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Abstract: The spontaneous imbibition occurs during development of shale oil and gas by using technologies of horizontal
drilling and hydraulic fracturing. Shale reservoir pore structure and mineral composition are the important factors that have
an impact on shale spontaneous imbibition. The impact of pore structure , mineral composition and direction of lamination
on shale spontaneous imbibition rate was studied through spontaneous imbibition experiments of shale samples, and the
pore connectivity of shale reservoir was evaluated by using the slope of spontaneous imbibition curve. The results show that
shale reservoir pore connectivity is poor and the slop of spontaneous imbibition curve is significantly lower than the theoreti-
cal value compared with conventional oil and gas reservoirs. Lamination direction will also have an impact on the spontane-
ous imbibition, and the slope of spontaneous imbibition curve tested along the lamination is usually higher than that tested
against the lamination. But the experiment results of some samples also show that the slope of spontaneous imbibition curve
tested along the lamination is comparable with that tested against the lamination , which is probably due to the fact that high-

er content of hydrophilic mineral in shale reservoirs can weaken the impact of lamination on the direction of water migration.
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Spontaneous imbibition behavior is closely related to the composition of the shale minerals. When the content of clay miner-

als is high, the original pore structure of shale changes under the effect of water swelling, which would result in the de-

crease of the slope of spontaneous imbibition curve if the experiment was repeated. When the content of brittle minerals,,

like quartz, in shale is high, the spontaneous imbibition curve would show little change in the repeated experiment, which

indicates a good repeatability. The greater the slope of spontaneous imbibition curve is, the better the permeability is, and

thus it is more conducive to the development of shale oil and gas.
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Tablel  Physical property parameters of experimental samples

Krzr e miE LBV, BER

s cm cm cm % 107 pm*
1T 1.13 1.04 1.06 0.90 0.0852
1P 1.06 1.08 1.01 0.90 0.085 2
2T 1.12 1.03 1.05 1.61 0.0019
2P 1.15 1.23 1.17 1.61 0.0019
3T 0.96 1.17 1.18 4.65 0.000 3
3p 1.11 1.24 1.23 4.65 0.000 3
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3r 697 32 1.8 137 20 40 15 4.1 0
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Fig.1 Spontaneous imbibition curves of six pieces of sample tested along and against lamination direction for the first time
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Fig.2 SEM images of microscopic pores of
experimental samples

R R/NT 1 em™ TR TR I, 2
RS B — N E R o AR SRR A AL T
PR 2K 8B AE Hg 2 — g S A DU 5 IX
EE UK RO ™, A A T i R B HY
HKIREL, A0 WS R WIS B R F .
T U BT B AR R F B W AN ]
O AN [R]85 1) B S 9845 ik 23 B 2EA T A A8 W)



-114- WmoOR M

Jit

5 ORIk = 20174F1 A

SR A R B WM (B 1),

[F] — R BT AN ) DR 1] 3 Bt i i 1 2B )
LR HEAT XS FE A3 BT & B 1P RER 1 B ks it 2k 4
RIEATS h N R T ITHER B A 2B TR, 5 h
Jo ITRESL Y H &5 Wl 2641 KT 1P RE &L Y (&
la,1d) , 2P FES Y A A B W 2RI LR T 2T RE
ai i A & B RER (] Le, 1) , BB SE 591 3
2 [ KB W R KT 282 A R B WA HE X
5 U i ) SR AT DG, TR S DU A P
P4 2 VA G K TE B iU R s B B
J5 R HSE | 5 Wy DUE T 8138 S i 1 By
] 138 7% 52 BB o SO0 5 1 B T AS [AARE o P 3
B BTPERE I, [ KB WGER  2E 5. 3T R
) H BRI RER KT 3P REM B A & B Wk il 2k
RER(E Le, 1), BLBHZE 2 A £ B WK F I B
RBWHE, XA R TR R A S R,
K 69.7% , T AT R KDY, FBOTUA B
B, K AE 2R 7K T T8 B8 1 ) AR M 4 55 5
IR, 3T F i B 7K Pk LB Sl PR ety , IRl b 45 118
MZE)Z A R B WA RIR R TINZ A & B4k
BRI 28 LRk  ARE TUHELy a6 H & B )
52 ), R X 0T 5 i 2 T M AT M AT
M TRV ESE, 00 AN [) 00 B4 i) [ o 9 W o S 1) 22 57
XiF DUEH 2 PR SR A TP
23 F AR B %SRRI

Xof [] — e i R A T 2 R SL R S R B, H [ kB
W 2R AR S R AR N T BN [ ot By
D6 &8 W52, KRR HRE i R T 3 IR S5,
B9 o0 T RO RE i B SE 645 SR B4 T8 R apr (5%
3)RI, AT MI2T M e EE S0 5 A & B W h £k
PR BB/ NI RAE, ITRES 0 F & B Wi 2R
Y/ N R B 3T RE S I &8 W R 2R AR R AR SR 2
URSZI TP AT U 0N FE SR 3 YRS R B B IR
RS VR TR i A kB ZeRt, O=RHH
eI T, B B W AR R AR L SR 1
WY RN PR & A G AT 2 il A 1T Al
2T B b RS 87 ) & 153 R 47.09% 1 41.8% , 3
DIV RIAT h 325 R A SC RS R oK iRk
WE IR | B ZEFLBR RS , S350 A &5 W ih 4 AR s,
AN ITRER T A TR Y & i, K
Yo i /b WK IR FLBR 3 B B AN, A
KB ZERPRAE 3 RS g0 TP i BEA S 98N
A A S0 1 A MR A, Bt R B TR
BOAE R AR T ICA ST R

K3 IRHREESTHRFARBSRBLERE
Table3  Spontaneous imbibition curve slope
for repeated experiment
His HIl Fow 3w P ARiEzE
1T 0.338 0.161 0.046 0.182 0.120
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3T 0.339 0.318 0.407 0.355 0.038
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