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ABSTRACT

The real time detection of small leak flow is very important for the nuclear reactor safety. The early perception of the
malfunction of the nuclear system due to the coolant leak can give a sufficient time required for the operator action. In the
present study, an improved concept of small leak detection system was proposed and an experimental facility to evaluate the
performance of the system was constructed. In the small leak detection system, the leaked steam is sampled using porous type
sampling devices which are installed on the air circulation loop and the time variation of the humidity on the down stream
of the loop is measured in real time. The main concept of the system proposed in the present study is to achieve fast and
obvious leak detection with the aid of suction mode during the air circulation loop operation. Using the test facility, high
pressure saturated steam under the condition of real nuclear power plant operation could be supplied to the test section. The
small leakage flow was simulated on the wall of the pipe system simulator and the time variation of the humidity due to the
leakage was detected through the circulation loop. The effects of the suction time, the air circulation loop length, and the
distance form the leak point to the porous sampling device on the humidity signal were investigated. And also the leak detection
performance using suction mode operation was compared to that using diffusion mode operation, which showed that faster and

clearer leak detection.
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Fig. 1 Schematic of small leak detection test facility
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Table 2 Porous sampling device location

Track Orientation
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A AEHQIY A 316 24 Hat

3719) SR 3R] AT RN

20 4R U sFels

S

0

b

v

o

N

Ir
%

g
y
T

X

o

B 3
u
e
)
A
4
i
P

Moo

o fr oY BNoox

242k 37] FEA(FM-In—01,

Out—01), $EA(RH-In—01, Out—01), X%EA|(TF-In—01,
Out—01), YA (PT-In—-01, Out—01)7} AX=o] lr},
EF Fx 47719 A4 Aole] F 40 mo] Bv| RFEE

Fo A A2EolAe] 22w oIS melg 5 Y

= shgich

2.2 HXAtZ HZixf diE 2o W =

[¢

Sastolnh, Az Y2

29 vl A A7 vt Yl o] S F% T
© Aol Befsl= Aolle ofgfee] 27| o,

Ao e Aold AE o Azt v of ess
2 AAste] AR YA Hi HofAof HA|ste] A
i RojA| 2= 3904 uto)
7b ARgEeH, vk K| 3] AL 1 mmo

o mon

c}.

ek mOlH) Wiol S|EE Axjstel 3] 7haS B
B 2ES UAAE L& 270 30007 2Y 4 =

= ARRES, Sge] RS2 vk 2ol o] A
slen, mEd et ZoS7| FHAES /494 R
2 AAEAY B3t R FHo| Ao WA

of sk Aol shrio] WASIE A BT 4

s,

713}

30
1
Ju

go] A uhek A1k v 23 Al Atole] A

glofl w2 =4 A dee

48

B7ks) Slstel 4 R E

ZH (top view)

-2m +2m
- >

A

[S06 S07 S08

[so1 S 1502 ;509 1503

1504 | 1S05
A
TRACK-D  35m 0.5m

S09
TRACK-R
2m 507 ——2m

0 S08}
TRACK-T
2m so2—2m ‘

S06+

S01+ . .
TRACK-L
| Lom S04} ; a Sl
XXX o Ste:am
H-'J (Front view) (Leak Flow)

TRACK-T
0/ tube

CHET) 7

p— ——

—

chE

2o\ 7tEE
270
TRACK-L
tube

90
TRACK-R

— TRACK-D
180 tube

Fig. 4 Porous sampling device location

2o] TLyE Y, /] A AL 19 4 % % ool 1}
Eld Hle} Zo] Top (T), Bottom (B), Left (L), Right (R)
88kt Track—Tol= 3709 24447} BLojujt
0°)oll A=}, 1) ZPAA = FEAHAL &
Jo|eF Aol A5k, U] & 7§ ZAlA
22 27k 2 mH Holdl ol AT Track-B
749 237|qre] mojujyt sH (180°)of] AX| = Uk,
E719) AR H] A0l o] Azke 1.5 m2 2
717V AR REE ZPY Hel "ol Aol
Track—La} Rofli= B OJufke] oF S (-90°, 90°)°f 212}
27l, 3719 ZYAA 7L A= At

YR 2717} 29 B9 45 S0l & AT
Mg wE NS $EE 7HAE SEANTE AREE I, @
ZLAlA = mfola g A -3 EAAE st
of AESIGILh, 2 AL o 0,120 AZUL L5 A
3t

o T
NI

i e we o U
T
S

3. =4 uX| M5 M
31 M e Y EEH EZ 27 W

2 ciola e 21 A4 9 AY HAE olgtl
2% 7 4A s Aol AAE I & AF2 7 MPa
23} 7171 1 mm whek 2o FofA WEd wf 23 AAE
3l 53718 EHste] 5= Het A5 E A = Sle

