ISSN 1009-2722
CN37-1475/P

TR L TR

Marine Geology Frontiers

9536 &5 9 W
Vol 36 No 9

AR, X IR IR, IVEDL, 55, BETRCTE O I S 7K G W00 S RoIiE A BROC /T 1], 1AM BTRT Y, 2020, 36(9): 68-72.

ETHF= 0SS KEWAR

MM ZiR

HIRITH

Zao" )RR IR kAR A, ) g
(1 HARGEREBRAR SR AW E 5 SC00 2, v [ T iy 5 7 S Y et R T 52 BT, 5 5 2660715 2 5 BV AR SHOR B R SL 18 = 17
B IR SR AR INRESCIO %, 51 266071; 3 HEIGE R (5 B RS THAYEE, 755 266100)

OB AR X HFEI A EaR A% (CT)

FAE R B 0 Fe T A KAM G EE R3A.

K KAMEAE ARG, BL ARG FHF T REARSWIaf BT &R mASER

TA, AT AARLEILIE a9 AL, 3513 T

1B D REAM T LA Z ik 5

BRI RAY, MA A M B AR, 58 RIRUTE R, b F 5 K S AR 56% T
M%) 39% B, ik A5 RALIG 1% R K KA o KB, ARSI T IR R A A AL 6
¥R b st &, @i CT 2 BIR 27, 30 6 AL Ferlid 7T WP e A0 8, i T4
b AR A — AR E L AR T IRARE RN, N SRR AR R K. AP S
T —# A T 6 %A A3 A EIUIRA IR0 R ARG E R AR AR R F o ik, 7T ARSI R

F2 Al B RIS A R AL B R

KA TR 4 F 8 A PR ik ABsE &, iRk

F &3 S:P744;P618.13 RRFRIZAD: A

i

0 5l

WG TR R AR UK B W IR T R 2 2B TR A
KA IR 558 T RE 1 I 25 AL LB S 78 K
B WIT R NAEFE R AL B9 OCHERL 7 R JFRead
T PR A5 0 R E IR A1 2 5 S e J= S LB 454 s
BEVE A A, XK AR BT R R H AR
SE LIS SR RS B9 IS 2 5 PRI 2 A 2 — 2R 5
R L SRR E ML, VIR Ak A kR
AFLBRAS R SN 2%, K G 1 & B S AP X
AR L RS- - ] = A AR S Z ] R A X 52 i 31

Wi HER: 2020-06-23

BHTE: EEARPIFHES (41976205, 41876051, 41872136, 41772237);
[ 5 H s & 51 (2018 YFE0126400)

YEEEfr: ZORIG(1987—), J, ALk, TR, EEMFRRKEW
AR S2IEHFSE T AE. E-mail: chengfenglee@]163.com

*BIRAEE: XIBIE(1966—), B, Wi+, BT RA, A4S0, FEMFR
SRR PRSI SE TAE. E-mail: qdliuchangling@163.com

DOI:10.16028/j.1009-2722.2020.097

FLBR PRI R RB B RE F1. AR, BRI G
FA FE P S K A SR A

B e O Ry AU RS — 433225
R THMER . T A5 52 MY Shin s
S AR A AT A KR SAT A5 8 T Pk %
J&. ¥4, ENSMITE AR 1 T 2R 0
B, MR MGZES B AR Al 3 R
SCUYE | B E R AR A . M, AU
JFH e A L A FL B I 4% 8480 (PNML) % B2 2%
SL(LBM) S50l 7, sl IR 9140 A
1%, X B HEHLUNZ I (CT) AR S s T ol
i T S U (FIB-SEM) 254 38 )y 1 ', L Je 3k
2 Fhak 2 A A L Ry
VEARAT LB, 535 F CT MR AR ek % T,
DL CT $34 — 4k ol = e 5000 o JE Rl A B0 0 s
EL I B HURIAR B R0 M T FB B9 1
EEFE.

