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Fig. 2 The flowchart for gas hydrate saturation

inversion in pore-filling gas hydrate reservoir
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() — LI A B A AL AL 5 (D)

(a)

ZEAE MU AL (e

(c)

JZKIEE o, =1.00g/cm’ . HFAHT LK 5 P
A7 B b J2 00 o % A vy DRI b 2R A7 R B A O L )
52 5y (Serra, 1984) .

distribution of dip direction; (d)

¢ — 19’”“ — (Ql) o V,\[, pmu - Q.Jz (6)
Oma — Pf Oma — Of
2GCUR><SH —1
Vi, = T ——— 7
GR — GR ...,
SH - GRmax 7 GRmin (8)

X Vo R & 5, SH U8 i & 6 5L
pa NV SR 5 BE  GR GRiu « GR.u 53 90 0 B Y J2
afh o R A e 2 0 B AR A I {H . GCUR
Hilchie ¥8 % . XL &85 =420 3. 7. M Z T 2
(Hilchie, 1978),

FIR L (6) 318 DKXX-13 F X28. 0~X34. 0m
B R 2 FLBR B, A S5 R UL IE 5a, M Sa
" LLE Y : X29. 3~X30. 0m I X30.7~X31.1m #F
B 2 8 o & i T AR B LB S 000,48
N IR I B 2 A N R A s X28. 0 ~ X29. 3m Al
X33. 4~X34. 0om H B i FZ I RY-E 5w, Bl it

)

AR AL s (D

Distribution of absoluter frequency; (b)

USER/ PR YE 3RS FAR YA

distribution of dip angle;

burning and core tested by infrared imaging

R 30 1 L W BE 25 R K 5 X29. 8~X32. 2m J B
R ALE 1. 0% ~8. 0% Z A As 4k, E- 3 {8
4.0% , i B DKXX-13 FLIK & W) W A7 H: B i 2 L BR
BERAR KA P 2 A AU
3.2.2 KEWHEEBENREERFILE

ML AR O 55 W 3 95Ok AT 0, DKXX-13 L
X28. 0~X34. 0om FH-Br b |2 I Ji & w48 i » HL 4
B J2 25 M Ve A PR ) AR DG 3 R AR AR O Jre
U TS IE AR LIS BT X R B D A )2 . R ST
S50 OB IR 0 P I R T R OE R B T
DKXX-13 . X28. 0~ X34. 0m J} B Hiu 2 1 F1 K 1%
BT BN (& 6a) , [ B 5 1 3 F U A
B VR 110 550 e TR A TR (%) D VR AR UL 45 SR HEAT T X L
([l 6b) 5 A P o i 32 A 60 o 350 S 50U L 35 1
F 2, M S, =0 B, g AR IE 0015 2 Y
DI B T R I ) g K ML Z B B L UK 6a
AL R R K A W I B (X28.0 ~ X29. 8m il
X32. 2~X34. 0m) , K& T 45 & A BT B8 1) 59 M I 7
JEE S TR T YRS UL A T AR K N g R i 2 5 S Bl O