S=ERHDIHEE =28 262, H4S, 2023



HAtz Ojgel =

§2 s giste] Samg Fol e Mgy
HE 28 RS olg3le] 1t $7]8 EHSHE WA
2, 3 AL AQksH 8 8 whalolth B 24
o Fx Ao S WA, o] S Ao R
£ Z717h 2 AN WEE AEEE 7o} 2712
S8 PABHE W0, B Aol Aokt Fol &
Aol A% WIS §iste] SR TR A A
e A% A B F717H AT i Aeels 24
2xio] 4xE dwol= WHY AUL S F

Flushing, Vacuuming, Pressure recovery, Discharging
o ¥ A HEE vhEshe JPE 29 5(@) = &4
A AR AEE 2 T gk F29 oFY Mt of
3 omalel A7k Uehith 199] s1eHe] Sequenced
Uehd 1, 2, 3, 4= ZIZF Flushing, Vacuuming Pressure
Recovery, Discharging ©AS UebdT 19| At
ekl e 4R AS7IS0) AN AW 37 A=)
=0l AR A -oNA S U, 4R gEe He w9

[Loop2]70b-V11-F30-V3-R15-D30-TRR-LAII(01)

240 - g
S 200} '8 ]
=
160 - g
3
?

i 120 g
fol O\ [
g 80 - E
S ol Inlet 1st Cycle —— Inlet 2nd Cycle | ]
—— Outlet 1st Cycle —— Outlet 2nd Cycle
5 t t t } }

8 4 | 4-Discharging Ll

c 3-Recovering

(] 3 [ 2-Vacuuming Tl

22 -1-F|using4,J—’—l 4

o1l |

w 0 1 1 1 1 1

0 20 40 60 80
Time (sec)
(a) Suction mode operation
[Loop2]70b-V11-F30-V0p5-R45-D30-TRR-LAII(01)

240 - g
$ 200} v |
=2
0160 - 4
b= |
2
4 120 S O N N [P S .
o
2 80| 4
S wl T Inlet 1st Cycle —— Inlet 2nd Cycle | |

—— Outlet 1st Cycle —— Outlet 2nd Cycle
5 t t t } t }

84 e -

(] 3 [ 2-Vacuuming T

3_2 k- 1-Flusing 4

g1t -

0 1 1 1 1 1

0 20 40 60 80 100
Time (sec)

(b) Diffusion mode operation

Fig. 5 Air circulation loop pressure

S=ERHMDIHSE =28 262, M4S, 2023

MZIX| A|AEI A

Ol

(=}

oA W} YERA] okokar, shFe] FEl-2 Vacuuming
Ao 719 o5t (9F 100 kPa ©JshE FAdh 3,
Pressure Recovery WA7} £2E wj7tx] &X|=

[All]70b-V11-F30-V3-R15-D30-TRR-LAII(01)

(o)
T
1

—— (Vessel) 1st Cycle
—— (Vessel) 2nd Cycle

Pressure (MPa)
~

gt ——— (Break Pt) 1st Cycle | |
—— (Break Pt') 2nd Cycle
5 t } } } } t }
841 .
=
g3 ]
g? i Z-Vacuuming_
@ 0 L L L L L L L 1-Fllusing i
0 50 100 150 200 250 300 350
Time (sec)
(a) Pressure
300 [All]70b-V11-F30-V3-R15-D30-TRR-LAII(01)
0290+ .
K
[}
3
o 280 | mameemcz e -
3 —— (Vessel) 1st Cycle
qE, 270 —— (Vessel) 2nd Cycle
= i —— (Break Pt') 1st Cycle | ]|
—— (Break Pt') 2nd Cycle
5 t t t + + t t
84t .
[ =
550 ik
g% : 2-VacL_1uming:
« 0 i 1 L L 1 1 1—F=uslng
0 50 100 150 200 250 300 350
Time (sec)
(b) Temperature
05 [All]70b-V11-F30-V3-R15-D30-TRR-LAII(01)
—— 1st Cycle
—— 2nd Cycle

o
»
T

i

Leak Flow Rate (gpm liquid)
o
w

4-Discharging™|
3-Recovering
2-Vacuuming
1-Flusing |
I

0 50 100 150 200 250 300 350
Time (sec)

Sequence

OoO=_NwWwLHO

(c) Leak flow rate

Fig. 6 Experimental condition of high pressure steam
supply system

49



Fol 94 9 AL A AJFo|A] 1Y YA Y 2o ¢k
2% 70 bar, 286CZ2 Wz];]_cga o].oﬂr/]. 19 6(a)

