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Core fuels with stainless steel cladding and high plutonium content mixed oxide (MOX) fuel
in a water-cooled environment, such as supercritical water-cooled reactors (SCWR) and
reduced-moderation water reactors (RMWR), have been studied. In order to contribute to
the research and development of such a core fuel concept, the fuel performance code
“FEMAXI-8” was verified based on the results of post irradiation examinations of MOX fuel
irradiated in the experimental fast reactor “JOYO”.

FEMAXI-8 is the latest version of the behavior analysis code developed by JAEA to analyze
the behavior of light water reactor fuels under normal operation and transient conditions.
This latest code has been improved and developed to allow the selection of stainless steel
cladding property models to analyze improved fuels such as accident tolerant fuels. The
purpose of this report is to confirm the prediction accuracy of FEMAXI-8 for the irradiation
behavior of the new type of core fuel that is currently being developed.

As a result of the verification, it was confirmed that FEMAXI-8 has sufficient analysis
accuracy for the irradiation behavior of sodium-cooled fast reactor MOX fuel with stainless
steel cladding, which exceeds the plutonium content and irradiation conditions of light
water reactors. In the future, the analysis accuracy of FEMAXI-8 could be improved by
adopting the O/M ratio dependence of MOX fuel thermal conductivity and the irradiation

behavior evaluation model at high temperature.

Keywords: Fuel Performance Code, Light Water Reactor, LWR Fuel, MOX, Fast Reactor
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Table 2.1-1 Analysis model

JAEA-Data/Code 2023-006

Model Joyo Fugen,HBWR
Thermal conductivity Ohira and Itagaki latest model for UO, and MOX
Thermal expansion Halden
Creep equation MATPRO-09
Pellet Young's modulus MATPRO-11
Poisson's ratio MATPRO-11
Swelling model Solid fission products swelling + gas bubble swelling
Densification Modified Rolstad model:corrected based on Freshley's report
Thermal conductivity SUS316(PNC) MATPRO-09
Specific heat SUS316(PNC) MATPRO-09
Density SUS316(PNC) Zircaloy
Thermal expansion SUS316(PNC) MATPRO-09
Cladding Young’s modulus SUS316 MATPRO-A,11
Poisson's ratio SUS316 Fisher
Creep equation SUS316 FRAPCON-4.0 model,PNNL-19418
Plasticity SUS316 FRAPTRAN V1.4&FRAPCON3.4
Irradiation growth equation SUS316 MATPRO-09

Gap

thermal conductance

Bonding modell(Mixture of UO,+ZrO, and open gapcon)

FP gas release

Gas release model

Matthew's and White's modela are combined and modified

Intra-granular gas bubble model

HFPfGBM_active=T;CORTWBDRTA=T

HFPfGBM_active:(T/F)(.true.:Griesmeyer-type intragranular gas bubble model,with multi
bubble-size classes and dynamic time evolution:bubble number density and bubble size are
fully treated as ODE variable);CORTWBDRTA:(T/F)(Bubble density update by ODE
equation is stopped when bubble density is small,to stabilize ODE solver)

Grain growth model

Itoh(Modified Ainscough)
The form of the equation is the same as in the Itou(Modified Ainscough) model, but the dose-
dependent term is different.

,10,
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Figure 2.1-1 Burnup and Pu content
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Figure 2.1-2 Rod average burnup and maximum linear heat rate
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Figure 3.1-2 Comparison between Calculation results and
measurements (Pellet center temperature on B5D2 irradiation test)
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Thermal conductivity (W/m-K)

5.0

4.0

3.0

2.0

1.0

0.0

JAEA-Data/Code 2023-006

—O0/M2.00 e O/M 1.98

- =-=0/M1.96

Pellet density : 95%TD

500 1000 1500 2000
Temperature (K)

2500 3000

Figure 3.1-3 Temperature dependence of MOX pellet thermal conductivity
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Ratio of calculated and measured
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Figure 3.2-1 Comparison between calculation results and

measurements (Fission gas release)
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Figure 3.2-2 Burnup change of the ratio of calculated and measured (Fission gas release)
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Figure A-1 Comparison between calculation results and

measurements (Pellet center temperature)
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JAEA-Data/Code 2023-006

i %2
HEDE Namelist —% GERNIZE TR 7) 22 )