oI {1 )
1670 http://www. geojournals. cn/dzxb/ch/index. aspx 2020 4
30 1 ERNRELHREREERETHSHEE
= @ (#& Helgerud et al. , 1999)
S 2 Table 1 Values of the parameters of the effective medium
g 16 theory model (after Helgerud et al. , 1999)
|
- rﬂ\f'\l 414y | BB (GPD | JYIBR (GPa) | # ¥ (g/em®)
0 . - M - . i+ 20.9 6. 85 2.58
X28 X29 X30 , X31 X32 X33 X34 T 76.8 39 2 71
WE (m) . ) r
6000 13 36. 6 45 2. 65
25000 (b) KA 7.9 3.3 0. 90
E 4000 K 2.5 0 1. 00
%3000 3
2000 *2 JWENMRELHEREERETSSHIE
=X 1000 —— EHBENABORIT (SH=85%) —_ SehrIlA AL
¥, by simulation (SH=85%) V., by log data Table 2 Values of the parameters of the two-phase
0 | L L 1 1
X28 X29 X30 X31 X32 X33 X34 medium theory model
W (m) " N
28 BUE BEHZ%
SR RELR SRR _ hRAERTR A A () C, 2.7X10 "Pa ! Zimmerman et al. ,1986
100 7~ Effective medium theory model ~ Archie equation . - -
:\S Cy, 1. 79X 10 1Pa! Sloan, 1998
vp( so0r Cu 4.79X10"10Pa! Tinivella, 1999
% 601 C, 4.24X10"%Pa"! Weast,1992
E a0}
B
o 20 6000
® ol ‘ 2 5000 (@)
X28 X29 X31 X34 E 4000 -
WHE (m) 23000
O L) i :'3 2000
Pl 5 AR LR X DKXX-13 £L X28. 0~X34. 0m Jf B¢ = 1000 | — EUUABORIE (SH=0)  __ SCRRIIFABIR L
= ¥, by simulation (SH=0 V, by log data
2 0 TE 059005 KA 0 £ 5 2 smlaton (O . .
Fig. 5 Forward simulation P-wave velocity and gas a gl b . 1 s s 4
WE (m)
hydrate saturation inversion values for depths of 6000 i
X28.0~X34. 0 m of hole DKXX-13 2 5000} (®)
A - . N — & L
Ca)— 2 BE N I3 5 AL B BE 45 L 5 (b)— 3 F 4 204 i 238 i) o 1 — 4000
R 5 (o) — 7K 2 R A 5 - |
(a)—Calculated formation porosity by density log; (b)—the _i( 2000 EH BB E B (SH=0) SR Bk
1000 F — I
velocity model based on effective medium theory; (¢)—gas hydrate N 0 Vlby snnulatllon (SHH 0). : v, by logldata
saturation inversion values X28 X29 X30 X31 X32 X33 X34

DN Sy 2 A — 2, HAE X33, 5~X34. 0m
H BT 2 TR R N S i R
A B L BB T T 20 M7 F 52 IX AL B B K & W 6 2 A
P R

ML 6b H ] i1 s e T XU A 5 BEE 1 3
JEEASE TR T TR 0L 1 R0 R K A I8 e b A L T4
RS T BV 1 P i A TR I R AL 5 R D /)
TEA KA P I B AR 5 S I A 3 12 il 280
F— B AHW A M2 A A S OK A B I BOR H B 2R
FA AR BE S WS P 3 2 AR AR A DL 5 52 PRl
DN L A7 AL — i i 25 . Pl AR SCREHOEE T
SR T FELE A D A R T T R 3 BT T 5 IX AL
B TR K 5 0 2 A AR T B A K 0 AR A

S B I S 18 0 D5 T TR 5 A K AR R = (] Y
FEMEL R T 7K 5 W) B8l 1 A A0 BE AR T TR 1k

RIE (m)

B 6 53 L% 1 X DKXX-13 fL X28. 0~X34. 0m
- Bt 9\ % 5 P IF 7 5 40

Fig. 6 P-wave velocity by forward simulation in depths
of X28.0~X34.0 m of hole DKXX-13
Ca) — 3T S5 A0 00 FE 0 170 500 I 3o s A Y
(b)*%?ﬂ*ﬁ}l)ﬁ Vs 118 B 9B 3 R A5 TR
(a)—The velocity model based on effective medium theory;

(b)—the velocity model based on two-phase medium theory

AR A Y62 (Lee et al. ,1993; Tinivella,1999),
1) ) T R 400 A5 380 114 4 R 7K 2 D0 5o 3 bl 4 TR ) b 2
K G W B RS S Tk R s 2 2 Y S B A
I A 0 K N R Al e o DU 2 b )23 T BE Y A
TG 5 25 b )2 1 S5 B 0 G0 D8 R B L R K 9N I
L i I D 32 4 23 T e S A U S . DAIET 6a rpAT
H - 7E X29. 8~X32. 2m H B, £ 4b il £k (X30. 0~



