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A Study on HVDC Underwater Cable Monitoring Technology Based on
Distributed Fiber Optic Acoustic Sensors

Youngkuk Choi', Hyoyoung Jung', Huioon Kim, Myoung Jin Kim', Hee-Woon Kang’, and Young Ho Kim""

Abstract

This study presents a novel monitoring technique for underwater high-voltage direct current (HVDC) cables based on the
Distributed Acoustic Sensor (DAS). The proposed technique utilizes vibration and acoustic signals generated on HVDC cables
to monitor their condition and detect events such as earthquakes, shipments, tidal currents, and construction activities. To imple-

ment the monitoring system, a DAS based on phase-sensitive optical time-domain reflectometry (®-OTDR) system was
designed, fabricated, and validated for performance. For the HVDC cable monitoring experiments, a testbed was constructed
on land, mimicking the cable burial method and protective equipment used underwater. Defined various scenarios that could

cause cable damage and conducted experiments accordingly. The developed DAS system achieved a maximum measurement

distance of 50 km, a distance measurement interval of 2 m, and a measurement repetition rate of 1 kHz. Extensive experiments
conducted on HVDC cables and protective facilities demonstrated the practical potential of the DAS system for monitoring

underwater and underground areas.

Keywords: Fiber optic sensors, Distributed acoustic sensor (DAS), High-voltage direct current (HVDC), Acoustic, Distributed

detection, Measurement, Monitoring, Quality diagnosis
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Fig. 1. Cross-sectional view of HVDC cable with built-in optical

fiber.
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Table 1. Detector specification.
Category Measurement result
Center wavelength 1,549.649 nm
Line width 6.5 kHz
Pulse width 50 ~ 200 ns (adjustable)
Optical amplification rate 28.79dB
Detector amplification rate 1.4482x10* V/W
Bandwidth 200 MHz
4 S 2 m B S NEES 1 kHzo| e BoETh
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(a)Sensor and Cable Layout

(b-1) Anchor drop experiment testbed

(b-2) Anchor drop experiment
configuration diagram

>

(c-1) Anchor drag experiment testbed
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Fig. 8. Experiment setup for safety facilities of HVDC cables.
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Table 2. Weights and drop heights according to five anchor types.

chor Smack Stock Rocket  Stow-nets Stock-less
type anchor
Weight 0.18 0.61 08 1.6 2.1
[Ton]
Drop
Height [m] 0.833 1.133 12.144 2 1.881

Rocket Anchor

Stow-net Anchor

Fig. 10. Stow-net and rocket anchors.
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Table 3. Details of experiments setup and conditions.

Table 4. DAS data visualization for Exp6 — Exp10
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Table 5. DAS data visualization for Exp20 — Exp22.
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|
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Fig. 11. DAS vibration measurement for five anchor types.

Table 6. Vibration statistics according to five anchor types

Anchor type Smack Stock  Rocket Stow-nets Stock-less
anchor

Weight [Ton] 0.18 0.61 0.8 1.6 2.1

Location [m] 76.6 56.5 61.0 58.9 60.0
~912  ~883 ~91.6 ~914 ~91.8

Duration [sec] 0.2 2.6 0.8 1.0 22

Max intensity g 335 55 912 930

[a.u.]
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Fig. 13. Spatial-time graph, time-series graph, and vibration statistics
for drag and drop event.
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Table 7. Vibration statistics according to distances from the location

Table 8. Vibration statistics of four trials of Exp3 (Stone bag/stow-

of event occurrence. nets/drop).
Stock Stock-less Stow-nets Trial DAS1/DAS2 Location [m] Duration [sec] Max int. [a.u.]

Anchor  61m) @1T) (1.6T) DASI 60.0~91.2 3.9 1589
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Fig. 15. Vibration signals from works, walks, and driving around the
experiment site.
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