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I SAMAIS: 2

o~

I

\'.

A u|S2HM | S0 CHel IAEA A2

QIu|E717| E= A== E20 HL dE|71L}, 1]

HetzEl galez SSI|7|8 AMEdl= AlS
» Either a system which is composed entirely of passive components and
structures or a system which uses active components in a very limited

= X=
© Mo

0| 7ISoI=5= i

way to initiate subsequent passive operation. qaea-tecooc-626, 1991)
OE'%AO'I ~ME -E% 2 3" 47" E’.'-’F—E -_r"-E- - Cateqgory A, B, C, D qaea-

TECDOC-1624, 2009)

QI Ml e B2 ALRSHA| Y= OHHAIES TS AIE L. (A~D)

» Category A: It has no external power sources or forces, no signal inputs of
‘intelligence’, no moving mechanical parts, and no moving working fluid.

External power sources or forces, 2|5 M == &
Signal inputs of intelligence, X| &l M & Q|
Moving mechanical parts (= device), 7}= 7|7|

Moving working fluid (= convection fluid), 7+& 7l

http://www.kaeri.re.kr

A (high)
No
No
No
No

B C
No No
No No
No Yes
Yes Yes

D (low)
No
Yes
Limited
Limited

Innovative System Safety Research Division ( 3 \



L SAS: BF (1/3)

A IS A= 0]l CHet IAEA 255 1AEA-TECDOC-1624 (IAEA, 2009)
Q Four categories: Category A, B, C, D (Highest passivity in Category A)

* no signal inputs of ‘intelligence’ v" Physical barriers such as fuel cladding, RCS
* no external power sources or forces v’ Structure v/ Hardened building structure, Containment
* no moving mechanical parts, and (LES) v" Core cooling systems relying only on
* no moving working fluid. conduction (&) or radiation (A}
. : . G : v' Suppression ‘ By
osna nous o terey oo Nl

v CTMT HR (B&D) |,

* no moving mechanical parts; but v . ;hpw
« moving working fluids. (= convection fluid) (CH ) E:B-E?LNIID-I)- spray i_! Jj

* no signal inputs of ‘intelligence’

* no external power sources or forces; but

* moving mechanical parts (= device such as check valve),
whether or not moving working fluids are also present.

v Accumulator

« signal inputs of ‘intelligence’ to initiate the passive process
* energy to initiate the process must be from stored sources v Core Makeup

such as batteries or elevated fluids Tanks
* active components are limited to controls, instrumentation v Drank Tanks
and valves to initiate the passive system v PRHR HXs

* manual initiation is excluded.

Innovative System Safety Research Division { 4 \
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Core Decay Heat Removal (‘=2 £+ & )

Containment Cooling and Suppression

R
PSIS (T S FAH &)

Pre-pressurized core
flooding tanks Accumulators
(accumulators)

Elevated tank natural
circulation loops (core Makeup Tanks
make-up tanks)

Elevated gravity drain

Drain Tank
tanks a anks

http://www.kaeri.re.kr

NP ————

Passive-Decay Heat PSIS, PRHRS

Passive-Containment PCCS

- Part of ECCS in existing NPPs
- About 75% cold borated water & C

_ 25% pressurized gas

“ - Connected to the RCS without

presusrized gas

- Used under low pressure conditions D

Innovative System Safety Research Division { 5 \



PRHRS (_|5X|-0=Ix:"7i

g\"*""ﬂl% Mo 2 BR z/3)

(\

Passively cooled steam
generator natural circulation
(a=water cooled, b=air cooled)

- Zl

Passive residual heat removal
heat exchangers (single-phase PRHR HXs
liquid)

Passively cooled core isolation Isolation
condensers (steam) Condensers

Sump natural circulation Sump NC

PCCS (T 3HEE7|'4Z4HS)

Containment pressure suppression
pools

Suppression
Pools

Containment passive heat
removal/pressure suppression
systems

(a=Steam Condensation on
Condenser Tubes, b=External
Natural Circulation Loop, c=(External
Steam Condenser Heat Exchanger)

Containment
Heat
Removal

pllig

Containment

Passive containment spray systems
pray sy Spray

http://www.kaeri.re.kr

=" -

- Decay heat is removed passively through the
steam generators

- Provide extended periods of core decay heat
removal by transferring heat using a single- D
phase liquid natural circulation loop

- Provide extended periods of core decay heat
removal by transferring heat using boiling and D
condensation

- The reactor is completely immersed in water

and the isolation valves are opened. Decay D
heat removal occurs by boiling in the core.

- Containment pressure reduction following a
LOCA using steam condensation in
suppression pools

B&C

- Containment pressure reduction and heat
removal following a LOCA using steam
condensation on condenser tubes, an external
natural circulation loop and an external steam
condenser heat exchanger.

B&D

- A natural draft air cooled containment, an

. B&D
elevated pool and containment vessel sprays

Innovative System Safety Research Division ( 6 \



(1 DHRS (Decay Heat Removal Using Steam Generators), CHRS (Decay Heat
Removal Using Containment) with inherent PSIS & PCCS function

QHigh-pressure containment vessel (CNV, 112}ZiLt&27]) is
» in vacuum state and submerged in a reactor pool.
QDecay heat is removed to the pool by decay heat removal

» through SG (DHRS: Natural Circulation & Sparger - Heat Exchanger) or
» condensation on the inside wall of the containment (CHRS).

D 77

DHRS
(2010 ver., old)

Foedwater '
remic =

L ARHEAAE

] Y

Innovative System Safety Research Division { 7 ‘



(1 PRHRS (Passive Residual Heat Removal System), PSIS (Passive Safety

Injection System), ADS (Automatic Depressurization System) , PCCS
(Passive Containment Cooling System, or CPRSS)

HSokFel | aan  £2eve v
are
AS (PSIS): Inject)i/on = x}od
CMT & SIT B stuc I SR A A
A S (PRHRS)
A2 AH S (ADS) |
Automatic . ECT Passive

ECT

Depressurization 3 _ Residual
System , Y% _ : ENHRS
weY Bex Heat
. Removal
‘- System

PRHRS
l‘ MT

Y\ <F‘

PRHRS

Containmeé

Pressure ang

sdqgdds

oIz A pAs

http://www.kaeri.re.kr

x2S
(CPRSS)

Radioactivity §
Suppression
System

SMART100

Innovative System Safety Researc‘h D|V|S|on { 8 ‘ !



SMART I|SQH?

