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A scheme of leak detection model in a reservoir pipeline valve
system using wavelet coherence analysis of injected pressure wave
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ABSTRACT

In this study, a method of leakage detection was proposed to locate leak position for a reservoir pipeline valve system
using wavelet coherence analysis for an injected pressure wave. An unsteady flow analyzer handled nonlinear valve maneuver
and corresponding experimental result were compared. Time series of pressure head were analyzed through wavelet coherence
analysis both for no leak and leak conditions. The leak information can be obtained through either time domain reflectometry
or the difference in wavelet coherence level, which provide predictions in terms of leak location. The reconstructed pressure
signal facilitates the identification of leak presence comparing with existing wavelet coherence analysis.

Key words: Leak detection, Reservoir pipeline valve system, Wavelet coherence analysis, Injected pressure wave, Nonlinear
valve maneuver

ZHO: AT, 42 BB WE AAY, 0|23 YTY BN, 2O U, HMY WU Y

Received 4 November 2020, revised 11 December 2020, accepted 14 December 2020.
*Corresponding author: Sanghyun Kim (E-mail: kimsangh@pusan.ac.kr)

» DE2 (MAF21H) / Dongwon Ko (Master Student)
SASA 3HT RASR 63812 2, 46241
2, Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan 46241, Republic of Korea

+ 0|44 (MAF2IA) / Jeongseop Lee (Master Student)
SAZAA ST BAsiZ 63912 2, 46241
2, Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan 46241, Republic of Korea

19

o 212 (HF) / Jinwon Kim (Dean of Research Affairs)
I HEA ST RIMLZ 10, 13647
0, Wiryeseoil-ro, Sujeong-gu, Seongnam-si, Gyeonggi-do 13647, Republic of Korea
LA (24) / Sanghyun Kim (Professor)
SALAX| FE T BATNEE 639 2, 46241
2, Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan 46241, Republic of Korea

= ox oM

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

15
Journal of Korean Society of Water and Wastewater Vol. 35, No. 1, February 2021

pp. 015-025



O 2lo| PolZ3 UR SN AIBE AHAZ-BR-UE AXHOIMO] FAEARY o7

_?_!:II:I
2
6

N
—_

=
4>
i
ol
rlo
oX,
4>
o
=2
X
>
[
it
O

e o
g L >

ﬁﬂob
Q‘L

[e)
e 8 aAY &5 Ao,
S8 BA ol vl A
A7 AR, A
Astel 2 ARlE Sl 2AIE oF7
Aol FHAIE = QuhH, A

R EECEROL S

d
we e Hu

4 ot B o dr

2 % o omorlo &

.

-
N

i
e o
lo

2

JQ_W
ﬁ‘g_4
rlrﬁ%’
I
Yo g E

N
el

>
oE:_,_L‘lj

Mo X

Do I

i

T D T
©

o 30
F K
>

o M
o
o,
0

=
>

o] g WAL S AP
of MEoR ola WS SerAEe
g e gAleh] PaaE
s4ek o] WA S Elofof a
INEERERSLE S EERE CERE
ZF0] 2(Rigid water column theory), T3]
(Graphical method), 23} -5-3F2}2-2-3]| % (Implicit finite
difference method)®} -3-3t2 4~ H(Finite element method)

r &
2

o

Y, of

A

4

o oX
Ul o o

of, MY & BN
fu
_1
o i oX

o oo
= ol
> =
ol
i)
("
u
z
T

ol
—_1
rr

N

o~
ox T

5 of8] WEel Gyl o]F F WulHAel ¢k
WA AT SERAAS AT BT A CR Waste] 2
A

d7E S Ast= EAQAYH(Method of characteristics)
& A=t agAS 7]
tjZoll AA7IA = 7P HHA o2 ARGE = oA v
o]t} (Streeter and Wylie, 1993; Chaudhry, 2014). ©]=
s SAAYHS ST A A ASH R
= glom, EAM WS vl e oot T
o] FrEAI7|EE] NEE g
FrEATEEREE WY BEE AN e
s A ste] o) vz et vl d(eg, v HA
2 BHALSI RS ST 5 Y HolFoAby
(Liggett and Chen, 1994; Nash and Karney, 1999;
Vitkovsky et al., 2000; Kapelan et al., 2003; Vitkovsky et
al.,, 2003; Stephen et al., 2004; Vitkovsky et al., 2007;
Covas and Ramos, 2010; Shamloo and Haghighi, 2010;
Soares et al., 2011; Kim, 2014; Rahmanshahi et al., 2018),
Mo Folz HolRE WA o ¥ U ejvkel
HhALE Q8] LRk A7kl mh2 St dlojg o] s}
(Time domain reflectometry, TDR)E Z3f] IH2] o]A%]
£ d &3} HolFEAH (Silva et al., 1996; Brunone,
1999; Covas et al., 2000; Brunone and Ferrante, 2001),
TDRo| A 4:9Fo] 2Bl Ao whe} frgeo] o Ul
NS FAHe HolFrAlY (Wang et al, 2002;

Nixon et al., 2006; Brunone et al., 2018) 5¢] 3}

715 28ste] B2 AtAEo] 4 sk
Atz A8 HPANE HolFIibg= HAt
EAJO R I8l AR el Hgst|o= & o1d
UL, MO FHIAPH-2 WH O] Zihsl o= 3
= & Aol vis| W FHR QY
2 I WEE HA &4 5
14 #go] 48sh7)o= & oo
olF AL R ol FFY
o = A7 27| Fof e
SHX& 4= QIAIRE, o YAE BsiA £
= o8& HHo| FuEct o] 3 d+A=E
431 golstA A-8-st7] flal wgol T

YA o 2 TDRYH-S ARE-o| A 4]

;0

4

3@
g
1o ot o

)i

30 AZ ol mo Ix

o]

.

