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SUMMART.

The FL00D4^' and RELAP4/MOD6^2^ computer codes, which are used to
perform LOFT reflood analysis, havo been compared to FLECHT-SET^ ' and
Semiscale gravity feed tests^'' to provide an evaluation of core reflood
prediction techniques and an identification of phenomena important to
LOFT reflood behavior. These comparisons provide a basis for estimating
uncertainty in cladding temperature history during the LOFT loss-of-coolant
experiments (LOCEs). The bounds on the cladding temperature response are
then utilized to estimate a range of expected cladding oxidation and
f?!nbrittlement which is essential for identifying special equipment needed
during replacement, storage, and post-test examination of LOFT fuel
modules.

FL00D4 couples the system hydraulic response with core heat transfer
and steam generation. Four heat transfer correlations simulate the
boiling curve and liquid entrainment, fallback and vaporization in the
steam generators are modeled. FL00D4 requires user input multipliers
to specify the dispersed flow heat transfer, liquid entrainment and
correlations to describe liquid fallback from the upper plenum region.
The fraction of liquid vaporized in the steam generators must also be
user input. . „..,....m.rT.r. ) M 1 TJ^



KCL/\i'''VM0!)6 is an extension of the RLLAP4 thermal hydraul ic code

developed fo r core re f lood ana lys is . RELAP4/M0D6 models l i q u i d e n t r a p -

ment, upper plenum de-entrainment, l i q u i d fa l lback and core superheat.

.\ irovitKj mosh ax ia l nodal i za t ion sciiemo is used to provide de ta i led

predic t ions of fuel rod and f l u i d behavior near the quench f r o n t . A

heat t rans fe r package spec i f i c to re f lood analysis has been developed

and incorporated in to RELAP4/MODG. The entrainment, de-entrainment,

and heat t rans fe r cor re la t ions require user input m u l t i p l i e r s .

Paranetr ic studies w i th FLOOD4, documented in Reference 1 , and the

developmental v e r i f i c a t i o n ^ ' ' of RF.LAP4/M0D6 ind icated that code predic-

t i o n s , p a r t i c u l a r l y quench t imes, were sens i t i ve to the modeling of

l i q u i d entrainment;, dispersed flow hrat t rans fer and l i q u i d vapor izat ion

in Liu' s team genera tors .

Comparison ol FL.00D4 and REL/\P4/MOn6 pred ic t ions w i th Sensiseale

grav i ty feed tests and FLECHT-SET data ind icate the codes usual ly pre-

d ic t the peak cladding temperatures to w i t h i n 50 K. Quench and tempera-

ture turn around times are not as wel l p red ic ted. FL00D4 general ly

predicts quench times to w i t h i n 50-70 seconds whi le RE.LAP4/M0D6 may over

p red ic t by as much as 100-200 seconds.

Based on the above comparisons, i t was assumed tha t cladding tempera-

ture bounds during re f lood fo r the LOFT tests could be def ined using a

•*_ 50 K uncerta inty in the FL00D4 calculated peak cladding temperature and

+ 100 second uncer ta inty in the FL00D4 predicted quench t ime. These

uncer ta in t ies were appl ied to the best-est imate FL00D4 cladding tempera-

ture h is to ry to def ine the temperature bounds fo r the L2-3 and L2-4 t e s t s .

Figure 1 shows the resu l t i ng temperature envelope fo r the L2-4 center

module cladding ox idat ion for these two t e s t s . The resu l ts ind ica te (1)

i n s i g n i f i c a n t cladding ox idat ion of per ipheral fuel modules even during

the high power t e s t s , and (2) s i g n i f i c a n t ox idat ion may occur f o r the

center module fuel rods for the high power tes t (L2-4) although the percent

of oxidized cladding is predicted to be less than 17% at the peak cladding

temperature l oca t i on .



Comparison of current reflood analytical models with FLECHT-SET
and Semiscale reflood data have provided a basis for assessing the
uncertainty in cladding temperature response during the reflood portion
of the LOFT loss-of-coolant experiment. The temperature bounds provide
a baseline for future thermal-hydraulic and fuel rod mode1 verification
and provide a basis for (1) evaluating cladding mechanical degradation
resulting from cladding oxidation and (2} for specifying post-test fuel
handling.
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TABLE I

Ranco of Claddino Oxidation Predicted for
L2-3 and L?-4 Tests

Test/Fuel Module

L2-3/Center

Li.1- 4/ Center

L2-4 Peripheral

Ca;
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Unper
Lower
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bound
bound

bound
bound
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Percent of
Cladding Oxidized

1.0
2.0
0.5

6.0
13.0
•1.0

0.6
1.5
0.5
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