%05 M

B A R TP O 4 o o DAL B B K W A )2 K B R R A B T TR 1671

X30. 2m, X30.3 ~ X30.4m. X31.1 ~ X31.6m,
X31. 7~X31. 9m 1 X32. 0~ X32. 2m) i 755 32 br: Il
S A e o R X A R K I R K, SR B AR I
BE 7 6 K & W 7F X28.0 ~ X29. 3m., X32.3 ~
X32. 7m Fl X32. 8~X33. 4m H- B, 5L B i H- 2\ i 3
It AF T A K A D A — G R R 4
BEL 238 100 5 il 4% 7 b 3 B O WA S s i L 36 (0
s HE T I 2 55 1T B Sk K A W R 51 )2 R R
R

3.3 KEWIEFE/RE

R FF 35 T S5 20040 Joi P ) L e A R g i
IKE YR K A YR RN B BT LR S A X A
KA KA P B o T VRS ADLA5 21 R 174 G D8 3ok
it 28 FH DA R 3500 52 7K B 4 18 R0 1 A5 Ak S TR, AT
R R 46 /N1 2R R DA B TR . ML Sb
HRRT R O VR A DLAS B 04 D B B S, B R T A
BER .24 S, =85 06 B, 1F T8 A5 40015 2] 11 9\ I8 K 3 il
LR AR AL T 52 B 0 S 2 D Ry, 1 A
DKXX-13 L, X28. 0~ X34. 0m 3 Bf #1 )2 K & W) 1
P FEAR AT 0~85. 0% 2 Jd] .

R FF 35 T S5 2004 Joi P %) L 0 R A R g i
f8 T DKXX-13 FL X28. 0~ X34. 0m F Bt b J2 7k
A WU E b R AT L2 O 38 5 B o,
W N R S A R LA Se. [RIEELA T
Xt EG o3 B S 2 R A A o BT R B A R A
DKXX-13 FL A H B 250 9 B 35T K & 9 A7
B (X29. 8~X32. 2m) /K G W M. M 5c¢
Hh i £ il 4R T 0 . X28. 0~X34. 0om HBEAE B K A
YIRS R T IR B L 2 A PR B0 2 AL
Bl B 45 /0N R T K A 40 TR A LB P T o 1) £ R
o3 LT BRI BB A% 1 4000 Ok s 7E K A ) W O B
P (X28. 0~X29. 3m, X32. 3~X32. 7m Ml X32. 8~
X33.4m), K A Wi F0 B AR ALY Bl 3.0 ~
86. 0% EHIMH K 52. 3% 5 16 /K & Wy W A7 I BE Y
X30.0 ~ X30.2m. X30.3 ~ X30.4m. X31.1 ~
X31. 6m,X31. 7 ~ X31. 9m 1 X32.0~ X32.2m
B S 45 R RORAFAE K A W oK G W R N EE AR A
Floh 13.0%~85. 0%, F¥{E K 61. 9% , R WK &
PIRAEH B K S WM . WA S5c il
b2 T 0 ) R o BT R AT 28 3K R 3 T AR AN
o B P L R R R AE TR A B X29. 8 ~X32. 2m -
Bk A A g i e i A fb AR — 3, L2
B IRMEAF A — 2 M 22 5 TE KB RAE BN,
X29.8 ~ X30.2m. X30.3 ~ X30.4m. X30.5 ~

X30. 7m, X31.1 ~ X31. 6m, X31.7 ~ X31. 9m #I
X32. 0~X32. 2m Bl 545 R WoRfE1E KA W, K
A YRR ARG R 18, 0% ~T77. 0%, - {H K
61. 60 i B I FH A o B R A 2 AN BB K 6 W i
R 0 0 A RS AR P 5 S 80 T 30 11 s R
TR Py 2 35 45 A A1« 177 7K G 40 16 R B - 3 P
FEAR S, BLA . B K A P RE S I 25 R R
W58 X K A5 90 1 F0 B2 1 A8 Ak s B oA 52, 9% ~
61.8% . F-2{H Ky 58. 8% . 5 F I 3k T 25 %5 A o B
14 SR e R A AR Y 1 K A 0 A R S (B B
(Liu Jie et al. ,2017), — @R LRE T A HIE T
S50 T BT 1 SR R AR AR TR A A Y IX AL
Bt BUIK G W idt )22 7K ) A R E 1) P S

4 B FIAR

(L) 1) P 0 B A5 D ¢ RL 25 4 Al o e B 8
BT ORISR 1 R+ XK G e Z A A P Y
Tt 77 2 700, 3R )t DKXX-13 FL Sy i 760 |, R 75 42 7
KEWEE .

