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Fig. 1 Measuring process of pressure pulse decay method
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Fig. 2 Apparatus for permeability measurement by pressure pulse decay method
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Fig.3 Particle size distributions of unconsolidated sediments
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Fig. 4 Pressure decay for measuring

permeability of SAMPLE-1
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Fig. 6 Dimensionless pressure decay during

measuring permeability of SAMPLE-1
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Fig. 7 Dimensionless pressure decay during

measuring permeability of SAMPLE-1
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Fig. 8 Comparison of pressure decay between

experiment and numerical simulation (SAMPLE-1)
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Table 1 Parameters for numerical simulations
SRR BE
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Table 2 Experimental results of sample’s permeability
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Fig. 10 Permeability of hydrate-bearing sediment

during hydrate dissociation

Hi [ 10 " LLFE 5K & W08 & R i
IK G WA AR R F /N i A P 3 5 5 R B T
FERCR T B AR — B R T BRS R
ik v AE S K S W DURR 8 8 AR DN BTy T R A R
3 I

3 4tip

SO G T kA5 T 7 I i A iR R R Ak
BTG5 o SR PR IR 3 S i 1 i 285 T 7 fok o ik 000 2 A
BUULER I 8 R 3k R 0 A 1 7 b R Ak 2 07
VEDR 22 LN B HERE 4% R L R T B A T g Bk bk
TE & KA WU E & 3 B 5w f R RCR . &
BEEWT

(1) 25 1 7 Jok 32k 30 ) A Ak 8y 40 120 9T AR
T 56 BN RO g T Ak R R - AR A 56 A A
e W] S 1% 2 5 s ) A7 2 FBL T A R T 42 T30 UL A
Ak BEECHR 5 SR FH (B 400 38 20 T B4 D7 1% Ak B
W 25 T 3 ok v v a6 0l

(2) W 25 s 7 Jokomb i 3 ] T A BUDC R 8 38 R



164

T T 3 55 5 I 4 e

2017 4 10 A

I 7E KGR

&3 AR B WF 3¢ 7 T HAT

TS AE 19 IO FH AT 3%

(1]

(2]

3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

2 % STk ( References)

Boswell R. Is gas hydrate energy within reach? []J]. Science,
2009, 325(5943): 957-958.
Stern L A, Kirby S H, Durham W B. Peculiarities of methane
clathrate hydrate formation and solid-state deformation, inclu-
ding possible superheating of water ice[ J]]. Science, 1996, 273
(5283): 1843-1848.
Numasawa M, Yamamoto K, Yasuda M, et al. Objectives and
operation overview of the 2007 JOGMEC/NRCAN/AURORA
Mallik 21.-38 gas hydrate production test[ C]//Proceedings of
the 6th International Conference on Gas Hydrates 2008. Van-
couver, British Columbia, Canada, 2008.
Schoderbek D, Farrell H, Howard J, et al. ConocoPhillips gas
hydrate production test[R]. United States Department of En-
ergy, 2013.
Yamamoto K, Terao Y. Fujii T, et al. Operational overview
of the first offshore production test of methane hydrates in the
Eastern nankai Trough[ C]//Offshore Technology Conference.
Houston, Texas, USA: Offshore Technology Conference,
2014.
A 5K ST IR AR SR A R T KRR B Bk i R
#INT. @5 3. 2017-06-05. [ZHAO Laping, ZHANG Li,
Achievement and progress announcements for marine gas hy-
drate production[ N]. China Mining Daily, 2017-06-05. ]
Liu L L, Lu X B, Zhang X H. A theoretical model for predic-
ting the spatial distribution of gas hydrate dissociation under
the combination of depressurization and heating without the
discontinuous interface assumption[ J]. Journal of Petroleum
Science and Engineering, 2015, 133: 589-601.
Waite W F, Santamarina J] C, Cortes D D, et al. Physical
properties of hydrate-bearing sediments[ J]. Reviews of Geo-
physics, 2009, 47(4): RG4003.
Konno Y, Masuda Y, Hariguchi Y, et al. Key factors for de-
pressurization-induced gas production from oceanic methane
hydrates[]J]. Energy and Fuels, 2010, 24(3);: 1736-1744.
Dai S, Seol Y. Water permeability in hydrate-bearing sedi-
ments; a pore-scale study[J]. Geophysical Research Letters,
2014, 41(12); 4176-4184.
LiB, LiX S, Li G, et al. Measurements of water permeabili-
ty in unconsolidated porous media with methane hydrate for-
mation[ J]. Energies, 2013, 6(7): 3622-3636.
Delli M L, Grozic J L H. Experimental determination of per-
meability of porous media in the presence of gas hydrates[]].
Journal of Petroleum Science and Engineering, 2014, 120 1-
9.
Seol Y, Kneafsey T J. Methane hydrate induced permeability
modification for multiphase flow in unsaturated porous media

