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Development of An NSSS Thermal-Hydraulic Program
for the KSNP (UCN-3/4) Simulator Using a Best-Estimate Code:
Part I. Code Development
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Abstract

KEPRI and KAERI have jointly developed an NSSS thermal-hydraulic simulation program
(called ARTS-UCN) based on the best-estimate system code, RETRAN, as a part of the
development project for the KSNP (Korea Standard Nuclear Power-plant; UCN-3/4) simulator.
To develop the RETRAN code as an NSSS T/H engine for the simulator, a number of code
modifications, such as simplifications and removing of discontinuities of the physical
correlations, were made to satisfy the simulator requirements of robustness and real time
calculation capability. Some simplified models and a backup system were also developed to
simulate some transients that cannot be efficiently calculated by the RETRAN part of ARTS-
UCN. For this development, we have fully utilized the lessons from the KNPEC #2 Simulator
NSSS T/H Program Development Project.



4]ﬂ A]%aﬂowiﬁ NSSS 49
Al RETRAN[5]> HA Al == /gy A

71 f18l o2 74A =4 B el dadn. =, AARE 74]’1‘} 9 Robustness 8.71[6]&
TEAI F ALEF, RETRAN T A AMEH = 53439 2% ¥ (Correlations) S T
sletal ol e BEASAHS Ao wN, A9 RobustnessS B3t FAlo] A
AIZE Aldbe]l 7hEst s gtk S RETRAN FE9] Heojd oS o= oy Wz
AL S Besty] s AEstE RS pEglen, o] AR EEE ARTS-UCN SE
s} 7leAor AASte] AREAE RERsE A F glEE Sl

H =R ARTS-UCN Z= 7dte] s zteFs] 7|« sit), A 2894+ ARTS-UCN
Fr9] 7]Ho] ¥= RETRAN FEo| 3] 31eFs] Awstar, Al 3de]A ARTS-UCN #=
A 2 af Ao @& AWty ARTS-UCN :Eo] Hr7pAas HEo =i[7]eA o
sy

2.RETRAN ZE

RETRAN ZZ=i= u|=2] EPRI(Electric Power Research Institute)7} 922 iAo Al%E
T8 B A SlEl e HAH AgwA Iz tH5]. E ATl E FHal Y
RETRAN 3DE 7|3 s== Agsta vt o] stol= dxpd 4 B, A=A
AR, Axrd o 71X Wurd Fo] Xl rh o7|AE AR Zxe
ol 7 & YEtve FA Bdel wejA vt ekl Avfgt

RETRAN 3D oA &= a2 WAAE W9 o]/ & (Two-phase flow)S H°|at7] ¢
3 5-Equation Model-& #|-&3teh. o] ®eo] Aujgd A& oh&3

- & 3HA|(Two-phase mixture) 2 & H &2

o2

e
2

l
Jm - oft

HJ
ox

d g 0
i —My=0pyW,0 - DW,O
J Dnlct J D}ut!et
Mixture Mass  Mixture Mass
Convectionin Convection out 1)

S ECEECTEES

Ly, = {X;’W—X;X,’”pAVSL}jS - o{xmw-xrxrpard jS +T,
dt
J Dn[er J Dml[el
Mixture Mass Mixture Mass Vapor
Convection in Convection  out Generation @)



] o
oW, d
mié'ﬂ[ﬁ (P -P. )+ a —E+X a-x7) L _ Lo
RA, 2A A A 2p; : 4q0
Static AP Momentum Flux - Mixture Momentum Flux - Area Change
[Xm @a- Xm)pA] st [X (- X )pA] SLL EDZW /‘W ‘ - Bz E'V ‘
Momentum Flux - Slip Friction Loss Form Loss
i 1
- + + =
H, pdz+[) iz + 2 7,
Elevation Head Pump AP (3)

(4)

S EERER SR

di]'tk _i{ Wi, +XI(1=X])p AV (h] —hg)}D §{ iy + X Q= XT7)p, AV, (h’-hg)} *+Q«
i 7 |:eLutIets

Energy Convectionin Energy Convectionout Source Terms ( 5)

nlets

At oy x9 g2 vEb)
(6)

3. ARTS-UCN ZE= 7|

ARTS-UCN Z= 7dF = vbd s 7]89le 29 7%k Robustness 2 A A 7F Al aks
HOS 93 RETRAN ZE= 7|4, 71 24 /Y 3= 7 59 J FFEo= Yzs F

o,

3.1 AL 73 Y 2d g

ARTS-UCN FE=E o]&3le &% 3/4%57] NSSSE EAEZ] S ¢4 7| dEdA8E
grEojok dhrl. ARTS-UCNS &3 3/4%7) 7]8tdd el 23 10 vepd upel o], 9
A= AlES F 62712 Aol A4 (Control volume)¥}t 126712] Fill 2 Normal junction®. 2 -4



Hol Adrk 2 AlAAe G A B A4F dRAdH A Fo degd 548 6
P F AEF RETRAN AR&AF A A9 AAES Holgh vbdste] Relspgith mEgh
2} 5] (phase separation)”} A ojuhi= #|o] A 2 ol &= Bubble-rise modelS 2 -83lo] Ao u}

2 =4 Edes A4 2od =S o

A s b [P ‘

W b, 394 B cedndot i 0 AT

9 1. ARTS-UCN #Z=29] &7 3/4%7] Nodalization.

