHRESND & 5. Biffilcdk~7= NL_HFP_PARAM %—2 U 2 k& H\W\WT, fEE4
D IEHBATET W R T A — X AT o 72, BB DIR S St o LEERTE H 12D
TITREM D B O RME 72 TBEITFR O DI o 7o 7o, Fiie eifBII T > T,

FEMTICER I LB IR A » v 2 ERLIE, REFR Ly MIZOWTFEE A v =2 3458, 24
FEA Y 90, WEESEE 2 /5% (MESH=11) & L7z, BGHHE A v ¥ 250 6~12
OFPHTIE, BUERGEMAT TH > TW D HIEM & OHBIHE B ICKIET A v ¥ 2 5EE ORI
INENZ L EZHERL TV D 23,

FREEMEHTICH W R — A U A R8T 2 =2 DN, REMERRE IR 5720 7 — A EITHRE
TOVEDOH D b DIZOWTUIIATRALENT LA — R DEFERTH 5, BESL > b #EEO
REMSIZONT Y, FIRGERNT L AR — b EFERIC, BREET —Z X— AR OREMOEE 55 &
L. Appendix (22T 7= —FOELAEH L T\ 5,
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3.3 MRAEARAT il R

BTEIC R LI BT VR OVUST A =22 K D47 — ARNTHREF & MIEE & O s R % Fig. 2
25 Fig. 14 12777, A RICITFRERZE + 10% K HEICHE Y 3 2 B 2 0FE TRT,

AR AEARAT I & [FIRE 28, BB I S W TR 7872 10% AN DRSNS 5T
W2 (Fig. 2725 Fig. 7)., FGR (Fig. 8 7»5 Fig. 12) {225\ TH —EHDESWIIFRIKUET,
WRBL 2 A 7 BRE RIS X DI B AT R Sy, Bls . FGR/MOX/Ramp 234 Tk
S TdH D —J7. FGR/UO2/Ramp ° FGR/MOX/Base IFifi/ NI & 722 0 5 <. ZHp3/%
T A= PE L OERWMEEM L 72> T, BEERELHIT TV, £z, 1LY BiREEENT
I & M. FGR/MOX/Ramp % k3 5 BB 7 — 2 1Z4 T SBR-MOX O D, —J
FGR/MOX/Base I3 MIMAS-MOX W E#5 £415 2 & h 6 MOX BREHH O JEL B D £ A A
LSHETVCZICRYIAEND Z T, BRENKESIND TEREIZEZOND, KEHENH
HARE EWEEEAREICONTEH, FFICHRE TR KEMOKRENWTr—AREEND 72 L,
AR AEMRAT IF 2 AR E A D > TV 720,
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Fig. 2 Comparison between calculation results of ‘PCT/BOL’ simulation sets and
measurements

1400

Calculated

700
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Measured
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Fig. 3 Comparison between calculation results of ‘PCT/LowBU’ simulation sets and
measurements up to 0.2 GWd/tU
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Fig. 4 Comparison between calculation results of ‘PCT/LowBU’ simulation sets and
measurements from 0.2 to 5.0 GWd/tU
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Fig. 5 Comparison between calculation results of ‘PCT/UO2’ simulation sets and
measurements
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Fig. 6 Comparison between calculation results of ‘PCT/MOX’ simulation sets and

measurements
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Fig. 7 Comparison between calculation results of ‘PCT/Gd’ simulation sets and
measurements
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Fig. 8 Comparison between calculation results of ‘FGR/UO2/Base’ simulation sets and

measurements
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Fig. 9 Comparison between calculation results of ‘FGR/MOX/Base’ simulation sets and
measurements
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Fig. 10 Comparison between calculation results of ‘FGR/Gd/Base’ simulation sets and

measurements
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Fig. 11 Comparison between calculation results of ‘FGR/UO2/Ramp’ simulation sets and
measurements
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Incr. rod—-avg. FGR during irrad.(pct.)

Fig. 12 Comparison between calculation results of ‘FGR/MOX/Ramp’ simulation sets and
measurements
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Fig. 13 Comparison between calculation results of ‘FreeVol’ simulation sets and
measurements
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Fig. 14 Comparison between calculation results of ‘HoopStrain’ simulation sets and
measurements
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Fig. 15 Comparison between calculation results of fission gas fraction retained in fuel

pellet and measurements. The measured retention fraction was evaluated from EPMA

line-analysis result for a horizontal cross section of 77 GWd/tU UOz fuel pellet sample
AP510),
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Fig.16 Histories of linear heat rate at the peak power node and average linear heat rate of
the validation case BR3_x_24i62.
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Fig.17 Histories of pellet center temperature at the peak power node of the validation case
BR3_x_24i62.
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Fig. 18 Histories of intragranular gas bubble pressure calculated at the peak power node
of the validation case BR3_x_24i62., The variable ‘ir’ in the legends denotes the index of
thermal calculation mesh for fuel pellet.
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Fig.19 Histories of fission gas release at the peak power node of the validation case
BR3_x_24i62.
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Fig.20 Histories of pellet gaseous swelling at the peak power node of the validation case
BR3_x_24i62.
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Fig.21 Histories of volume ratio of gas bubbles at the peak power node of the validation
case BR3_x_24i6?. (extracting power ramp term)
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Fig.22 Histories of pellet outer diameter at the peak power node of the validation case
BR3_x_24i162.
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Fig.23 Histories of PCMI pressure at the peak power node of the validation case
BR3_x_24i62. (extracting power ramp term)
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