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Thermal Cycling Screening Criteria to RCS Branch Lines in
Domestic Nuclear Power Plant

Jeong Soon Park’, Young Hwan Choi’, Kuk Hee Lim" and Sun Hye Kim'

ABSTRACT

Piping failures due to thermal fatigue have been widely reported in normally stagnant non-isolable reactor coolant
branch lines. Since the thermal fatigue due to thermal stratification was not considered in the piping fatigue design
in old NPPs, it is important to evaluate the effect of thermal stratification on the integrity of branch lines. In this
study, geometrical screening criteria for Up-horizontal branch lines in MRP-132 were applied to SI(Safety Injection)
lines of KSNP 2-loop and WH 3-loop. Some computational fluid dynamic(CFD) analyses on the Reactor Coolant
System(RCS) branch lines were also performed to develop the regulatory guidelines for screening criteria. As a
result of applying MRP-132 screening criteria, KSNP 2-loop and WH 3-loop SI lines are determined to need further
detailed evaluation. Results of CFD analyses show that both valve isolation and amount of leakage through valve
can be used as technical bases for the screening criteria on the thermal fatigue analysis.

Key Words : Branch lines(%7]4]3}), Thermal fatigue(€ 3| 2), Thermal stratification(€d /3 %)
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Table 1 Initial & boundary conditions for CFD analysis

Branch line
Initial - Temperature: 321.89K
condition - Velocity: 0 m/s(stagnant)

- Pressure: 0 MPa
RCS cold leg

Bound

C;ll‘;tlrryl - Inlet: 567.44K, 3855.54 kg/sec
- Outlet: 3855.54 kg/sec
gr‘\pemime
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®
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Fig. 6 Variation of temperature distribution in SI line
(Non-leakage case)
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Fig. 7 Variation of temperature distribution in SI line
(Valve leakage case)
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Table 2 Material properties of 304 stainless steel

Density Specific Heat Thermal Conductivity
[kg/m’] [K/kg - K] [W/m - K]
7900 905 21.2

Point 2

Point 3

(a) Locations of temperature monitoring points
(Fluid domain)
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(b) Temperature difference between top and bottom
of fluid domain

Fig. 8 Comparison of temperature difference between
nodel with pipe and model without pipe(Valve
leakage=10Q case)
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