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Abstract: Aiming at the defect that professional gas hydrate reservoir numerical simulator fails to accurately characterize mass and
heat transfer laws in the matrix and reservoir stimulation areas. By adding PEBI unstructured grid division module and mass and the
heat transfer calculation module for matrix and reservoir stimulation area in Tough + Hydrate software, a breakthrough is made in
the numerical simulation of depressurization exploitation of natural gas hydrate reservoir assisted by reservoir stimulation. Firstly,
the matrix and reservoir stimulation areas are modeled respectively, and the mass and heat transfer laws between the matrix and res-
ervoir stimulation areas are characterized based on discrete fracture theory, thus establishing the numerical simulation method for de-
pressurization exploitation of natural gas hydrate reservoir assisted by reservoir stimulation. Then, taking the reservoir stimulation
by hydraulic fracturing as an example, the paper investigates the variation law of productivity and physical field during depressuriza-
tion exploitation of natural gas hydrate reservoir assisted by hydraulic fracturing during trial production in Shenhu sea area of the

South China Sea, and analyzes the influencing factors of productivity. Research results show that hydraulic fracturing can greatly ac-
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celerate the output rate and depressurization rate for gas-water mobile phase, so as to make full use of the reservoir heat and pressure
to promote hydrate dissociation in the hybrid layer and hydrate layer. Compared with the case of no fracturing, the peak gas produc-
tion and long-term cumulative gas production can increase up to 198. 7% and 108. 1% after hydrofracturing. respectively. However,
being subject to the large consumption of heat, the hydrate dissociation rate and gas production will decrease significantly in the later
stage of depressurization exploitation, and a large amount of undissociated hydrates still remain in the hydrate layer after depressur-
ization. Fracture conductivity, fracture number and half length will have a great impact on gas productivity. The higher gas produc-

tivity after depressurization exploitation is attributed to the stronger fracture conductivity, the larger amount of f{ractures, and the

larger half length.

Key words: gas hydrate reservoir; hydraulic fracturing; discrete fracture; unstructured grid; depressurization exploitation
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%23

XK B2 )2 RO X | 2 RAR UK A R e T 2 0CR 1) 2 o R A

419

WNF R e BE 45/ . RSN R T ROK G R VIR
FIZMASRREZ 07 Y8 5 5 ) bR R 07 £ 14K
2.17 C1.58 CH10.36 C, X FREEIF LT 5 )2
(14 FE 73 A K G sh B Ak 3l o 1 i )2 B RE DU R K A
o1 AR A e i ok VR L Hs 2 5 58 7E B4 T B 2 1 i 2
J 3 0 4 REAIG L 3k U B UK ) R B S B R T & AT LA
I FE 43 M ) FH 2 R R R AR R R

5 SRR B4 SRR 2405 58 1 1A 7 R (30 ) Al
KHIHE 1000 DXFEE . B 5 T LAE H E T §
(P SIEAEE—E 225 . TRy e L 7= 1
B BEAEAE— A~ 1 8 1 7= S it AR B B B S 7 A
AW BT BN 5 7 N . X R B REHTKE
VI IB 8 R IR A R MASIRZ R A AL
FESG I R] P ) 38 8% 2 R b BRI XS O £ R DK &
Oy R PR N [ BTk A A S

50

40

w
(=)

P E/(10°m’/d)
8

10

— EHTE

— ERFR
0 l | | |
0 200 400 600 800 1000
A 1H] / d
(a) F=RE
5000
|
| 5000
| —~ A
4000 || = 4000
! & 3000
| ~
I o8 2000
- I *
<3000 fiy 1000 [~
g I
< ! 0 [ S
> | 0 6 12 18 24 30
® 2000 | 4
AH\ |
| — ERIE
1000 k! — EERFR
S e e B
|
|
0 | 1 1 1 1
] 200 400 600 800 1000
B 1E /d
(c) ForkE
& 5

ERESE/10°

BB=KE/10°m’

RE i R R —E s, HHEE K G Y5 fE
B RLL N A AR is %, 72 IS BT If ik 3 i
B HTREG Yo ARZ BN K G ) 53 ik
BEAKIREAR R B B H SRR R G R R A A
REAR o BRI 48 e K S 1017 e gt i 1 . T % F R 27
Z W TR BRAENAERGEMIERERNAH
AT I R A A RS F AR IR IR IR ROR L IR R
FETF KA At B i DRt bt 2 i )2 s X R
TIPS PG TR, B SRR LA H . H
IKFETE KA e85 o B i AS T R A ] B T 2 52 114
PR S TIERRTE. Gits R R BRI R
FEIATT K SR AR R 0 10. 4 £, HOK ) R
LG WA = 1 A I R SR S A 1S I 43 )R] ik
198. 7% 108. 1% , R M 7K J) FE24AT DL 428 T 28R
SRAK A W B R R R

300
\ 10
8.54%10°m’
I ‘“E sk >
! >
250 |1 6l
[ |
. vl
| IR 4
200 1 & 8.23x10°m’
| B 2T
| 0 ; g
! 0 6 12 18 24 30
150 1= B /d
I
]
100 !
]
I
]
50 !
: — EHIF
— EEHFR
0 200 400 600 800 1000
B 7 d
(b) BHF=RE
120 — "
: 8.41x10°m —
| B8
100 1 =
o Wl;ﬂ 6r
! ® 4 2.27x10*m’
| i
80 [ 8, I
| B /
| 0 1 1 I I I
I 0 5 (10 15 20 25
60 FHE] / d
|
|
40 |1
|
|
|
20 |
! — ERFE
| — EEHFR
0 | 1 1 1 Il
0 200 400 600 800 1000
iR / d

(d) BBj=kE

KAEHNKKF=EM I

Fig.5 Effects of hydraulic fracturing on gas and water production
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