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Multi-dimensional Analysis of Kori Unit 1 Upper Plenum
during Large Break LOCA Using TRAC-M/F77
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Abstract

A study was performed on the behavior of low head safety injection water in the upper
plenum during Large Break Loss of Coolant Accident for Kori Unit 1 using TRAC-M/F77,
which is multi-dimensional best estimate thermal-hydraulic computer code. The results
showed that TRAC-M/F77 well predicted overall LBLOCA transient, especially low head
safety injection water penetration into the lower plenum through the low power channel and
establishment of circulating flow path between upper plenum and core, which is the important

thermal-hydraulic behavior during LBLOCA for the Upper Plenum Injection plant.
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- ECC downcomer penetration and bypass, including the effects of countercurrent flow and
hot wall

- lower plenum refill with entrainment and phase separation effects

- bottom-reflood and falling—film quench fronts

- multidimensional flow patterns in the reactor core and plenum region

- pool formation and countercurrent flow at the upper core support plate region

— pool formation in the upper plenum

- steam binding

- average rod and hot rod cladding temperature histories

- alternate ECC injection systems, including hot leg and upper head injection

- direct injection of subcooled ECC water, without artificial mixing zones

- critical flow(choking)

- liquid carryover during reflood

- metal water reaction

- water hammer pack and stretch effects

- wall friction losses

— horizontally stratified flow, including reflux cooling

- gas or liquid separator modeling

- spacer grids in fuel rod assembly

- noncondensible gas effect on evaporation and condensation

- dissolved solute tracking in liquid flow

- reactivity feedback effects on reactor core power kinetics

- two-phase bottom, side, and top offtake flow of a tee side channel

- reversible and irreversible form loss flow effects on the pressure distribution
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3 1. Kori Unit 1 LBLOCA Analysis Initial Conditions

Parameters
Core Power, 100%(MWT)

System Pressure(MPa)
Primary System Fluid Temperature
Thot (K)
Teola (K)
Tupper head (K)
Peak Linear Power (kw/m)
Loop Flow Rate ( kg/sec)
Steam Generator Tube Plugging (%)
Steam Generator Secondary Pressure(MPa)

Accumulators in Operation

Accumulator Conditions per Accumulator
Water Volume(m®)
Nitrogen Pressure(MPa)
Water Temperature(K)
Safety Injection Conditions
Water Temperature(K)

Delay Time(sec)

Analysis Desired Values
17235

15.8579

595.

955.

585.18

47.1260

4137.2

15.0

5.3917

2 (one inject into intact loop,

one spills to containment)

35.3960
4.8263
305.2

305.2
10.



3t 2. Kori Unit 1 Steady State Results

Parameters Desired Calculated
Core Power, MWT (100%) 1723.5 1723.5
System Pressure(MPa) 15.858 15.858
Core Inlet Temperature(K) 555. 555.

Core Outlet Temperature(K) 595. 593.1
Secondary Pressure(MPa) 5.3917 5.3986
Loop Flow Rate(kg/sec) 4137.2 4140.3

3 3. Kori Unit 1 LBLOCA Analysis Results and Time Sequence of Events

Events Time(seconds)
Start 0.0

Reactor Trip Signal 3.61

Blowdown PCT Occurs 3.50
Accumulator Injection Begins 5.0

End of Blowdown 135

LHSI Begins 13.61

Bottom of Core Recovery 21.0

Reflood PCT Occurs 28.0
Accumulator Empty 36.

Final Hot Rod Quenching Occurs 120.
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