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ABSTRACT

A series of integral effect tests for the SMART integral reactor were conducted for a small-break loss-of-coolant accident
(SBLOCA) scenario involving a pressurizer safety valve line break. Counterpart tests for the same SBLOCA scenarios were
performed using two integral effect test facilities, FESTA and VISTA-ITL, and by comparing the test results, we were able
to better understand the phenomena expected to occur in the SMART design. Appropriate initial and boundary conditions were
provided for each test, and the overall trends of the major thermal-hydraulic variables showed consistency between the test
results of the two facilities. Although small differences arose between the test results due to the difference in facility scales,
the tests provided generally reasonable thermal-hydraulic behavior during the SBLOCA scenarios of the SMART reactor.
Therefore, it is concluded that the test results from FESTA and VISTA-ITL properly simulate the thermal-hydraulic behavior
expected during the design and licensing process of the SMART reactor. Also the code simulations for the pressurizer safety
valve line break SBLOCA tests using FESTA and VISTA-ITL were performed using the MARS-KS code. The simulation
results generally well-predicted the trends of the major variables obtained from the experiments. However, further improvements

in modeling of break flow rate and steam generator heat transfer rate are deemed necessary.
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Experimental Simulation of Transients and Accidents
7} A E Ao F2Elo] DBA Aluhz) 2o oigt o
#lo] FRE o] $YH Tt FESTA AIAL 1] Ao
o|AHAIE W PRHRSS 2i% wol7} BEEIL F3)7t 1/498

Aol Last 4, B 9 vl daE HE 9
k= Hl= FE 4= qUrk FESTA AlH 9] Al Ak A
2 ohE gt YA|(SIS =i, Scs =@ ¥ Psv s o
gk Al 7} SBLOCA AU @& H|aLslo] SMART A9
AL Hrsl] Yl AREE Y. SBLOCA AlES &
T AT 9 A5 HEAAATT A Y= Q)
2 =7ollA= SMART A2} PSV Hi3t ahgk SBLOCA
AlutE] @.of ti3] FESTA®} VISTA-ITL &= AldofA] g5
AlE ATE H|wskgich SMART AA1Q] 7] 9 A 274

o] LA AREERAL, T S22 AFAElA AR

S=ERHMDIHSE =28 29, 13, 2026

ADE AYHHZIIHOMEALT A[LIE| 0] CHeh &fSH|w AR & ZE A

.I\)
[>
o
Im
o
]
ol
B
>

il
%
’.E
m
(/]
_|
Z

FESTA A& A4S Ishii®} Kataoka'” 9] 3thA] &2 vt
HES U2, ol 3% %% (Integral scaling), 37 &
% =% (Boundary flow scaling) W =5 &4} &3 (Local
phenomena scaling) © 2 FJEc), 8 %3 H&-2 Table 1
of foFE|Qle}, ol AA 715 KRS, WA T A
A2 22 U720 SMARTO] H|al] 1/492 ZHAE|Qlt), i
Holleq] £ 2.0 MWE, o= S A &99] o
30%°]t},

FESTAS] A7 ey} £xt 2o &4 248 WAk
4= 9lon, 747} 18.0 MPa®} 350 Coltt, FESTA A]Ad9] &
8 4 a4 dAAE, o|AHAIE 4449, PRHRS 444,
HEAF, 55 AFAAE, A 2 aei S84
A=

r

Table 1 Comparison of major scaling parameters and their

scale ratios
Parameters Scale Ratio FESTA VISTA-ITL
Length, lox Lon 11 12.77
Diameter, Qox dy, 117 121746
Area, %or d:, 1/49 1/472.9
Volume, Vor diy 1o 1/49 1/1,310
. 1/2
Time scale lox 11 1/1.664
. 1/2
Velocity Lox 11 1/1.664
Power/Volume o 1”1 1.664
-1/2
Heat flux Lok 1/1 1.664
1/2
Core power agp Lox 1/49 1/787
1/2
Flow rate Aor lor 1/49 1/787
Pump head Lor 11 1/2.77
Pressure drop Lor 1/1 12.77
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Fig. 1 Schematic diagram of the FESTA facility

