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1. Introduction

Two-dimensional (2-D) Shallow Water Equation
(SWE) has been used to predict the transient flow field
on containment floor following a loss-of-coolant
accident (LOCA) in pressurized water reactor (PWR),
encouraged by its fast-running capability and a
reasonable predictability [1,2]. Finite Volume Method
(FVM) is frequently used to solve the SWE with
unstructured grid system representing the containment
floor. However, the limitation from 2-D has been a
problem. One of the problems was a difficulty in
modeling of the recirculation sump which is a stepped-
down region over the containment floor. Discontinuity
in bed elevation between the floor and the sump cannot
be directly modeled by the SWE, which always requires
a complicated approximation during solution procedure
[3]. Special boundary condition scheme suitable to
simulate the falling flow into the sump pit can be
applied, instead of the special technique.

To apply the SWE solver to the Optimized Power
Reactor (OPR) 1000 [4], three types of phases related to
the sump boundary condition should be considered: (1)
water falling to the sump, (2) floor filling-up phase after
sump filled, and (3) recirculation. Among the three
phases, the boundary condition for the recirculation can
be easily deduced. The present paper has its aim to
discuss a scheme of determine the boundary condition
suitable to the phases (1) and (2).

2. Analysis Model

The Shallow Water Equation (SWE) is as follows:
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The description of variables, subscript, etc, can be
found in reference [1]. The finite volume equation of the
Eq.(1) for triangular mesh can be written as follows:
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Eq.(3) is solved at the center of all the cells using the
fluxes across the cell sides and the predictor-corrector
scheme was applied in order to preserve the second
order accuracy.

An approximate Riemann solver, Harten-Lax-van Leer
(HLL) scheme [5] was introduced to the corrector step,
to avoid unphysical oscillation and instability of the
solution especially at the wet-dry interface.
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The diffusive flux term and the source term can be
approximated by the central difference scheme. The
time step size to solve the Eq.(3) should be limited to
prevent the negative water level as follow [1]:
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Kcrr 1s a coefficient similar to the Courant-Fredrich-
Lewy (CFL) number in CFD calculation and set to 1.3.

3. Boundary Conditions

Information on level and velocity of the water at the
boundary of the solution domain is requested to solve
Eq.(3). Regarding the containment of OPR1000, the
boundary condition should be specified at the solid wall
and at the sump. For the solid wall, the following
condition can be specified:

V,=0, h=h,

where the subscripts j and £ denote boundary side and
the adjacent cell centre, respectively. This equation can
be valid for sub-critical regime, while a special
treatment may be needed for super critical situation.

As mentioned, the boundary of the sump cannot be
specified by 2-D approach. As an approximation, the
flow rate can be specified as a function of water level,
based on the formula for the broad crested weir [6]

u :QhBTC:VsV QBCW s> Opew = (5)3/2g
where L represent the length of boundary side, Opcy is
flow rate, and % should be taken at the still water.
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However, it is not clear where the 4 value should be
taken in the course of transient calculation. To be a
practical approximation, it is recommended that the
water level be at the upstream cell and velocity head
term be considered.
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where the Q¢ and n denotes the corrected flow rate and
the unit normal vector at the boundary, respectively.
The condition will be used during the phase of water
falling into sump. Once the sump pit is completely filled,
then a condition simulating the flow interaction between
the sump region and the surrounding floor region should
be imposed. Let the water level of the sump region be
hg and the K be a form loss factor, then the velocity at
the sump boundary can be as follows:
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In this expression, the energy balance between the
upstream cell and sump region through boundary was
considered and the water level at sump boundary was
assumed to be a mean value of /g and 4.

4. Model Test

A simple conceptual problem considering the actual
containment situation was tested to confirm the validity
of the boundary condition scheme described above. Fig.
1 shows the problem. The reservoir (6x10m) has a sump
pit at a point (6, 3m) of a depth 0.5 m. At the beginning,
water is injected into a circle at the point (1, 2m) in 5
m’/s and then is reduced to 0.3 m’/s until 100 seconds.
The solution domain was modeled by 841 cells. The
solid wall boundary condition and the sump boundary
condition were properly imposed. Currently, the Kg was
assumed 0.0. Fig. 2 shows a snapshot of a water level
and velocity vectors at 7.5 seconds. From this figure,
one can find the flow pattern around the sump. Fig. 3
shows a comparison of water level between a point
(4.95, 3) on floor and the sump region. At 10 sec, the
sump was filled with water and the effect of the change
of boundary condition can be identified. Also the
balance between two levels reached 25 seconds.
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Fig. 1. Computational meshes of the problem
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Fig. 2. Flow field at 7.5 sec.
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Fig. 3. Comparison of water levels

5. Summary

To apply the Shallow Water Equation solver to the
calculation of flow field on containment floor of the
OPR1000 plants, a scheme to treat the sump boundary
condition was discussed. For the phases of water falling
into the sump and floor filling-up after sump filled, a
boundary condition scheme describing a flow rate as a
function of water level was proposed considering the
energy balance between the upstream cell and the sump.
Through the testing with a conceptual problem, it was
found the reasonable behavior can be predicted by the
proposed scheme. The scheme will be applied to the
actual containment calculation for OPR1000.
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