(2) FI) FH 3 45 004 Jo B 114 5 1 g 3ok A 7R
AL T BURA A J57 318 110 3 0 ok 3 A Y, o) it 7R £,
B LK A Wi )2 DKXX-13 fL 1% 75 I 3 BE 455 4F 33E 47
R o 25 2R 3R WYL T 4 R0 o B 110 e g e R
TR T R ASE 0L 114 G\ 0 8 A L BURE A B B 11 5
P 8 TR AR AL T W) S B 0 M A BB

(3) 38 4o TF YA 00 A% 9N U8 1 5 52 B i - 9 D
6 . 3R B X30. 0 ~ X30. 2m, X30. 3 ~
X30.4m, X31.1 ~ X31.6m, X31.7 ~ X31.9m,
X32. 0~X32. 2m H-BAFTEK G - KA W IRAF I B
b2 B K P e RN AR A L R 13,006 ~85. 0%,
SEAME N 61. 9 %0, 55 bR EBT R A3 48 Ak 55 45 SR R B
Y il 25 A — 3,

References

Archer D. 2007. Methane hydrate stability and anthropogenic
climate change. Biogeosciences, 4: 521~544,

Archie G E. 1942. The electrical resistivity log as an aid in
determining some reservoir characteristics.  Journal of
Petroleum Technology, 5: 1~8.

Collett T S. 2005. Results at Mallik highlight progress in gas
hydrate energy resource research and
Petrophysics, 46(3): 237~243.

Collett T S, Lee M W, Agena W F, Miller J J, Lewis K A,
Zyrianova MV, Boswell R, Inks T L. 2011. Permafrost
associated natural gas hydrate occurrences on the Alaska North
Slope. Marine and Petroleum Geology. 28 279~294.

Dickens G R, Paull C K, Wallace P. 1997. Direct measurement of in
situ methane quantities in large gas hydrate reservoir. Nature,
385: 426~428.

development.



wooB

=
1672 http://www. geojournals. cn/dzxb/ch/index. aspx

2020 4

Domenico S N. 1977. Elastic properties of unconsolidated porous
sand reservoirs. Geophysics. 42(7): 1339~1368.

Ecker C,Dvorkin J, Nur A M. 1998. Sediments with gas hydrates:
internal structure from seismic AVO. Geophysics, 63(5): 1659
~1669.

Ecker C, Dvorkin J, Nur A M. 2000. Estimating the amount of gas
hydrate and free gas from marine seismic data. Geophysics, 65
(2): 565~573.

Feng Yiming. 1997. Investigatory summary of the Qilian orogenic
belt, China: History, presence and prospect. Advance in Earth
Sciences, 12(4): 307~314 (in Chinese with English abstract).

Fu Junhui, Zhou Lifa. 1998. Carboniferous-Jurassic stratigraphic
provinces of the southern Qilian basin and their pertro-
geological features. Northwest Geoscience, 19(2): 47~54 (in
Chinese with English abstract).

Fu Junhui, Zhou Lifa. 2000. Triassic stratigraphic provinces of the
southern Qilian basin and their petro-geological features.
Northwest Geoscience, 21 (2): 64 ~ 72 (in Chinese with
English abstract).

Guo Xingwang. 2011. Well logging response characteristics and
evaluation of gas hydrate in Qilian Mountain Permafrost.
Master thesis of Chinese Academy of Geological Sciences (in
Chinese with English abstract).

Han Jianguang, Yu Changqing., Zhang Xiaobo, Gu Bingluo, Wang
Yun, Chen Peng. 2016.
simulation study on terrestrial gas hydrate in permafrost area.
Acta Geologica Sinica, 90(9): 2502~ 2512 (in Chinese with
English abstract).

Helgerud M B, Dvorkin J, Nur A, Sakai A, Collett T. 1999.
Elasitc-wave velocity in marine sediments with gas hydrates:

Multiwave seismic numerical

effective medium modeling. Geophysical Research Letters, 26
(13): 2021~2024.

