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Abstract: Shale reservoir spaces are dominated by nano-scale pores, and the pore wettability is a key factor to
control the fluid imbibition behavior in shales. The pore wettability of shale rocks and its controlling effect on the
spontaneous imbibition process were systematically investigated on the targeted marine(Longmaxi Formation) and
continental (Da'anzhai Member of Ziliujing Formation) shales. An integrated approach of total organic carbon
mass fraction analysis, X-ray diffraction analysis, contact angle tests, scanning electron microscope observation,
spontaneous imbibition tests and spontaneous imbibition in conjunction with nuclear magnetic resonance tests
were employed. The results show that the shales mainly contain organic matter(OM) -hosted pores, clay
intergranular pores, clay microcracks and carbonate intragranular dissolution pores. The oil-wetting surfaces of
OM-hosted pores significantly control the spontaneous imbibition behavior of n-decane, whereas the water-
wetting surfaces associated with clay intergranular pores determine the imbibition behavoir of deionized water.
Clay mineral microcracks significantly improve the spontaneous imbibition capacity of deionized water in shales
and promote the imbibition efficiency of n-decane to some degree. The imbibition fluid continuously displaces air
by capillary force. When there is no preferential pathway along the imbibition orientation, the fluid imbibition
begins in small-scale pores within shales and continues in the large-scale pores progressively. However, the
various stages of fluid imbibition occur in pores of different sizes due to the spatial heterogeneity of pores with
different wettability.

Key words: capillary force; organic matter pores; clay minerals; intergranular pores; nuclear magnetic resonance
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Fig.1 Tectonic units in Sichuan Basin and well locations
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Fig. 2 Graphical explanation for shale sample experimental process
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Table 1 Shale sampls information and its composition %

— — e —
Z;j; I 2 B R, w(TOC) :ﬁ; T ; i{‘ ﬁf i'; ﬁf A
1 H202 276 480 299 489  — 6.9 52 63 28 —
2 NX202 327 332 320 514 @ — 3.6 46 47 37 —
3 H202 TR — B 278 408 285 471 07 47 81 100 04 05
4 L201 286 253 257 424 04 26 66 179 44 —
5 N211 298 350 243 451 10 21 115 125 30 05
6 YL-4 126 1.06 555 233 12 25 138 05 — 32
7 LA-1 109 1.8 547 263 08 19 24 46 14 49
8 LA-1 HRHH LR 114 132 432 200 07 23 264 28 38 08
9 RA-1 087 073 582 243 11 23 72 13 37 19
10 YL-4 129 199 609 274 13 28 19 — 17 40
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(a) H202 3, HEHA—BITUE: (b) YL-4HF, RLERIUA; (c) H202H, HLIRMA IR
(d) YL-4H, KLEETE; (e) NX202H, HHEMA—KIAE; (DRA-1H, KLEETE;
(g) YL-49F, RZHEIUE: (h) H2020F, BHEA—BIUE: (1) YL-4HF, RZHEBRIE
B3 WernillR XA LK FH A4

Fig.3 Pore types and development characteristics of shale samples
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Fig. 4 Wetting angles of anthracite samples and single mineral samples in oil-water system
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Fig. 5 Spontaneous imbibition test results of deionized water and n-decane on direction parallel or vertical to bedding

planes of typical shale samples

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



3330 RS E AR (E AR AR) %53 %
T2 MEMSBEH TR ERRAASBAHERTER

Table 2  Statistical table of spontaneous imbibition slope of deionized water and n-decane in shale samples

Fem B Jpe 2 _ Jllﬁi}%’?zﬁﬂ&ﬂ% ?EEI@?&H&?\% :
EEFK IEZ8 4 EETK IEZ8 4

1 H202 0.343 4 0.478 3 0.2556 03515
2 NX202 0.3857 0.239 1 0.337 1 0.209 2
3 H202 W HR A — B 0.343 2 0.363 7 0.3150 0.246 1
4 L201 0.228 0 0.189 4 0.1153 0.178 9
5 N211 0.1956 0.290 1 0.203 7 0.242 1
6 YL-4 0.4518 0.423 3 03336 0.301 6
7 LA-1 0.450 2 0.540 0 0.3826 0.409 3
8 LA-1 VTR NS 32 0.2612 0.299 1 0.293 6 03379
9 RA-1 0.385 4 0.361 3 0.429 0 03328
10 YL-4 0.468 7 0.5827 0.433 6 0.493 6

e AKRIIEZS BRI 23 508 1.0 g/em® F10.73 g/em®, 7K FNIE 2845 (%6 5 43 51 9 1.002 mPa+s F10.84 mPa-s.
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Table 3 Correlation and significance analysis between shale components and spontaneous imbibition slope in shale samples

. . i J2 B W 2 T HJZEB R R
JEAL T — oy — s
EETK T2k KETK R
R*=0.237 0 R*=0.965 8*** R*=0.235 8 R*=0.946 2%**
w(TOC)/%
o P=0.406 P=0.003 P=0.408 P=0.005
WR A — B > 5 > 5
) o R?=0.946 5%** R*=0.086 0 R*=0.702 7* R*>=0.0779
A B Y%
P=0.005 P=0.632 P=0.076 P=0.649
(TOC)Y% R>=0.1370 R?=0.625 7* R?=0.030 2 R?=0.744 2*
N w
HinH4H K% ’ P=0.540 P=0.091 P=0.780 P=0.060
FEB . N R?=0.755 3* R?>=0.473 1 R?=0.782 6** R?=0.209 3
- L0 R RS 50%
P=0.056 P=0.199 P=0.046 P=0.438

T RRIRAE 0.005 7K BB ZFEAR: *FHRIRAE0.05 K BB EFEFIG, *FIRIE0.1 /K ERFEM K.
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Fig. 6 Correlationship between spontaneous imbibition slopes and w(TOC) of shale samples
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Fig. 7 Correlationship between spontaneous imbibition slopes and clay mineral mass fraction of shale samples
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Fig. 8 T, spectrum during spontaneous imbibition of No.1 samples
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Fig. 9 Variation process of peak value of T, spectrum with imbibition time during spontaneous imbibition process of shale

samples
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Fig. 10 Variation process of peak position of 7, spectrum with imbibition time during spontaneous imbibition process of

shale samples

(a) TR B (b) A R 2 58 B
11 TEH S 8 RS BAAZ P T, B 35 4 7 75 0 18] 5 K ARLRE 528 i ] 49 R Ak
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process of shale samples
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