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Fig. 2 Structure of long column device
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Fig.3 Structure of adsorption test device
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Tab.1 Characteristic of methane bubbles under different methane leakage conditions in rectangular device
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Fig. 4 Concentration of methane gas volume: (a) at 32mm above liquid surface under gas flow
conditions of 100mL/min (solid lines) and 200mlL/min (dotted lines); (b)at 115mm above liquid
surface under gas flow conditions of 200mlL./min
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Fig.5 Shape of methane bubble in different positions: (a) out of the stomata; (b) 5cm from stomata;

(¢) 10em from stomata; (d) 50cm from stomata; (e) near liquid level

dooCEESEESBENE
S SCCHSESSRER

Bl 6 KA E b s s B R A BB B e T (O W1 (CERL A% 6. 55mm)
(b)) I (ZE30 H A2 6. 65mm) 5 (o) K (R E A 7. 33mm)

Fig. 6 Size of methane bubble in different positions: (a) initial (equivalent diameter is 6. 55mm) ;

(b) central (equivalent diameter is 6. 65mm); (c¢) terminal (equivalent diameter is 7. 33mm)
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Fig.7 Movement of methane bubble in different gas flow conditions, each subgraph are includes photograph (left) ,

bubble shape extraction (middle) and motion track (right)
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30mm N Wiz 8 B ) K 26, 0 ~42. 8em/s, & FY LIF#E R 25. 1 ~51. S5em/s. MiE KT
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Tab. 2 Diameter and floating velocity of methane bubble under different gas flow conditions

WA /(mL/min)  FJIR HAS/mm PG B/ (em/s) 235 T0 5 B AR/ mm SR FIREE/ (cm/s)

<17 6.4 26.0 8.5 25.1
17 7.0 26.0 8.9 28.6
34 7.3 26.0 9.0 31.0
50 7.5 26.0 9.5 30.7
200 9.0 30.0 - 33.8

1000 13.8 42.8 - 51.5

* FONIE SR /DR TR H/D T 17mL/ming * o FORMLTE B THE B 45 0F i R BRI B R A A B —
MR SE BT AR L IR e T TR R

T RS R R W TS U B R B G AR FRATT R KA R A B (B 2) A H R K (0%
NaCl %380 35 b1 K (3. 5% NaCl ¥ W, % B R 1025kg/m’) FBE AL % 1 (3. 2% NaCl+ 0. 32%
Na, SO, BYIRS W B B8 1038kg/m®) i 73 3 B 21 S 99. 9 0o 19 HY o UM 0 25 A3 X FE S [ 9 ik
I v A AN e SO RS X BRI (GR 3D . SRR I AR A OR K B B U B R T AR
U0 T A T R 98 A VA I R ST A T A ) R A O LV T R O A R R )
P ol I Y R 22 S A

K3 AIEEWA BP A LR (AL em/s)
Tab. 3 Floating velocity of methane bubble in liquids of different densities (unit: cm/s)

WA BT o .

R A Kk TR 7K B A
AU 22.58 21. 60 21.08
e i 22.81 21,77 21. 09
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Fig.8 Influence of (a) smooth obstacles and (b) rough obstacles on bubble motion
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3 BN Amm INAR B BH AL BRI, UG L 7R SE 6 % VR AT 2R AR T JRATTA R AR 28 B, B9 K I 1320mm,
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FAFI T 3 PR BEASPE TR 7 AR A S SO R R AR R I T 2 R 0 AT K
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PR UL S A T 7 A B AU P 2 R R DU 5 T L A R S R BRI gl R Y
BB, AR R R (3> 1500m L/ min) I, HVGE S0 52 BT &R L 78 B L 1H A0 46 7 A 19 R0
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Tab.4 Bubble diameter, floating velocity and water velocity under different gas flow conditions

AR/ (mL/min) FLAL B R FL AR /mm F¥y B/ Cem/s) UL LA KH / (em/s)
50 7.5 30 2~3
1500 20 50 7~9

2606 — 60 _
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Fig. 9 Flow velocity induced by the input of (a) small and (b)large amounts of methane gas (unit: cm/s)
R T WIS e RS By SR T S XK P AR A s e, 3R AT AR B S0 I AT A U L R R B R A
o+ AR ] BEK AR 3 R
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Kb P EE T (Pa) s o AR JE (kg/m™) sV R AR E (m/s)