Hilchie D W. 1978. Applied openhole log interpretation ( for
Geologists and Petroleum Engineers). Colorado; DW Hilchie.

Lee M W, Hutchinson D R, Dillon W P, Miller J J, Agena W F,
Swift B A. 1993. Method of estimating the amount of in-situ
gas hydrates in deep marine sediments. Marine Petroleum and
Geology, 10(5): 493~506.

Lee M W, Hutchinson D R, Collett T S, Dillon W P. 1996. Seismic
velocities for hydrate-bearing sediments using weighted
equation. Journal of Geophysical Research, 101 (B9). 20347
~20358.

Lee M W, Collett T S. 2008. Intergrated analysis of well logs and
seismic data to estimate gas hydrate concentrations at Keathley
Canyon, Gulf of Mexico. Marine and Petroleum Geology. 25
(9): 924~931.

Li Hongxing, Tao Chunhui, Zhou Jianping, Deng Juzhi, Deng
Xianming, Fang Genxian. 2009. Modified effective medium
modeling and seismic wave field in un-cemented marine
sediments with hydrates. Acta Physica Sinica, 58(11): 8083~
8093(in Chinese with English abstract).

Lin Lin, Liang Jin, Guo Yiqun, Lu Jingan, Liang Jinqiang. 2014.
Estimating saturation of gas hydrate within marine sediments
using sonic log data, Well Logging Technology, 38(2); 234~
238 (in Chinese with English abstract).

Lin Zhenzhou, Li Yang, Gao Wenli, Kong Guangsheng, Sun
Shangzhe. 2013. Physical character analysis of logging data for
natural gas hydrate in Qilian Mountain permafrost area,
Geophysical & Geochemical Exploration, 37(5): 834~838 (in
Chinese with English abstract).

Liu Jie, Liu Jiangping, Cheng Fei, Wang Jing, Deng Xiaohu Liu
Xiaoxiao, Jin Cong. 2017. Rock physics analysis of the
hydrate-bearing sediments in the permafrost region of Qinghai-
Tibet plateau. Progress in Geophysics, 32(3): 1008~1018 (in
Chinese with English abstract).

Lu Zhenquan., Zhu Youhai, Zhang YongqinWen Huaijun, Li
Yonghong, Liu Changling. 2011. Gas hydrate occurrences in
the Qilian Mountain permafrost, Qinghai Province, China.
Cold Regions Science and Technology, 66(2-3): 93~104.

Lu Zhenquan, Rao Zhu, Zhu Youhai, Liu Hui, Zhang Yongqin.
2013a. Gas geochemical features of the DK-8 gas hydrate
drilling hole in the permafrost of Qilian Mountain, and their
indicative significance. Acta Geologica Sinica, 87(8): 1167 ~
1178 (in Chinese with English abstract).

Lu Zhenquan, Zhu Youhai, Zhang Yongqin, Liu Hui, Wang Ting.
2013b. Gas Source conditions for gas hydrate in Qilian
Mountain permafrost of Qinghai and their implications. Mineral
Deposits, 32 (5): 1035 ~ 1044 (in Chinese with English
abstract).

Lu Zhenquan, Zhai Gangyi, Wen Huaijun, Li Yonghong, Wang
Weichao, Zhu Youhai. 2015. Geological constraints on gas
hydrate formation and distribution in Sanlutian Permafrost of
Muli, Qinghai. Geoscience, 29(5): 1002~ 1013 (in Chinese
with English abstract).

Maslin M, Owen M, Betts R, Day S, Jones T D, Ridgwell A.
2010. Gas hydrates: past and future geohazard. Philosophical
Transactions of the Royal Society of Iondon series a-
mathematical physical and engineering sciences, 368 (1919):
2369~2393.

Serra 0. 1984. Fundamentals of well-log interpretation. Part 1: The
acquisition of logging data. Amsterdam: Elsevier.

Shi Dou, Sun Chengquan, Zhu Yuenian. 1992. Foreign gas hydrate
research progress. Lanzhou: Lanzhou University Press (in
Chinese with English abstract).

Sloan E D. 1998. Clathrate hydrates of natural gases. New York:
Marcel Dekker Inc.

