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FREG-3T: A Computer Program to Analyze LWR Fuel

Behavior under Accident Conditions

Masaaki UCHIDA, Yasuo HARAYAMA and Naocaki OHTSUBO*

Division of Reactor Safety, Tokai Research Establishment, JAERI

{(Received September 14, 1979)

A computer program FREG-3T was developped for analysis of LWR fuel
behaviors under accident or transient conditions. The program, which is
based on FREG-3, a program to evaluate fuel-clad gap conductance under
normal operation conditions, is added with transient heat conduction
calculation capability, fuel surface heat transfer models, and high-
temperature materials property data necessary to ﬁake accident analysis.

According to input data of power history and coolant conditions, the
program calculates fuel temperature, inner gas pressure and deformation
distributions in a single rod. Models are formulated considering the
conditions anticipated for large-break loss of coolant accident.

As the first step toward a practical accident analysis code, the
program is still limited in capability. However, the agreement between
calculation and experiment is rather geood in fuel center temperature under
normal operations, out—pile swelling of Zircaloy tubes, in-pile LOCA

simulation experiments, etc.

Keywords: Program, LWR, LOCA, Transient, Fuel Temperature,

Deformation Distribution, Gas Pressure

Century Research Center Corporation



L

JAERI-M 8482

ﬁ %“ ................................................................................................................................. i
S 5 A DREEE eeeeereee et 3
ZEREMEFE A 5 o m  ceeeeeerssooss e e e 5
JETE ST HL T 57 /U covermmrmmmess st e 7
4.1 ﬁﬁgfﬁ@ﬁﬁ ............................................................. LI T TS 7
4, 2 ﬁﬁ@ﬁﬁ%ﬂrg ......................................................................................................... 7
4.3 ﬁ@@ﬁ%%@ﬁﬁ ...................................................................................................... g
4 4 ﬁﬁﬁ?&?ﬁﬁ( Lol 0 A T T e R e 12
L5 BB, BETOREEE KB HLUFr o ZTREEE oo 14
P R D T T B o -4 16
ST L A e e 8

591 %Zgﬁ/\]ﬁ@iﬁ e atrr et iaataraare e eeetiaaNay ety aaa TR eiee it e 18
9 BRI N U b D BREBEE oo e 18
3 BEEEEE QTG o 20
PR PG FESHE T 57 S oroveessoeeessesann oo s 98
6.1 %ﬂg Wfﬂ—Ej}@%‘f% ............................... s s 28
6.2 R -FESAM — A AOFAVDFHE oo 29

%(‘:73;3 —%%@%ﬁ@ﬁr{ﬂ ....................................................................................... 33

w

[#1]



JAERI-M 8482

CONTENTS

L. Tr ETOQUG O st oo 1
2. Outline Of the program ............................................................................................. 3
3.  Space and BAME MESH e sttt s s 5
4. Temperature calculation models o e 7
4.1 Extent of temperature CALCULATION rroeerremrmrmrmsres s 7
4.2 Transient heat conduction CAlEULAtLON e 7
4.3 Surface heat transfer COTTELALI0ONS trovvrrrerrmrms st 9
4.3 Critical heat flux (o) 20:30 TN T T e R R R 12

4.4 Thermal conductivity, specific heat of fuel and cladding
ANA GADP CONMAUGEATICE:-roorsrssrresssest s s 14
4.4 ZircONium=water YEACELOMuw e 16
5. Deformation calculation MOAELS s 18
5.1 Basic assumptions.nm“m"m“m”m“m“m_m“m: ................................................. 18
5.2 Thermal expansion of fuel pellet ............................................................ 18
5.3 (Cladding deformation“m"m"m”ﬁ ....................................................................... 20
6. Inner gas pressure caloulation MOdElg e 28
6.1 Calculation of uniform gas pressure within a rod--—eemere 28

6.2 Non-uniform pressure distribution---gas flow calculation—29

7. Concluding remarks ———direction of future modification - 33
Ao knowl edgement ........................................................................................................................ 33
References .................................................................................................................................... 34

Appendix A Input and output ..................................................................... 36

Appendix B Results Of Verification ...................................................... 49



