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Simulation of shale oil flow patterns considering rock and fluid properties
LI Meng"?, WANG Wendong®, SU Yuliang®’, ZHANG Jian'?, FAN Zhenning'?, LIANG Haining'?

(1. Sinopec Petroleum Engineering Design Co., Ltd., Dongying, Shandong 257026, China; 2. Sinopec Key Laboratory of Carbon
Capture, Utilization and Storage (CCUS), Dongying, Shandong 257026, China; 3. School of Petroleum Engineering, China
University of Petroleum (East China), Qingdao, Shandong 266580, China)

Abstract: With the development of fractured horizontal well technology, shale oil exhibits great exploration and development potential.
Compared with conventional oil and gas reservoirs, shale reservoirs are characterized by extremely low porosity and permeability, abundant
organic matter, strong stress sensitivity, well-developed laminated structure, and diverse fluid occurrence states. Previous studies on shale
oil flow patterns have typically focused on individual characteristics, inevitably leading to an incomplete understanding. This study aims to
further explore the coupling mechanism of different factors on the shale oil flow patterns, thereby providing theoretical support for the
efficient exploitation of terrestrial shale oil.

A novel model was established to accurately characterize the oil flow patterns in shale reservoirs, integrating vertical heterogeneity and
stress sensitivity of shale formation, as well as considering the adsorption—desorption effects of shale oil. The boundary conditions were
simplified based on the shale oil reservoir properties to ensure both the calculation efficiency and accuracy. Taking laminated shale
reservoirs—a primary target for exploitation—as a case study, the physical process of shale oil flowing from the matrix to the hydraulic
fracture was investigated systematically using the proposed model. The seepage mechanism of shale oil during primary depletion was
clarified, and the combined influence of vertical crossflow and formation stress sensitivity on the production of free oil and adsorbed oil was
discussed. Subsequently, the proposed model was applied to the Paleogene Kong—2 member shale in the Cangdong Sag, revealing significant
differences in oil production among different lithofacies and further predicting their respective production trends. Practical development
strategies for shale oil were formulated based on lithofacies—dominated production characteristics.

Neglecting the vertical heterogeneity in shale formations and adsorption—desorption effects of shale oil may significantly distort
simulation results, leading to inaccurate shale oil production predictions. Comprehensive analyses through numerical simulations and field

case studies demonstrated that: (1) During the primary depletion, well-developed laminated structures enhanced shale oil recovery. Free oil
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primarily migrated through laminated channels, while adsorbed oil benefited from accelerated desorption within these structures. (2) In

laminated shale reservoirs, free oil mainly migrated from the shale matrix to hydraulic fractures in shale layers, and it mainly exited through

sand layers. This established shale layers as oil sources and sand layers primarily as flow channels. (3) The strong stress sensitivity of shale

layers enhanced oil recovery, while that of sand layers exerted adverse effects, with shale layers dominating during mid-to-late production

stages and sand layers influencing early stages most significantly. The proposed model accurately simulated the physical process of oil

flowing from the shale matrix to hydraulic fractures. The simulation results showed strong consistency with field observations, validating the

model’s applicability for shale formation development planning and optimization.

Numerical simulations investigated the shale oil flow patterns in laminated shale reservoirs by incorporating rock and fluid properties.

The proposed model was utilized to characterize vertical crossflow and the desorption process of adsorbed oil in shale formations, while

quantitatively evaluating the significant effects of laminated structure and stress sensitivity on shale oil production. These findings provide

crucial insights for enhancing recovery in continental shale formations.

Keywords: shale oil; flow pattern; occurrence state; laminated reservoir; stress sensitivity
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Fig. 1 Laminated structure of shale reservoirs
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Fig. 2 Schematic diagram of multi—stage fractured horizontal wells
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a,/MPa’! 0.15 0.03~0.49 SCHR[17]
C /MPa™! 0.01 0.008 5~0.027 7 3CHk[17]
T : .
ky/107 pm? 0.005 0 AA(1)
@,/% 6.40 AX(2)
/% 6.425 ~(4)
pJ(glem®) 2.50 2.45~2.53 CHER(31]
k107 pum? 0.50 0.02~1.83 SCHKI29]
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Za » o p
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k107 pum? 0.1839 AR(D
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Fig. 4 Shale oil flow patterns in laminated reservoirs
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R 4 S 98 I A5 1 BBURR A Y R, 43 S B 5
S S U ZR BN 0.04.0.05.0.06..0.07 .0.08 MPa™, %}

T 14 46 22 5045 5124 0.000 9.0.001 0.0.001 1.0.001 2.,

0.001 3 MPa™', K S5 S 2 3% 1, dh47 v A = A
(E 7). Bfif>2 802 0 BUsPE s hn, SR i s b

(5 a BRI D29 5.5%) (K Ta) , i i3 1D 5 802 K
HE AR D (L Th) | TR b B0 0 i ik il 12
SHUZ MR 220800 JZ WS IS , A SUZ ) T R
JIE Wi 22 Ut R O 28 i ik R AR (B 7e) o H UL
J2 N B AR L, 025 S0)Z R ) U X DU i
ARSI AR BT AE PR . AT L, SO IRAEE
BER Y DU SR ) U B T2 UA e R
SR PR 5 8022 17 3 R AN R D T ) SR



2025 4F

700 PR, A5 LR R ACREPE () B T I S MU B A4
1o Tt 3 JCHAT R AR SUR K B R R PR 6 7
s R, TURIZE RIS N BURAR KSR TUE SRR BUR
B s BUE PRI 11 2% R SRR IR 3 K 1 2% 5
- s AR 8) . 5% 134 4 UM A B
= Bl o i SRR CR [0 8 AL 15355 TOC B4
DRSS . WA 3% 2, Herh TOC TR ) 26 02 4 9 W 25
Coo TR, LA SRR S5 o oK Rl 5 4 1K IR S 2
o R TR S MBS D) SHR R AL 7 (819,
& 702 PRI, SRR KSR T AL AT 7 kA 53 4
§6f‘_+\\*\\“\\ﬁ05§ 3 AL, J5 5 4y SRR K S T4 AL AR B T2
: _//_Oh10 : ORI AL AR U] 2., FLRSS) 40 1 K TR 11 252
K - b, FEIPE IR R A I, SURR KR
5 of BRER oo & UL A0 527 R R 85 T3 81 3 2 4L R A I P
0 R 0 R A K T R B U B 2 2
B A AR B 2500 L2 T 3 91 3 AL M, P
b. DU LR A SR R H R Rl R ROR . A 3 RN B2 R A
o2 0 5, Fs ORI BT B0 M 00 e )%
ool R IR 1125 T LRIV 2 TR IR A 0K 11 25 T 0
- YL ARG, T LS B AR 7 R )
2 005 = e AR T IO R
= 003 - oIk 5 WA 2 7 2% A R L4 e g 2
i o8 b R B 453 P, SR AT 10 BT 6 -
oo 2000 i, SRR KR T LR AT SR AR B B L4

. MBS AR X
K7 P80 AR RS

Fig. 7 Effect of stress sensitivity in sandstone laminae
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Table 2 Range and values of physical parameters for different rock types
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Fig. 9 Comparison of cumulative oil production among different
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