Song Haibin, Song Linxiu, Wu Nengyou, Hao Tianyao. 2001.
Geophysical researches on marine gas hydrates (1): physical
properties. Progress in Geophysics, 16 (2): 118 ~ 126 (in
Chinese with English abstract).

Tan Furong, Liu Shiming, Cui Weixiong, Wan Yuging, Yang
Chuang, Zhang Guangchao, Liu Weigang, Du Fangpeng, Fan
Yuhai. 2017. Origin of gas hydrate in the Juhugeng mining area
of Muli coalfield. Acta Geologica Sinica, 91(5);: 1158 ~1167
(in Chinese with English abstract).

Tinivella U. 1999. A method for estimating gas hydrate and free gas
concentrations in marine sediments. Bollettino di Geofisica
Teorica ed Applicata, 40(1): 19~30.

Wang Pingkang, Zhu Youhai, Lu Zhenquan, Huang Xia, Pang
Shouji, Zhang Shuai, Yang Kaili. 2013. Gas hydrate field
identification methods in Qilian Mountain permafrost. Mineral
Deposits, 32 (5): 1045 ~ 1056 (in Chinese with English
abstract).

Wang Pingkang., Zhu Youhai, Lu Zhenquan, Huang Xia, Pang
Shouji, Zhang Shuai, Jiang Shaoging, Li Qinghai, Yang Kaili,
Li Bing. 2014. Geochemistry and genesis of authigenic pyrite
from gas hydrate accumulation system in the Qilian Mountain
permafrost, Qinghai, northwest China. Science China: Earth
Sciences, 44 (6); 1283 ~ 1297 (in Chinese with English
abstract).

Wang Xiujuan, Wu Shiguo, Guo Xuan,Xu Ning. 2005. Estimation
of gas hydrate saturation in the continental slope, the South
China Sea. Marine Geology &. Quaternary Geology, 25(3): 89
~95 (in Chinese with English abstract).

Wang Xiujuan, Wu Shiguo, Wang Dawei, Ma Yubo, Yao Genshun,
Gong Yuehua. 2010. The role of polygonal faults in fluid
migration and gas hydrate reservoir forming in Southeast
Hainan Basin. Oil Geophysical Prospecting, 45(1);: 122~128
(in Chinese with English abstract).

Weast R C. 1992. Handbook of Chemistry and Physics. Chemical
Rubber Company Press, New York, USA.

Wen Huaijun, Lu Zhenquan, Li Yonghong, Wang Weichao, Liu
Wenjin, Li Xing. 2015. New advance on gas hydrate survey
and research in Sanlutian of Muli, Qinghai. Geoscience, 29
(5): 983~994 (in Chinese with English abstract).

Xiao Kun, Zou Changchun, Xiang Biao, Yue Xuyuan, Zhou
Xinpeng, Li Jianguo, Zhao Bin. 2014. Log response of
ultrasonic imaging and its significance for deep mineral



%05 M

B A R TP O 4 o o DAL B B K W A )2 K B R R A B T TR 1673

prospecting of scientific drilling borehole-2 in Nanling district,
China. Journal of Geophysics and Engineering, 11(5): 1~11.

Xiao Kun, Zou Changchun, Yang Yaxin, Shang Jingtao, Lu
Mingjun. 2017. Study on formation velocities estimated from
the pore filling gas hydrate reservoir in the Qilian Mountain
permafrost. Progress in Geophysics, 32(6): 2697 ~2702 (in
Chinese with English abstract).

Zhao Xingmin,Deng Jian, Li Jinping, Lu Cheng, Song Jian. 2011.
Gas hydrate formation and its accumulation potential in Mohe
permafrost area, China. Acta Geologica Sinica, 85(9): 1536~
1550 (in Chinese with English abstract).

Zhu Youhai, Zhang Yongqin, Wen Huaijun, Lu Zhenquan, Jia
Zhiyao, Li Yonghong, Li Qinghai, Liu Changling, Wang
Pingkang, Guo Xingwang. 2009. Gas hydrates in the Qilian
Mountain Permafrost, Qinghai, Northwest China. Acta
Geologica Sinica, 83 (11): 1762 ~ 1771 (in Chinese with
English abstract).

