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Abstract

KEPRI and KAERI have jointly developed an NSSS thermal-hydraulics (T/H) simulation
program based on the best-estimate system code, RETRAN as a part of the upgrade project for
the existing KNPEC (KEPCO Nuclear Power Education Center)-2 simulator whose reference
plant is YGN unit 1. Since RETRAN has been developed for the realistic calculation of plant
transients, simplifications and removing of discontinuities of the physical correlations of the
RETRAN code were made to satisfy the simulator requirements of robustness and real time
calculation capability. Some new models were also developed to extend the scope of the
simulation that cannot be efficiently calculated by RETRAN.
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Bubble-rise model

A: Atmosphere (900)

B: SG Blowdown Flash Tank(914)

C: Containment atmosphere (902)

D: Condenser (904)

P: Pressurizer relief tank (906)

T: Turbine (908)

SL: Steam Line

W: Component Cooling Water System(912)
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1: RETRAN ARTS
Description RETRAN3D ARTS
Uses Safety Analysis, Performance | T/H module for simulator
Analysis
Platform UNIX workstation Windows 95/98/NT/2000 (Visua Digital
Fortran compiler)
Language Fortran 77 Fortran 90
Program type Execution module Static library
Simulation capabilities Normal operation to SBLOCA | Normal operation to large LOCA incl. mid-loop
operation
Field equations 3/4/5 equation models same as RETRAN3D
Equation of State same as RETRAN3D
Steady-state solution model N/A
Solution technique Nearly implicit same as RETRAN3D
FTB package same as RETRANSD + fixed size arrays for
additional variables
Input process Text based input/Restart Restart only (self-developed routine)
QOutput process Text based output self-devel oped to communicate with simulator
Slip Algebraic / Dynamic slip models | self-devel oped algebraic slip model

Interfacial heat transfer

simplified model developed in-house

Donor (junction)
properties

modified for level tracking

Heat transfer
coefficient calc. model

simplified for fast execution and robustness

Heat conduction model

simplified and tuning factor included

Control model

developed in-house

Kinetics model N/A
DNB calculation N/A

Physical| model

models | Enthalpy transport N/A
Time-dependent model developed in-house to adapt in simulator
Fill junctions developed in-house to adapt in simulator
Trip model developed in-house to adapt in simulator
PRT model treated as normal control volume | developed in-house for fast execution and

robustness

Boron transport Genera Transport model developed in-house for convenience
Radioisotope transport | General Transport model developed in-house for fast execution

(simplified nodalization used)

Environmental energy | Heat conduction model developed in-house for fast execution
loss (simplified nodalization used)
Interface  with simulator | N/A developed in-house
package
ARTS calling schedule module | N/A developed in-house to ensure the real-time
execution
Backup routines N/A developed in-house for robustness

Large break LOCA model

Out of simulation scope

developed in-house for robustness

Mid-loop calculation model

Out of simulation scope or too
slow

developed in-house for robustness and real-time
simulation

Others

Lots of small modifications made for
robustness and real-time simulation




——
()
2. Slip
ARTS Junction
Sip
RETRAN
Equilibrium
2.3.
ARTS

(Dedicated Models)

(Pressurizer Relief Tank; PRT)

Nonequilibrium

“
3

. ARTS

Robustness

junctions

RETRAN

PRT

RETRAN dlip

Equation system

NSSS

. PRT

Sparger



. PRT

step size) /
PRT
/
ARTS
“ 1 ” [4]

/

6 el.

2
(
ARTS

(Calculation failure)
ARTS

Robustness ARTS
[3].
ARTS
. ARTS

( )
(Phase separation)

PRT
(Time-
[71.
ARTS
ARTS
Nodalization
Robustness
NSSS
Time-step

RCS 2



v RCS
1
HEM (Homogeneous Equilibrium Model) ,

Angular momentum equation  Loop momentum equation
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