JAERI-M 8482

|

1. %5

BAFPCEHENATREINTWERA LI T P —QEH —HHAKEBEER(LOCA),
ﬁﬁggﬁ(RlA)%#—“%ﬁﬁ?%kDO%ﬁﬁﬁﬁ%@Tﬁbﬂf%éuCﬂ%®$
ﬁ@mfhﬁkwr%,%ﬂ&@ﬁﬁ@ﬁﬁﬁ;ﬁ%ﬁ%ﬂﬁ?%ccn¢®%%%%ﬁTbo
ﬁ%ﬁ@ﬁﬁﬁ%%#?@%ﬂ%%%im%%ﬁﬂdF%%mfﬁﬁTéct@,%MF%%

e R TnEY, BHEHOBESLLTNEBEHROINL DAL, LE (ORFAERCER

LB Ts0T25, Lat-TEROEREZ—RELLT, EEORRXOFRA LTS L
=, e~ FOEAOLBEHIEEPCRENWEnDREEZLR N,

e TREREEORBLIL TN~ FOBECHBEL T, FHFE 2 - FCERINL B
HEEEERALDOHETTAL &,
1) EBEET - FCHBARBOL N ANNEHFEZETELASO L TURL, REBPIE
OMmAERTICEEY C D TE B, HEHFOHUBTEANNFRE (WEKORE) T4
BHERIZENED 0 TEE, BEERSORG - HBECHELE-TWDHOT, BH
BRI RPRICEREI CEATERZN,
0y BER T - FTH I ZOBREBERT LSO LTRIC DT HHEIRIND,
BB OLE S\ EERTLBAARMBHECTHE2ER L AT RE R DA N,
3)%%%@%%%%@%&%%%%kaw,%%&%ﬁf~ﬂ@%%c?é#ﬁ.mﬂ
@%ébio,m§%®ﬁ%ﬂU—7%Eﬁ@%%Téﬁ§mﬁﬁTéccﬁfééo
C@iﬁﬁﬁ%%&%&ﬁ%ﬁ&éimﬁﬁj—F%bﬁ?%@ctf%ﬁ@FRM%T,
ﬁﬂwssmﬂ?%ﬁﬁiﬂabféﬁ%néoﬁ%c%ﬁ@ﬁ@v“smmq)%ﬁf@&
PREH T — FERoTWAD, ERLOBRE TERING, Li2) Th~RTEx 7Y —
é@@@ﬁ%ﬁcmﬁ@ﬁﬁ%ﬁ&&bd,c@ﬁﬁ@%%ﬂiﬁ%%&%%ééc%bﬂéu
ﬁkﬂCﬂifﬁﬁﬁﬁﬁ%ﬂﬁﬁﬂ—F@ﬁ%%ﬁof%kﬁ,CCT%@&%T%%%
ﬁﬁﬁ%ﬁnﬂFFREGmS%%KLT%&%%ﬂJ—FK@@%-%&LTFRE}%T
%%%LkOFRM%amﬁm%%%ﬁE%ﬁ,mﬁé%f»,Eﬁ%&f~ﬂ%mom1m
%@@n—FRELAﬂWFRARA#%MNnmomﬁ5%%1&@%Ebﬁtfﬁ%uﬁc

%~$f@éﬁ6FREGf3T®%%%ﬁu@b1m%ﬂ1m5ﬁ,ﬁ%mékofuﬁ
DLoRRCEEL .

1) Best Estimate = — FZOET, HEBORBBHCETHAELZERFLETITD
£, BT EFrd b o mNERD TR EHO AL — L T EORED
B T2 BRALHZBEIEFALLND,

2) HEOFREG- 3T version [Ib e L 9, AHBLEL(RBE—EBREZRDLITL
BERLNE ERBEETRELET YT — R — FCEDLH IR, HECHETD
nﬁmobmﬁofﬁﬁ%ﬂ@:—F@&@f@ﬁ%ﬁﬁfééﬁwﬁw,%ﬁ&%f»
ZRNVD,



JAERI-M 8482

3) B—OBEBEEARBII I — V2T, 20P5HBOERZROCELTEENED
5, AREBATZEHE 2 CREMESE, FREG- 3 TTH—E RKOBEEEIK
ILBHKBEBROBWENCERZ2EE, WbWbe -1+ 7 7BEFITERIC &
ﬁf%éiﬁﬂbtotﬁb%ﬁ%KMPOM,RIA%%&K&MDHTﬁ&MO

4) Bi— o 2 Y THRHEANBCBEREOHERNCERZEER, REBORLOZEEZS
HEHE T rOFBPARFERO A — Y2 T E Lk,

ABETIHIFREG-3TOHE= F vl UFERELC P THR~N5E, TAETORIEHE
DRHEERPAFELLTHN TS,



JAERI-M 84382

o STo sy aOBlE

FREG- 3 THE Dy~ 7= 4 BREEKFREBCONT ERBTHANKHOTTO
%ﬂ%%ﬁﬁ,WEﬁﬁ,WE%@%%Q&U@%E%%ETEEﬁ%b%ﬁ@ﬁﬂ%Fig
1K%TD@éﬁﬁf%ié%&iﬁﬂﬁﬁﬁ%%OMT,%ﬂ@@ﬁﬁ#%%ﬁ%ﬁﬁmé
éﬁﬁ§%¢mguaﬁﬁzﬁﬂ%mﬁﬁp,E%ﬁ%ﬁﬁ@ﬁ%cbfkﬁb&ﬁﬂdﬁ%
-&muiﬁ$&¢@@ﬂm%%(1yﬂ»6,Eﬁ,E%mm)@ﬁﬁ%ﬁ%kﬁbﬁwﬂﬁ
AbEWV.

