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Abstract
while the various pore classification methods may lead to variability in the refined quantitative characterization of oil
movability. In this study, four typical tight sandstone cores were used to launch the spontaneous imbibition oil
displacement experiments in the tight sandstone reservoir of the Yanchang Formation in Ordos Basin. With the refined

Spontaneous imbibition is an effective method to improve the oil displacement in tight sandstone reservoirs,

pore classification method for fluid distribution pores based on nuclear magnetic resonance (NMR) fractal theory, the
pore types in tight sandstone cores were distinguished, and the influence of different types of pore structures on oil
mobility and spontaneous imbibition displacement rates were clarified. The results show that the oil producing degree of
spontaneous imbibition in different types of cores ranges from 22.07% to 33.26%, and the oil producing degree of
spontaneous imbibition in NMR 7, spectra of bimodal cores is higher than that of unimodal core. With the NMR pore
classification method, the fluid distribution pores in the typical tight sandstone cores were initially divided into P1 and P2
types, and the P1 type pores could be further classified into P1-1, P1-2 and P1-3 types. It features various spontaneous
imbibition oil displacement in P1 and P2 types pores. As the dominant pore type in tight sandstone cores, the ratio of P1-2
and P1-3 type pores in P1 pores would finally determine the spontaneous imbibition oil displacement recovery in tight
sandstone cores. The pore structure differences among P1-1, P1-2 and P1-3 pores play a decisive role in the spontaneous
imbibition oil displacement recovery. The significance pore structure differences for pores with smaller apertures not
only enhance the spontaneous imbibition oil displacement recovery, but also improve the rates of spontaneous imbibition
oil displacement recovery. The tight sandstone cores of P1-2 and P1-3 pores with higher fluid mobility index show higher
spontaneous imbibition oil displacement recovery.

Key words tight reservoirs, spontaneous imbibition, pore classification, oil movability, nuclear magnetic resonance
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Table 1 Reservoir properties parameters of four tight sandstone
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Parameters of properties
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1.2 SEEREE

0 BRI IR LG EE T PQO0T MY & k%
WE LA 53 BT AR TT, A% WG L4 ORI G 37 5 B Ny
0.28 +0.03 T [ ML, SRR IS A 1 MHz ~
30 MHz, S S 45 kS B2 o0 0.1 Hz, $R3K 26 P HL A%
b 25 mm, 0] LLSE RO /AMEBE R 25 mm [/ HARSE
O REREIEYR T, WA, AR IR ) A R B K
MR FFE R

(1) B HE 77 A b e N IRSEH FAr e
GB/T 29172—2012 HOHTTIEY /N EAR A O
H T DY-IV Rptah i, RAZR: WkE = 1: 3 g
BT 10 d R BEDEm. KL 5 a0 B T
80 °C “TA BT 48 h, P IFic 5 T O i .

(2) KBS TEM A DBIE R, b o KO 'E
T NM-VEL 25 0 s 1 R0 2 e v R A 0l 3 2 K
24 h JE 6 A ARTEAEL 2 A D AT B, SR AR
Dt S LR,

(3) BB ZACE O BT A O IR T,
P 0.10 mL/min [ 3% 35 38 36 ) 25 0 th A N IR 2N
30000 mg/L (%K, £ s HY v Bk B 4 ~
5 PV IR IA K 250 rh B R b 22 7K Ak 58 A IR, ik
JEE R 7K AT LAAT 24057 it 2 7K AU 5, 8 s R
FARZHESEIRVET B R B W 0% 9 B .