92

3} Qi FESTA % VISTA-ITL-S R 43 o] A4 el
9 2% 205 BOyst= AlFAEol, =4 dEE 0] A
FESTA®Q} VISTA-ITLE 712t A7 &3 9] 30% 9 100%=
Ot} VISTA-ITLS ©Y F25 1Ak AlgAIASL
dhel, FESTA: 42] g7t Aot Al%7) H2)9] Bols
el S71AY7 17 @it =M A& AlQJstals H¥Y
Ak W A G(UAY) B BF EOek= Al A o]
tf 53] @ wj#o = 4% VISTA-ITLY| ¢+
SYAPL FT49) T Aol = 4 9lt,
oo} WA Z4 Hlg2 Z17f kmAld} SV 7]9 =
to] & =4l f-= WA of 7Rkt VISTA-ITLS] A4
L 717+ 17.2 MPa®} 350 Cojt}, VISTA-ITL A
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e §32 ot mpdoln, mith %)= SIS wiE, SCS
o i3 2 PSV ult $lof 9tk SMART Aol A= mick
= Z)7do] 50 mmo|H, VISTA-ITL Ao FH%
ZFo] 1.77 mmo|t}. Fig. 2% VISTA-ITL A]AH9] H=S

Table 2 Comparison of major design features of FESTA and

VISTA-ITL
Parameters FESTA VISTA-ITL
Design pressure (MPa) 18.0 172
Design temperature (C) 370 350
Maximum core heater power (MW) 2.0 0.82
SG: train numbers /

4/1 1/4
tube numbers per train (helical coils) s /
PRHRS: train numbers / tube numbers | 4 / 10 1/6

Safety Injection System Active Active
Break nozzle size for

2 inch break (mm) 726 177
Number of instruments 1,650 250

Break Simulators

PSORV
Steam Line

MwP
Letdown

.

Letdown

Safety Injection
Pump (SIP)

| Charging Pump

Fig. 2 Schematic diagram of the VISTA-ITL facility
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Table 32 SBLOCA AU 2.9] 9 AA <A|(Sequence
of Events)E Ho|ETh SMART AA A= AA=YHE
71eF AZAE wije(e: SIS wj SCS S¢ Wi = PSV
vjh oA spcto] HASHAA whehE Fol WAL WEE

of wheh ARAS grelo] Atk AXAT elo] 1]

A= (LPP, Low Pressurizer Pressure) A& X|(Prpp) 0l &=
T LA A AT F W =G s
o]z Uz} EF] & gl EY W AAUAA(LOOP)

o] gtk 7P e wf, LOOPo] HAstH
BE AARYZAYH 7L 7S AlRRh 7Rl A1
T Alolso] AFYE, LPP £ A -5l 93l PRHRAS
7H RS2 717 "Rl Al 28 57 9
g Ae] WiHo] o] Fe]=|al PRHRS| 4%},

A BYZAAYAE oFHo| eHaFe] A5 (SIAS, Safety
Injection Actuation S1gnal IR X (Psas) ©)312 WEi7hd
SIAS7} At 1 7t At Az Al &
zolglt}) o]alat AbA &A= FESTA 2 VISTA-ITL A]3]
A Atm =3 F Alo] Aol mejFor ZE Yy
o] Qtt, 53] Al Y 9 ARY fE E FAoR A
25| wolEtt LPP U SIAS EY 0] A7 xS 2| A H
=2l whet Fehs] mojd 4= glom, LPP Y SIAS9| A%

A= 22y Prpp W Panas©lth
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Table 3 Major Sequence of events for the SBLOCA scenario

Trip signals and Set-points
Event
SMART FESTA VISTA-ITL
Break 0s 0s 0s
Lower Pressurizer
Pressure = Pressure = Pressure =
Pressure (LPP)
. Pipp Prep Pipp
set-point
Reactor trip signal
- RCP coastdown LPP + 1.1 s |[LPP + 1.1 s |LPP + 0.66 s
- Feedwater stop
Reactor trip-curve |y oo 166 | PP + 165 |LPP + 096 s
start
PRHR Actuation
+ 2. + 2. + 1.
Signal (PRHRAS) LPP +22s |LPP +22s |LPP + 1325
PRHRAS + |PRHRAS + |PRHRAS +
PRHRS IV open 15 ¢ 50 s 30 s
PRHRAS + |PRHRAS + |PRHRAS +
MSIVIFIV close 15 150 s 9.0 s
Safety.lnjechtlon Pressure = Pressure = Pressure =
Actuation Signal P P P
(SIAS) setpoint SIAS SIAS SIAS
Safety Injection start | SIAS + 30.0 s | SIAS + 30.0 s | SIAS + 180 s
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Table 4 RMS Errors of major parameters during the SBLOCA
tests with FESTA and VISTA-ITL

RMS Errors
Parameter
FESTA VISTA-ITL
Pressurizer 1537% 32.84%
pressure
RV collapsed 9.85% 17.74%
water level
Secondary system 19.87% 7.95%
flow rate Fig. 6 MARS—KS nodalization of the VISTA-ITL facility
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