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1. Introduction 
 

Debris transport through the containment floor to 
recirculation sump has been one of the most difficult 
problems in resolving the Generic Safety Issue (GSI) 
191. The complicated hydrodynamic phenomena 
including break jet flow, water spreading, interaction 
with structures, free surface flow, etc., are involved. 
Also debris transport may range from transport of solute 
to one of particle or rigid body. Due to those aspects, 
the regulatory requirement was imposed to use a 
conservative assumption (100% transport) unless the 
analytical approach was fully justified [1]. One of the 
feasible approaches is to calculate the hydraulics on 
containment floor and then to calculate the debris 
transport using the hydraulic data[2]. Lagrangean 
particle tracking method or Eulerian method can be 
used for  the latter. Although the fluid-debris interaction 
is ignored in this approach, the complex and iterative 
calculation for the interaction can be avoided and the 
overestimation of transported amount of debris expected.  

The present paper is to discuss a particle tracking 
model for the use of debris transport evaluation. The 
hydrodynamic flow field was already calculated by the 
authors [3].  

  
2. Particle Tracking Model 

 
Position of particle i at time n+1 in two-dimensional 

cartesian coordinates can be expressed as follows: 
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where particle velocity, ui and vi can be solved from 
the equation of motion with fluid velocity uf and vf ,  
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Assume the particle be in spherical shape with 
diameter di and density ρi, then 
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Inserting eq.(3) into eq.(2), and express the time 
derivative term in explicit manner, 
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Drag coefficient, CD can be expressed based on 
Schiller and Neumann correlation [4]: 
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, where Reynolds number was defined as follows: 
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To define the fluid velocity, we have to know the cell 
having the particle, i.e., the hosting cell. To save the 
time required to search the hosting cell, the method 
proposed by Martin [5] is introduced. If the particle is 
located within the cell, then the following condition 
should be met (Fig. 1(a)). 
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If those conditions are not met, the particle will be 
outside the cell k. For that case, the cell sharing the side 
j related to the maximum of Ej will be searched first. 
This process are repeated until eq.(7) is satisfied.  

An intersection of a particle trajectory with side of a 
cell can be determined as shown in Fig.1(b). Consider 
the particle moves from position p to position q with 
intersecting with the side at position r. Assuming t is 
unit vector from p to q, C is a center of the side, and 
vector r-p = αt, then 
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From the equations, α can be determined as follows: 
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If the distance from p to q is d, α >d means the 
position q is inside the cell.  
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Fig. 1.  Host cell criteria and intersection of particle 
trajectory 
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If the intersecting side is a reflective boundary, i.e., 

solid wall, the reflection of the particle should be 
considered (Fig. 2) [6]. From the vector operation, the 
new position q’ can be determined as follows: 
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For the given mesh system and transient velocities at 
each cell, the initial positions of particles is inputted, the 
new positions were calculated by eq.(1) to (7). For the 
reflective boundary, the new particle position is 
modified. 
 

3. Application to Actual Problem 
 
Two-dimensional transient flow field on the 

containment floor following a large break loss-of-
coolant accident (LOCA) for the APR-1400 was already 
calculated by the authors [3]. In the present study, the 
hydraulic calculation was improved using the refined 
mesh system (Fig.3). The number of cell and nodes 
were 7228 and 4245, respectively.  

Using the geometry and flow field data, the trajectory 
of particle was calculated. The particle was assumed to 
be distributed randomly within a circle with center (0, 
6.91) and radius of 0.9 m. Total number of particle was 
1000 and they were assumed to be present in the circle 
with a manner decreasing linearly up to 9.5 sec. Totally, 
1000 particle trajectories were calculated for 100 

seconds. The calculated result at 31 seconds was shown 
in Fig. 4. In the calculation, the diameter and density of 
the particles were 0.02 m and 400 kg/m3, respectively. 
 

4. Concluding Remarks 
 

A particle tracking model was developed to predict 
the debris transport on containment floor. Algorithms to 
find host cell and to correct the position at reflective 
boundary were implemented. The model still needs a 
validation with the applicable experiment data, however, 
the performance of the model is believed to be 
applicable to the debris transport problem. 
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Fig. 2. Treatment of reflective boundary 

 
Fig. 3. Mesh system of the containment floor 

 
Fig. 4.  Trajectories of particles until 31 seconds. 
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