(4) K] 0.10 mL/min [ 9% H A, [ v F0 AR 7K
FHOTENEE R 4.31 mPa-s (RS, B4 R
IEF] 4~ 5PV, MEEE O IR IG K ARRE, IETF R
(IRIE e IR ERINY 2 P S E

(5) BB ABL I A O B T B R IB )
R 25 A% R, B SEIGTELE R 45 °C, r AHE AR B
W% 24 h, 48 h, 72 h, 96 h A1 120 h I T JEA A A



646 i 2

Eitd 2023 4E 5 55 %5

RSN ] F IO REIEAR T 914,
13 BT HHROTLES Y

0y A B R O T 350 N e, T LR A%
BSR4, 106 5 b R SR 03 I ) 85
LA ORI T BRI D YL 1 51 S B 2
T TN 1] = 3 500371, 34 50K 126 T 3 %
I 6] T BT A % LA IR O ) A B 1%,
ST S 45 2 2 U 7, 315 2 AL A SRR LI
SRV T 0N ) 5 AL s ) e ]
KR (1) BAFR ALY

1 S c

E;=4vlm=; M
A, Tog R TLIT ], ms; p iy FORL R A 7%

r NALBREAR, um; ¢ 5 FLBRA RIS E, TTEN.
FH X (1) AT %0, ) R ARG S C AR 28 1A [ ot 7 B

() AT T A R AE 22 FLA AR FLBR R <) KD,

U 2 PR e A O I B 44 Z LA R
AN KN R T 1 AR AE B, BT 43 7 L AT]
JRHE, FLARKT r FLBRECE PR 2 () #E TR AP
N, = j:m F(dr=ArP )

X, N AR R T r BSLBREL r 2 FLBR A 242,
um; 7oy A KFLBREAR, um; 4 S TE T Ar) 2
FLBR AR B L R AL, %o, D 2 0 TR 4L
W, 2T r KL ZPBUAATER ] (3)
BEAT AR
Vo= [ fmardr=a"*P -y @)

min

L VBN T e LB RBAR, em?; 47
A EEL riin AT/ DALER AR,

FT33), Zumab s b LB N T r LB
RBABIHTRHI (4) BEATR AR

3-D_,3-D

S = Ve o7 Tlin (4)
v v, - y3-D _,3-D
max min

S S, S RN T - LB BN, %
%&%}@%qj Fmin ﬁﬁi@d\% Vmaxs ijﬁ (4) iﬁfﬁ:
T A0
r 3-D
T 5)

Fmax

g2 (1), A (5) HEAT RO E T 135K (6)12% 4041
1gS, =B =D)1gT2 +(D—3)1g Tomax (6)

K, Tomax A B KA 1] 5t RIS [A], ms.

2 IRRERSTL
21 FEZEEECE KSR HEHE

2,11 ARIZEALE OB AZ LR T, WERRE
SR O U RSO S AR I T 5 S PR
R FPASRIFEAS, TR, T ALRI TV B O Rl
BRI AZ AL T, 5 R B BUETEAS, 1M 11T LA
VARSI AZ LR T R B0 R B A& (1 1).
TR0 FIASE AU o O AN [R] (RAZ G 3R iR T, 1% 2 s O Y
5T 2% IR LR &5 R REAE, 1 AN T3] 19 FL B &5 R4 SR i X
H R B IR M REE B A — 2 s EIEN. ARBKR
IRy R v, A0 AN ) ROEEFL B s vk 247 3 H
(K 2), AR LRI ML MEILIR T, 15 182 T B, H %
WE3LAR T, WA W LA — 8 BB 8, 1IX 5 AN A2
B b A O I FLBR S R DL S B R B R rh A
HEIES RSP

1400 __

— 1
120+ 1 /\\

oof IV Y.

