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Sediment pore-structure and permeability variation induced by hydrate formation: Evidence from low field nuclear
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Abstract: The macro-scale physical properties of hydrate-bearing sediments is in fact controlled by their micro-scale pore-structures.
Understanding the changes in pore-structure characteristics of the sediments during the process of hydrate formation is essential to the analyzing
and predicting of the sediment properties. In this paper, the formation processes of Xenon hydrate in different sandy samples are measured with
the low-field nuclear magnetic resonance (LFNMR) method. The obtained transverse relaxation time (7,) spectra are interpreted for study of the
changes in pore-structure and physical properties of the sediments during the hydrate formation. The results show that Xenon hydrates
preferentially form in larger pores and only little amount of hydrates formed in smaller pores; the forming rate of hydrate is higher at the early
stage of formation but decrease slowly at the later stage; the hydrate formation process also leads to the changes in pore size and pore-size
distribution patterns, for examples, the maximum radius and mean radius of the water-phase pores decrease with increasing hydrate saturation,
while the fractal dimension of the effective water-phase pores increases with the increasing hydrate saturation; the water-phase permeability
decreases rapidly in the early stage of hydrate formation, but slowly decrease since then; the changes of water-phase permeability during hydrate
formation are affected by the pore-structures of the sediment; compared to the SDR model and the Kozeny-Carman model, the fractal model of
permeability performs better in showing the influences of pore-structure characteristics on the changes of water-phase permeability during the
hydrate formation.
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Fig.1 Schematic diagram of the LFNMR experimental system used for hydrate testing
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198 T b 5T 5 56 DU 40 b 2021 4E 6 A
Vi
- B Nop=7 )
. i o
: A5 03 S P IBO BL, 75 51
. L 1gN(> r) = =D -1gr+ Dy -1g Fnax (10)
éﬁﬁ 0.02 - e g S e
5 s, DA A1, 9 FRAZAR 10, 155
§ 4 _
S e ':.I lgWH+C= =Dy-1gTr+ Dy -1g Tomax (11)
) 1 ‘ N \
007 K, CHEE, Wk T, 4 rh X h 242 > ry B9 1L
| | | | T o7 1 RSN B, T K2k N g HOTL BT X
e pe () T, IR . LA WS Ty 76X AR b 2 b i 2210
o b, T ORAS FALBRAG A 2 5L
Bl 6 KEYA m s 2 5 A PR 2 2 M OC R i 2k

Fig.6 Relationship between the hydrate formation rate and the

phase equilibrium pressure difference
LA N

Fmax 4
V.= f §7rr3 - F(r)-dr

Tmin

)

HI T T I ) S e 1 7K AR AR 5 A 5 B2, PR
A2 A ro B FLBRAR B (V) AT LA IR A
A

44
A
sum

N, A FlAum 73 BIARE AR rg MUBTA FLIR T, 7Y
oA I, B B FLER AR

V

o ®)

1804 164

Kl 8 JB/R T KA W A B B P oK AH LR 73
JERBUEA . N T b PR R AR R A ] L B
S3TE Z B 22 500, P8 rh M e 1 I A5 £k Y e
FHAR 1t £ i s 1] 18] B 9 60 min. & AT 0, fEK &
YA R R R, 3 AL AR PR K T o AR LB Y 4R
FRECRE DB WG R G FEah 10 AR5 2 AR &
3 T8 RECEATE BBl 430 R 2.197~2.694, 2.174~
2.808. 2.046~2.532, 7 IE REMAZEHKEY
A KA AR B B i A - KA 3 A DR Y
BERAFLBR A B, 18 3 2 AL B 1 A 8 FLBR 2 (]
Wl /0N T DA /N AL B A T AR B R AR AR, AR
FEXT LG T 85 o X R AR b S B AE 1] 8 3 - B