T — BRI Z LA TR, S KA R
KR RE, NIBFLBRZE R AR 1 R MR, 2k A A


https://doi.org/10.16028/j.1009-2722.2020.097
https://doi.org/10.16028/j.1009-2722.2020.097
mailto:chengfenglee@163.com
mailto:qdliuchangling@163.com

36559 W

ZERIE, 4F S TRCTH OISR S YA T OIS A BROC 69

A Frim LR A A5 S5 500 ., I R
DI, HHSE T 8K A A TR 75520
VOO 5, AT A ORI VM LB T .
ARFEAG AL 15 CT = 4ser RS &
HRRFT KA D TURUZ B FRE, B 738 T KR
SRS TR RSB 1R FL B o) 2 A 21
AU K A 53 st T eh k32 RS AL R
A BRI 5, TG s A A TR 25 8 7 1
FF S KA A TR A0S T AT . Chen %
R CT 44 PG AR B 1 5525 i) |- AR BE Ak A
M TEZS, 454 LBM LA MIB B, R
KA WIAE 552 AR, Li %
FIFH CT Bt AR T A /KA A R = 4 7L
B, ot HAL B AR, kLA M e B R 5
AT T IR, 455 Darcy & Al Navier-
Stokes R T /K& K BB AR (LA,
5 Kozeny-Carman #8325 W) &5 47 b4,
SYIE LA 7 At 2 — P v 3 e e 1 A 2 T B
XA R NS A IR A LR 4
FRAE K, B3R T KA B R R PR 25 /AR
WA LAY S S R, 42 T Ak &
VUS40 B AR
SESAESKAE HERD = 4 CT S BR i 3t
il 1, %57 T 3% 1T COMSOL £ B IE 4017 1 [ 4%
TR, BRI T KA 5t A AL BRGS F 75 AL
e, X2 B PP LB PR I8 A 0 5 7
15 T RTEL, Hitk— AR FL R B R Ak &
WA TEROUE T B A AL LR A A e

1 S

L1 KEMIHEERE CT IRV

TR CT 1450 GE 24774 Phoenix |
V tome | X B SN, L SO0 R A
AI 240 KV, PR ESHR, 16 (- F-HREEI 2, RF
1 000x1 000 4 FK . S AN i FE AR 48
WS35k 190 KV H1 100 pA, BESGFA] 333 ms, 44
TER/NEE 5B ) K 18.81x18.81x18.81 pm’

SR I Z 4L A 500~ 700 pm AR 1
AT, A KA T B A 1 4l R e AR
WA KB TFK. LRSI R R 50 i it =

JE R 28 o, SR a2 S A8 e EA TR s
SEHHECE A AT S SRR
TAJESR 6.2 MPa, JZ 1% 48 IREIR 2 F 2.0 °C, 4
160 h, )2 N 22 N R TEE T 5.8 MPa, HILHfiE K G
W) BB B AR ARBIR ST R P Py 2 42
KA WIS, S5 CT HHE I K A 40 et 72
H A BERD P S K KA RS AR AL B 4% 243 25 ]
A (E 1) .

IKEPIAH AR
HHE ST 1 GE ) ARG (B E);
FLBEER 53 SAH 8 (21 68) FNBAR K (5 2)
1 CTEEMN=#HHFED
Fig.1 3-D digital core reconstructed by CT
12 BKEMARMERTERET

B LA 7K G WA DR LR 235 4 Rl
PR R FRAE M T HE Y, CT F SRR = 2 K %L
FEIR SR AL T B FLSL A 5T A 45 20 3 5 T 4
MfEE . 5T CT 8 BUR a7 FROTE, 5%
A 5T PR AT 30 L B R 3 3 B K A T R 1 A
AR, SRR AN il 46 (1) Navier-Stokes J7 F2
SLAE B R  H R THAARR  EARRERE A

(1)CT 4852 175 8, A3 = 4R 550 14,
A U R X B (ROT) , R SF R/ g 150 1%
FEx150 15 ZFE =100 R FK, IR TR | T 554L
FRGALE;

(2) MR K FE 43 A %t ROT Ba A4 7 (B 435,
PO KEW . K b4 A B BEIX[R], RAEA 4
I =4k A



70 Marine Geology Frontiers ML T

2020 49 A

(3)ET EiR KB H{E, FIH Simpleware 84
X RO B AR IEA T WA AR A B, AR TR] 4 53422 fih
TR A3 24T AR i 23 Ah 3 DA $ TR 401 235 2 1 o
Wk, &1 2 s 17K S FIEE 735000 56%. 39%.
25% F1 4% HI IS AL BRI