Uul=0}X 412X A | M SMART-ITL
JSMART .|.I.|° .J'._'U’"% LOAI = (for PRHRS, PSIS/ADS) (f%!?:gssls)

i R B L L oy . 1/49-V & full helght 1/5000-V &

........... reduced height

vea

Uppaer Cort ainmant e

o : st Dl v Symem

g GEoEzAE | ST k1 |

S Cmpﬁumm-ﬁ

oo E ~— (PSIS/ADS): CMT
ST ~ &S

2 s
D Eoalch

SISTA2
(for CPRSYS)

| S3He

HAHA &S
(PRHRS)

Savnnd ary
Sysem

LCA_SIT

olgIuAls .
x'l Eﬁl% feechater | Candenze

(CPRSS) . ®
- VISTA-ITL

(for PRHRS)
1/1310-V & reduced
height

Innovative System Safety Research Division { 9 _\
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SMART LISOHHAR ASMB o)

— i : .
3 SMART PRHRS ?=-|I3 O VISTA-ITL Design Characteristics
» SG & PRHRS : 1 train
Q VISTA-ITL (Integral Test Loop), small-scale » Design press. & temp.: 17.0 MPa, 350
» Reference Plant: SMART-330 oC
» Core power : 365 MWth » Major scaling ratio : Length, height, time
» Design press. & temp. : 17.0 MPa / 350 °C : 1/2.77; Area : 1/473, volume : 1/1318
» Mass flow rate in core : 2,507 kg/s » Maximum core heater power : 0.82 MW

(120% of scaled full power)

» Major systems : Primary/Secondary
Systems, Active Safety Injection System (SIS),
Passive Residual Heat Removal System
(PRHRS), Break System (BS), Break Measuring
System (BMS), Auxiliary System

O VISTA-ITL PRHRS Tests

» SBLOCA Tests / CLOF tests
v SIS, SCS, PSV line break
» PRHRS performance tests

v’ Steady-state tests
v' Transient test (SBLOCA)

VISTA-ITL - Photo

Innovative System Safety Research Division { 10-\
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SMART LISOHIAIS HSMB o)

O SMART PRHRS/PSIS A&

Q SMART-ITL (Integral Test Loop), FESTA
» Reference Plant: SMART, an Integral Type Reactor
» Core power : 365 MWth
» Design press. & temp. : 17.0 MPa / 350 °C
» Mass flow rate in core : 2,507 kg/s

Commercial PWR

Parameters Scale Ratio SMART-ITL VISTA-ITL
Length lor 1M 1/2.77
Diameter dor 117 1/21.75
Area dggr 2 1/49 1/473
Volume lor dor 2 1/49 171310
Time scale, Velocity lor 12 il 1/1.664
Power/Vol_, Heat flux lor "2 17 1.664
Core power, Flow rate dor 2 lg 12 1/49 1/787
Pump head, Pres. drop lor 1M 1/2.77

http://www.kaeri.re.kr

QO SMART-ITL Design Characteristics

» SG & PRHRS & PSIS : 4 trains

» Design press. & temp.: 170 bar, 350
°C

» Major scaling ratio : Length, height,
time : 1/1; Area, volume : 1/49

» Maximum core heater power : 2.0
MW (30% of scaled full power)

» Major systems : Primary/Secondary
Systems, Passive/Active Safety Injection
System (PSIS & SIS), Passive Residual
Heat Removal System (PRHRS), Break

System (BS), Break Measuring System
(BMS), Auxiliary System

O SMART-ITL PRHRS/PSIS Tests

» PSIS performance tests

v' 1, 2, 4-train PSIS tests (2, 0.4
inch SBLOCA)

v' 7/32 inch smallest SBLOCA

» PRHRS performance tests
v’ Effect of RCS Temp. & Train No.

Innovative System Safety Research Division f 11 \



O SMART CPRSS &4& 41}

SMART-P
Conceptual .
: . Design and
/ Basic Design : .
Licensing

VISTA Experiments

Prelimin Design
ary Optimi

Projects  zation

1997 ~2001 2002 ~ 2005

2006 ~ 2008

SMART Standard
Design Approval

SMART
Safety

VISTA-ITL Experiments : —
Validation Tests for Validation Tests
SMART-ITL Construction Passive Safety System(PSS) for CPRSS

SISTA (2017)

http://www.kaeri.re.kr

cccccc

SISTA ad%to n

(SISTAL, 2018) =

uuuuuu

Enhancement || Engineering SDCA

SMART
Pre-Project SMART

QM: Coriolis mass flowmeter

QV: Vortex flowmeter

CSLH) .. O
Tavov || i | U st
| csLew
LCA SIT o (S
Fev o L o
NGss Vo Qv
_ov am
LCA_Lid
T lov lov
. j»:c'n.r
CHX | |- x2 RTL(H)
LcA_ RTLOVT)
cmT .
j PRL(H) L - RTL(V2)
CDL{V1) ] oq‘\}—l
LCA RV
COLHT) : )
Ci%:.'[ (HE) llcDLiva2) l:u“_Helght CPRSS
crw || | | - RRT
I " |RW‘;1; ". | (SISTAZ, 2021)
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e &
SMART L|S2HHAE HEAB 5

O SMART CPRSS HE
SISTALl: SMART IRWST Separate effect Test Apparatusl

O SET - IST (Integral System Test) siISTA2: SMART-CPRSS Integral System Test Apparatus2

Objectives SMART PCCS gg;;faﬂte‘ga;’;t?f‘ézg SDCA support
Design reference MARS analysis (FNC) Moog;i:;i/;\iﬂ?RS PPE PSAR

\% 1 1:2,000 — 1:5,000 1:750
Scaling ratios

H 1 1:10 1:1
Capability for reproducing of significant phenomena
1 Pressure difference - X O (reduced UCA)
2 CHX condensation - A O
3 IRWST DCC - A @)
4 | Chugging on sparger - A(PRL/CDL=2/1) A (PRL/CDL=4/1)
5| Long term simulation - X O
6 NC gas distribution - X A

Innovative System Safety Research Division f 13\
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SMART DISXAMZ{AE(PRHRS) ws)

0 SMART PRHRS MA| M (1)
O FRIIs

»w =2 non-LOCA |7 |=AL31(DBA)OI CHaH OF |
|
X
|

FE X| Z=2H(safety shutdown condition, ZL&

x)E Ed/wXIst7| Holl AXI='HZ XAl

S(RCS)Q| &M 2! a1 (residual and sensible

heat)= MI7{& I

ECT

O AE +4
» SEIEI 4 Y yalll
w &7 2}=: 17 MPa
» PRHRS 21 &7| (PHX)
» PRHRS E=E43 (PMT) y
»w = T2 tf2

@
= Hi= | = | <
»w S7| YW= b2t — IV - FW

» WE A ASI| S Systaly
Core

Mok~

MSIV .
Turbine

l System

o —1

|_
|_

—E—=o—] /] —

(

SMART PRHRS 7{&=

http://www.kaeri.re.kr
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SMART IS M|7{H|S(PRHRS) <z/s>f\/f§’

0 SMART PRHRS MA| EM (2)

O M= M| KA (Performance Design Requirements)

» HX2HZIYAIS(RCS)= 2 AL =F0|L} 2|F wFXJH(External AC power) §10] Al
AlZH OfLHof| QMM HX|Z=A 2E(215.6 °C, A2 HX|)ELC} B2 == 0f| =E51010f 5f12, l
72A1Z7tX| o] AEfE = XISt010F StC}.

