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INTRODUCTION  

 Advanced Heavy Water Reactor (AHWR) uses a double containment envelope viz, primary and secondary 

containment (see Fig.1). The primary containment is divided into two volumes called V1 (drywell) and V2 

(wetwell). These two volumes are interconnected through Gravity Driven Water Pool (GDWP) via vent system [1]. 

If V1 volume pressure exceeds V2 volume by 50kPa, then Blow-Out-Panels (BOP), which are provided in the 

structural walls separating V1 and V2 volume, gets ruptured to equalise the pressure. V1 volume is maintained at a 

pressure slightly lower than V2 volume for ventilation purpose due to which fixed quantity of fresh air, from V2 

volume, is continuously drawn into V1 volume. The GDWP is located in the dome region of reactor building and 

contains approximately 9000 m³ of water inventory. Since GDWP performs many safety related functions, it is 

essential that its structural integrity is maintained during normal and accident states. During Loss of Coolant 

Accident (LOCA), steam-air mixture is transported from V1 to V2 volume through GDWP due to pressure 

difference. The steam-air mixture bubbles through the pool of water where steam is condensed and air is cooled 

before reaching V2 volume. The GDWP internal structures are subjected to various hydrodynamic loads during this 

process. The loads are due to water jet impingement on floor during vent clearing phase, followed by pool swell and 

fall back, steam-air flow and finally due to steady and oscillatory condensation (steam chugging). These loads are in 

addition to general thermodynamic loading of containment due to mass and energy released during LOCA [2]. From 

the earlier containment thermal hydraulic analysis for LOCA of various break sizes [3], it has been found that for 

pipe break sizes less than 50%, the BOP remains unruptured and blowdown steam-air mixture passes through 

suppression pool via vent pipes continuously for longer time period. In such scenarios, the hydrodynamic loads will 

be acting on pool internals for longer period of time. Therefore, a detailed containment thermal hydraulic analysis 

has been performed for postulated LOCA in RIH with break sizes ranging from 2% to 50%. The analysis is carried 

out using CONTRAN code which has mathematical model for simulating various hydrodynamic phenomena 

occurring in the GDWP [4]. Apart from obtaining the pressure and temperature transients in AHWR containment, 

the focus of this work is on simulating the various hydrodynamic phenomena occurring in the GDWP. Specific 

attention is given to verify the possibility of existence of steam chugging induced loads.   

 

 
Fig. 1: Schematic diagram of AHWR 

containment. 

 

 
Fig 2: Volume connectivity & nodalisation of AHWR 

containment. 

RESULTS AND DISCUSSIONS 

The containment thermal hydraulic analyses have been carried out using CONTRAN code for postulated LOCA 

scenarios. For comparison purpose, the analyses have been carried out for with and without considering pool swell 

phenomena. In both analyses the driving force for the flow through suppression pool is due to pressure difference 

acting at the vent pipe exit. Constant submergence depth is assumed if pool swell analysis is not considered. If pool 

swell is considered then the submergence depth variations are included in the calculations. Figure 3 shows the 

pressure variation in V1 and V2 volumes of containment calculated for 50% break LOCA by considering & not 
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considering pool swell phenomena. When pool swell phenomenon is not considered, more flow takes place through 

GDWP which absorbs energy from steam-air mixture. Whereas if pool swell phenomenon is considered, then more 

flow takes place through BOP and less flow through GDWP. This result in high containment pressure is observed if 

pool swell phenomenon is considered in analysis. Figure 4 shows the variation of differential pressure between V1 

and V2 calculated by considering pool swell phenomenon for different break sizes of LOCA in RIH. During initial 

phase of transient, the decrease in V1 volume pressure below V2 volume pressure has been observed for short 

duration is due to decrease in V1 temperature and it can pull the GDWP water through vent pipes and may result in 

siphoning of GDWP water into V1 volume. Further pressure in V1 volume rises, above V2 volume, due to 

continuous blowdown of steam into V1 volume. Since pool swell phenomenon is considered in the analysis, the 

pressure oscillations are observed due to flow oscillations governed by the formation and detachment of bubble from 

vent pipe. The bubble formation, growth and movement of free bubble causes the water level oscillation in pool 

which is shown in figure 5 for 50% break LOCA. As the bubble breaks into V2 volume, the water level falls back to 

original level and then it rises due to the growth of subsequent bubble. The rise and drop in pool level causes 

hydrodynamic load over pool structures. Figure 6 show the variation of bubble pressure, V2 volume and GDWP 

hydrostatic pressure, considering pool swell phenomenon. The bubble undergoes expansion and contraction and it 

continues till the bubble breaks into V2 volume at pressure just above V2 volume pressure. The gradual overall rise 

in V2 volume pressure is due to mass addition from V1 volume and the minor pressure oscillation is due to change 

in V2 volume caused by GDWP level variation. Similarly the GDWP level variation also changes the hydrostatic 

pressure acting on GDWP floor which is shown in figure 6. 
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Fig.3:Containment pressure 

variation. 
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Fig 4: Differential pressure 

variation.  
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Fig5: GDWP level variation 
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Fig6: Bubble, V2 volume 

and GDWP hydrostatic 

pressure variation.  

CONCLUSIONS 

Detailed containment thermal hydraulic analysis has been performed for postulated LOCA in RIH with 

break sizes ranging from 2% to 50%, by considering and not considering pool swell phenomena, using 

„CONTRAN‟ code. Containment pressure, temperature and suppression pool related transients have been calculated. 

Containment peak pressure and temperature are higher if pool swell phenomenon is considered. It is also found that 

the possibility of siphoning of GDWP water to V1 volume through vent pipes during initial phase of transient. 

Rupturing of BOP is observed for all break sizes of LOCA. However for break sizes less than 10%, flow through 

GDWP is not occurring. The oscillation of suppression pool level and maximum rise in pool level during the 

transient were calculated and found that average rise in pool level is around 1.4m which is less than the provided 

clearance height of 1.9m. Since the pool swell calculations are performed for air and the containment peak pressure 

and suppression pool level oscillations are high. However, the peak pressure, pool level oscillations may reduce by 

considering the heat and mass transfer steam-air mixture with suppression pool water. 
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