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Novel pressurized water pipe leak monitoring method based on the
distributed optical fiber vibration sensor
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Abstract : Due to the internal pressure and other environmental effects, the pressurized water pipe has potential problems such as leakage
and burst. Since there is a certain pressure in the pipe, the leakage point will cause the inner pipe walls to vibrate when the pipeline
leaks. Thus in this paper, a new method is proposed to monitor the pressurized water pipe with a distributed optical fiber vibration sensor
(DOFVS) based on the phase-sensitive optical time-domain reflectometer. The indoor test results indicate that the proposed method can
detect the aperture which is equal or larger than 4 mm for a steel pipe with DN91 ¢m x EN2 ¢m and 0.4 Mpa inner pressure. The field
measurement results show that, the leaking signal could be effectively acquired when the leakage rate is larger than 11 L/s, where the
pipe is DN200 c¢cm x EN2 c¢m steel made pressure pipe and the inside pipe pressure is around 0.27 MPa. Besides, we adopt the wavelet
threshold denoising method to effectively suppress the high frequency noises in the monitoring signal, and this method achieve good
results.

Keywords : pressurized water pipe; leak detection; phase-sensitive OTDR ; wavelet threshold denoising
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Fig.1 The detection mechanism of the phase sensitive

optical time-domain reflectometer
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Fig.2  Structure diagram of the ®-OTDR demodulator
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Fig.3 The indoor testing system diagram
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Fig.4 The indoor test installation process
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Fig.5 DOVS responses at three different testing
stages (@4 mm —0.2 MPa)
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Table 1 Hydrostatic leak test results with different

aperture sizes and different injecting pressures

T JE J1/MPa
L%/ mm 0.2 0.4 0.6 0.8
40 0K 0K 0K 0K
14 0K 0K 0K 0K
0K 0K 0K 0K
4 0K 0K 0K 0K
2 — — — —
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Fig.6 The whole installation wiring diagram
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Fig.7 The response with a leakage rate of 11 L/s

i 3K A T N R T AR FFAE 0. 27 MPa i 3t Js R
— P (it i o 25 L/s) RipJa 0 il Js g Bz 45 28, G f&] 8
718, AT LA H AP Tt s a5 114 0 107 0 8 7 2B A s 0 D'
Zi R = AP bR W, o P O A 7 P s R e
IO S 1] A T T2 R s 14 0 S5 FF 151, 4555 54 0 7 P ] 5
T Rt ] — 2

K8 it 25 /s FRGER0 itk i i
Fig.8 The response with a leakage rate of 25 L/s

i 3K T N R T PR FFAE 0. 27 MPa i 3t Js 6
R (it i 101 L/s) FIIF =18 (it 4 175 L/s)
IRF £ T U 7 45 2R, AN &1 9 R 10 Bz, i 9 10
PR, 23 K MM AR G RE AT S R e P S O e
F g ARSI o

A HOCLT IR N IR R SAE SE PR A 2% 5 M BE
B ARSI L O U o KT 11 L/s A ik e A, 2 i O o R T



5513 TR A5 T DOFVS 37 84 1y i 7K b s 7 2 e 5 7% 163

P9 it 101 L/s 2848 B0 il o 1z
Fig.9 The response with a leakage rate of 101 L/s

B0 i A 175 L/s (it i 1y
Fig. 10 The response with a leakage rate of 175 L/s

101 L/s B RGBS AR IR RIS iy 7o ] ey
TR AT 5O 1 S0 X L A OB LT iR S 1% R
GETE 3 P AT 0 o 7 T DA o SRR I IR A A

T, RGO E /N T3 PR T I 45 AR

4 ETEZRENESBRERILIEFTTE
REER

AR ROCL IR SN IR R SRR 5 5 B AL I
FEFRRAR 5 I HOB IR 5, T PR I8 M P 3 o by v AR
o ARIEINBIIHT I 22 R0 AT AR, /N R, A 8K
{5 " AR /NP R BOH LA AR O TR s 23/
WAL AL RS, FNP IO 15 A O AR N, Dy AT
VA3 2o 9 HDL/ I A 1 25 T80 77 36 06 M ) 2 8 R B3 g i
IR S AT LM e LMt A v /NI R B i IO 25
WSS RAEAEA IR B BRI, ARG LA A 2 e
{55 PRI db6 /N HEA T/ BB B (1 25 P2, BT &
ROBE/INP I3 igp ) 2 MR 25 NP 11 12 Frzis, B 11 O B
Tk 155 ) Mt 2R TR] 12 it R SR 3 07 sl wh i
T )R 25 A= I ) 2 M 2

o

B B R L

The denoised response signal for the single

Fig. 11

point leakage event
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