cﬂ%@%%@%%fmf?AM&f%&ﬁﬁﬁ(%ﬁﬁﬂ%%)T@ﬁﬂ%%@%%?éo
%@%44AZ%97ﬁKmﬂ,%Hmﬁﬂoﬁkwﬁm,ﬁﬁ,WE,E%%%%ﬁTbG
C@J—FTM#E%%ﬁO%ﬁ%ﬁ#Tﬁb,T&T%ﬁﬁwﬁﬂﬁﬁofbb,é@@ﬁ
m@ﬁboﬁvﬁbﬁﬁnﬁotm&mo%@KDK1@054A-x?v7®E®wE§
F;U%ﬂﬁﬁ@ﬁﬁﬁﬂiﬁ%%ﬁ,%Eéﬂﬁﬁﬁ%k#c@hﬁéﬁik%%%ﬁ,ﬂ
4A-x?yf@%cﬁwﬁﬁ%?bccmﬁofmboLﬁﬁofﬂ%%#ﬁéé%mfﬁ
%bﬁgﬁﬁ%%,@¢®F4A-}yV;#ﬁ(T%ﬁ%ﬁ%ﬁﬁﬁﬁ@%Wﬁ@(ﬁ%
O EEREErEr (T b,

m(oﬁ@#jz—Ff@@&ﬁ@%fwﬁﬁﬁéﬂfWéﬂ,%K%%L&m@b%ﬁ%
&tyh#%ﬁﬂéoiﬁ@%ﬁ%HCGS%ﬁﬁbﬂTM6ﬁ,ﬁﬁ%ﬁ%%ﬁ@%ﬁfﬂ
%Xﬁﬁ%#,ﬁk%%%ﬁ?@Sl%ﬁﬁbnfméoﬁ%@@ﬁ@SIm%%%bTm%o

7ﬂ7?h@%$%&FMﬂBAN“fT§Wﬂ,ﬁfﬂ—%yﬁ#6&5%f1§—-:
fﬁfééo#7wdf7ﬁ®f—ﬂ@§ﬁan%vﬁﬁcﬁﬁwﬁﬁ@ﬁﬁbfmém
ﬁﬁ%ﬁ@éﬁbmi<~%®ﬁ7wﬂ¢y%m13%Vﬁﬁ%ﬁ%%ﬁ?bC&ﬁ%f,m
othﬂﬁtpfﬂﬁbﬁhfﬁETél9bew50

EH—JQVTMﬁmﬁﬂ—F&Q%%¢,mi?~7ﬂiblﬁﬂfﬁﬁmoiﬁmﬁm
547-7074—&ﬂ®$f®5#,m<om@§§£@ﬁom1u,%EMﬂ@mmﬂ4
A-Z?yfﬁ@ﬁﬁﬁ*ﬁﬁ®%TMWéﬂbi9%&0139,Cﬂﬁfﬂvﬂ—ﬁﬁw
KAZPL TWH,



Time step loop

|

[avary ]

—
=2

INP1

AREAST

START

iy

CLEAR
INP2
MESHO
TEMESH
ISET
POWDSO
INIPRI
TIMSTP

POWDIS

SUFCNO

|

>
o]
o
o3}
]
m
(0}
8]
| —
Q >
o J
M~ [i+]
o O
o] i)
o 1]
o —
U -
s
O [
)
~ ]
= . DEFORM
¥ w
Q¢ 0n
o @ GPRESI
gl o Lo
@ o
B CHECK
PDSTOR
‘ PRINT1
PRINTZ
END

JAERI-M 8482

main program
input of wvariables

area setting

effective main program
zero-setting of array data
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setting of space mesh
calculation of mesh volume
setting of initial conditions
initial power distribution
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metal-water reaction

gap conductance

transient heat conduction
surface heat transfer
deformation calculation

inner gas pressure
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Fig. 1 Flow chart and functions of main subroutines
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Fig.3 Illustration of surface heat transfer modes
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for Zircaloy creep in the two phase
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Fig.B.4 Comparison between measured and calculated swelling of

Zircaloy tubes under cut—pile transient heating
(experimental data are from Hardy, (:3))
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Fig.5 Coolant temperature data of PBF LOC—-11C experiment from

which input data for the caleulation(Figs.B-6and7) were

prepared (taken from ref. ()
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Fig.B.6 Measured and calculated cladding surface temperatures in
pre—pressurized rod (Rod3) under PBF LOC—11C experiment
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