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Mechanism of fracturing fluid imbibition in shale oil reservoirs
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Abstract ; This paper aims to the problems such as the unclear mechanisms behind fracturing fluid imbibition (retention) and its impact on
oil recovery and reservoir damage in Fuxing area, as well as the undefined limits for imbibition time and undetermined direction for opti-
mization of the efficient fracturing fluid systems. Through various imbibition experiments, comparative analyses of pore size, permeabil-
ity, and NMR T, spectra before and after imbibition, and molecular dynamics simulations of interactions between f{racturing fluids and
shale oil reservoirs. the paper systematically investigates the mechanism of fracturing fluid imbibition in shale oil reservoirs. The results
indicate that the porosity, development degree of micropores, total clay mineral content, and mixed-layer illite-smectite (1/S) content can
significantly affect the effectiveness of imbibition oil recovery; higher porosity, higher development degree of micropores, and higher
contents of clay minerals, quartz, and I/S are more favorable for imbibition oil recovery. Overall, imbibition can enhance pore expan-
sion, permeability, and oil recovery in the Fuxing shale oil reservoir, and these performances can be improved by 70% or more when
using effective fracturing fluids. Fracturing fluids containing nonionic functional groups such as oxyethylene have a significant effect on
the overall pore size distribution of the reservoir and can microscopically disperse shale oil molecules and strip them from the organic pore
walls. Reservoir damage is minimized by ensuring a imbibition time of 239 h, and the use of fracturing fluids containing nonionic func-
tional groups like oxyethylene can further reduces reservoir damage and enhance imbibition oil recovery.
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Fig.1 Experiment roadmap
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Table 1 Experimental schemes for imbibition of columnar core/powder samples
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Table 2 Surface energy testing schemes for different minerals
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Table 3 Testing scheme for contact angle and solid liquid surface tension of different fracturing fluids
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Fig.2 Pore volume and pore size distribution characterized by liquid nitrogen and low temperature carbon dioxide adsorption

2.3 ARIEHBE S W LR R 51
0.06 - :zjzﬁ X F R AL (FLA2 50 nm LA F LB #9728 145 A .
RS Rk (GR 6), B W AE B kA
FIF 3 AL Fe R AL B 1 5 A 89 % ~ 236 % , [ BIK 1 71
C R ZHNTE I FLIE BRI 17. 84% ~T4. 59% ; B AR %k
TR IR AR Z8 > W I8 K AR R AN T I 7 v R
IR 2R >R B R 2R >0R 5 C KRR,
T T AL (FLAR 2~50 nm FLFD B 728 AR AE o WA
0 o o 0 0" o WA RRE IR 20 A S KR R A AT 42
ALBER /nm LA 11~50 nm LR AR 3Kl R B I C {4k
B3 BEERILESHHE Z EFE IR 2~10 nm LA FL(E 7D, A~

1=2

Fig.3 High-pressure mercury intrusion pore size distribution curve Jin B gz 390 1 T K 1Z[§ ES ORI IN A EE R

0.04

LSy / (mL/g)

e
<]
0

R4 HERPILERHESH

Table 4 Pore characteristic parameters of samples

BHERER/ ERILBEE/ BET HRWB/  BET LB WA RMF AL E AR/ R S AR B S LB iR B/

% >

o

i

(mL/g) % (m?/g) (em®/g) nm (mL/g)
s2 0. 0562 7.279 1.5306 0. 006 829 17.7218 0. 00048
s4 0.0265 6. 325 0.7196 0. 003 095 17.2238 0. 00036
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Table 5 Oil displacement efficiency of samples 70
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Fig.5 Induced microcracks generated after imbibition of different samples
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Table 6 Pore size distribution data obtained by high pressure mercury intrusion

SRR/ PR ERE/ PRLBR AR/ oAU/ R AL Bt e 1 i/

G JEZOAR R (mL/@) om % % %
125 fib 38R 0.0073 18.5 0 1.8826 0
T WK CR B gD 0.0324 21.8 17. 84 6.2688 233
4 HERTIN 0.0265 25.6 38.38 6.3248 236
3 R 2R A 0.0297 32.3 74.59 5.6763 202
6 BRI L B 0.0213 23. 4 26. 49 3.5643 89
9 K R C 0.0324 14.9 —19. 46 3.7424 99
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Table 7 The proportion of mesoporous pore volume

FEf ST BW SRR A

AL Q~10nm) LT S /% A FL 11 ~50 nm) FLER AR & /%

& Wi BE B B
125 75. 04 7 61
! %;ﬁrggﬁm 75.04 75.69 761 15. 55
4 HERIRIN 75. 04 78. 51 7.61 21. 48
3 IR R A 75. 04 79.14 7.61 20. 86
6 I3 R B 75. 04 81.32 7.61 18. 67
9 9K =R C 75. 04 81.29 7.61 18. 71
: (Kﬁggﬁ;?ﬂp 75.04 74. 47 7. 61 18. 95
2 ERIRIN 75. 04 74.29 7.61 19.22
8 BRI R A 75. 04 79.27 7. 61 20. 72

®8 (RiE CO, BHFLES FHIRE

Table 8 Pore size distribution data with low temperature

carbon dioxide adsorption
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Table 9 Oil displacement efficiency under different

imbibition conditions

Jis WEE/C JEJI/MPa  JERBAR  WIEE/ %

B R R K

1 70 15 o 28. 45
CR B g 370D

4 70 15 LSS RRTIN 23.12
BRI K

5 70 30 - 39. 14
CR g g D

2 70 30 U R K 32.12

3 70 15 K E R A 97.22

6 70 15 R 24 B 96. 88

9 70 15 IRyl R C 21. 65
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Table 10 Performance parameters of different oil displacement

agent solutions

WKk WeEE/ Fmmsk g/ Fmak i/ EfkfR/
A % (mN/m)  (mN/m) @)
IR A 0.1 22.6 <0. 1 33.7
IR B 0.1 30.5 4.0 40.6
KA C 0.1 29.0 <0.1 51.5
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Fig.6 Contact angles and interface tension of different agent

in 70 nm alumina film
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Table 11 Shale oil molecular model parameters
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1 2 FE F LA 15 4.124 3-F 3k g e 3.711
TF = e F L i gk 4.124 2-H AL+ Tk 3.299
T i P 4.124 FH 3L 2R 1 o 2.543
IR I e W 4.124 I e 2.612
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LS 4.124 EN 6. 942
T Dk 4.124 FH 3 R Ty 5.911
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Fig.8 Simulation results of molecular cluster states under different fracturing fluid
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Fig.9 The amplitude of nuclear magnetic signal at different

imbibition time

300 + —o— BRERYS |
—— BRHIHS 0.006
" —— BRATLBREH B
= 00 —— BRELRAR =
b 40.004 =
i &
=4 &
= 100 4 0.002 g
0 0
10* 10° 107 107 1 10 10° 10°
FLBR2EAR / pm
10 EREABRERETHER
Fig.10 Changes in pore volume after imbibition
0.12
0.08 r‘_’/——‘
Ny
|
=
)
0.04 [
—A— WIMERB A
B EZ B
] —o— WK
ok . . .
0 5000 10000 15000 20000

B 8] / min
B 11 SR=EHETLERE

Fig.11 The trend of imbibition amount over time
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Fig.13 The minimum displacement pore size corresponding to

formation pressure under different fracturing fluids
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