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Abstract

Safe management of spert muclewr fuels is socially, techwically, and economically wery

importart in terms of environmental protection and utilization of recyclable resources. One of the
most critical parts in the managemert is to establish the comprebensive moonitoring system which
can maintain and confirm the integrity of the spent fuels, whenewve necessary, util final policy
ig determined on the their treatment and disposal Especially in the first stage of mabwing up the
systetn, it iz essertial to secure a computing tool of code which can evaluate the irdegrity of the
fuel cladding based on its power history and cladding degradation mechanisms.
SFINEL code, an integrated computer program for predicting the spent fuel rod integrity bhased
of buwrrup history and major degradation mecharisms, has been developed in this research. This
code can sufficiently simulate the power history of a fuel rod dring the reactor operation and
egtimate the degree of detericration of spert fuel cladding uvsing the recently-devweloped models
ofr the degradation mechardsm s,
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SPENFIP Subroniines

ANE54C - AMB54 fission gas telease model
AEPRNT - writes summary of pertinent nodal information (average femperatare  and
pressiye)

CARL - calewlates fuel rod stored energy relative to 273K



CHECE
CORROE
CEEEF
DENGZF
DEFRE:
EXEPAND
FIaGAS
FIZEES
GAPCON
GAZCON
HZAFP
HTCW
INIT
INITAL
INPOUT
INPUT
JULIFD
LIOVEAS
OuUTPOT
POWDIE
RATD AR
REL O
RTELIF
TCOR
TERF

SIECO  Subroutines

INITIAL
CLIMIT
DAMAGE
LECHANIC
FCH

CUMUL AN
TEMPERATURE
TEEEH
RUOFTUR

e

EMI

DECAYHZ
DECAYHE
DECAYAIR

check the correctness of input data

caleulates Zr oxide thickness from coolant reaction

caleulates cladding creep

calowlates radial fuel densification

calewlates radial flux depression

calowlates radial fuael thermal expansion

calowlates the gererated fission gas

cottrols the time and power steps for the flesion gas cdculation
caleulates gap conductatice

caleulates the thermal conductivity of the gas mixture
calewlates wolumettic-averaged fuel heat capacity

calculates water-codlant heat transfer coefficient

irdtializes all the ingat variables

provides dl the Hime-independent calouations and indtializations
writes irgut walues

provdes the ingut values

caleulates temperatare jump distance

tranafers the values bebreen arrays

writes pertinent nodal inform ation

calowlates power for fission gas, cladding and fuel temperatures
caleulates the barrmap dependent radial power profile

caleulates the change in fuel radiug due to fuel relocation
calewlates radial fuel temperature profile

Function - calcdates LWE fuel thermal conductivity

Function does augmented linear interpolaticn

irdtialize all variables

calevlation of time to stran limit and CDF lmit

Calewlation of cumuative damage fraction

calculation of mecharical property

fenn subroutine contains the rate ecuations used for the integratiotn of creep
strain, accwrdated creep-damage fraction, oceidation and 3CC
cumulative damage fraction caleulation

Function- calculate tem perabares

Functiorr calculation of threshold strain

Function caloulation of criical rupbwre crack depth

Function caloulaion of jield strength

Funectiotr calculation of elastic modulus

Functiorr calculation of cooling history for nitrogen

Functiore calewlation of cooling history for heliam

Function: calowlation of cooling history for air
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. SFIMEL Main Menu

Developed by Nuclear Materials Laboratory, Hanyang University

" Welcome to SFINEL "'

Click the menu button !

Exit Program

Input Data Run Output Form
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. SFINEL Input Data

Fuel Design -
i Data Power Profile Model Options
SIF Storage .
Data Save all Data Exit Input
Defaul values Click the menu button, otherwise,
click default values.
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~Fuel ~Fuel Density———  Cladding
D3252 | Diameter @) IU-9525 TD (fr) 03319 | Clad 1.D (in)
[ 7500 | Length gn) 19552 | Aftor Densi, () 03891 | Clad O.D (i)
00308 | Dish Radius (in; . Lo
(#) 09962 | After Resr. () 00 Init. Crudthick @n)
1.37 % Dish Vol. (%) IT Frac. Coldwork @)
rac. oldworl
0.036 Enrichment (fraction) —Gap
0.0
0.0 | Init. Restr. Dia (n) 200 | Gas Press. {atm) MRS e
7AE5 | Surf. Roughness (in} 3.343 Plenum Vol. (in3) R i S e ()
 Coolant
0.69%  Eyu.Passage Dia(in) | 1257 Sy Array Pitch(em)  |769.0.2  Tnlet Temp. (F) -
2325.25 Coplant Press.(psi) | 159 Coolami Velocity (fiisec) | 720 T(out) Tin) (B -

1" 5 SFINEL ®HEE Atg YW

220 No. Time Steps (max=35)

Type of Time
 in days
& in MW&MTM

Time Steps

0.0,49.0,495.0,952.0,1951.0,2986.0,

|4BEB 06857 0,6945 0,7932 0.6818.0

IQBD} 0.10088.0,11872.0,12655.0.13
14000, 0, 18500, 0, 17000, 0, 19000, 0,21 65

100 Mo, Axial Seg. (max=20) |10  INo. Axial Rel. Power Profiles

Specification of Time-dependent Axial Power Profile

|1,1,2,2,3,3,4,4,5,5,5,5,?,7,8,8,EI,EI,T 0o

IH,H

Axial Relative Power Profile

0.21.0.70.1.05.1.25.1.34.1.35.1.30.1.16.0.94.0.60.016.10°0.,

ID 26,0641121.241.271.251.168.1.09.084.067. 0181040,

ID.3D,D.93,1 A3116.1.151.13.1.11,1.08.1.04.0.82.0.23.10°0,

IEI.34,1 02.1.13.1.07.1.02.1.01,1.03,1.09,1.14,0.96,0.28,100.,

IEI.35,1 .06,1.13,1.03,0.96,0.95,0.99,1.09.1.186,1.035,0.310°0.,

Type of LHGR

% Peak LHGR
" Average LHGR

Power During Each time Step
IW 0.20,9.517.9.937.9.945 9.797 9.722

IQ 781.9714.9.646951.9 445 8 36
IB 38.9311.91721091.10.91.11.031

IEI.41,1 08.1.12.1.05.1.00.0.99,0.99.1.05.1.10.1.00.0.372.1040.,

IU.44,1.1,T 12.1.055.1.025,1.01.0.99.1.03,1.06,1.00.0. 41040

ID 320891021061 1.1127113113111.086,0 38,1040,

IU.SE,U.H?J .065,1.07.1.085,1.09.1.09.1.085,1.075.0. 96.0. 39.10*0.,

IEI.4,1 06,1.11,1.08,1.07.7.06,1.05,1.04,1.04,096,0.410"0,

IEI.E,1 09,1.09,1.05,1.03,7.02,1.02,1.03,1.05,1.0,0.4210"0

[[oe |

J%2 B SFINEL Fower profile

~Fission Gas Release——
' ANS 5.4 Model

~Radial Power Profile——
' Flat Profile
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