» HX2AZLINAS 2| 'HZS2 ZICH 5IEX](40°C/hr)S EHA| 220}0F SHC}.

I-.I
oi
o
W
(@)}

T T T T T T T T
v )
0 o
@) e -
= I &
2 x
s 2
< 5
2 i o
3 E T
5 £
2 8
| i @)
| L 1 L 1 L | n 1 1 L 1 L 1 L
0 18 36 54 72 0 18 36 54 72
Time [hr] Time [hr]
SMART PRHRS M= oM 0=
(PRHRS 34| g 28 &2 RCS 2 ¥ HZHE)
http://www.kaeri.re.kr Innovative System Safety Research Division ( 15\




o

- ° ﬂ ~ e :
SMART L|S&ta M7 (PRHRS) a/3y
— AN
QO SMART PRHRS 215{7} 0]+ (1)
QO FL &l9| #1.
» HAX2HZLTUAIS S '36A1ZF O|LHO]| QHH AKX =21 2=} Z7{Lt ZH| HZ5ta, 0] =S 72412V K]
XI5t A2=2 +elE AA7IE0 Cist 271 2 djZ 8t etMe| MA| 2.
O EHH Qo
» O3 HAXEHAM A2 FHXEIAM(RG) 1.1390]] =M, 36A|ZE O[LHOf| M=HX|=21S SEHe ASE 2+
=1}
w M AT ALEXIRZ1A (EPRI URD)= H|ISd AX2U M= M=2AX[=22| EH0| SE L6, CHal
36A1ZF OJLHOf| @FZ OF& X 24 (safe stable condition: 420°F (215.6°C))2 M 511, 72A|2F S0 2H 19|
ZX| 10| QkxiBt MENS RXIE U2 278

»w &7 2 SECY-94-084 3! NUREG-0800, SRP 19.30{|M A AS = I{EHE|AS

w SIEAXIEOIM Y |& ASLES 9
2021.06.)0]| 22 L§=0| HIHEL

http://www.kaeri.re.kr

M AMXIRE 7.12 LS 2 AIES MA|(KINS/RG-N07.012, Rev.02,



SMART IS M|7{H|S(PRHRS) (4,8(7_1]

0 SMART PRHRS ©15{7} 0|4 (2)
QO F &9l #2:
S g7 HIAFHZIHT E AAISHD U=, HIAMEZIET 80| ZSUN7{ASE SEst T
0|° o|=5}0{0} &t.
O EHH 29F:

» HIARHZEENTI O] 491 ALTL A £ 72412+ S0 6 m Of2HE HO{XIX| 2442
» TSHLAHIASE LD || MU FAEI] SO 3.6 mO|DE MBT0| £H YOS LEE |0
ALSHe 01R7} 9.

X
z [
'S [ \
=z
£
e S |/ Y = T N T AU
2 o
) O
b= O
S >
g o —ECT#
© = — —ECT#2
Q (] —--ECT#3
£ E ----ECT#4
- =
I-IJ 1 L
: . . . . . ! . 0 24 48 72
0 18 % 5 & TIME, hours
Time [hr] '
A|ZHY| [[} = H|ANHZIEH TG 2 H{S A 7._|- [}= H AILHZIEHS A0l Hi{§
(PRHRS 34 28 59 ECT 2% (SMART100 EEMA S MEEAME A T8 5D-10 218)
http://www.kaeri.re.kr Innovative System Safety Research Division ( 17\




SMART L|S&

(o] |
=

MI71AES(PRHRS) s/

|

-
o

0 SMART PRHRS £

Q VISTA-ITLS 0|28t PRHRS M
9| 100%, 20%, 0%(Hot standby)0|A{2] PRHRS M=

w ZAAEL: A

e

@ sld S AEAZ (1)
SAIE (el 55)

w D= AEY: OHEIFEQIHY2H(SIS) Hi 2+ ek SBLOCA 2 2|A|E

500

Sequence of Event (SOE) — SBLOCA
SIS break occur
Reach LPP set-point
Rx trip signal (FW stop, Pump coastdown)
Reactor Trip
PRHR actuation signal
PRHRS 1V full open
SS FIV/MSIV full close
Safety injection signal

1 Safety injection start
k Reactor o — m = m m m e e e ..o C
o . ~ WE Tl [
wol ! TP = rrrRs SNl T[T R w0 ore power Primary system pressure
N1 - = PRHRS-SS-N2 S nf 4 . Ly —— POWER-TOT ml —PT-BP\/-OlI
: o —— PRHRS-SS-N3 QE) ) S 14 {— pT-PzR-0L
« 30k! 100% T ——— g Pressurizer S, goo \
3 : S 10 . 12
< 1 2 heater trip . \
. N - o
S ol ! Core power i 3 e
o ; N2: s =+« PRHRS-SS-N1 g L, g
[ aees 20% 5 or - - PRHRS-SS-N2 g g . \
100} 1 = —— PRHRS-SS-N3 =
! 5% 3% 1% @ Ar 100 :
1 | &)
ol e = S [
= R 9 .
oF Primary system pressure 0 X T —
— N3: 0% : : : 0 1 1 1 1 ©
1000 1500 2000 2500 0 500 1000 1500 2000 2500 0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
Time (sec) Time (sec) Time (seconds) Time (seconds)
35 025 RCS flow rate 2nd system flowrate
nd 0.30
i RCS flow rate 2nd system flowrate — wior ol -
! PRHRS-SS-N1 a2 T PRRS S h o
T . PR - bod Q - - PRHRS-SS-N2
é 25 1l - = PRHRS-SS-N2 g - .. -PRHRS-SS-N3 o 5 0
< e - - - PRHRS-SS-N3 o 015 hn s E
B 20f| ' g T ™ o o1
% i 2 g 2 &
= Ll oo 2 o N1: 10.7% of scaled flowrate 2 2 o
g ' ° N2: 12.7% (in maximum) 1
E 2 ¢ N1~N3: 10.0 ~ 10.6% Q N3: 9.1% 005
o 10} ! 0 1 9.1%
: S of scaled flowrate $ o005t h |
UL -+ - 0.00
el .l.-"u‘ N 0.00 '-I ------------------- e 0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
T T Time (seconds) Time (seconds)
0.0 — L L L 1 1 1 1
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time (sec Ti S | m— A 'O ( )
ST, 5 I PRHRS 1=AEH Alg] (SBLOCA
O o, o, o
PRHRS Ha&E[ AlS] (100%. 20%. 0%)

