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l. SUMMARY

The adeguacv of natural circulation flow to cool the spent fuel
assemblies in the rack matrix was verified by escablishing, for
the worst row of assemblies, a thermal-hydraulic balance between
the driving head produced by decay heat generation and the pres-
sure losses existing in the natural circulation flow path.

Calculations have shown that under conservative assumptions the
maximum assembly exit temperatures are helow the saturation tem-
perature of the pool water at fuel assembly elevations. Conse-
quently, local boilina will not occur in any fuel assembly even
with the bulk tempera.ure of the spent fuel pool at its maximum
value.




2. INTRODUCTION

In the NES rack design the cross flow of water between adjacent
fuel assemblies is prevented by the stainless cells in the fuel
rack. The effect is such that each of the fuel assemblies
becomes isolated and, therefore, sits in its own thermal
chimney. The chief thermal-hydraulic concern is the possibility
of local boiling due to flow starvation in some cells of the
rack matrix as a result of excessive pressure losses in the
natural circulation loops established in the spent fuel pool.

The adequacy of the natural circulation flow to cool the hottest
assembly in the rack configuration has been verified by esta-
blishing a thermal-hydraulic balance for the worst row of assemblies.
Pressure losses in the downcomers, in the rack inlet plenum,

and along the fuel assemblies were explicitly considered in

the analysis. Crossflows in the rack inlet plenum area have been
conservatively neglected.

The analysis assumes a two-tier design with both upper and lower
levels storing spent fuel assemblies. It is conceivable that

at some time only the lower tier will be utilized.

The full two-tier case, however, was determined to be more
limiting and is therefore used in the calculations.

The purpose of the analysis is to demonstrate that, even under
the most conservative circumstances, local boiling will not
occur in the most adversely located fuel assemblies which, as
a result of flow maldistribution, might receive less than the
fuel pool average assembly flow rate.



3. METHOD OF ANALYSIS AND ASSUMPTIONS

The natural circulation flow is calculated by establishing a
thermal hydraulic balance for the worst row of assemblies.

The flbw is maintained by the thermal driving head or draft
produced by the decay heat generation in each assembly. The
pool itself is modeled as a large volume with a bulk temperature
unaffected by local disturbances. The pressure losses
considered in the analysis include:

1. Friction losses in the downcomer region, in the
rack inlet plenum and in the fuel assembly.

2. Losses in bends (including the right angle turn
that the flow must negotiate to turn from the
horizontal rack inlet plenum channe. into the
vertical fuel assemblies).

3. Form losses in the fuel assemblies at the inlet,
outlet and grid spacer locations.

4. Form losses due to the lower fuel assembly inlet
nozzle geometry.

The chief concern is the possibility of substantial pressure
drop along the inlet manifold channel, causing flow starvation
of the fuel assemblies in the limiting fuel assembly string.
The effect of the bundle shroud has effectively been accounted
fu» by utilizing a corresponding assembly flow area and

hy. -aulic diameter. The friction loss due to the shroud wall
alone is negligiblg. Cross-flows have been neglected. Flow
to cells is assumed to be available only from the downcomer.
Coolant from the central cask handling region is conservatively
neglected. All fuel assemblies are assumed to be generating
heat at a rate corresponding to 1.4 times the average power
fuel assembly. A pool bulk temperature of 150°F is assumed.

The .etailed thermal-hydraulic calculations are presented in
Appendix A.



4. RESULTS OF ANALYSIS AND CONCLUSIONS

The thermal-hydraulic calculations indicate that even with the
most conservative assumptions, the natural circulation in the
spent fuel pool is adequate to preclude local boiling by a
substantial margin. The maximum temperature increase in the
assembly with the minimum flow is 23.2°F which would result in

an outlet temperature of 173.2°F assuming a bulk pool tempera-
ture of 150°F.

The saturation temperature corresponding to the static head at
the top of the fuel assembly is 236°F,

.
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