80 | i/ ‘Y N
i ] f '

60 I.-’Jr y
40 + J_I_-" ; I-){f Y
/ / ; \

20r Iy \‘

N/ o

e )
0.01 0.1 1 10 100 1000 10000
T,/ms

signal amplitude

1A D AR I R R T 15
Fig. 1 The NMR T, spectrums of tight sandstone cores with
saturated oil

— saturated oil

—— spontancous imbibition of 24 h

—— spontancous imbibition of 48 h
150 r— spontancous imbibition of 72 h

—— spontancous imbibition of 96 h
—— spontancous imbibition of 120 h
[
2 100t
=
g
<
E
& S0y
w
b A N
102 102 10" 10° 10" 10> 10° 10¢
T,/ms
(a) 1 B4 O
(a) Type I core

K2 ARIZRECE L B RS ERIMA IR T, W
Fig.2 The NMR T, spectrums of spontaneous imbibition oil
displacement for different tight sandstone cores



A R TAZ MG AR AL B 2 (R B0 W 9 VB WS T SIS 647

A
503
— saturated oil
—— spontancous imbibition of 24 h
—— spontancous imbibition of 48 h
120 r— spontancous imbibition of 72 h
—— spontancous imbibition of 96 h
—— spontancous imbibition of 120 h,
100 ¢
L
5 80
=
a
E 60t
=
5 40}
7
20}
0 " L . : W J
10° 102 10" 10° 10" 10* 10° 10*
T,/ms
(b) I1 BYA 0
(b) Type 1I core
— saturated oil
—— spontancous imbibition of 24 h
—— spontancous imbibition of 48 h
—— spontancous imbibition of 72 h
120 — spontancous imbibition of 96 h
— spontancous imbibition of 120 h
100 ¢
3
5 80t
=
a
E 60}
=
5 40}
7
20}
0 " L / L L U .
103 102 10" 10° 10" 10> 10° 10*
T,/ms
(c) I B0
(c) Type I1I core
— saturated oil
—— spontancous imbibition of 24 h
—— spontancous imbibition of 48 h
120 — spontancous imbibition of 72 h
—— spontancous imbibition of 96 h
—— spontancous imbibition of 120 h
100 ¢
=
5 80¢f
=1
=
E 60}
=
g 40}
7
20}

0 A 1 /A " 1 Bt J
102 102 10" 10° 10 10* 10° 10*
T,/ms

(d) IV ALE 0
(d) Type IV core

K2 AREEACE D ARSI IR T, W (5

Fig.2 The NMR 7, spectrums of spontaneous imbibition oil
displacement for different tight sandstone cores (continued)
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Fig. 5 The refined classification of pores for the distribution of oil in

the various types of tight sandstone cores
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Table 2 The ratio of pore volumes for various types of pores in

tight sandstone cores

Types of cores

Ratio of pores/%

I I 1T v
P1 86.87 83.96 98.42 92.18
P2 13.13 16.04 1.58 7.82
P1-1 12.34 9.60 19.80 19.34
P1-2 65.58 39.71 21.63 54.13
P1-3 8.96 34.65 56.99 18.71
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Fig. 7 The oil producing degree in vairous types of pores for different

tight sandstone cores
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Fig. 9 The influence of pore volume ratios on the oil producing degree

in the tight sandstone cores
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Table 3 The slope of oil displacement rates at various

spontaneous imbibition stages of tight sandstone cores

Types of cores

Stages
I 1I I v
rapid imbibition 0.26821 0.20516 0.23576 0.33968
slow imbibition 0.14836 0.08969 0.09936 0.11394
steady imbibition 0.06089 0.05714 0.00786 0.00553
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Fig. 11  The ralationship between the pore structure complexity and

slope of spontaneous imbibition oil displacement rates at various stages

for the tight sandstone cores

HEANFEE BRI B, /N SR FL R 45 44 22

PEUL ORI PT SRALBR S5 10 2 e A A T e
W B B RF Sk AR (B 1), Fae BB B, iR
P& Ty 00U TR 1R T 750 20 L IS 5 ) 8 A 22 S P
/NP1 SRALBR G R 22 Stk 5E K, AT I A B i 1)
BEHL vt 20y FH R 2 R0 v 1Y) 1 i W K o 5 A% 1
AR T TR ) 1T 2 Lo 43 A B AR I 1Y) P1-2
A P1-3 ZRALRR A B e 12 W o B A 40k yih 20 FH A2 BE 1)
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