Zhu Youhai, Zhang Yongqin, Wen Huaijun, Lu Zhenquan, Jia
Zhiyao, Li Yonghong, Li Qinghai, Liu Changling, Wang
Pingkang, Guo Xingwang. 2010a. Gas hydrates in the Qilian
Mountain Permafrost, Qinghai, Northwest China. Acta
Geologica Sinica (English Edition), 84(1); 1~10.

Zhu Youhai, Zhang Yonggin, Wen Huaijun, Lu Zhenquan, Wang
Pingkang. 2010b. Gas hydrates in the Qilian Mountain
permafrost and their basic characteristics. Acta Geoscientica
Sinica, 31(1); 7~16 (in Chinese with English abstract).

Zhu Youhai, Zhao Xingmin, Lu Zhenquan. 2011. Resource potential
and reservoir distribution of natural gas hydrate in permafrost
areas of China. Natural Gas Industry, 31(1): 13~ 19 (in
Chinese with English abstract).

Zimmerman R W, King M S. 1986. The effect of the extent of
freezing on seismic velocities in unconsolidated permafrost.
Geophysics, 51(6): 1285~1290.

Zou Changchun, Xiao Kun, Zhou Xinpeng, Li Jianguo, Zhao Bin,
Xiang Biao, Sun Shaowei, Wang Zhenbin, Huang Bo, Yin
Daojin. 2014. Response characteristics of ultrasonic imaging
logging in hole NLSD-1 of the scientific drilling in Yudu-
Ganxian Ore district and their implications for deep mineral
prospecting. Acta Geologica Sinica, 88 (4): 676 ~ 685 (in
Chinese with English abstract).

2 % x W

35 B 1997, AR 3% 1 L AF 28 MR 0 —— 7 sl L BUCAR K R b ER B
2R, 12(4) : 307~314.

TFBNE S JEI ST . 1998, B A 3% 43 Ml A7 e — Pk 2 20 b 2% DX 5] K% A il
FURFAE. POdb b B R} 2 ,19(2) ; 47~54.

PFRNE SR ST K. 2000, T 4B 3% 7 0 = B 20 U2 K A il R AR A, 7
JbHb RN, 21(2) : 64~72.

FERIE. 2011, A8 LR 4 X AR AIK A 0 0 FH 0 1 45 AE B FE A R
] 53 R 2% e A 2 v 38 3.

A, T LKW A TIE TR RS, 2016, Bl 4 X R SR
SOKA Y 2 U b 7% B0 B ALTF 9. M R 2R, 90 (9D 2502
~2512.

AL BN AT B R B, P AR . 2009, JE IS5 &K
BTG IE S5 300 G o B A5 78 % L b 72 % 7 R AE W 5.
P22 47 ,58(11) : 8083~8093.

R 2 SOARTE Bl A2 B2 4 . 2014, ) 7 I R ) £ 4
W R AR SR G W A B 4R ,38(2) : 234~238.

ARIRI 22 8 SR FL ) kL P 4. 2013, A 5% LR £ X KRR A
IKA YL I Py S BT AR S5 AR 37(5) : 834~838.

XUZS S XUVTAF A2 % F 5, XR/NE, XU 1 - 4 T 2017, 95 980 = I R
X RAR SR A Y 2 00 5 340 BT b 3R g B 2 g R L 32
(3): 1008~1018.

FEARAL . GeAT A 1 XUH$»JK7K§5 2013a. #B % 1L % + X R IR KK
A% DK-8 FL2A T 48 < Hh 3R Ak 2 R A R s B R 28 X i

2245 .87(8): 1167~1178.

ﬁvﬁffx VLA L B B X L F . 2013b. 7 0 AR 1 1L 4 XK SR
ORGP SRS B B R 3 . R . 32 (5) : 1035
~1044.

FEPRAL L RIS SO AR 4T, F AR BUA M. 2015, Hig R B =
TR £ X KRR AW B o Ai i 55 60 8 & 3G
i .29(5): 1002~1013.

Sl PNRAL S R R AR 1992, B AN RIRSOK A BF sk J. 22 %
DLPNE i)

MG AN L T A AE K BK. 2001, 16 1 KRS KA W i HLER B
FERESE (D : A AP, thERY A R, 16(2) . 118~126.
TRLET o, XHE B L A e, T AR DR B B sR O A W AL D G v
E¥E. 2017, R BB RFED X KR SKE Y IFEIE. H i

2245 .91(5); 1158~1167.