[J]. Journal of Geophysical Research: Solid Earth, 2011,

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

[23]

[24]

116(B8) . B08102.

Kneafsey T J, Seol Y, Gupta A, et al. Permeability of labo-
ratory-formed methane-hydrate-bearing sand: measurements
and observations using X-ray Computed Tomography [ ] ].
SPE Journal, 2011, 16(1): 78-94.

KOKED, 2%, XHr. 5. SRKEWZINREEEY
S]], B2 5 R, 20100 9(1) . 51-57. [SONG
Yongchen, HUANG Xing, LIU Yu. et al. Experimental
study of permeability of porous medium containing methane
hydrate[ J ]. Journal of Thermal Science and Technology,
2010, 9(1): 51-57. ]

Johnson A, Patil S, Dandekar A. Experimental investigation
of gas-water relative permeability for gas-hydrate-bearing
sediments from the Mount Elbert Gas Hydrate Stratigraphic
Test Well, Alaska North Slope[ J]. Marine and Petroleum
Geology, 2011, 28(2): 419-426.

Marinakis D, Varotsis N, Perissoratis C. Gas hydrate disso-
ciation affecting the permeability and consolidation behaviour
of deep sea host sediment[J]. Journal of Natural Gas Science
and Engineering, 2015, 23: 55-62.

Brace W F. Permeability of crystalline and argillaceous rocks
[J]. International Journal of Rock Mechanics and Mining Sci-
ences & Geomechanics Abstracts, 1980, 17(5); 241-251,
Hsieh P A, Tracy ] V, Neuzil C E, et al. A transient labora-
tory method for determining the hydraulic properties of
‘tight” rocks—I. Theory[J]. International Journal of Rock
Mechanics and Mining Sciences &. Geomechanics Abstracts,
1981, 18(3): 245-252.

Neuzil C E, Cooley C, Silliman S E, et al. A transient labo-
ratory method for determining the hydraulic properties of
‘tight” rocks—II. Application[ J]. International Journal of
Rock Mechanics and Mining Sciences and Geomechanics Ab-
stracts, 1981, 18(3): 253-258.

Selvadurai A P S, Carnaffan P. A transient pressure pulse
method for the mesurement of permeability of a cement grout
[J]. Canadian Journal of Civil Engineering, 1997, 24(3):
489-502.

NG, m, REW, T BSES K RE RHLAEA A
—EREm R LT A S TR %R, 2001, 20
(S1): 1725-1733. [LI Xiaochun, GAO Qiaoxue, WU Zhish-
en, et al. Transient pulse technique and its application to
conventional triaxial compressive tests[ J]. Chinese Journal of
Rock Mechanics and Engineering, 2001, 20 (S1):
1733.]

1725-

Billiotte J, Yang D, Su K. Experimental study on gas perme-
ability of mudstones[J]. Physics and Chemistry of the Earth,
Parts A/B/C, 2008, 33(S1). S231-S236.

Cui X, Bustin A M M, Bustin R M. Measurements of gas
permeability and diffusivity of tight reservoir rocks: different
approaches and their applications [ ] ]. Geofluids, 2009, 9
(3): 208-223.

