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METAL-WATER REACTION MODEL

INTRODUCTION

The existing metal-water reaction mode|
jeficiant in that the volume of reacted zircaloy
by about 50 This
water reaction heat source, resulting in anom sly high f rod tempera-
tures under certain conditions. The metal volume ' imation results
because of the implic ssumption that the volume of a given mass of
zircaloy metal is the same as the volume of zirconium oxide formed when
that mass of metal is totally oxidized. In fact, a volume increase of
about 50% occurs during the oxidation process.

This deficiency has been noted by the Los Alamos National Laboratory
TRAC group and has been corrected in TRAC-PD2. The correction is achieved
by using a reaction rate equation based on weight of oxygen consumed rather
than on rate of change of oxide layer thickness as used in TRAC-P1A and

A

RAC-BD1. The new method removes an inherent difficulty in relating oxide

layer thickness to volume of reacted metal. The new mode]l is functionally

identical to the old model, the only practical difference being in the choice
)f constants used in the two models.

-~

his update serves to implement the TRAC-PD2 metal-water reaction mode]

3 rOAr DAY
INto RAL=-DUI .

An additional . IS C by this update set. In the TRAC-PIA

nodel when the oxide thick S exc he cladding thickness, the metal-
water reaction calculati 1S bypass but the metal-water reaction heat
source QWRX retains the value t it had during the time step which

onsumed the final remaining zircaloy in the cladaing. Thus, an erroneous
metal-water reaction heat flux remains even though the reaction is no

longer occurring. This update se i JWR o be zero when the inner
radius of the oxidized region is less than or equal to the inner radius

)f the cladding.




sient steam, the ing metal-water reactio

beernn found

wnhere

2N consumed

of the reacting surface

where

iminatina from




where C = (0. 351 oZr)2 = 5.2266 kg?/m®, using o, = 6510 kg/m’.

The method outlined in Reference 1 is used to calculate the zirconium-oxide
penetration depth and associated heat source. The mass per unit length of
Zirconium (mir) consumed by the reaction in one time step is

2 2
my, = moge [(FM) - ()] (4)
Equation (3) is used to calculate r"+], yielding

2 1/2
™R - L") ¢ 280t exp (- P (5)

Assuming a one-region clad, the heat source (dmw) added to the conduction
equations is

g, = 6.45 x 10°

' -1
My, At (RS - &%) 7] (6)
woere Ri is the innur clad radius, and 6.45 x 106 J/kg corresponds to the
energy released per kilogram of oxidized zirconium.

3. IMPLEMENTATION INTO TRAC-BD1

The mathematical forms of Equations (4), (5) and (6) are identical to
the equations already coded in the existing TRAC-BD1 subroutine MWRX. Only
the constants found in these equations differ from the existing TRAC-BDI]
model; hence, the implementation of the new model reqires only that a
single data statement be changed in subroutine MWRX to implement the
constants for the new model. The old and new constants are shown in the
table below.

Constant Name Description 01d Value New Value
CWR1 2A/C (Eq 5) 2.252E-6 6.434E-6
CWR2 B (Eq 5) - 18062.0 - 20070.0
CWR3 Heat of reaction 6.513E6 6.45E6
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