-

X
4 F
;O
rlr

ol
—
==

o |
3
My
W |o

u
o
H
e

N foh o
o
1
4
o th
jm il
e 2 %0 1 oz flo

2

Porlo yN ox pZ L Ao

o g
oN
3
H
o

2
o
Ju

2

I

4 r

mlm

i alt

I
>

o o
=2
W g
N
N
N
)
rlo
2
o
=il

TEHUrJ
o
o | I
RO
kg
4r oz
4£;EO¥
o 2
ﬁ?u‘mlﬂl
it @ o
05 &F
o S o
o
ot
2ol
&H‘Um
=
cn
i o
R
o
o g
e
ox [
o

oo,
> ol
oo
el

o =2 gEus YA o=
U 49k wiste Ba) 42 gAY 4
M3, Taghvaei et al. (2010)2 Hgof =27
YA 713 B A sE o2 HE HhAbE
12 At A7E Aystol
5ol 9AE FAT 4 92
S BT BAT 5
Gong et al. (2017)2 A H]-&
20 2.00 kHz9] 17] 54

o2 oo

ol
-
rr
o

Wi

T ofe

mlni
CW o o o

4 o i oy ML= X k| o N
of
&l'
4r

Jo

T olN
ol
o)
i

H
e

= - B [N

= 30
o> oo
X qlo
i

N
N
- .
ol

o

o Jf
19
e E g

i3

ox

o

N

i

2

2

of

o

2

o

R

e o

e

ol o
hu 1o Y

T

L so

=2

)
Ot
ol
>
52
=
=)
o
=
iz
x
2
ol I-
o
B
0%

fru
z

o lo it
ox
5 T

oft
:(IJ%
+

2

il
%
1z
1 o
ol
32
o
tlo
o
3R
o
)
oo 1y

Moo

=
2K rlo
I NN

=

Mz

o &
X

XU
i3
X

O]
o
rlr

]

o

v
tT
e}

o I
o

o

_OIL

Rl
rp- ot

>

ko

ot

oo

X
2
oo
ot
4 1
i
N 2

yo o 52
rlr oot
N O_>|:.

(o]

N
o B>

_ﬁ
or —
oX,

9] ATEL TDRAS ol G314 o] w2 ol
FREAE SR, 9F ATAE

g O A"l st vt B YA E

16

ole=etl| A35d A 1= 20214 28



FJ
0

[
o
ox
Ix
oy
>
rio
oy
0z
ek

s

oL,

St B AelA, HEG e lolele] gt
152271 9] 8= Sl Al-F7181A Yeh
1edeo] o] T2 Aol Hg wlialo] A Y
A 3= AL =3t Ferrante et al. (20072 # 0]
FHIAR O 2 Fagx|daE AYstal 5H A%
9] wavelet HEHS 43T O 24 == Al
A "HAD = e PHYS Holela,
A2 o)At wavelet Hhe 2|83t Ay}
Hgho] Hot a84Ql FrEAE Y
o}F2ic}t. ESE Ferrante et al. (2009)-
wavelet ¥t} ¢tedulo] A 2 2.2

OIS 4= Q)= Lagrangian X 9-& Z3ts}o]
Ghe Fot FaRARIT UG B oR

=

H o3RIt} Meniconi et al. (2011)2

o e e

n 4
o i
ox,
dot
ol
o,

<
[¢)
—_—
a
=

a

B
=

<
o
o
@

a

o

o =

(o7

3
o O
i

—

W e 2 g
o o\

(o]

X,
oS
o
o
o
2o

>

o g
o
94 g

o

flo ofo

Hul HPAR]E E5) o]l AlF o] wavelet

gero=H T8 Heksa Holgyipios

Tt o AL JeTRE res gAY
wolFglrh. ol UA| TelE 483 4
g BAA BS a9 A 4

I

r &

=3
o

ol
-

4
o

o
iy
o o oo rlr 22 Ay & Ut

ol
5 =
LR _[1.5: X

oX o q
e 2

kI mo
el

ox HU ofr o
4
o2t
o
oM,
o
2
=
e
gﬂ
2
o
re,
-
m o
filo

2] A3 reservoir pipeline valve (RPV)A]AH]
daroz stol, Folg Qrent wAEAE F)
= gEuE YAIA TDROJ A

n
4
ol gg‘r_[
Do)

I Qb o K 2 o o oot R

& S5, w3k TOR HolE 5L 2AR 34
2 W (Unsteady flow analyzer)S EU|=Z & w3lsh
FUHA el v AFWEIAES S 22 =1
weojato] 2o dlojelsh Wavelet A7 R4S =

WO ZH RPV A|AF A g2 of A 9het

H
o 29| 7hsAdoll "t A+E A

Fig. 12 o17Lof & 23} reservoir pipeline valve (RPV)
£ HojErh B A =55
[e]

=
IR AN = Sl Azt 90 m Eolxl 3t

Portable
Pressure Wave
Generator

Reservoir

{1
leakage PressureQ||% 7 7
Transducer|
————— Q——————-——————-——-———-——-—— Valve

frl

03m

Fig. 1. Experimental setup of a reservoir pipeline valve system.
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Fig. 2. Schematic of a portable pressure wave generator.
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