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Fig. 1 Schematic of the experimental apparatus for

Fig. 2 Details of the hydrate vessel and layouts
of the pressure transducers and the

temperature sensors

hydrate formation and dissociation
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Tab.1 Parameters of the hydrate dissociation experiments

S 45 No. 1 No. 2 No. 3
FLBREE (%) 31.9 31.4 31.2
24337535 2K (mD) 560 260 205
WA M (SL ARiETH 34.6 26.0 19. 6
PR CCH 1.2 1.3 1.1
w5 & J1 (MPa) 2.9~3.2 3.2~3.3 3.1
KEWY 73.3 55.2 41.1
W) UE L . -

SDS % 19.9 35.5 47.2

%)
H e S Ak 6.8 9.3 11.7
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Fig. 6 Time variation of the pore pressure
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Tab. 2 Estimations of the characteristic times of physical processes included in experiments
FHAERT ] (s)
Wy AR
No. 1 No. 2 No. 3
i 2.59X10° 2.68X10° 2.79X10°
MBI 2.21X10° 1.45X10° 1.06X10°
LB I 8. 35X 10! 1.89 X 10* 1. 42X 10"
K G W o3 AR AR 85.6 75.5 58.6
Z AL A TE 3.47X10 * 3.47X10 * 3.47X10 *

I ZHOR I T 30k 23— 25,

Hong 250 i 7 FLER 7K 38 0 R0ON 128 1 45 120 T B9 7K 4 10 20 e e T A2 7% 8 5 15 ) %) B 95 A5 80, B

X = J pj I?LK‘ F:?)I;p“tz

H, Fu, R HEeKEY T B BEAT & EL 6] (0. 129) . /1% 4 B UM 64 7K & 9 43 5 B 1 %) 14 985 6 5

B 7R . AT LLE L BRS04 2K A Ao i T A R BE 2 S R R0 0 OK B W o3 A B T AT K R R A

RIS No. 2 F1 No. 3 H1fF G R U, M AE 5 No. 1 J5 B A — & 220, X A] REJ& i AR dh P oK & 0 43 A 1

eSS . AR LUE WL oK A W43 [ TR0 1 6 B8 B A 00 9 46 X0 35 158 2% A KT 388 SR

8% I 0 A 86 SR A m Bl L B SR A RN o BRI SR FH IR T v T SR K B W B 7 E R D R D R

A R F K A YR B B R 25 HLALBOR B R KA 43 B 1AL 49 R A T AE R Bk
b A R & KA W 2 P L35 B M R HL AL BRI . KA W 3 i 0 i A% 7 3 A

4 #Eie

(6)

ARSCHEAT T AN [RIK & P 000 R EE 2541 B0 e T O SRS AU, L 45 Hh T 259

(1) 7K 5 W 15 s I R ASE AP 36 3 e v L B 7K 98 O A0 7 2 ) 7K 45 W00 0 e 4 T A% 9 B 2 15 P[] - 7
HREE LR 5C A  ELH A% A 3 32 i 22 AL A o2 ) A 2005 125 30 RV S I R 1340 ey v 2 B L BE 3R 414 36 4%
18 LR 53t S22 B AT ] T K 0 e s it 2 T ) A% 8 5

(2) KRG ox ik T BALBR IR 7 B IS0 1) I S 1 L 38 TR T A% R R RS I TSP D7 MR AR A DL A 2K
PG AR ELH A 4 3 82 [ 7K 5 4 40 0 32 A 394 o o sk /)

S Uk

(1]
(2]

Sloan E D. Clathrate hydrates of natural gases M]. Boca Raton, FL: CRC Press. 2008.

Kvenvolden K A. Gas hydrates-geological perspective and global change [J]. Reviews of Geophysics, 1993, 31
(2). 173—187.

[ 3] Gornitz V, Fung 1. Potential distribution of methane hydrates in the world’s oceans [J]. Global Biogeochemical
Cycles, 1994, 8(3): 335—347.

Klauda J B, Sandler S 1. Global distribution of methane hydrate in ocean sediment [J]. Energy & Fuels, 2005, 19
(2): 459—470.

FRABHE . £ BESe, XK. RARTKGWITRITEMEHE LT, Miek Y B2 PR . 2014, 29(2): 858 — 869
(ZHANG Xuhui, LU Xiaobing. LIU Lele. Advances in natural gas hydrate recovery methods [J]. Progress in



5 4 3]

KSR AR A - [ TR T SR AR 6 147K 45 0 0 it I ThD 36 A i AR 475

L6]

L7]

£8]

L9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

Geophysics, 2014, 29(2): 858—869 (in Chinese))

Tz, FNFR. RARTUKEGWITREORBTEBERE[T]. Brfe It . 2013, 1(1: 69—79 (WANG Yi. LI Xiaosen.
Research progress of natural gas hydrate production technology [J]. Advances in New and Renewable Energy,
2013, 1(1): 69—79 (in Chinese))

Wang Y, Li X S, Xu W Y, et al. Experimental investigation into factors influencing methane hydrate formation
and a novel method for hydrate formation in porous media [J]. Energy & Fuel. 2013, 27(7): 3751—3757.
Primiero P, Dreuillault V, Sugiyama H. et al. Acoustic monitoring of methane hydrate production: system
development, deployment and modeling/measurement evaluation [C]J. In: the 6th International Conference on Gas
Hydrates, Vancouver, British Columbia, Canada, 2008.

