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1. Introduction 

 

One of the key role of IRWST (In-containment 

Refueling Water Storage Tank) in APR1400 is to 

increases the quenching efficiency of steam and to 

alleviate probable pressure surge induced by the sudden 

discharge of the high pressure steam during plant 

transient such as IOPOSRV (Inadvertent Opening of 

Pilot Operated Safety Relief Valve) accident or TLOFW 

(Total Loss of Feedwater) accident. When the POSRV 

opens in SDVS (Safety Depressurization and Vent 

System), the steam is discharged into the subcooled 

water in IRWST, following water clearing and air 

clearing. The discharged steam forms a ‘jet’ of vapor 

cone and ambient water near the sparger hole, and this 

jet propels a pool circulation. Continuous injection of 

high energy steam into the pool causes the pool 

temperature to rise, and eventually the steam condensing 

pattern may become very unstable by local temperature 

rise 

For the sake of safe operation of such kind of pool 

like as IRWST, there have been several regulations on 

suppression pool in BWR (Boiling Water Reactor). The 

principal regulation is ‘local pool temperature limits’. 

That is, the suppression pool local temperature shall not 

exceed certain limit [1]. And such a regulation is fully 

based on the pool mixing phenomena which largely 

depends on the geometry of pool, steam injection pattern, 

and so on. Thus, this guide cannot be directly applied to 

the design reference nor regulation guide of the IRWST. 

The first job, therefore, for the design and regulation 

of IRWST can be said to understand the thermal mixing 

phenomena. Experiment with a scaled integral test 

facility is a very plausible approach. And, the test 

facility should be designed thoroughly based on the 

similarity analysis. This study is on the preliminary 

similarity analysis between IRWST phenomena and 

model test. 

Thermal hydraulic behavior of IRWST thermal 

mixing by steam injection is fully 3-dimensional 

phenomena as shown in Fig. 1. Therefore, the scaling 

analysis should be based on 3-dimensional approach. 

In general, following 3 similarity requirements should 

be achieved for the perfect conservation of 3-

dimensional phenomena; geometric similarity, kinematic 

similarity, and dynamic similarity. In addition to these 3 

similarity requirements, energetic similarity also has to 

be satisfied in the case that the energy behaviors 

including distribution are important. 

I-type sparger is perforated system, and the layout of 

spargers is also complicated. Thus, it is almost 

impossible to keep the perfect geometric similarity 

under 3-dimensional linear scaling approach. 

Resultantly, our starting point is an approximate 

geometry similarity, by lumping a number of holes into 

single hole, based on rigorous similarity analysis. 

However, recalling that IRWST behaviors are motivated 

by discharging jets and each jet is considerably 

/relatively independent of each other, such an 

approximation in geometry does not fatally affect the 

local or overall phenomena 

The experiments based on similarity analysis using 

above approximation are expected to provide us with 

sufficient information on the integral behaviors on 

IRWST. And even more, the measured data can be 

utilized in verification and validation of pool mixing 

analysis code such as CFD (Computational Fluid 

Dynamics) code. 
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Fig. 1 IRWST Pool Water Behaviors in 3-dimensional Mode 
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Table 1  Results of the PIRT for thermal mixing phenomena in 

a IRWST pool for APR1400 TLOFW scenario 

 
 

 

2. Major Phenomena and PIRT 

 

The important thermal hydraulic phenomena in 

IRWST were identified by PIRT (Phenomena 

Identification and Ranking Table) [2]. In this 

development the considered initiating event was 

TLOFW, The principal safety criterion was determined 

as ‘local temperature’.  

 

3. Global Scaling 

 

3.1 Scaling for 3-dimensional Flow 

 

Global pool mixing phenomena can be described by 

three conservation equations. And we can get following 

dimensionless form of balance equations with suitable 

nondimensionalizing parameters. 
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Order of magnitude of the coefficient in each term 

shows that Richardson number is most important.  
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Conservation of Richardson number results in 

following velocity scale. 

0R Ru L=     (5) 

 

3.2  Mass and Heat Addition  

 

Steam injection is choked flow. And the hole area of 

sparger should be determined with another scale 

different from reference length scale. 

Energy in/outflow is more important than mass 

in/outflow. Thus, the ratio of each energy flow should be 

conserved prior to that of mass flow in case that the 

steam properties are not conserved by the limitation of 

steam generator in test.  

 

3.3 Scale of Fundamental Variables 

 

Velocity scale was already determined in Eq. (5), and 

following scale can be easily determined for time, mass 

flow, and heat addition, respectively. 
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4. Scaling for Specific Phenomena 

 

Scaling for integral thermodynamic state shows that 

the water property in pool should be same both in 

prototype and model. Considering condensation and 

mixing around the sparger we can derive the scale of 

injected steam mass flux. Relation of steam jet 

condensation length and transition distance at which the 

forced jet becomes buoyant jet identifies the scale of 

hole diameter [3]. Analysis on the hydraulic jump by 

impinging jet and its rise to surface restricts the 

direction of steam jet [4].  

Condensation regime should be maintained same.  

 

5. Conclusions 

 

This study provides a preliminary scale relation for 

the conservation of IRWST thermal mixing phenomena. 

In further study this scaling should be checked by 

experimental or numerical analysis. 
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