http://www.kaeri.re.kr
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0 SMART PRHRS = &ial 2 A& 21t (2)
O &H ZH(Thermal Boundary)E S&HEIE FAIEH: LFst RCS & ECT
» SP-PRHRS-01: RCS 300 °C vs. ECT 100 °C + PRHRS 4—3—2—1 train
» SP-PRHRS-02: RCS 250 °C vs. ECT 100 °C + PRHRS 4—3—2—1 train

=T

T T
—— SP-PRHRS-01_SGS
— SP-PRHRS-02_SGS

—— HR-CO-sum —— HR-CO-sum|
—— Q-SGP-sum —— Q-SGP-sum
Q-SGS-sum Q-SGS-sum
—— Q-MFS-sum T —— Q-MFS-sum
g 2
] 2
©
& <
£ g
c c
S T
= =
© ©
[} > =
T T S
B <
Q
2
[
[CRTS )
T T T T T T T T T T T T T T T T =
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 g
X ' @
Time (sec) Time (sec) =
©
(0]
—— QM-MF1-01-] —— QM-MF1-01-] a5
—— QM-MF2-01-I —— QM-MF2-01-I
QM-MF3-01-1 QM-MF3-01-]
—— QM-MF4-01-I —— QM-MF4-01-|
)
@ — @
2 2 ]
2 ] T .
o © 5
® 5 -
Z z
= 2
7] 2 1
(] ©
= [ = :
T T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

T T T T
0 2000 4000 6000 8000 10000

Time (sec) Time (sec)

SP-PRHRS-01 SP-PRHRS-02

T T T
1 2 3 4
Number of PRHRS train (#)

Steady-state heat transfer rate

(SG secondary side)
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0 SMART PRHRS =& eial 2l A|HZA

Time - VISTAITL {=econcs)
o S o 150 Foi=i 2E] S 500
L] T L] T L] T L] T T

Mormaltzed PZF pressure - FESTA [+)

FEETS

——IETAITL

o T T R e
Time - FESTA {seconds

Primary pressure

T - WISTA-TTL | siscamd &)
o i BEOG 1500 080 3500 DS 3500
T T T T T T T T T

Normalized 2nd Pressure . FESTA (-

FEETA
—— WRETAITL

http://www.kaeri.re.kr

H e RSO0 3000 4DMS  EMID BO
Time - FESTA {secomds)

Secondary pressure

Weemralibed PZR pressuns - VISTA-TL -]

Nomalized 2nd Prassurs - VISTAATL -]

1} (3)

O SBLOCA A|Lt2|<20]| CHst CHSAIE(VISTA-ITL versus SMART-ITL) Z 3} H|x2

L]

Time - VISTAITL (secomds)
B wOd 1500 S0 3500 D 3500
T T T

Caolapsed Level - FESTA (%)

Normalized 2nd W fow rate - FESTA [-)

#

¢

¢

pm. FEHTE Ciww Top:

£

WERTA L oo Tap  ——]

i
=
=

Colapsad Lavel - VISTATL (%]

FESTA
— I TAITL

2

T
o

L]
T

. e S
Time - FESTA {seconds)

Collapsed water level

T - VISTAITL | sbosnds)
GiK] e 15 O 250K plii] 500
T T T T T T T T

FESTA
WIS TA-ITL

I

Nammalized 2nd FW fow rate - VISTAATL (=)

T
o

Time - FESTA {seconds)

Secondary flow rate
Innovative System Safety Research Divj—s:i—oh

e M

~



SMART I|SZUM7HAIZ(PRHRS) (g8

4

0 SMART PRHRS £

o

& 2 A (4)

O AXIZYZIx|FEFAF AAALTI (Complete Loss of RCS Flowrate, CLOF) 22|A|E

w AXI2 HZEx=

CLOF Alg=A

A
o
N

1.67 (&

Pressure [MPg)

LA JAE/EF(°C) | 295.5 /320.9

295.5 / 320.6

20N HHZI=E RXISIMA] HZE|N Algo]| S=2E U7IX] ™ K| =A
01 215°C 0|52 ®X|=IC}. & SMART100 Xjoie=s LiZzi=s @Al 2 HY| 2z
CLOF AlLIE|2

—— PT-PZR-01-I

E
1‘\\
A

~

40

}
1
1
I
|
I
I‘\
1
I
1
1
IZ
|

Time (sec)

1
]
I
1
i
1
1
1
1
1
I
¥
1
1

Y7 63 (ke/s) 10.23
7}el7] ored (MPa) 15.00
7tet7] &% (°C) 342.1
71471 491 (%) 70.0
wARE TN | ANS-73 X 1.2 | ANS-73 X 1.2

Mass flow rate (kg/s)

AlZboll mpE = e

RPS + 1.6 s
]

2000

— QV-CL1-01-1
— Qv-CL2-01-1

QV-CL3-01-I
—— QV-CL4-01-1

RCS &+
]

1
1
1
1
]
]
]
]
1
1
¥
]

fol

I
T T ¢ T T
2000 44:!0 8000 30000 40000 S0000 B0000
! Time (sec)

1670 kW

1500 o

Power (kW)
3
L

—— HR-CO-Total (K

&

Temperature (C)

—— CORE-IN
CORE-OUT
Tsat_PT-LP-01-1
dT
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© 2000 4000 G000 30000
Time (sec)

40000

T T T «
2000 40p0 6000 30CO0 40000 50000 &0000
Time (sec)

RCP A& = (FA & =2] 90%)
RCP AA| & +0.37%

RPS AR 5 & +1.1%

<
RPS AAA| &2 & +2.2%

(CMTAS ¥4 S +1.1%)

RPS AR =G 2 +6.1%

(PRHRSAS ¥4 $ +5.0%)

PRHRSAS 248 3 +36A]|3t
(@A) & & 215°C o]3})
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SMART LISl AB(PSIS/ADS) ais)