HELE Namelist —& (1/6)

ADDF =0,

AMU2 =0.02,
APORE =1,

BDX = 10000.,
BETAX = 0.005,
BURMXE = 68.493,
CRFAC = 1.0,
CRPEQ =7,
Cbub_hbs cm3 = 1.3d11,
DDSIGE = 3,
DTPL = 0.0,

DT OUT =96,
ECRAC3(1) = 2d8,
ECRAC3(2) = 2d8,
ECRAC3(3) = 2d8,
EFAC = 1.0,
EPSRLZ = 0.000000,
Efac RTZ(2) = 1.0,
FACD =1,
FACLNR(1) = 1.0,
FACLNR(2) = 1.0,
FACLNR(3) = 1.0,
FACLNR®#4) = 1.0,
FACLNR(5)=0.5,
FACXI(1)=0.01,
FACXI(2)=1.0,
FACXI(3)=1.0,
FACXI(4)=1.0,
FACXI(5)=1.0,
FACXO(1) =0.01,
FACXO(2)=1.0,
FACXO(3)=1.0,
FACXO(4)=1.0,
FACXO(5)=1.0,
FBONDG = 10,

719,



HELE Namelist —& (2/6)

JAEA-Data/Code 2023-006

FCRFAC = 1.0,
FPINF = 0.25,
FRELOC = -3.010,
FRMIN =0,
FSIGM = 1.0,

F disl punch=0.70,
GBFIS =41,
GEN1 = 0.0146,
GEN2 =0.0584,
GGIDCbugfix =1,
GRWF = 1.0,
HBS = 14,

HER =1,
IBOND =2,
ICAGRW =1,
ICATHX =0,
ICFL=1,
ICONP =3,
ICRP=1,
IDCNST = 13,
IDENSF =11,
IDSELM =1,
IELAST =4,
IFEMOP =2,
IFEMRD =1,
IFSWEL = 16,
IGAPCN =5,
IGASP =3,
IGRAIN =6,
IHOT =1,
IPCRP =2,
IPEXT = 20,
IPLOPT = -1,
IPLYG =2,
IPOIS = 30,
IPRO =3,
IPTHCN =91,
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JAEA-Data/Code 2023-006

HELE Namelist —& (3/6)

IPTHEX = 1,

IPUGH =1,

ISHAPE =1,

ISIGE = 14,

ISIGE2 =0,

ISPH=1,

IST=1,

I HOLD AX EMOD_TENSILE =1,
Kl1=2,

KON1 =2.0d-11,

MATLNR =1,

MATXI =1,

MATXO =1,

NL DCGAC(1)=1.0d+1,
NL_DCGAC(2) =4.7,
NL_DCGAC(3) = 1.0d-20,
NL_DCGAC®#4) = 0.6,

NL DCGAC(S5) =1.0d-21,

NL DCGAC(6)=0.3,

NL _DGC bu_eff 1=1.3,
NL_DGC bu_eff 2 =0.0008,
NL DGC cutoff CTE um=0.5,
NL DIRECT OUTPUT TO CSV =2,
NL FCRate UL s =300.0d0,
NL_F_DP_rate(1) = 1.0d-7,

NL F DP rate(2)=1,

NL F DP rate(3) =3.5d7,

NL F DP rate(4) =0.2d0,

NL F DP rate(5)=1.1d-10,
NL_F_ITBT(1) = -2000,

NL F ITBT(2) = 3.0,

NL _F ITBT(3)= 1.0,

NL GBGS_ANIS PARAM(1) = 1d-20,
NL GBMT I PARAM(1)=43,
NL GBMT I PARAM(2)=3,
NL GBMT I PARAMQ3)=4,
NL GBMT PARAM(1)=0.7,

,21,



JAEA-Data/Code 2023-006

HELE Namelist —& (4/6)