Ikegami T, Morikami Y. Fujii K, et al. Streaming potential measurement for hydrate dissociation monitoring [ C].
In: the 6th International Conference on Gas Hydrates, Vancouver, British Columbia, Canada, 2008.

Anderson B I, Collett T S, Lewis R E, et al. Using open hole and cased-hole resistivity logs to monitor gas
hydrate dissociation during a thermal test in the Mallik 51.-38 research well, Mackenzie Delta, Canada [ J].
Petrophysics. 2008, 49(3): 285—294.

Yousif M H, Abass H H, Selim M S, et al. Experimental and theoretical investigation of methane-gas-hydrate
dissociation in porous media [ J]. SPE Reservoir Engineering, 1991, 8. 69—76.

Hong H. Pooladi D M, Bishnoi P R. Analytical modeling of gas production from hydrates in porous media [J].
Journal of Canadian Petroleum Technology, 2003, 42(11) . 45—56.

Selim M S. Sloan E D. Heat and mass transfer during the dissociation of hydrates in porous media [ J]. AIChE
Journal, 1989, 35(6): 1049—1052.

Tsypkin G G. Mathematical models of gas hydrates dissociation in porous media [ J]. Annals of the New York
Academy of Sciences, 2000, 912.:428—436.

Ji C. Ahmadi G, Smith D H. Natural gas production from hydrate decomposition by depressurization [J].
Chemical Engineering Science, 2001, 56(20);: 5801 —5814.

Li Xiaosen, Wang Yi, Duan Liping. et al. Experimental investigation into methane hydrate production during
three-dimensional thermal huff and puff [J]. Applied Energy, 2012, 94. 48—57.

XURIR . B Beds, SO B L UURRA o B beoKk & W B o i B R M T S e [T ] SRR Tl 2013, 3311
130—136 (LIU Lele, LU Xiaobing, ZHANG Xuhui. An experimental study of seepage front due to methane
hydrate dissociation by depressurization in sandy sediments [J]. Natural Gas Industry, 2013, 33(11): 130—136
(in Chinese))

Sanggono Adisasmito, Robert ] Frank III, E Dendy Sloan Jr. Hydrates of carbon dioxide and methane mixtures
[T]. Journal of Chemical & Engineering data, 1991, 36(1): 68—71.

Uchida T, Ebinuma T, Takeya S, et al. Effects of pore sizes on dissociation temperatures and pressures of
methane, carbon dioxide, and propane hydrates in porous media [J]. J. Phys. Chem. B, 2002, 106 (4): 820— 826.
Wonmo S, Hoseob L, Sunjoon K. Experimental investigation of production behaviors of methane hydrate
saturated in porous rock [J]. Energy Sources, 2003, 25;: 845—856.

Lee J, Park S, Sung W. An experimental study on the productivity of dissociated gas from gas hydrates by
depressurization scheme [J]. Energy Conversion and Management, 2010, 51(12);: 2510—2515.

XUURIR  BRIOHE, Bete. RRFKEWIMZ BB AR )] kBl PE R, 2012, 27(7): 733—746 (LIU
Lele, ZHANG Xuhui, LU Xiaobing. Review on the permeability of hydrate-bearing sediments [J]. Advances in
Earth Sciences, 2012, 27(7): 733—746 (in Chinese))

Waite W F, Santamarina ] C, Cortes D D, et al. Physical properties of hydrate-bearing sediments [J]. Reviews of
Geophysics, 2009, 47(4) :RG4003.

Sun X, Nanchary N, Mohanty K K. 1-D modeling of hydrate depressurization in porous media [ J]. Transport in
Porous Media, 2005, 58(3): 315—338.

SuZ. He Y. Wu N Y. etal. Evaluation on gas production potential from laminar hydrate deposits in Shenhu Area
of South China Sea through depressurization using vertical wells [ J]. Journal of Petroleum Science and

Engineering, 2012, 86-87. 87—98.



476 D N (2015 4F) 45 30 &

On the Hydrate Dissociation front Evolution in

Simulation Experiment of Depressurization Mining

LIU Le-le"**, LU Xiao-bing’, ZHANG Xu-hui’
(1. Key Laboratory of Gas Hydrate, Ministry of Land and Resources, Qingdao 266071, Shandong, China; 2. Qingdao Institute of Marine
Geology, Qingdao 266071, Shandong, China; 3. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Hydrate dissociation front evolution is closely related to mining safety and gas production
efficiency, is the important part of mining in-situ monitoring. Simulation experiment of methane
hydrate depressurization mining was conducted for glass sand sediment samples. The influence of
hydrate saturation on the seepage front and hydrate dissociation front evolution was explored.
Combining with existing theoretical model, key factors to hydrate dissociation front propagation
velocity was analyzed. Experimental results show that the propagation distance of seepage front and
hydrate dissociation front is approximately linearly associated with square root of time, respectively.
Both front propagation velocities decrease with the increase of hydrate saturation. The propagation
velocity of hydrate dissociation front increases with the increase of porous media effective permeability
and depressurization amplitude and decreases with the increase of porosity. Texture of coarse sand
layer is more conducive to the propagation of hydrate depressurization dissociation front.

Keywords: methane hydrate; depressurization; porous media; hydrate dissociation front