3.1.1 912 43 &7]

ARz §oE 2 GEEY] S, AR B, FEw, P Sdd L = SR
2 oz wAddele] 67 Brow itk AR 87] urel WA §58 A48
A7) s BEme Al QT FAda geld 3w ggow Arsach rEer)

: s g H=

3.1.2 7}7]
714171 Loop 2] Lol Wl ¥(Surge line)S Eal A% o] glth 71¢t7]E= 1x1AE ol
A frdstAl BlEe] S &E = FROREA R xstFI 7L EAEtaL skl sk &

Age. o7 AL ] AAE 142 AolA e wHes Bubble-rise® S A&

oy Adze Ny 2 99 v N .

313 4z YFAT FZ
17 I4A% 9A2 d4A4 F25 29 1o yehd upel o] 2709 m2dIt 4749



leg, T71HA7] 1A o2 AT A2l 28T 2A
ARZ FURE, 7M7) AfE So] BTz AAdAn. 4% Ar=dd 2 g
S RO = wE ShdFdFE % 4F wfE 52 Fill Junction H valve® 143}
o masgict

3.1.4 Z7]3A7]
S71 8719 22 AES AA A5, o d7](Economizer), 719 7] 2 13} FE B9

%7] E(ome)d) 4P o rr FVEE 23 fEEYY] L 4V 45w AvE xd

=l = =

e g & S7IE 2 d9e= stk et $7]% 2 Bubble-rise 2 ES

ARgstel S719F 28 29 5 s Rdgn B3 A5aS vUeds Ao E A
Gt AdE R S5 2ol Bubble-rise RS S

S 22715 2] Nodalizationol] Z3o] & 8712 AlojA|d oz wdgc}
Z71 A7) 1, 22F & U-tube GAEA Rdo] o3 A& A9} U-tube At s =

gal7] 1 whek meolg WHE 7 F7]8A]e] 1A AR Fe,

3.2. Robustness 2 AAIZE Al4bsE 2¢S 913 RETRAN ZE 7jA
ARTS-UCNS] RA|7} %= RETRAN =+ 13 9xtz WzZHAEo] 924 (Single phase
liquid) % 7§ o] & (Two-phase flow)ell W= Akar Koo A gatA 7hdw At
b o] dfrso] AlsHAl WAskE AbaLe] Rojole FHAIZE ds ERE oy}, HAAIZE A
2F Bl Robustness7t B GW A 7] wiEel AlE#HCoIHE&Eo® AEer] s B R
ol dastrt. F 12 7IF9 RETRANF AlE#o]E]2] NSSS T/H R&= AR&st7] 98 7i
wE ARTS-UCNES Zelde njuwsdlh Folth vt 7]4d 5 JhA oleox= 3 1o 1}
woukel Zo] gl wE =
vl &3 (Derivative terms) F71& &
NSSS T/H BEZ AFE3H7] 98 248 A M 5 FHgs 3= AAS Sk

o

3.2.18lip 2 A

RETRAN 3D ol A= o dfrsellA gt 7174de £=a5 1
slip model &-& Algebraic slip model & AF&2}7} Aelslo] Apg-g
model = & Exto] djgh w2 o] & Fehy] witol] ARE SEAFO] AZbe] whE ws)
5 AR o7 ARbsHARE ALl AlzEe] ol A8 E= wo] Qlth. Wkl Algebraic slip
model A O ZHE NFH 7o HrxE Atelr] wEeddl A ALRAIRE gl dig
a1 glo] Pseudo steady & 7FAste] A3F S5 ALbstA R AlME &A@ A Tko] Ao] A
AlZF AlAbo] @ FE = B wbA|o = Algebraic slip model & A #13ic}

1m



3% 1: RETRAN 2 &3 ARTS-UCN =¥ H]al

Description RETRAN3D ARTS-UCN
Uses Safety Analysis, Performance [T/H module for simulator
Analysis
Platform UNIX workstation 'Windows 95/98/NT/2000 (Visual 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, mid-loop
operation including dynamic & static vent

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 RETRAN3D + fixed size arrays for
additional variables

Input process

Text based input/Restart

Restart only (self-developed routine)

Output process

Text based output

self-developed to communicate with simulator

Slip

Algebraic / Dynamic slip models

self-developed 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 model N/A

Physical

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
RDT model treated as normal control volume |developed in-house for fast execution and

robustness

Boron transport

General Transport model

developed in-house for convenience

Radioisotope transport

General Transport model

developed in-house for fast execution
(simplified nodalization used)

Environmental energy
loss

Heat conduction model

developed in-house for fast execution
(simplified nodalization used)

Interface with simulator package

N/A

developed in-house

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 scope or too slow

self-developed for robustness and real-time
simulation

Dynamic & static vent operation

out of scope or too slow

self-developed for robustness and real-time
simulation

Others

Lots of small modifications made for

robustness, fidelity and real-time simulation
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