NL_GBMT_PARAM(10) = 8.38d+4,
NL_GBMT_PARAM(11) = 7.5d4,
NL _GBMT PARAM(12) = 10,
NL_GBMT PARAM(13) = 100,
NL_GBMT PARAM(14)= 1.5,
NL_GBMT_PARAM(15) = 20,
NL_GBMT_PARAM(17) = 2000,
NL_GBMT PARAM(18) = 1473,
NL_GBMT PARAM(19) = 0.9,
NL_GBMT_PARAM(20) = 0.75,
NL_GBMT_PARAM(21) = 3.0d-28,
NL_GBMT_PARAM(22) = 1.0d-14,
NL_GBMT_PARAM(3) = 30,
NL_GBMT_PARAM(34) =0,
NL_GBMT_PARAM(35) = 1.0,
NL_GBMT_PARAM(36) = 1.0,
NL_GBMT_PARAM(4) = 1.0,
NL_GBMT_PARAM(6) = -1d30,
NL_GBMT_PARAM(7) = 2000,
NL_GBMT_PARAM(S) = 1.6d-7,
NL_GBMT_PARAM(9) = 3.752d4,
NL_HBS_PARAM(2) = 1.0d0,
NL_HBS_PARAM(3) = 3.0d0,
NL_HFP IP(1)=S5,
NL_HFP_IP(2) =1,

NL _HFP_PARAM(5) = 10.0d0,
NL_HFP_PARAM(8) = 3.0d0,
NL_HFP PARAM(9) = 1.0d11,
NL_HP_FPtCC = 0.0,
NL_IPRO_LLIMIT = 0.9,

NL ITRG I PARAM(1) =0,
NL_ITRG I PARAM(2) =3,
NL_ITRG_I PARAM(3)=7,

NL ITRG PARAM(11)=0.1,
NL_ITRG PARAM(13) = 8d-5,
NL ITRG PARAM(14) = 773,
NL_ITRG_PARAM(15) = 1123,
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HELE Namelist —& (5/6)

NL ITRG PARAM(16) =2.0d7,
NL ITRG PARAM(17)= 0.0,

NL ITRG PARAM(25) =20.0,

NL ITRG_PARAM(3) = 1023,

NL ITRG_PARAM(4) = 1903,

NL _ITRG_PARAM(S) = 0.068,

NL _ITRG PARAM(6) = 0.06,

NL ITRG PARAM(7) = 0.35,

NL ITRG PARAM(8) = 0.40,
NL_ITRG PARAM(9) = 1.0,

NL LHR ICG W_ cm =200,

NL MCRLC ORDER =10,

NL _MRfrac_as internal crack = 0.4,
NL PCFD_BR =40,

NL_SDFV(1) = 85.0d0,

NL SDFV(2) =1.0d2,

NL SLCF Tactive K =1273.15,
NL_SOBcutoff Pa=1d6,

NL _STTD(3) = 15d6,

NL TAGCMC =1,

NL Tbound2 K = 1300,

NL check consistency fric eff=1,
NL crack level =1,

NL dishmodel option =12,

NL f above Tbound2 = 4.5,

NL f str creep ref=1.0,

NL _ferp param(6) = 0.503271,

NL friccoef max = 0.4,

NL i str creep ref=2,

NL mecrlc_recov=1,

NL mechcalc_at convergence = -1,
NL stress_low_cutoff fcreep MPa(1) = 50.0,
NL stress_low_cutoff fcreep MPa(2) = 100.0,
NL tilt angle rad =0,

NODEG =2,

NRCOX2 =0,

PX =99.0,
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HELE Namelist —& (6/6)

R1=0.1,
R2=0.5,
RFGFAC = 1.0,
RF _cm = 0.00005,
RIMSWL =1,
RMOGR =2,
RMPST =-1,

R FS cm=1.0d-7,
SBONDG = 0.01,

TCS =1773.15,

TSTD = 750,

XKSU = 1500.0,

bufsp =0.1,

dt redo Llim_hr = 0.0000000003,
f BRF_reduc(2) = 5000,
f rel param(1) = 0.00016,
f rel param(10)=0.14,
f rel param(12)= 1120,
f rel param(13) =200,

f rel param(2)=0.0012,
f rel param(3) = 0.0025,
f rel param(4) =270,

f rel param(5)=1.0,

f rel param(6)=0.12,

f rel param(7) =0,

f rel param(8)=1.1,

f rel param(9) = 0.0005,
gbthick fgr model =0,
i_stoich_crct=1,

iyng =13,

izyg oxygen effect =0,

mesh =11,
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