Ling K G, He J, Pei P, et al. Determining the permeability

of tight rock with gas transient flow[]J]. Journal of Natural



537 % 455 M KSR AR+ 45 < Ik 25 T 7 ok ik B BCAE AR TR K43 90 D0 AR 49 v #) og T 165

Gas Science and Engineering, 2013, 15 1-7. W SRIGE S AT LT Jr 224, 2016, 48(3) ¢ 720-729.
[26] Yang Z H, Sang Q, Dong M Z, et al. A modified pressure- [LIU Lele, ZHANG Xuhui, LIU Changling, et al. Triaxial
pulse decay method for determining permeabilities of tight shear tests and statistical analyses of damage for methane hy-
reservoir cores[ ] |. Journal of Natural Gas Science and Engi- drate-bearing sediments[ J]. Chinese Journal of Theoretical
neering, 2015, 27 236-246. and Applied Mechanics, 2016, 48(3): 720-729. ]
[27] Brace W F, Walsh ] B, Frangos W T. Permeability of granite [33] #hak, kil de. xIE W, % VIR b KRS KA Y E
under high pressure[ J]. Journal of Geophysical Research, ISz (7], PRAC HE R, 2010, 24 (3): 614-621. [ SUN
1968, 73(6): 2225-2236. Jianye, YE Yuguang, LIU Changling, et al. Experimental
[28] LiuCL, Ye Y G, Meng Q G, et al. The characteristics of research of gas hydrate dissociation in sediments by depres-
gas hydrates recovered from shenhu area in the South China surization method[]J]. Geoscience, 2010, 24(3); 614-621. ]
Sea[J]. Marine Geology. 2012, 307-310. 22-27. [34] Wimfli, ddyot, 308, S md a5 S8 B AR W i v 0
[29] Yoneda J, Masui A, Konno Y, et al. Mechanical properties W&ok BRI, MACHL R, 2010, 24(3): 622-626.
of hydrate-bearing turbidite reservoir in the first gas produc- [HU Gaowei, YE Yuguang, DIAO Shaobo, et al. Research
tion test site of the Eastern Nankai Trough[J]. Marine and of time domain reflectometry in measuring water content of
Petroleum Geology, 2015, 66 471-486. marine sediments[]J]. Geoscience, 2010, 24(3): 622-626. |
[30] Ghiassian H, Grozic J L. H. Strength behavior of methane [35] LiC H, Zhao Q. Xu H J, et al. Relation between relative
hydrate bearing sand in undrained triaxial testing[J]. Marine permeability and hydrate saturation in Shenhu area, South
and Petroleum Geology, 2013, 43 310-319. China Sea[]]. Applied Geophysics, 2014, 11(2): 207-214.
[31] Masui A, Haneda H, Ogata Y, et al. Effects of methane hy- [36] Kumar A, Maini B, Bishnoi P R, et al. Experimental deter-
drate formation on shear strength of synthetic methane hy- mination of permeability in the presence of hydrates and its
drate sediments[ C]//The Fifteenth International Offshore effect on the dissociation characteristics of gas hydrates in
and Polar Engineering Conference. Seoul, Korea: Interna- porous medial J]. Journal of Petroleum Science and Engineer-
tional Society of Offshore and Polar Engineers, 2005. ing, 2010, 70(1-2). 114-122.

[32] XURIR. SROEE. XI B0, . &K&Wt B =4 95 41 ik

PRESSURE PULSE-DECAY METHOD AND ITS APPLICATION TO
PERMEABILITY MEASUREMENT OF HYDRATE-BEARING SEDIMENTS

LIU Lele!*, ZHANG Hongyuan'®, LIU Changling'**, LI Yanlong'?, LI Chengfeng'*

(1. Key Laboratory of Gas Hydrate, Ministry of Land and Resources, Qingdao Institute of Marine Geology. Qingdao 266071, Chinaj;
2. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;

3. China University of Petroleum (East China), College of Information and Control Engineering, Qingdao 266580, China)

Abstract: The permeability of hydrate-bearing sediments is one of the basic parameters to natural gas hy-
drate exploitation. Steady methods for measuring the permeability are time-consuming and require a steady
seepage which is usually difficult to achieve. It is clear that there is a lack of experimental permeability da-
ta for fine-grained sediments that contain gas hydrate. To meet the needs of the kind, the pressure pulse
decay method and its data processing are firstly introduced in this paper. Then we discussed the application
of the method to hydrate-bearing sediments based on calculated data. It is concluded that the approximate
solution to experimental data gives good results to coarse-grained sediments, but has some deviations when
it is used for fine-grained sediments. In this regard, parametric inversion is suggested. To sum up, the
transient pressure pulse decay method is feasible to permeability measurements of unconsolidated sedi-
ments, and has a vast potential for future development.

Key words:natural gas hydrate; unconsolidated sediment; transient method; permeability; parametric in-

version