D SMART PSIS AE-I71I EAO-I Pressure

O FR7|s Iti)rzit‘laance ~
» LOCA Al =] .eES EXIS17] floll mAlESYMI(CMT) H 2k PSIS
ZOIEH(SIT)E 0|23510{ SEi0]| 2|5t AXZAAKTI|(RPV)E 4 trains L

of okH F¢
» Non-LOCA A| ‘e Al EENS(CMT)S 0|2510{ Si0j o| st 2A
=(Borated Water) ¢l
»w 7|El 7|
v WRMA E= 2T EX| Q10| E LA 72412 7S
v E7|2tEKSLB) 7|21 RCS F'H0j| [HE Shutdown margin 7+ $5H
RCSE2| Sik+ Fl
v OHM A X|(safety shutdown) SOt H|AMSAZFEQ] Tt
v" RCS®Q| Low Temperature Over-pressurization Protection (LTOP) M|&

v = p E7|HZ=2 QJ8l SIT refilling pump 0|2 IWSS 29| SIT M=+ R
\
O AE +d 7 Safety
» SEIFQI 4 A :inr{gctlon

» A ESHI(CMT)

»w QHAZEQIRE(SIT)

»w Q= =k (Safety Injection Line)
w SISl 2k(Pressure Balance Line)

» WE 3 ET| S SMART PSIS 7=}

[
==
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SMART LIS 0| HE(PSIS/ADS) G/s)

O SMART ADS & A PSIS

Q -’F—.:?. 7'% ADS 4 trains

J

» LOCA A| HXI2HZIIHAHIS(RCS)2| ZHet 2 trains
» TLOSHR A| HXI2HZIIYAIS(RCS)2| &t (Feed : PSIS,
Bleed : ADS)

»w 7|E} 7|1=

v S8 £5E 0|28 SIT2ESE| RCSE2| =7| =22 ¢ldl A

oI- RCS 7I-OI-
v IWSSE2Q| SIT I|E4H= x7| AZHS 9|8t RCS 2+t
v TLOSHRI} Z+2 bDBA ZZHOIM =AIZI2 HM7{1517] $I5H ADS

o] &= 28 2 RCSHY| PSIS} ADSE 125104 feed-and-bleed
operation

O As +M
» ZEIHI 2AY
»w ZH Adoj| 2 x 2 WHE
» 4= Hl2H(Discharge Line)
w lE 3 AHYFI| S

SMART ADS &=
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0 SMART PSIS/ADS A EA

O PSIS Ms M| 221 (Performance Design Requirements)
» ;..Exi%_l EE= 2T =X| 810] LOCA 0|= E|& 72A|ZF S RCS +¢l= =£I= © 11 21010} StC}.

—
O ADS M5 M 2
Cl— O o = >
w WRMA EE= 22 EX| 910] LOCA 0|5 =4 72A12F SO IS+ HlS2| 2= = 0|52 RCS &S
= = = = = = = 5 = =
ZHetA|7{0} 8iC}. PSIS/ADSE &8t Feed-and-Bleed 2F2 floll S28 WE S = &S| 0} SiC)
PRHRS 4, CMT 3, SIT 3, ADS 2 PRHRS 4, CMT 3, SIT 3, ADS 2 h break, PRHRS 0, CMT 3, SIT 3 2 inch break, PRHRS 0, CMT 3, SIT 3
E E ADS 2 :g:%
g - < el | —
: s o : . 2
- | . E 5 Ii“bchhl‘;‘k 2 g B M
o \ i 2 goo
: L\ : : 2
O =, &) < [ N/
=4 e = Tim ® Y
! - : z 0 20 40 60 80
0 0 Time4(0h0ur) ° * 0 0 Time4(0h0ur) o * ’ * 'lri-mem(ahom') . Time (hour)
PRHRS 4, CMT 3, SIT 3, ADS 2 PRHRS 4, CMT 3, SIT 3, ADS 2 2 inch break, PRHRS 0, CMT 3, SIT 3 2 inch break, PRHRS 0, CMT 3. SIT 3
- 2 1‘.n<.:|1 break - 2 inch break a @
? 5 ;"; :.1112: ;l:eﬂk ? \ 5 ;15:112: ;l:eﬂk %D ?
g |~ ADS g | oMt £ £
Z z 2 E
i i = F-
_—SIT
— ) 11— | ‘
0 0 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Time (hour) Time (hour) Time (hour) Time (hour)
DBA - SBLOCA (2inch, 1inch, 0.22 inch) Beyond DBA — SBLOCA (2 inch)
(PRHRS 4 trains, CMT 3 trains, SIT 3 trains, ADS 2 trains) (PRHRS 0 train, CMT 3 trains, SIT 3 trains , ADS 0~2 trains)

SMART PSIS/ADS M= A of|= Zia}
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QIA|(PSIS/ADS) 1)

SMART I|S9HXE
O SMART PSIS 215{7} 0]+

O R Mo #1: LISAXMFUE 7|AIE 22 Ho|, 7H st=
» SSAR 14.2.13.1.6819] AIEIE 3.63} BESI0], KIZIAIS] AIZI0] MHE - AlES8T X orizel T
2t 9IS T Mol HEH AR Z2 M.

=% Wzt SME MAlStL, ZF =2

» B3 MEAL= AZH OE A ESW3 I AXMFUWT 5| Wl SMS MSsHX| 220, MZTAL

= AKXt HMSsh= W3 MEE flet 371, & S| 7|2 40| Wit W3S AMZsio] S=8iCt.
CAESHT I ORMEFEQIRET 9 Bl [H2 0|=F] 220 2lsl AHFE|N, HSA

Q E.*H._‘l 29

w AIZHO]| L} E =M
g2 Sol| ArgtAlo] ASEICE

w EAHSEIT QO CIXEQIE T = B 9|9 B3 OIMFEQIL= AL0|2] =0|X}0]| [IE S50
o|sHf =¢l0]| 0|5=04ZILC}.

»w SMART-ITL Z=A|E0IA{2] A|ZH0]| I}2 E4 T 49| HiSl= M2 ol2fQ} Zic}.

