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Abstract — The NSSS (Nuclear Steam Supply System) thermal-hydraulic programs adopted in the domestic
full-scope power plant simulators were provided in early 1980s by foreign vendors. Because of limited com-
putational capability at that time, they usually used very simplified physical models for a real-time simulation
of NSSS thermal-hydraulic transients, which entails inaccurate results and, thus, the possibility of so-called
“negative training”, especially for complicated two-phase flows in the reactor coolant system. To resolve the
problem, KEPRI developed a realistic NSSS T/H program ARTS which was based on the RETRAN-3D
code for the improvement of the Nuclear Power Plant full-scope simulator. The ARTS (based on the RET-
RAN-3D code) guarantees the real-time calculations of almost all transients and ensures the robustness of
simulations. However, there is some possibility of failing to calculate in the case of large break loss of cool-
ant accident (LBLOCA) and low-pressure low-flow transient. In this case, the backup calculation system
cover automatically the ARTS. The backup calculation system was expected to provide substantially more
accurate predictions in the analysis of the system transients involving LBLOCA. The results were reasonable
in terms of accuracy, real-time simulation, robustness and education of operators, complying with FSAR and
the ANSI/ANS-3.5-1998 simulator software performance criteria.
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Table 2. Comparison of initial steady state variables with full power normal operation data.

RCS Properties Default values Calculated values Error (%)
Reactor power (MWt) 1723.5 1717.11 0.37
PRZ pressure (psia) 2250.0 2247.51 0.11
PRZ water level (%) 55.0 54.52 0.87
Coolant flow rate (Ib/sec) 9440.12 9439.5 0.01
Hot leg temperature (°F) 606.9 606.01 0.15
Cold leg temperature (°F) 541.2 541.72 -0.10
Coolant average temp. (°F) 574.0 573.87 0.02
Steam line pressure (psia) 841.0 840.55 0.05
SG water level (Narrow) (%) 56.2 56.24 -0.07
Feedwater flow rate (Ib/sec) 1044.44 1055.53 -1.06
SG steam flow rate (Ib/sec) 1044.44 1055.57 -1.07
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1 Area [ft’]

: Diameter [ft]

. Friction factor [-]

: Dimensionless pump head
: Enthalpy [Btw/lbm]

: Rotational inertia [ft™']

: Form loss [-]

: Length [ft]

: Mass [lbm)]

: Pressure [psia]

: Heat transfer rate [Btu/hr]
: Pump speed [%]

: Torque [ft -+ Ibf]

: Control volume [ft’]

: Mass flow rate [Ibm/s]

£<HLOVEOATE T U B>

J|A2%
¥ AF AFRF (bm]
p  : Density [Ibm/ft’]

o

fr  : Friction

hy : Hydraulic
HTR : Heater
m : Motor
Rx : Reactor

sp : Spray
su : Surge line
vlv : Valve
w  : Windage
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