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Comparison of “System Thermal-hydraulics — 3 Dimensional Reactor Kinetics”
Coupled Calculations using the MARS 1D and 3D Modules and the MASTER Code
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Abstract

KAERI has developed the coupled “system thermal-hydraulics — 3 dimensional reactor kinetics’ code,
MARS/MASTER since 1998. However, there is a limitation in the existing MARS/MASTER code; that is, to
perform the coupled calculations using MARS/MASTER, we have to utilize the hydrodynamic model and the
heat structure model of the MARS “3D module.” In some transients, reactor kinetics behavior is strongly multi-
dimensional, but core thermal-hydraulic behavior remains in one-dimensional manner. For efficient analysis of
such transients, we coupled the MARS 1D module with MASTER. The new feature has been assessed by the
“OECD NEA Main Steam Line Break (MSLB) Benchmark Exercise I11” simulations.
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MARS2.1 - ..
rcompn; Ireads the 1D module HDM(Hydrodynamic Model) data
.r.htcmp; Ireads the 1D module HSM data
rrkin; Ireads the 1D module RKM(Reactor Kinetics Model) data
i.<.:ompn lInitialize ...
ihtcmp
irkin
100 dtstep
timstp
tstate
htadv: IHSM Transient calculation
'l;ydro !HDM
;kin ITransient calc. of RKM
goto 100
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3. OECD/NEA Main Steam Line Break Benchmark Exercise 111
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3.2. MARS/MASTER
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Reactor vessel

8. MSLB Benchmark Problem T™MI-1 MARS 1D Module Nodalization.
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9. MSLB Benchmark Problem T™MI-1 MASTER Nodalization.
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1. OECD MSLB Benchmark Problem

Parameter Spec. Value MARS 3D MARS 1D
Core Power, MW 2772.0 2772.0 2772.0
RCS cold leg temperature, K 563.76 563.9 563.8
RCS hot leg temperature, K 591.43 591.9 591.7
Lower plenum pressure, MPa 15.36 15.37 15.39
Outlet plenum pressure, MPa 15.17 15.15 15.15
RCS pressure, MPa 14.96 14.96 14.96
Total RCS flow rate, kg/s 17602.2 17606.2 17392.4
Coreflow rate, kg/s 16052.4 16052.2 15779.9
Bypass flow rate, kg/s 1549.8 1557.9 1612.2
Pressurizer Level, m 5.59 5.599 5.589
Steam Flow per OTSG, kg/s 761.59 761.59 768.05
OTSG outlet pressure, MPa 6.41 6.41 6.51
OTSG outlet temperature, K 572.63 569.1 564.7
OTSG superhest, K 19.67 16.0 10.61
Initial SG inventory, kg 26000 27475.0 28561.0
Feedwater temperature, K 510.93 510.93 510.93

10
1D )
MARS 1D 3D
1.003417

10.

(Radial power distribution; MARS 3D

(Ke)

=

1.003559
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2. MARS/IMASTER (MSLB Exerciselll,“100 s’ transient )

Case Core T/H model No of time CPU time ()
steps Total MASTER
1D 2 channels, 6 vertical meshes. 12,623 461.7 125.1
1D 2 channels, 6 vertical meshes, 12,685 554.1 222.2
With COBRA-III/CP.
3D 18 channels, 6 vertical meshes. 13,274 1589.3 136.8
3D 18 channels, 6 vertical meshes, 13,304 1713.2 241.3
With COBRA-III/CP.
:1D -208 ,3D -534
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