N\
N\ .
R N

- ~__ ~

20000 25000 30000

0 50000 100000 150000 200000 250000 300000

' 5000 ' 10000 ' 15000
AL o
SEEEY

otM = lRY F of AlZtof E
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o

}

SMART H|SQHHZFLI 7B (PSIS/ADS) /)

O SMART PSIS = sl 2 Al&dZ1 (1)
O AREYLTAS(RCS)0IMS] Al Wzt HE
» SMART L|SOMAHS HEAIES $I8t Test Matrix (PSIS: 1, 2, 4 A2, PRHRS: 4H|Y; ADS: 2AH|L2)

)

S105 T101 F101 2 CMT only

S107 T102 F102 2 SIT only

S108 T103 F103(R) 2 Reference case
S110 T108 F104 0.4 Break size

S201 T201 - 2 Pressurized SIT
- - F301 2 Break @PSV line

» PRHRS & PSIS, ADS7} MX|El SMART-ITLOIA{S] ‘Al Hzt EME DESLI| IaH, F104 (4A12 AlE)0]
S110 (1712 AIZ), T108 (271 Al &l HIRE)

Yo x x YT

I T

:i}? —=— S110 PT-PZR *g —#—S110LT-RV| —=— S110 LC-BMS
5 —e—T108 PT-PZR \‘\‘ —e— T108 LT-RV ” —e— T108LC-BMS
A onl ! F104 LT-RV] | 2 084 F104 LC-BMS
o 2 L CMT iniection F104 PT-PZR 0.8 ‘ g o8 S
<
2 y
£ os .....h g 06 Ve % 06
2 : :
o
E
T 04 "ou “ne, 2 o4 3 04 el
L *otonn, — ADS Open T g o
E S Core Top 2
2 o2 - 02 % 0.2
! oY
-ﬁ SIT injection ‘g
00 I ; : ? 00 00 e
0 10000 20000 30000 40000 50000 60000 0 10000 20000 30000 40000 50000 60000 0 10000 20000 30000 40000 50000 60000
Time (second) Time (second) Time (second)
RV pressure RV water level Accumulated break mass
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SMART LS04I HE(PSIS/ADS) s/s)

0 SMART PSIS =&

e L O
HE(PSIS)OIAM 2] oHH
» SMART PSISOf|A{2] CHEIFL| 7S

O EEHFY

AIE)2H M) HIZE.
» CMTQ} SITe| Z} P2 SE|dC = &Fk|1
zo| g S0| SUsH F=E.

» S110, T108 A|&l2|
=X 0Me]

=1 745l ©
22 9

a2,

=

T T
—&— S110 QM-CMT1
—@— T108 QM-CMT1
—O—T108 QM-CMT3

F104 QM-CMT1[]

F104 QM-CMT2
F104 QM-CMT3

A

_ i,

40000

T
50000

CMT injection flowrates

SHOFE].
15,000= 2% 0| A
1.0
0.8
é 0.6 b—t ‘:‘TY
g 5
g 0.4 1
i {4
S o241 ¥ :
l |
L
0.0 T A T T
(0] 10000 20000 30000
Time (second)
http://www.kaeri.re.kr

60000

Normalized Mass Flowrate

o Al Ol

243 571

1.0

0.8

0.6

0.4

0.2

0.0

35,000= 22X 0flA{2] 2245t
& B71= SIT el /S0 7]2l&.
» F104 AIE0lAM 2] CMT &2 S110, T108 A|&le| <9 Hlw5t0{ =7| AEHOIA

1} (2)

—&— S110 QM-SIT1
—— T108 QM-SIT1

—O— T108 QM-SIT3| |

F104 QM-SIT1
F104 QM-SIT2
F104 QM-SIT3

T T
(0] 10000

T T
20000 30000

Time (second)

T
40000

50000

SIT injection flowrates

60000

ZHEAI S} odml zH

===

PBL

rir

SE|BA, SIT 52

1
| RECRCULATIONPHASE | OSCILLATING PHASE | DUECTION PHASE
\ / -
PACTEL) * /
\ ’
080 ~ 7
\ /

Wigr
5|8
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SMART H|SCMZQIAIE(PSIS/ADS) o7/s)

CORE MAKE-UP

O SMART PSIS = sl 2 Al Zd 1t (3) TR

Q 29IX]| SIS H2F SBLOCA AI&i(F103) Y MARS-KS A EE 0|28t 29| )
) RCP HEEE 1 Z0f Q|X|5 OFFIZ=Q| S HYZFO|A] THEH HHAY ST

» SMART A7le] QHEFTIEHO]l SHEHEIS 2 Q1] mHEH h
w PSIS 3A|Y ZESO = RPV 9= 24015]| AS5HH, A2 SHAF & US.
» CMT =217} 20% HE = U2 CMT LIE: 2=0]| 2|8t 2t ds) m22l. I

v' SMART-ITLOJIA{2] CMT L{5* HH0H UXEL2 ASZQ} H{wSH0] 2 2= ¢ISE.

COLD WATER ‘

» MARS-KS 22| Z 1} 1 worcmoxumean
v o3 o = gt 2 MARS-KSO| of5l & =olE. Phenomenain the CMT
v RPV £9I& =710l == R GISsILE AR ZekE 22l during injection from CMT
v MARS-KS =& CMT 9|7} 20,000~40,000= RZHIM HA|El= H2E |58
v 0|= CMT LIS & i ujzofA 2] at=5t S ST oIS22 i 2ofAM el Xt2to] A oIFE|0 CMT =2

=2 nsE SIk| B2y,

> 12 12 a»
EEXP l [
MARS Fm—EXP CMT#1

1.0 EXP 10 1.0 10 R —o— ?;E gng |
) l—_MARs . |//4/de;:4 — MARS
5 os g 08 08 _ o8
2 % / = 7} ¢ \‘
a o 3 3 |
~ 06 o 06 T 06 Y )
8 bl o %
£ g s & N
g 04 3 o4 2 ol N E os . \\’/ e !
a \ 3 & o Sl TN

e b i 1
02 < o2 F=—Exp 02 [~
\\| 02 MARS)
00 % 10000 20000 30000 40000 50000 60000 0.0 00
0 1000 200 000 40000 500 60000 o i) 3 1000020000 S BEGEE  E 0 10000 20000 30000 40000 50000 60000
Time (seconds) Time (seconds) Time (seconds)
RV pressure Accumulated break mass RV water level CMT water level
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SMART LSt FLUAS(PSIS/ADS) (s/8

Q AS2UH sHAZE(SPACE)S flet S717|22 JiE 2 43
Q Special component model: Special TH component + Special HS model

» Special thermal-hydraulic component: Realistic calculation of the interfacial heat
transfer

» Special heat structure model: Analytical calculation on the heat transfer from the

hot steam to the cold tank wall

Q The new model was assessed using the SMART-ITL PSIS test data. (F101)

Elevation

|

20
|
Experimi eam xperimen
= SPACE s % ] ngZal zo:nponenl without heat structure
ig 1.5 : g = ®-- Special component with heat structure
é T, Ly 2%:' % 154
E " W_N‘M*mmmu T 2
ig Il!‘ ‘ 1\‘4\‘\,\(\“\.;\,_1\_\‘\:“ ______ ;Z_l o Y SR g 1.0
£ n y ! Thermal layér Ly B
S os |:1~ B e e et 2
Ly E o0sd |
— =
‘ il " —
0 2000 4000 5000 8000 10000 Tat La —
Time (s) 0 4000 8000 12000 16000 20000 24000 28000
Subcooled wats Time (s)
Fig. 7. CMT #1 injection - : - :
D Fig. 16. Measured vs
flow rate of the F101 test ‘ F ‘ | Y e
. - T - calculated CMT #1 injection
(normalized). Fig. 13. Temperature distribution Fig. 14. Heat I

in the CMT and SIT. structure model. flow rate: F101 test.

