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A sensitivity study on the effect of the sprays in a pressurized water reactor (PWR) containment has been performed with the computer code MELCOR (Ref. 1) and the results have been analyzed. 
Two different transients have been simulated: loss-of-coolant accident (LOCA) and main steam line break (MSLB) inside the containment. The LOCA simulated is a double-ended pump suction guillotine break. The containment was modeled with one single volume and with 14 heat structures. The sprays were started at 250 s into the transient, employing different droplet sizes and different water temperatures.   Five different cases were run in the sensitivity study: no sprays, sprays with water at 322 K and droplet sizes of 1000 μm, 500 μm and 200 μm, and sprays with 200 μm droplets but at a lower temperature: 293 K in the LOCA and 300 K in the MSLB.


MELCOR calculated containment pressures for the LOCA are shown in Fig. 1. The no-spray case yielded the highest pressures, with a value of 0.88 MPa at the end of the calculation (10,000 s). The cases with the sprays on yielded lower pressures, as expected, but the same results were obtained for different droplet sizes and the water temperature of 322 K. The calculated pressure at the end of the calculations was 0.263 MPa for the three different droplet sizes. The case with 200 μm droplets and the spray water temperature of 293 K yielded lower pressures that the previous cases, resulting in a pressure of 0.18 MPa at the end of the calculation. Similar trends were obtained for the containment atmospheric temperature. At the end of the calculation (10,000 s), the containment atmospheric temperature was 440 K for the case without sprays, 380 K for the cases with sprays at a water temperature of 322 K independently of the spray droplet size, and 355 K for the 200 μm droplets at a water temperature of 293 K. 

MELCOR calculated pressures for the MSLB are shown in Fig. 2. The no-spray case yielded the maximum pressure of 0.498 MPa at ~400 s (this is the end of the blowdown). The cases with sprays resulted in lower pressures, the droplet size effect is noticeable for ~200 s after spray initiation. After 450 s, the droplet size does not have an effect. Fig. 3 shows the calculated temperatures for the five MSLB cases. The calculated temperatures follow a similar trend to the calculated pressures. Two temperature peaks can be observed for the no spray case: 450 K at 10 s and 435 K at ~400 s which are end times for blowdowns (steam generator side and turbine side). When the sprays are actuated at 250 s another temperature peak occurs at 250 s with a value of 432 K.
These calculations show differences in the results from the LOCA and from the MSLB.  The droplet size does not have any effect on the LOCA results and a temporary/small effect in the MSLB results (for ~200 s after spray initiation). The conditions in the containment atmosphere before spray actuation are different in the LOCA and in the MSLB. In the LOCA, the atmosphere temperature is always below saturation while in the MSLBs the atmosphere temperature is superheated (due to the superheated steam released from the steam generators). In the superheated atmosphere, some of the droplets’ mass evaporates before vapor condensation on the droplets takes place. In the saturated atmosphere, only vapor condensation takes place on the droplets. In the MSLB, the atmosphere temperature changes from superheated to saturation at ~400 s, and after this time only vapor condensation takes place on the droplets. Therefore, the spray droplet size has an effect on the MSLB results while the atmosphere is superheated, and no effect after saturation. The large amount of vapor that is condensed on the droplets heats the droplets to the atmosphere temperature before they reach the containment floor regardless of the droplet size. But colder droplets condense more vapor than warmer droplets, thus the spray water temperature affects the resulting containment pressure and temperature. 
Calculated droplet terminal velocities in the containment are: 4 m/s for 1000 μm, 2.8 m/s for 500 μm, and 0.7 m/s for 200 μm droplets. For spray nozzles located 50 m above the containment floor, the larger droplets take ~13 s to reach the containment floor (smaller droplets take longer times). The largest droplets (1000 μm) reach equilibrium temperature with the containment atmosphere in ~1 second (Ref. 2) when vapor is condensed on the droplets. Smaller droplets reach equilibrium temperature sooner. Therefore, droplet size is not a factor for vapor condensation on the droplets.
In conclusion, these MELCOR calculations have demonstrated the effectiveness of the sprays to reduce the pressure and the temperature after a LOCA or a MSLB inside a PWR containment. The spray droplet size (between 200 and 1000 μm) did not have a significant effect on these results, unnoticeable in the LOCA and only noticeable for a short time in the MSLB. Other results show the same insensitivity  to   the  droplet  size  (Ref. 3).   The 
spray water temperature has a significant effect on the results: the colder the spray water, the lower the calculated pressures and temperatures in the containment.
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                             Fig. 1.  MELCOR calculated pressures for the LOCA cases.
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                              Fig. 2.  MELCOR calculated pressures for the MSLB cases
[image: image3.jpg]Containment Vapor Temperature (K}

450.0 B—

4400 |\

430.0

4200

—— NO SPRAY
—— SPRAY 1000 microns 322 K
— SPRAY 500 microns 322 K
- = - SPRAY 200 microns 322 K
SPRAY 200 microns 300 K

L
LR

200.0

400.0 600.0 8000 1000.0
Time (s)




               Fig. 3.  MELCOR calculated atmospheric temperatures for the MSLB cases.
