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Abstract

issue of underwater gas leakage has received increasing
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In both natural and industrial settings, the

attention. This encompasses leaks resulting from ocean
engineering endeavors as well as those that occur

naturally. Such leaks have emerged as a major challenge
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for the protection of marine environments. To accurately
obtain information from these emergencies and implement
prompt responses, experts across various disciplines have
been suggesting and investigating novel, dependable
methods for detecting underwater gas leaks over the last
few decades. Building upon thorough and detailed research
of existing technologies, this article examines carrier
detection and marine environmental detection, systematically
evaluates the current leading technologies for detecting
seabed gas leaks. Furthermore, the article offers a detailed
analysis of the various challenges currently faced by gas
leak detection and anticipates future development trends,
with the aim of providing reference and insights for
research and practice in related areas.
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Fig. 1  Schematic diagram of the main scenarios

of a submarine gas leak
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Fig.6 Semi-permeable tubes used in LEOS leak
detection systems( Bryce et al., 2002)

(a) Structural schematics; (b) Physical drawings.
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Fig.7 A global distribution of seabed fluid exploration surveys using OBS( Wei et al., 2023)
(a) Electromagnetic and OBS joint exploration of pockmark structure on the western margin of Svalbard Islands ( Goswami et al., 2015); (b) OBS
exploration of Nyegga pockmark structure in Norway ( Plaza-Faverola et al., 2010); (c¢) STEMM-CCS project, analyzing the unique active source
seismic anisotropy in a pockmark structure in the North Sea ( Bayrakci et al., 2021) ; (d) Microseismic exploration of natural gas hydrate in Niger Delta
(Sultan et al., 2011) ; (e) Natural gas hydrate exploration on the western margin of Svalbard Islands ( Chabert et al., 2011) ; (f) Seismic survey of

natural gas hydrate on the northern slope of the South China Sea by Guangzhou Marine Geological Survey Bureau in 2009 ( Sha et al., 2014 ).
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Fig.8 Schematic diagram of underwater environmental

monitoring of seabed gas leakage
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Fig.9 Multibeam echosounder (70 ~ 100 kHz) imaging

of a seabed methane plume on multibeam profiles

(Li et al., 2020a)

BRI R em F 1 ~2 mm. 5 E[RIEF, Li 45 (2020a)
fl G T 22 SR AR B AR R R[] IR A, T
il B SRS T 138 it AE 6T BB Y 6 2 T
W H A, %07 B T B 8. Nadimi 45
(2021) 3 3= 1) F 036 R A8 38 HUS 3 18 B LR A
(] #1321 A 1 20 A A7 it s G 00, 3 AR X 53 AN [
T A KA 5. Guo 55 (2022) /v 48 T — iR 2%
BB ARG, 1% R G5 T A0 0 2L P Ji 2k )
IR AN [ R B2 1) 805 i B 3 o ) g Y 2 1B UK Y O
AR &R TR 8 A R G A R R R B
J5 B Rk fE.

F Bl A S KT B bR R I, G
o 5 EAR B il [R) PR AIE T 85 e 1 AR . R
BN, XA AR AR 8 T A TR R R
REFE B 2% I I 25 H i, LA B T v R 58 TR 3% (31 ok
TR K BT ) IR JIC M T X 75 8 A% 45 i B 1 2 D R 2K

LR

3.1.2 MW FFE

Bl 2l 75 2 R A% O A T B R K R 5%
SRR I 75 I 5l H AR A R 0 7 U T AR
F2 80 K R . B R 8 K T A R B AR R B
RIMFEEES RE ARG R, BA B0 6E
TE A TE R A EE BT R AT W DA 5% A
AV U SR i U TR, B 2l 7 2 B R S A R
T B b FLRE T4k 2 JUr 77 A= 10 7 2 R P ok 52 B T O
ARSI . 3K S 7 2 A B S AT LA B AR 1 AT R
SV 1 B A Ay LA 1 it O . ) 40, Li A (2021)
FEF R B R A B K WT 25 B 5 A G
117 524 CO, 3t i 5t DL R A6 3 (B 10).

B 10 (a) 76 AN R K UT 25 5451 5 (b) 7K W 25 [ 51 4
T (¥ R AL B8 1 U 1 R BRI (L et al., 2021)
Fig. 10

(a) Hydrophone array deployed on the seafloor;
(b) Leaking carbon dioxide bubbles captured by a camera
on the frame of the hydrophone array(Li et al., 2021)
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Fig. 11

General flow chart for a subsea gas leakage monitoring program
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