Min-gi Kim, et al., Development of a special thermal-hydraulic component model for the core makeup tank, NET, 54, 1890-1901, 2022.
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SMART Z{ct 27| LUALS K ZAIB(CPRSS) /s

[ —]
0 SMART CPRSS M| EM (1)
QO FLI=s
» LOCA ! MSLB 2HMA| ZYHE A=/25(P/T)E W7 $
off ALZAE A2 H7{Et.
»w LOCA HHMA| ALHE LIF0| S = HEQUMME

(Fission Products)Z& M|71¢&t. UCA: Upper
Containment
O AES +4 N Area
» LCA (IR EHHUSHA) & UCA (4FHHZSHA) N
» CPRSS Lid (S27H): ucast Lca Foiol 22| s R Cont'ai:r‘;f;t
» PRL (Pressure Relief Line, RtSH}EHH2}) & PRL-  @main) ¢ [N Area
Sparger (E7|=2A17]) '
»w IRWST (AEZ7|LH HAZI I T+=) o
» RTL (Radioactive material Transport Line, 2fA}M = LN
Z! 0|&Hi2Y) & RTL-Sparger (S7|£2A17]) TR DR
» RRT (Radioactive material Removal Tank, WAIME o [ [\\20 mwst @)
xEI x'“7 'IEga) 'S\‘}Cf?t\,%é’“ CDL; '50\'/1{% et IRWST A
» CHRS (CPRSS HMHAIE) ®
v ECT / CHX (CPRSS Heat eXchanger) / CSL (CPRSS e

Steam Line) / CSL Isolation valve / CDL (CPRSS R :
Discharge Line) & CDL-Sparger / CDL Isolation valve /
CRL (CPRSS Return Line) / CRL Isolation valve

SMART CPRSS Jlgi=
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SMART Z{ct27 |2 LLAS K ZAIB(CPRSS) @/s)

0 SMART CPRSS MA| EAM (2)

O CPRSS M= MA| 2 (Performance Design Requirements)
» LOCA/non-LOCA AlZl O] E|& 72A|ZF SO MR F S = 2 A EX| 10| AHZS| gi=/RE
(P/T)E MAI=(Design Pressure) 0|52 2 x|5H{of SiC}.
w 72A|Zt 0| %, £|ABHe| SS717| =82 = AHAE2| s/2EE MAIZIEL] (EA) R2 22 7K
o0} stC}.

LCA maximum pressure:

—— UCA mE'E

Use of CPRSS & RCAB heat structures

LCA-to-IRWST
:PRL & CHRS(CDL)

| | | | |
1 2 3 4 s e(day)p

Accident occurrence

UCA maximum pressure: __ = _

LCA-to-LCA: CHRS(CRL)
with support of ancillary DG

v
Absolute Pressure [kPa]
Temperature [°C]

3 4 5 6 7

o
—
N
w
N
(O]
(o))
~
o
—
N

Heat Removal Strategy of
SMART CPRSS Time [day] Time [day]
P/T Simulation Results
during SBLOCA

* RCAB: Reactor Containment
and Auxiliary Building

(HRI2Z e 2 =71 2) SMART CPRSS M= 6ljA o|ls 24t
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SMART Z{t27| 2B UUALS KL AE(CPRSS) Grs)

0 SMART CPRSS 215]7} 0% (1)

O 72A|Zt n|S 49| ElEd
» O|= EPRI URD QZUCEM 72A|Zt SO 2X 2l TX| 10| I|S diAl ==
w 72A|1ZH 0| S| Z4 I W= EEN L X] A= Ad=g W2 IS

O 2=t Zie): Ala= 24A|ZE O|LHOf| AL S S 5 82| 50%0[sl= ZHA
»w QHUMAIXIEIA O i2fA] SDHEA| WAIMH| & E 0] SE: 2MED|E TS
»w 7|1& [l A2 Cijd| O "2 &4 /Xl
»w oll2| FH(ESBWR S)2| A ELCI O *2 &8 /XA ¥ A L] o{7=7t 2
»w El = AGzZiE & 7{S 1t H|uw

Q LS Zby|HZt
w ALS 71421 1Y

» F2 EE/ L X] L= ’*Jtil-’-._‘-s.z_l, IRWST-UCA-LCA = T (2|l jf4l

»w X|EEQI p/T Zba 3 2Hd 3}

O EY/2E(P/T) Ak Y E
»w &0 2fst =|CH 2 AlA: 37| 0|F 2 =5 2HAl
w CAP D= Il Ak ZE version-up Y B HIHE (ToR M=)

0
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SMART Z{ct 27|t LHALS K ZHAIB(CPRSS) (4197

0 SMART CPRSS 215{7} 0] (2)

O SHEAJAMME H|7{M s (DF gkl EFEHM): RRTOIA{2] Pool Scrubbing
» Sparger AA|(HIX] & &), &2l Z0](~6 m), HISHpH) FXI(AIZLA] 7.0 0] &})
w FAMMA Ms EE: ESBWR MA| L NUREG E11M
w BH 2FAIE: S S0 oISt =91 ZA Y BE Hol

