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Abstract: This paper is the result of marine hydrates exploration engineering.

[Objective] The China Geological Survey successfully carried out two NGH production tests in the Shenhu area in the northern
South China Sea (SCS) in 2017 and 2020, setting multiple world records, such as the longest gas production time, the highest total
gas production, and the highest average daily gas production. Understanding and mastering the phase transition and seepage
mechanism of natural gas hydrate reservoir exploitation in the SCS will help to further reveal the decomposition mechanism,
production law, and production increase mechanism of this type of hydrate, and provide a theoretical basis for large— scale and
efficient exploitation of hydrate resources in China sea. [Methods] As suggested by the in—depth research on the two production
tests, key factors that restrict the gas production efficiency of hydrate dissociation include reservoir structure characterization,
hydrate phase transition, multiphase seepage and permeability enhancement, and the simulation and regulation of production
capacity, among which the hydrate phase transition and seepage mechanism are crucial. [Results] Study results reveal that the
hydrate phase transition in the SCS is characterized by low dissociation temperature, is prone to produce secondary hydrates in the
reservoirs, and is a complex process under the combined effects of the seepage, stress, temperature, and chemical fields. The
multiphase seepage is controlled by multiple factors such as the physical properties of unconsolidated reservoirs, the hydrate phase
transition, and exploitation methods and is characterized by strong methane adsorption, abrupt changes in absolute permeability, and
the weak flow capacity of gas. To ensure the long—term, stable, and efficient NGHs exploitation in the SCS, it is necessary to further
enhance the reservoir seepage capacity and increase gas production through secondary reservoir stimulation based on initial
reservoir stimulation. [Conclusions] With the constant progress in the NGHs industrialization, great efforts should be made to tackle
the difficulties, such as determining the micro—change in temperature and pressure, the response mechanisms of material — energy
exchange, the methods for efficient NGH dissociation, and the boundary conditions for the formation of secondary hydrates in the

large—scale, long—term gas production.

Key words: natural gas hydrate; clayey silt reservoir; hydrate phase transition; seepage mechanism; marine hydrates exploration
engineering; South China Sea; China

Highlights: The hydrate phase transition in the SCS is a complex process under the combined effects of the seepage, stress,
temperature, and chemical fields; The clayey silt reservoir in the SCS is characterized by strong methane adsorption, abrupt changes
in absolute permeability, the weak flow capacity of gas, etc., and the multiphase seepage mechanism is complex.
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Fig.1 Geological map of the study area
a—Regional geological background and the location of the study area (marked with a red square); b—Relative location of Well GMGS5—SH17 (Qin et
al., 2020)
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Fig.2 Typical mineral surfaces of reservoir samples
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Fig.3 Comparison of mineral (a) and clay (b) contents of three samples in the Shenhu area of SCS
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the permeability simulation of six hydrate samples (c) (Bian et al., 2020).
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Table 3 Calculated 3D fractal dimensions of six hydrate samples and two sandstone cores (Bian et al., 2020)

S 1 2 3 4 5 6 A a W# b
I IYEEL 2.77 2.79 2.71 2.85 2.81 2.78 2.70 2.85

YR FLBRES Y, 20K S AR i R A A
Wi, AR 225 DEAE R LB (BRI,

A BB K & PR AF AR E , B 12K
BP0 i 2> T B Z T R AR ) R T 2

5, EAGTEAZ NI —YOREPI (K19) .
3.3 KEWHREXERZERNFMN
TS Z FLA oA 6 S 2R 90T ) 20 0 S AR

M SRR . AR S YA X2 8 15 R
M AT FE LR , T2 B TN T A S sl R A%
S SRS B B 1T X R T S G SR B T A BR

»

-
T
P

v Y ORX

LR
X

&l

AASAS

bonad o

e

'8

CA 20 iy

=3
@

!

et
Y
L

-t

"

o

¢

e
R ;n’
ey

e paead ¢
.

(a) B o B A 4 b 2.46% (b) B 5 & 1 43 H3.62%

7 SRIETEO.1.2.3.4.5 .10 F120 ns (A4 5 CHE bl ARk 31, i B AR U SRR o, L A RR LK)
(Qietal., 2021)
Fig.7 Configurations of pectin at 0, 1, 2, 3, 4, 5, 10, and 20 ns. Blue represents water molecules, blue dotted lines represent
hydrogen bonds, green represents methane, and red represents pectin (Qi et al., 2021)

http:/geochina.cgs.gov.cn H1[EHBJFT, 2022, 49(3)



