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C Introduction )
p

@ A widely used code system for evaluating the fuel performance in accident conditions is the NRC’s FRAPTRAN. The FRAPTRAN uses a so-called 1.5D analysis that divides the
axial direction into several nodes and calculates radial changes at each node. Unlike this analysis system, codes that apply FEM to structural analysis are being developed as an
analysis system to more reflect physical phenomena. In the USA, an FEM-based nuclear fuel performance code represented by BISON, has been developed and applied to integrated
analysis system such as VERA and CASL.

@ KAERI has been developing the FEM(Finite Element Method)-based nuclear fuel performance code, MERCURY to evaluate the behavior of nuclear fuel during accident conditions

@ In this paper, we describe the selection and implementation process of the high temperature oxidation model in the MERCURY code. In addition, the verification calculation result of

the applied model is presented.

( Oxidation Model ) ( Reaction Heat & ECR ) ( Calculation Scheme }

® Since the FEM-based fuel performance code is for best- || w 10 heat of the metal-water reaction is determined by " FRAPTRAN first completes the temperature
estimate analysis, the MERCURY is based on the C-P the amount of oxygen consumed. The relation for the calculation in one time step, and then calculated the
model which is mainly used for best-estimation metal-water  reaction  heat  is  defined in oxidation heat using the average temperature of
calculation. MATPRO(NUREG/CR'6150, 1997) as follows. beginning (BOS) and end of step (EOS) The obtained
® The C-P model provides each model constant for four 074 AW ] reaction heat Is substituted into the heat generation of
parameters of oxide(¢), alpha(a), Xi(§) layer growth and P =26 2mR06.45 X 10 m the next step.
total oxygen consumed (t) based on the Arhenius where, AW is the weight gain during the time increment " In contrast, MERCURY configures the oxidation heat
equation for temperature (Cathcart et al., 1977). At and R, is initial radius of cladding. and temperature at BOS into one matrix and determines
52 = 2.0.01126ex (_ 35890) [ﬁ the temperature at EOS. Therefore, MERCURY transfer
¢ ' P RT /' Ls _ _ the final temperature of the time step to the temperature
, 48140\  [em? " The I_ECR(EquwaIenF Cla_lddlng_ Reacted) as a parameter of the next step.
0¢ = 2-0.7615exp (_ o ) | expressing the mechanical integrity of the cladding tube in — FRAPTRAN —
11700\ Tem2- relation to the high temperature oxidation is expressed as MERCURY
652 = 2-0.3412exp (— P ) — follows. . 4 oo
- my 1 : MotTd? |2 -:—
52 =2-0.1811exp (— 39940) (o ~ WotWi) o, o - e
t RT /' s ECR =100 - (Lt ,
where, R iIs the gas constant, T Is cladding temperature. .

( Oxidation Heat Model of MERCURY } ( Calculation of ECR )

Flow chart for calculation of the heat
of oxidation reaction

Flow chart for calculation of the ECR from

O idati i i oxygen weight gain .
Th_e oxidation reaction heat Is Y9 ghtg " The ECR is a parameter for
o ecen SRS c;:ns:dg:je_d when the ;%r%)iature of ode}  modes evaluating the mechanical integrity
od e i cing 0 (i the cladding exceeds ' Cladding of cladding considering the
pi = 3.1415 wgl : weight gain at the previous time step. ™ \A/hen the temperature of the — ' y— oxidation, so the oxidation of inner
hr_z = 6.45e6 (J/kg) - Radius rad | rad_o
cladding exceeds 1073 K, the — and outer surfaces should be
e s ' | ' ' i i
L vxelght gain (wg2) C|Is _deter_mlned Oy Temperature - = considered.
' the temperature and time increment — — 0 : T
' S ———. f ﬁ o o i o B | For ECR calculation, it is
B g = w21 Or €acth node ot current time Step, Timeincrement [] . necessary to designate a pair of
o OTANZE () * ot e and the determined weight gain — )F': weZ! we?_o nodes on the inner and outer surfaces
= (Ura/U, B _ wg_i, Twg o) o ]
Includes the weight gain (wgl) of - e of the grid mesh generated for FEM.
' the previous step. Weight gain at previous time _
OxHeatGen = qox ] ] J' " ECR IS calculated by the
| " The amount of oxidation

. e 1 o1+ (074/026)* (Lo a1 10 summation of the weight gain from a
wg2 i+wg2 o) * (0. .26) * (1/rho zr) * ; ]
increased  at  the current step ECR (%)= T B pair of inner and outer surfaces and

becomes difference between rad_o - rad_i initial radius of cladding.

Output Variable

qox [}/m] : heat generation rate per unit length ‘WgZ(IlCW), and ‘ng(old)’ / /
/ ® ® ® ®
N Verification ) Conclusions )
® For the verification calculation, a v' FEM-based MERCURY code is being developed for the evaluation of the fuel
simple geometry consisting of pellet p_erformance under _acci_dent cond_itions. The implementation and verification of the
, , , , and cladding was used. high-temperature oxidation model in the MERCURY code were performed.
E;TApEaRrgS;YO::melcgot:e?:;:) rfalcu'at'on . 1 order 1 e deformati v' The Cathcart-Pawel model, which is used as a high-temperature oxidation model of the
' ‘ ?h or Ie r q d(') rertn%ve the © do'f”la |or: cladding for the best-estimated analysis, iIs composed of functions. The high
i By ot Ihe cladding tbe, the Tod Thietha temperature oxidation reaction heat and ECR were calculated from the weight gain
| gngoe pressure was ignored, and the function
ool e temperature of the outer surface was v Unlike FRAPTRAN, MERCURY uses the BOS temperature and oxidation reaction
E | 0 maintained constant at 800 °C and : : -
S il 1000 °C heat of the current calculation step to obtain the EOS temperature and then transfers it
N ' to the BOS of the next step.
% ol " The weight gain results calculated v It was confirmed that the weight gain over time by the high-temperature oxidation
g using MERCURY are compared with module of MERCURY was the same by comparing the results of the correlation.
o1l o the results of the correlation. the two v The flow chart and modularization for calculating the ECR have been completed, but
poaeoeeeeTETE s ooeEaEs results are exactly the same. Through verification considering the nodal mapping between the inner and outer surfaces of the
- S S this, it was verified that the oxidation cladding is currently in progress.
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