= PR = FERLI 050
- ¥
1607 o HEm2 14 o B2 045 . R
wd * A FEdh3 a A FE3 oo o Fh2
1 o PR
£ A . N .
3 120 ES " S 0354
E g - @ 10 a 030
& E $* A R
e A A ST a & 025
b= =S N S
i~ B o=t —a > 020
X e Aos " 4o =
= " T o ; .
s — a E 0.5
0] e . aa
. - 41 0104, o = e
20 - ” 0,051 o S
..... 2 SO S A
0 T T T T T T T 0.00 T T T T
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

IKA LB 8] / min

K7

IKE A 1A / min

KA L R KA FLRR T S 5034

KA ] / min

Fig.7 The changes of pore-size parameters in the water-phase pores during the formation of hydrate

% 4 g g -4
’ l ULG(Tl) l ’ I LG(Ty) I ’ I LG‘ET:) 1 ’
8 KGRI R A K AR FLBR 73 T R AU A 4k

Fig.8 The changes of fractal dimension in the water-phase pores during the formation of hydrate



4145 5L 3

RAGH, 552 KW A IR BTURR ) LR 45 4 195 35 39708 1k 1 1 3 % e e L

199

JK A5 L S ) T, R A A A O i 2 (B R/,
TR A48 s A0 X3 T 2 0 O, e 2 SRR AR i 2
REARIEI

33 KHESEXRTL

BB IR KE W IT KT i S A, #E
A LB S ) b AR I Bl 23 S e K G W) T R
Hh R ) A AR PO, 32 R TR I T RS 5
5, A XS KRG WUTRRYNE & R 5T 2 2
BEXTBAH Y K AR S 2 56057 e 500 5 /K & W T
T2 375 2 1) O T 2 4 IO 6% O I T AR ) o £L
B 45 A RRAE 1A S EOT L XSS BB R
Z IR E R R W I EK S YR 28 3 R B
7 %4345 Schlumberger-Doll Research( SDR ) £ 4 [16:22]
Fl Kozeny-Carman(KC) #1438 J7 kAl i F
TR WA 2 A SR TN O, B8 AR Z i B
FEH, HES T S KG WAEZE B OKAE 7 R 100 43 E
RN, AR Y 2 T T K ) i AR EE RS L B 4G
FXF KA Z 1 ZE B 520 o ASBFS0HS L T 1T SC LFNMR
YIPES BT 45 J, XTEE Bk 3 Fig id R A K &Y

Az A R KA 8 R i R B, 2 2R
SHE LW ER 2, TRV, i T ok 8 i LFNMR
J5 1 AR U AL PR 23 18] 04 43 A0 BcHie , A8 4 115
SR 7 5 AL B AR BB B A SRR, 7EK G W
A R AR RN AR (] 5) HAR 2 5 3h; SDR A}
R o, (Y HUE R 30 pm/s; KC A5 7 v i) 5 230 FL B
A TR T ) 73 8RB I S W55 3.2, 8
Dy B L, X 3 AR AL [ K A B 1 R A5 kT T A
— LA B,

R Al A ) 3000 76 A5 21 1 7K AH 7B 3 T L 4
TN 9 Frws . /B AT, 3 Ry 2k T 4 K A B
75 B K G W 0L RN B O ARl R A AR — 3K B K
A W R B BE N, KA B 1 R B RN KA
Az A, KA 1 R R B, KA A S
IKHB &R NBW AR, AR Z T, T
SDR #5574 1 43 F 50 50 f) 7K AH 35 385 5 1000 &5 S 7 K
B AR BT B SEUR B B /N KC AR KC AR
RUTE K A W) B 0~ 20% 30 N R B 4 A &,
Bl 5 JEA R AN AS o 3 4 RE S B9 1T 45 S AE SDR
AT KC A5 A v XN K, T S TR AR A ) B

®2 TRZEXFHEEFEENHELIRMSHE X

Table 2 Formulas and parameters employed in different permeability prediction models
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Fig.9 Calculation results of water-phase permeability during the formation of hydrate obtained from different permeability prediction models
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