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Numerical study on the movement of the decomposition front of natural gas hydrate under depressurization
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Abstract: In the process of hydrate decompression, there occurs a decomposition front between the decomposed and undecomposed regions of
gas hydrate reservoir. Studying the movement of the decomposition front may help to understand the hydrate decomposition characteristics and
further predict the gas volume, which will provide a scientific reference for the actual exploitation potential. In this paper, a one-dimensional and
three-phase mathematical model is established. After analyzing the parameter magnitude, the movement of gas and water in hydrate reservoir is
regarded as steady flow, and the decomposition front is calculated. Meanwhile, the temperature field equations were dimensionless trans-formed
to obtain the transcendental equations for calculating temperature. Combined with the model example, it is considered that the movement of the
hydrate decomposition front is linear with the square root of time, and the gas production rate rapidly decreases to a stable value after reaching
the peak in the early period. In addition, based on the results of the first trial production in Shen Hu area of the South China Sea, it is found that
the total gas production calculated by the model is higher than the actual trial production value, and the relative error is within the acceptable
range. Therefore, this paper provides a new simple calculation method for hydrate exploitation characteristics, and gives an optimistic prediction
for the exploitation potential. Finally, through sensitivity analyses of the initial temperature, absolute permeability and porosity, it is found that
with the increase of the initial temperature and permeability of the formation, the moving distance of the hydrate decomposition front will
increase, and the initial formation temperature has a significant effect on the decomposition of hydrate. As the porosity of the formation gets

greater, the movement rate of the decomposition front decreases, the moving distance decreases, and the pressure difference between the
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wellhead and the decomposition front decreases. At this time, the movement of the decomposition front is determined by the thermal physical

parameters of the reservoir.

Key words: gas hydrate; decomposition front; depressurization; theoretical model
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decomposition front of gas hydrate
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Table 2 The correlated parameters used for calculation

ZH Hifh
KEWE Epn (kg/m*) 910
HHEEen (kgm®) 2650
KEMEREER (m) 40
KEYBAES 0.3
IKEDEKMRIFES 0.7
FLEREE S 0.3
Wt 1Py (MPa) 14.0
YIsHHERE Ty (KO 287.15
FHIEE /1Py (MPa) 3.0
B KA R AR AR Bl 0.129
SUEZEF I Ry (Pas) le-5
IKAIZ BN Fhi R By (Pas) l.e-3
IKEWALITBIERK (md) 2.9
HEHELINEZEFRK (md) 150
KGR gn (kI/kg) 430
KEVF MR, (W/mK) 211
HASHRALA (WmKD 20
KGR, (WmKD 0.58
KEWIH e, (KI/kg KD 222
K ey (KI/kg KD 42
HA R ey (Kikg KD 1.0

i, It ARG o AT 2% . FEJTR 60, 120, 200d
Jei o AR TSR 43 il T 2 B B 1) RS B0 BE S 43 0 29
33.35. 47.17. 60.90 m. Ml 3a H, A LI 2| & T
SR B ] 64 6 8, KB 0 A T 2k B 2 it 4R R R AR
/I, Uk BH 3 R T % A% Bl B BRI

HRIEIK G 53 ik T 25 88 Bl R AR 4K (18] 3b), B
HH K B W 53 A T 2% R% 3 S8UR AE AR 7 S B iR K
{H, Bl TR 0] (0] HE RS, o o) o A0 18 I J % a1 °F
o HIX —MELWIEFEAET, S IR R IT 1R
B, KA YT RS AT, MR R R T bR 5 328, I
JE 5 M2 R 1 2208 K& W o iy 28R 8h g
B 5 7 b )2 P R 1A% 3 DL BOK A 4y fiad AR e
THAE, T8O 2R T R, KA WA VA5 R T 59
& Z 8] B R 22 080708, 4 il 3o 72 e 22 A8 0% 5 AE T R e
W, 682 Re AN R, KB W) o B i 2 P
(A% S, 0 ff 10 2 8% 3 R AR FE BRI P RUIR A,
FE X PO 0T 4 M L A2 4 )2 I B T Y R



240 % 5 6

SRR, S RIRFUKG WIRE IR IT R 23 fifk 1 G B S B AT 52 203

a
é 80
jind]
= 60
R
R 40
%
=20
E
R0 100 200
FfTEl/d
C

300
S
J=|
= 200
e
‘Z 100
r

0

0 100 200
N EG|

2 33H # (m/s)
N W

b
««“L

il

%0
&K 0 100 200
FF al/d
)
g
<
=
g |
r
L
i3]
S0
0 100 200
Fof ) /d

3 REWITREHL
a. S T2 BE I 18] B B LT, b. 23 A B 2% 7% 3 R B [B] 24k, ¢, 77 U A Bl I (8] 22 1, d. 877 o Bl I 8] 22 1

Fig.3 Characteristics of hydrate production

a. The moving of decomposition front with time, b. the velocity of decomposition front varies with time, c. the rate of gas

production varies with time, d. the volume of gas production varies with time
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different initial reservoir temperatures
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