500 um 500 um

2 REKEMIAFERMGTHMIELERE
Fig.2 Grid data of different hydrate saturation

(4) % iR A% AL ROT $idi 1A 5 A 5] COM-
SOL 7 FRITA T 4k, LB AR B B . B . A1
v A S e 1 S S8k )T R/ NR
(GMERS ) 3K fff #4524 52 AL Bt 28 [ G sl ik FRASE4,
ARAFBAH B 3 R

ST 5% & K G WA i (A FR TR A 47
B TJ5 B AU S, Z WS AR 5 A B E] ) Ak
AR . ST KGR A i B e AR 32 22 LA
ARSI 2k itk A X [A] A, A SRR LB
T T R A LR Ak 2 s BRI ST ) PR b T SR 4
IR R (1 Bt ), 52 CT H3 EHR 4 HE R T b,
BRI 3 7 2 FLAARFRAS R I S, DR 28 5 A A
B 25 5 TR A 3 8, SARAB 3 RN TEAR
W .

LhaliZk i sh A 5, BB p=1000 kg/m’, B
4#=0.001 pa.s, T8 T it 4 FoK & W10 A (56%.
39%. 25% H1 4% ) A0 T 1T Z Sy [al RIS B %
A AL B B DR FH 8 1SRRI L KB X ] 44 T
B 19 )7 1945 A Avizo IR S FLBR A B 44
EINE

2 g5

2.1 REEERMKSMIEMETURE

3 KA o figp aod A P A P LB R MR
BIERMUK G YRR . 45 RKY]: &
IKE BTk, N AT B LB MR AR 2 15
FRGEHTHEI TEK A WAL th 56% 2 [ 1K 2=
25% [ R rp, —H BB BEA G MEK S
Wy o3 i AR, A1 S5 AL B BE B R T B i g, TTRAH B
7 RG5O T
TEILIIRARAE T, ARG Wit 7 A 3 2 Y e U
ARSE i ey 75 =X B e p 7 SRR el L Ak, 7 —
SETRE L BELAT TR B, NI, BARK oy
fift i U1 A0 DR A AL B RE TV R v, (H A B R
AR AR5 Z BE L .

0.6 - N 120
—e— ARALBRE
05 | —m— B 16
g
=
04+ T
i 1122
= s
=03} H
35(( 408 ‘@
®9,] %
' z
01k 1047
0.0 1 1 1 1 1 OO
06 05 04 o 02 01 00

3
KA AL
3 BHILEEMRESERMASWIEMETH L

Fig.3 Variation curves of effective porosity and liquid phase
permeability with hydrate saturation
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FINITE ELEMENT ANALYSIS OF MICRO-SEEPAGE IN HYDRATE-
BEARING QUARTZ SANDS BASED ON DIGITAL CORES

LI Chengfeng1’2’3, LIU Lele'?, SUN Jianyel’z, ZHANG Yongchaol’z, HU Gaowei ~, LIU Changlingl’z*
(1 Key Laboratory of Gas Hydrate of Ministry of Natural Resources, Qingdao Institute of Marine Geology,
China Geological Survey, Qingdao 266071, China;
2 Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China;
3 College of Information Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: In this study, the distribution characteristics of gas, water and hydrate in hydrate-bearing quartz
sands under different saturation are acquired by X-ray computed tomography (CT). The change of liquid phase
permeability is calculated using the finite element method. The flow of fluid in the pores is simulated and the three-
dimensional velocity distribution of the pore fluid under the assumed boundary conditions is obtained. The results
show that the liquid phase permeability in quartz sand increases gradually with the decrease of hydrate saturation.
When the hydrate saturation decreases from 56% to 39%, the liquid phase permeability value of quartz sand in-
creases to the maximum. At the end of hydrate decomposition, the permeability does not increase rapidly with the
increase in effective porosity. The CT scan image shows that some methane bubbles are trapped in quartz sand
pores and throat. Due to the Jamin effect, the flow of liquid is hindered to a certain extent, which leads to the decrease of
liquid phase permeability growth rate. In this study, a calculation method of liquid phase permeability and liquid
velocity based on the real pore characteristics of the hydrate-bearing quartz sand is established, which can provide
a reference for the study of the evolution mechanism of micro seepage in the process of hydrate exploitation.

Key words: methane hydrate; digital core; finite element; liquid phase permeability; velocity
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