756 i [

b J 2022 4

(Liu et al.,2015; Kumar et al.,2015; Heeschen et al.,
2016; Wang et al.,2017; Zhang et al.,2019; Song et al.,
2020;Li et al.,2020; Qin et al.,2021 ) ,

B e P AT J0K & W ik s 1) e o 10
FE A AR A R R IO B, T e 1 fit
JZKEG YIRS 58 RSB TE . 5 HAbGE
JEISHUAR ], B TR BB D Z2 LA BTN K& W A7
TEBH R 20 it 2 LB 25 46 B B o VR T, 52 o
BTN AT Slim iR g sh , i |k HoB i R 2 8 H A
AR B R Z 0] KA Bh S8, BB, B T —
A KA AR AR A [R] 5 2 A, 5
S5 R 22 AR EOR S LU 1) 07t Dl B A bk
B YRS R K G PR E R A S A BB i R
A FR (EI10), AT WL, P Bk b /K G IR
Tt 28 3 AR R S ST AL = th 2L 2 R 2L [
P i 5 At A
3.4 ZRKREMHEERER

DATE B T/IN RUBE y PRASEAD) S 56 sl B B 4 3%
B, R B YR TT R KRR SKE Y, Z KGO i
Hi R B — 1 R RN L [ VE P A2 R v T R 2%
AR AP XN, R B AL BN IR <
VR R P AT A AR 5 R PR T PR UK & )
BYK , 3 88 Vi T PRS2 B 3 R (1A 2
WL TN B oA, e PR S W o i L
K FH AL, R T ORGPk
JCAE: 3% e T SR a0 20 S5 T X R i DR 1) ) 83 (Y et al.,

20

r(a)

i E & 71/MPa
=)

oo
—

LB FK
Pure water
1.97 wt%
3.19 wt%
3.35wt%

4 ¢ > =

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
274 276 278 280 282 284 286 288 290
/K

2017; Yamamoto et al.,2017;Fan et al.,2017; Yu et al.,
2018; Chen et al.,2018; Yang et al.,2021; Li et al.,
2021) 0 R 7 2 U FLSLTFR R T 9 00K
BYEVOE ) FE R EE R KRR UKEY)
ARSI G A KA AU R (Rt AR 55, 2021) , %)
O AT T NG T % 2 A 7 R I — R X
UK A IE B BRI B, LA e A 7 s 2%
X =YK EWIE U2

WEFERI] FEAR R A 7 22 550, WK &)
SR ET SRR BT D BORET, 2 R E - I AR
IF, 2 TR AR i, AT T, WRLEE T A
JEE R 5 B it DX AN A i 2 il P DA R
RAARR, TR BE AT PR AFFE UK AT LA b )23 e T 3 A Ak
AARIFRE 5 [RI, B - T Sttt , AT R ks
IS , KSR E XY e U B g, oK S
A= J DRSS b MR AT (T&T 11) o 53+ 1 A [
T SR, KRS B0 AR BERL
FRPE TN, e ) A 3 sl o DX st B T ) 76 %
FRGWREN , —UOKEWA SR, SE5 R
A B TR s/ INE 2223 RAVAE — oK &9
A B (RS TE T S (8 12) . FIGAT UL, 2
P ZEX ZYOKEYIRIE URAT BRIV ER]

4 RIRZUKEWIMRIX ZAB i LT

4.1 S EX RIS EE R R HFIE
M 7= I 18 2 R AR K A W 43 vl 2% 2 (8] 1)

F(b) PN

H )2 & F1/MPa
[ ]

o]
T

BT K

Pure water
1.97 wt%
3.19 wt%
3.35wt%

4 ¢ > =

274 276 278 280 282 284 286 288 290
/K

8 KIEAR R AR R B2 T RIR UK B Wi 55 (a) MR R BE 26 1F T UURRMI SR R K S W) 73 261 () (Geng et al.,

2021)
Fig. 8 NGHs dissociation conditions in bulk water (a) and in sediments (b) with different salinities(Geng et al., 2021)
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Fig. 9 The plots of reciprocal temperature (1/7) vs. the natural logarithm of dissociation pressure (InP) for experimental NGH in (a)
the bulk water and (b) marine sediments. The solid lines indicate the reliability and accuracy of the experimental procedure and data

points (Geng et al., 2021)
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Fig.19 Relationship between the production dynamic characteristics and the variation of formation temperature and pressure of the
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a—Comparison between simulated and practical gas production during the first offshore NGHs production test ; b—The proportion of gas from NGHs

dissociation to total gas production in different stages of hydrate exploitation; c—Comparative relationship between the temperature and pore pressure

conditions of hydrate—bearing layers and the hydrate equilibrium condition in different stages of hydrate exploitation (Qin et al., 2020)
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