O AYHS 45 Al Wot
w 37| ol I
» LCA, UCAL| =M= A|E Hiol
wI|E 7|s71&E Fetd

O X | 29 97 7I=s4
» Vacuum breaker ¥ IIE BEMZ E5t AR 7ISM HiA|

O CSL &7|ulf2t =t/ <t
»w CHRS 2w & M skal

5

O YIAIS=E Ws 2d 43lEl 5{8I|&E
w 7|E §{&7|=(Iodine) : < 250 mSv
w MMt 5{&7|=(Iodine) : < 50 mSv (USA) & < 25 mSv (EU)
» HAISSE WE XS 216 CPRSS 710 =2l E.
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SISTA-1
a - |
0 SMART CPRSS =L S1A AU AT} (1) Ws000scale) |
uca |
O CPRSS PIRT 7Hgt | '
» AlZicH 2 e | , |
v 1EMAI(AFZ £7|): PRL X CDL Z=7|2AI7|S E3F CPRSSO| MiER = 2 7|2 | Y7 Y
v’ 2EHAI(ALRL =7|~72A|12Zh): CDL S7|12A|& S8t CPRSS2| HERE 28 7( 2t iﬁ
v' 3EHA|(72A1Z} O|=): CRL 74} 3! CHRS =82 = 2% 7|zt e
UcA
1 (LB djael) A5t GE AE (Janssen, 1964) 1. i 2 = St
CsL
2 SEYuEY|(CHX)E MIT H# (Siddique, 1993) s i SRS
Set S5 EdNE KAIST A8 (Park et al., 1999) atall) 1 AN | 2cHX$EBUR S
3 HAMIZIESECT)Y BE ZEMSH@ VoL N N NN
FHS SN (HESLTHaH A ZE: MARS) Tea /N 555
L@ea) | ik i
4 IRWSTUWHF HFHE  KAERI SISTAL & E (2018) T s —— ] NG
S5 gdd KAERI SISTA2 & & (2021) R\ — an
N \ S:a'r;er
= c o RWsT  —@)
O 7|E} BIAL2 CAP TS JHEA| A= 2= S e \ B [
Tane @ vave. e ¢ cpl
-Sparger
25" PRL-Sparger

LCA
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SMART HHZ7|E AL

O SMART CPRSS £ 1A U A|gZ 1t (2)

QO JjHSAIY ZHilE 0|28 CAP AE US

AKX E=T Al
0 2 axct MIT =2 S 52t &8 (1993) KAIST 5 2= 2 A& (1999)
o = — = Steam temperature : 140 °C
o E13c
» MIT (1993) 2 B o E1d | +20%
Run16 +20°7” q | Ead ‘ 7 ‘
» KAIST (1999) g | - Rk +20% - g | v e /
[ 1 Run32 £ # g
s Run34 = s + | -20%
= Run47 i 7 = 3 et
% Rund9 ,--20% % ol /
o ©  Run51 et S L 4
2 # . o o ] % b "
= [o%d = 1
E.’ - JAT 1 E L
L o led =, |
;O,:’{f"}'lfg‘ 5 f:’,:j
HTC from the experiment [kW/m’K] HTC from the experiment [KW/m?k]
, o 0.955 in. Hor. Pipe
ey o T [ o 1268inHorPipe | +30% o
= o i E 268 in. Hor. P 1 s
O 0|7 U= Zs| E R £ [ 4 0955in Up.Pipe
: - = v 0.955 in. Down. Pipe " ]
» MARS I = % AT 0% & B e T
8 by o A s g e
» GE (1964) £ 7] : 77
L A e 2 , et .
2 L L - ) -
é Er,/ Wz ”/’ % ’I’AD”A "‘7A‘) 5
e M 2 0.955 in. Hor. Pipe g P R
Z g7 o 1268 in. Hor. Pipe | = B
S : . 5 444
- 4 0.955 . Up. Pipe 5 W
v 0.955 in. Down. Pipe |
[ N S N ,
MARS Pressure Drop [kPa/m - Measured Pressure Drop [kPa/m]
(]BE A& (Janssen, 1964) —

http://www.kaeri.re.kr
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/

SMART ZEHR7 |t UWASHZAB(CPRSS) tis)

O SMART CPRSS F£L At 2! A|&lZ 1} (3)

O IRWST LI HEE=ESH @
» Visualization system (fS7IAIE} w
v 2 LED/high speed camera + shadow-graphy o- D e
. - oo N
» 3D reconstruction method (3X}& X A1)
v" Volume quantification — el
» Non-condensable gas effect (ESFM7IM) ...~ "=
v Air mixing test (vs. pure steam test)
v" Only 0.5% of air can diminish chugging effect. —
@ Visualization System @ Pure Steam Condition

B g v

3¢ ms

P
40 60 80

;\\\\\ ~ / - " “‘ -" l" “\‘ ) ‘..‘
" N L L o O% ‘ / T
@ adil ks P
r ® Volume Quantification ® Air Mixing Test Results

Reconstructed layers

@ 3D Reconstruction Method
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SMART &7 |1 Zx'lél'ﬂlg(CPRS,m

0 SMART CPRSS = siA U A&} (4)

O CHX Axljl_l, LHE o::

Single-phase
w Air F2l: 5%, 8%, 14% steam flow
» CSL (Z7|tHz) s
Unit: mm )
v :I‘g 57I OE m:bu L:rkf Colors (component)
» CHRS 2 J.|_-'2|'7| . Q ret
v IXYR:BI185% Ffr——° Vent - e
2 CHX
v HX o|'-|- arEs™ SVl o Ul O sor
S ndensation in
» CDL (&t A o || ww  Condensatio
. 5= X - —-———-@——1—91; ; - TF"ﬂmd temperature a‘ Ver Ica u e
/ Alr E_l s 2 A _TW uall teneratie
O ArdsS S0[H ICAY  FE=ZT®T stean st
L O TI=SL A =3 o _VWIr—— g 1= ‘sal)
g 9 RAIE = US| e
® % v [f; Air H' 8 ——
| 2 Tag numbering
¢ - ) 00-000-00
A B C
Drain / = z A: Symbols
NC gas vent g B: Colors (component)
C: Number
g A\ TF-LCA-01
o

Natural Circulation Loop

Counter-current two-phase,
two-component flow in
nearly horizontal pipe

Tl 7| 7% vs LCA &
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Q SMART I| S AIE: PRHRS, PSIS/ADS, CPRSS
0 SMART E|SAHAIE HE X SMART100 215{7} x| A

QO PRHRS & PSIS/ADS ZZ=: VISTA-ITL, SMART-ITL
QO CPRSS ZA=: SISTA1 & SISTA2
0 SMART I|SZH2 M 7{ AIS(PRHRS)
O Non-LOCA M A7 |=ALZL(DBA)OI CHall 2 M X|Z=HS 36A1ZHO|LH =AM 2
£|A 72A1Z0HX| RXISHES MH S| RCSQ| ZH U HAUS 7519,
0 SMART I| SOl A= (PSIS/ADS)
O LOCA 0|= =[A& 72A|ZF S RCS %= =als H11 9
== ot3 0|3}= RCS U2 AeUAITIS.
0 SMART AL S UHAIS K L AIS(CPRSS)

O LOCA/non-LOCA Al1l 0| R Ee= 2 A =X| §10] =& 7242 S
o AEAS /2= (P/T)E &A%k 0ls2 A6t S.

0

10
|0

0, MS+AS
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Thank you for your attention!

Any Question or Comment?
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