Hi 1L 10 AT LAt AU 3l A P 3l A 3 i g 5 e A 0L e A DU v 9 3 R ) L Uk
U R PR K A Bl TR T o A L b T Bl R A R SR 5 I B R b R A RO R R
iR

Zi LRTIR T 2013 4F 3 1 H AR K A3 Wi R A9 F g MR S I BEREES 1 FRATTRIF 8 T K U e RO
BT 19 BV e S AT AL, e BRSO MR I i 1 D 2 A B R A% K A 3 R N Bl s g L R AT BE N K A e
E7uS A TR

0 . . . , 0 1 ‘ ——
(a) ... A (b) _
200- > ~] 200{ 2
400+ b x 4001 »
: " e 1/
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Fig. 10 Dynamic pressure of the water induced by the input of (a) small

and (b)large amounts of methane gas
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3.1 FRRETETK Y IR B SR 58

A SO VR 52 36 (1L 3) % 22 LA PR b ek 2 R B K A e ) R e O 48 3R AN [ 6 R B4 W A 26
S WA 0 A0 45 TE I M 5k (No AC) LR % M i CAC) FgR 7K Ab BTG P i CACA) 3 PR [RIEIE . 0 B
S SR R T PR AR I A P TE AR R B 38 W 5 AP I R 2y 10s JE A DA M
TPt BT A I b W . BT 230l A B 100mL/min F1 80mL/min Y H g UM, 15 2%
10s Ji o DA 2HE T TO0 A UAC 45 34t 0 AR L AR OCBRIR IC 3% T3 5.0 F FRSCAR 3 9 UM B 80 T L ke B L 58 A
100mL/min B9 A TCIAGE PE 2%, i B9 SR AR 22 A . T A 80mL/min 89 R IF, <3 -
TF /0N BB 5 R AR FE 0 A W R T L 3 B AR R D . AR K A B B T e Wi B Y iR
H AU HEI A SRR T R AR I A 2 5 00, BRI AN B RE TR T T P R R K R Y TR e AR R B —
SE FR W R P T EL B 7K Ak B 689 A e W R E T B e

F 5 MR S8 e B P Il A (] AL i I e K TR Y A

Tab.5 Amount of gas escaping from the water under different gas flow conditions in the adsorption test device

A A/ (mL/min) 100 80
W RS A R NoAC ACA AC ACA
i AR R (E/ mL 2826 2824 1695 1602
i AR B UE DR 25/ mL +42 +75 +140 +25

B W R R A TE S« () BRAA IR A (1000 A5 KD 5 (b) BUERIR 25 (3000 %57 KD 5 (o) F 2% SR AL B S (1000 £5 3 K)
Fig. 11 Morphology of adsorbent activated carbon: (a) Original state (1000 magnification) ;
(b)original state (3000 magnification) ; (¢) hydrophobic treatment (1000 magnification)
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Fig. 12 Constant pressure closed container and methane gas detector (PGM-1600)
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Fig. 13 Volume concentration of methane gas in the closed container:

(a) short time contrast group; (b) long time contrast group
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Tab. 6 Curve fitting of methane absorbed by activated carbon under constant pressure

AW B A BECAO TC R B 44 K (NoAC)
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Motion behavior and adsorption recovery of methane bubbles
in sea-floor leakage based on laboratory tests

SU Danyi'??, LIANG Qianyong"?*, GUO Binbin'**, XIA Zhen®, XIA Zhidong*,
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Marine Geological Survey., China Geological Survey, Ministry of Natural Resources, Guangzhou 510075, Guangdong, China; 4. School

of Materials Science and Engineering. Beijing University of Technology. Beijing 100124, China)

Abstract: Methane leaked from the seabed may affect the marine environment, as well as the global
climate and carbon cycle. However, we have limited knowledge of the movement of methane bubbles
in the water column. Based on the laboratory experiments of methane release in water, the movement
and characteristics of methane bubbles under different methane leakage conditions are studied. It is
shown that methane bubbles merge, separate and break during their rise, and the movement path
shows “S” shape. The bubble size and rising velocity increase with the amount of gas increasing. The
bubble movement is also affected by the obstacles in water, which is related to the amount of gas
released, the roughness and shape of the obstacle surface. Using the data of natural gas hydrate
production test in Japan, it is found that the short-term release of a large amount of methane will
induce prominent increase in the velocity and dynamic pressure of the water. In addition, the methane
adsorption experiments in water show that the adsorption capacity of activated carbon could be
increased by 5% after hydrophobic treatment.

Keywords: methane bubble; laboratory experiments; movement; adsorption



