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individual layers, significant interbedded sweet spots, and numerous stress barrier layers. Traditional hydraulic
fracturing technology for horizontal wells has limited effectiveness in traversing layers longitudinally. To address this
issue, we propose utilizing highly deviated wells for the fracturing design and development of onshore shale oil.
Based on the integrated concept of geological engineering, a coupled modeling approach is employed to integrate
multi-layered stacked shale oil reservoirs, natural fractures, and geomechanics. Subsequently, numerical simulations
integrating fracture initiation, propagation, and fluid flow are conducted for highly deviated well fracturing. A
sensitivity analysis is then carried out to identify the primary controlling factors influencing fracturing effectiveness.
In accordance with the geological characteristics of the working area, numerical simulation results indicate that
segmented volume fracturing with a cluster spacing of 12 m achieves favorable reservoir modification effects in multi-
layered stacked shale oil reservoirs. When the construction fluid volume ranges from 1.3 x 10° to 1. 5 X 10° m’ per
segment, the pumping rate is 7 m*/min, and the sand addition intensity is 2. 5 m*/m, favorable fracture modification
volume and post-fracturing yield are observed. Finally, post-fracturing effects are evaluated using microseismic and
on-site production data, revealing a positive correlation between single-well fluid injection volume and sand addition
quantity with microseismic detection effectiveness, thus validating the reliability of the numerical simulation for
fracturing design. Through rational design of segmented fracturing in highly deviated wells and a targeted "low sand
ratio, gradual increase combination pumping process optimization" strategy for sand addition, sand plugging
phenomena are not observed during on-site highly deviated well fracturing, achieving safe sand addition. The
research findings provide important guidance for the design and parameter optimization of hydraulic fracturing in
high-displacement wells in onshore shale oil reservoirs.

Key words: oilfield development; reservoir stimulation; highly deviated wells; shale oil; stacked formation; geology-

engineering integration; numerical simulation
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Fig. 1 There dimensinal geological modeling of study area.

(a) The model of lithofacies, (b) porosity, and (c) oil saturation.

/NRUEE SR R4 (R4 MRS ) AR R B R
BER 2 CRWZ MREEAAE ), 25 RN ] -5 [ 9 T
FC BRI SC 2, 12 Hh R AN [R] i 23 RUBE TR 8 Ml 2 s
P, ARSI R B RRAE 5 T R R X R AH
F132es SRIGTEMIRAA LT, F 8 95 i 5 m
PEBRIERRSELL , TEHIRR S AT B HORIR B4 I
2. BEAIRIBONAREE, T ECR RN A ST i
F R VEARAE T IR R AR I K T R BERE ). B X5 R
NUZBSHORAE M4, W) T2 20m WO BRERSE, T
DG MR VE R TR V)R B Sh BRER AR 4
JE, TG BRIER A R IR AR HEA T B

H TR MR A LG 25 R R A K AR 5
BERE MR, LA X R AR B4R B I £ = A

B RIRESR, BFSTIX 45 F 8 1R 0. 3 ~
1. 55/m, KH MMM FEEDET XL,
A e, Jorh, AR R ERIER T, Mk
WA, AR X IR R, B RERR
SRZUBE R BRMIE 22 TR, 15 AR S e e KR %L
B8 R B AN [R) DX I s 5 2R FH AN [+ ) A ) 2 s S e
WE RAR G4 K B DX IR 438 2T R 2R
TR RARPILE N TG 5 1% DI R AR S5 A
BARUNE 2(a).

it — A AP SRR IR BB BN, il X HIf
PG Rt S AT AT, TR SE A e ARE 2

S

X
(a) RINRGERIY

THIALL

0.30
0.26
0.22
0.18
0.14

(e) HFALL
B2 WX RR SRR RIS A1 )~ A

Fig. 2 The model of natural fractures and rock mechanics.

(a) Distribution of natural fractures, (b) the model of Young

modulus, and (c) the model of Poisson.
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highly deviated well orientation and natural fracture angle.
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