2=E "}E‘rLH‘:q a1y 6(0)
2 gpm (gallon per minute) “4'—,—]
19 A s AR A U B4

T
e
i
%
o r£
sl
-
nx
SE >{E

1
rir
4
il
B
jako)
_%
_>.:
B
I
)
B
_c|>_13
rir
: 2
i
v
iu)
=
rir
jin}
o

o] Wik RO olofAIE oSl He

gebElc eAeke 19 6o Lhehd A% 2Ae]
2 gpm $EOE, ofeh B2 A Acl2E FUs
L 0.2~0.25 gpm Afo]2 Vehgte.

l-ﬂJ

¥ ooX M7 rlF o ox BN MU mx A WE wE

to Ho o o
:a_‘ o

w
w
i1}
H
oy
A
rx
foh

3.3.1 Vacuuming A|Ztofl M2 &
I3 72 Track—-RS ARE3H &9l &
of ti3te] Vacuuming A|7F Wstof &

%5 A ABE
UrehdIt}, Discharging ©HAI7} AJ2HE o] o4 A7} S0
stRol QAT HEACNA HEo Wit AR H

A
Vacuuming A|7to] £718pE S9] HIZ L AX|=
S YERJRITE Vacuuming AJ7to] 1x29} 2%<Q1 7
Discharging SAOIA] £% Walh 248 Fofl bl 27]
o] FE= dgsHA EE Ut vhE, 329 H¢- 3]EE
= ARtol 22 Ae| A Discharging 9A17F $&F w7t
A st S ore wAro] wAlsls)

3.3.2 Z7| etz Zolol ME &= ZX| MS Hs}
a9 82 237 AstR Aol7t thE 7% (Loop—1~3)
STA0] 7R Als WElE vl A9 A7) 9
A7} Zol-=% Discharging T A & 5= H3IIH
HAEZ|17HA] 228 8= AlZto] FobAl= AaFs YeEhd
t} (Z}zF oF 3.9, 3.4, 2.8%) EA 7|9} AZE Ato] A7}
7H B2 Loop—39] 7%, H=7F S7I%E o]F U Azt
of A/dWi7HA] 11 F= AlE7 FAE T} SlEE = E4

50

& ugn,
Aro] ga

100
80

60

F-3
o

Humidity (%)

N
o

Sequence
oO=_NwphOo1O

100

o 0
o o

Humidity (%)
D
o

20

Sequence

OoO=_NWwhUOIO

100

A O @
o o o

Humidity (%)

N
o

Sequence
oO=_NwphLrOIO

olete] 77, ¥ (peak)E HEHl= 5= W}
o] AISE| e

[Loop2]70b-V11-F30-V1-R15-D30-TRR-LAII(01)

—— (ETRI) Inlet 1st Cycle
—— (ETRI) Inlet 2nd Cycle |
—— (ETRI) Outlet 1st Cycle
—— (ETRI) Outlet 2nd Cycle|

\

T

T T T T
4-Discharging

§ 3-Recovering
[~ 2-Vacuuming
f- 1-Flusing

T T

1 1 1 1 1

0 20 40 60 80
Time (sec)

(a) Suction time = 1 sec

[Loop2]70b-V11-F30-V2-R15-D30-TRR-LAII(01)

—— (ETRI) Inlet 1st Cycle

L —— (ETRI) Inlet 2nd Cycle | A
—— (ETRI) Outlet 1st Cycle

F —— (ETRI) Outlet 2nd Cycle| 4

! | ! ! |
T

T T T T
4-Discharging

i 3-Recovering
[~ 2-Vacuuming
f- 1-Flusing

0 20 40 60 80
Time (sec)

(b) Suction time = 2 sec

[Loop2]70b-V11-F30-V3-R15-D30-TRR-LAII(01)

T
— (ETRI) Inlet 1st Cycle —— (ETRI) Inlet 2nd Cycle
—— (ETRI) Outlet 1st Cycle —— (ETRI) Outlet 2nd Cycle|

L ST

I | ! I I
t t t t t
4-Discharging

i 3-Recovering
[~ 2-Vacuuming
t 1-Flusing

0 20 40 60 80
Time (sec)

(c) Suction time = 3 sec
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(d) Track-B, Suction time= 4 sec

Effect of distance between leak point and sampling device on humidity signal during suction mode operation
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(b) Diffusion time= 60 sec

Fig. 10 Effect of diffusion time on humidity signal during diffusion mode operation (Track—R)
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Fig. 11 Humidity signal during diffusion mode operation

(Track—B, Diffusion time = 60 sec)
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