TR AUE W IR B PSSR VLA 22 i T
W 250K, 2014, 43 1L R + X KR K A 9 OB R & vh B A
B ER AL A AR 5 R R R . P E RR 2 L ER L2, 44 (6)
1283~1297.

TR LA IR AL B PESE R L IR L A SR . 2013, 4153 1L
AR RIS K G B0 J . 97 R H T, 32 (5): 1045
~1056.

T FHUE R E L e k7. 2005. 7 U B 3 K AR SOK A 0 0 B Al
Tl U M 5 5 DU 40 b 5, 25(3) : 89~95.

FolR . RO E L ERMH B E B BRI, 32 ERAE. 2010, B AR R 75 4
2 IV W J2 A 37 A8 B R 9K AUk A 0 B R B 7R T A i
BRI, 45(1) ; 122~128.

SO, FEARAL ZE K 2L EA R, X Sk, 22 B 2015, 5 K L = #&
KA H R AR A 9 A BF 5% 3 0k Je. AR 5, 29(5) . 983
~994.

M AR AT 1 S L Bl AR 2017, A% 1L R A IXCFL B R
TR A Hb )2 A B O R T T bR A B2 E L 32(6) ;2697
~2702.

XA B, AR A BT G R R (. 2011, B B4R R b X R R AUK
BTG N S IF B 8 E T 1 WF 5. Hb B 2% 4. 85 (9) ;1536
~1550.

WA 5K K By, SO )5 PR AL, BT RS M, 2K 40, 2 I 0 B g
TV A, 2009, 1 W AR E LK K AR KRA 7J<A%
o244, 83(11) : 1762~1771.

BUA W 5K K By, SO R, 5 R AL, 3. 2010, 48 3% 1t R - X K4
SOKA Y KR A FRAE. Bk 2 3R . 31(1) . 7~16.

BA W B R S ARAL 2011, P E R £ X RARSK G MRk o ik
X R H B KRR Tk .31(1) : 13~19.

AR H R RS 2 g L RO, WU I AR TE TR B kL T
T 2014, F 8- B 4 KR 2E B 4R NLSD-1 4L 18 75 I A%
0 - ) L A AE B FL YRR S MR AR L 88(4) : 676~685.



Hoom R )
1674 http://www. geojournals. cn/dzxb/ch/index. aspx 2020 4

The acoustic log method of estimating gas hydrate saturation
in gas hydrate reservoirs
XIAO Kun*", ZOU Changchun” , LU Zhenquan® , LI Hongxing” , QIN Zhen” , GE Kunpeng"

1) State Key Laboratory of Nuclear Resources and Environment ,
(East China University of Technology), Nanchang, Jiangxi, 330013;
2) Key Laboratory of Geo-detection (China University of Geosciences, Beijing), Ministry of Education, Beijing, 100083;
3) Oil & Gas Survey . China Geological Survey, Beijing, 100029
* Corresponding author ; xiaokun0626 (@163. com

Abstract

Accurate calculation of gas hydrate saturation is very important for resource evaluation. In this paper,
the method of combining ultrasonic log data with the effective medium theory model has been effectively
used to evaluate gas hydrate saturation characteristics of borehole formation in the Qilian Mountain
permafrost. This method has been applied to the typical pore-filling gas hydrate borehole DKXX-13. The
compressional wave (P-wave) velocity simulated by the effective medium theory model is more consistent
with the actual log data than the velocity model based on two-phase medium theory in the pore-filling
reservoir. The range of the gas hydrate saturation of the typical pore-filling reservoir in hole DKXX-13 is
13.0%~85.0%, with an average value of 61.9%, which is in accordance with the results from the
standard Archie equation and the actual core test. The research results could provide important reference

for gas hydrate reservoir logging evaluation and seismic exploration in the Qilian Mountain permafrost.

Key words: Qilian Mountain permafrost; pore filling gas hydrate; ultrasonic log; effective medium

theory model; gas hydrate saturation



