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Research on optimization technology of fracture proppant profiles for shale oil: A case study of
second member of Funing Formation in Huazhuang block, Subei Basin

HOU Xiaorui, JIN Zhirong, HUANG Yue, DU Haoran, HE Leiyu
(Petroleum Engineering Technology Research Institute, Sinopec Jiangsu Oilfield Company, Yangzhou, Jiangsu 225009, China)

Abstract: In recent years, volume fracturing has become a method for shale oil production enhancement. The effectiveness of proppant
support during the fracturing process directly affects the post—fracturing results. The shale oil reservoir in the second member of the Funing
Formation (hereinafter referred to as the Fu—2 member) in the Huazhuang block, Subei Basin exhibits significant vertical heterogeneity and
poses challenges for sand addition, which in turn hampers proppant migration and affects stimulation effectiveness. To address these issues,
physical model experiments were conducted to clarify fracture types, widths at different levels, and corresponding proppant particle sizes.
The feasibility of using quartz sand to replace ceramic proppant was explored through laboratory proppant conductivity experiments. On this
basis, the optimization of sand laying procedure was carried out to reduce the construction difficulty and improve stimulation performance.
The results of the physical model experiments showed that the shale oil reservoirs in the Fu-2 member of the Huazhuang block comprised
three types: main fractures, first-level bedding fractures, and second—-level bedding fractures. The corresponding fracture widths were 4.375,
1.285, and 0.625 mm, respectively. 100-200 mesh and 70-140 mesh proppants could enter the main fractures, first-level bedding fractures,
and second-level bedding fractures, while 40~70 mesh proppants could only enter the main fractures and first—level bedding fractures.
Laboratory conductivity experiments indicated that the conductivity of quartz sand could be improved by increasing the sand mass
concentration, thereby replacing ceramic proppant to achieve proppant cost reduction. The results of sand laying procedure optimization

showed that adopting the strategy of "first settling and bridging + subsequent long—distance migration + tail high conductivity near the
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wellbore", and implementing a construction mode of high flow rate, variable viscosity, and high sand—to-liquid ratio—using 40-70 mesh

quartz sand for bridging and tailing with a sand laying ratio of 40~70 mesh quartz sand to ceramic proppant of 2 : 1—was beneficial for

improving fracture proppant profile morphology and enhancing fracture conductivity. This method was applied in the field at well HY7H,
p g propp p- rp. 2y g y pp

successfully completing 32 stages with stable operation pressure. Continuous sand addition in medium—-to—long slugs was achieved,

increasing the sand addition intensity of this well to 4.7 t/m, with a post—fracturing peak daily oil production of 52.3 t and a current

cumulative oil production of 1.3x10" t.

Keywords: shale oil; fracture; proppant; conductivity; sand laying procedure
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Table 1 Comparison of mechanical parameters between physical model and actual formation
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Table 2 Fracturing physical model test scheme
considering complex geological conditions
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Fig. 1  Fracturing sample
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Table 3 Simulation schemes of sand laying procedure

HRFPYS  FE/(mPars)  HEk/(m’/min) SCHEFRNEHY 5 LU AR I LWL %
1 6 18 40~70 B A PR (5%) , B 3B 40~70 H A3 315 (5%) .40~70 H Fi k(5% ) 3.5
2 >6~12 18 40~70 HATERPBAF (5%) , Jil 40~70 H AP (5% ) 40~70 H FHi (5%) 35
3 >6~12 16 40~70 H A PR AT (5% ) |, J 38 40~70 B A4 5k (5% ) .40~70 B FHi(5%) 35
4 >6~12 14 40~70 B AT PRV R (5%) , 218 40~70 F A7 90D (5%) .40~70 H Fghi(5%) 35
5 >6~12 10 40~70 H A PERPAEAT (5%) , 23 40~70 F A ERP (5%) 40~70 H Fg#(5%) 35
6 >6~12 18 TCHR , il 40~70 HAZERY (15%) 3.5
7 >6~12 18 TCHRR , FE3h 40~70 H KR (15%) 3.5
8 >6~12 18 TCHATR 21 40~70 HA TR (7.5%) : 40~70 HFIHL(7.5%)=1:1 3.5
9 >6~12 18 TCHHE , i 40~70 H AP (10%) :40~70 H FRi(5%)=2:1 3.5

10 >6~12 18 JCHNE , BB 40~70 H A7 H0 (5% ) :40~70 H K RL(10%)=1:2 35
11 >6~12 18 40~70 H A PP 4475 (5% ) , Jil 40~70 H Bk (10%) 35
12 >6~12 18 40~70 H PR (5% ) , 818 40~70 H B HI(10%) 35
13 >6~12 18 40~70 B £ BIRYEHR (5%) , FE 18 40~70 B A7 %R (5%) .40~70 B Faki(5%) 4.0
14 >6~12 18 40~70 H F PR (5%) , BB 3B 40~70 F 17 %15 (5%) .40~70 H Fg k(5% ) 4.5
15 >6~12 18 40~70 B AT SRV ENF (5%) , B2 18 40~70 B A7 %/ (5%) .40~70 B FkL(5%) 5.0
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Fig. 2 Fracture propagation of physical model sample
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Fig. 5 Proppant placement maps at different

fracturing fluid viscosities
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Table 4 Average proppant mass concentration and
effective conductivity at different viscosities
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Table 6 Average proppant mass concentration and effective
conductivity under different types of tailing proppants

FhE/(mPa-s)

SR BT B/ (kg/m?)

ARCRHRES/ (pm® - em)

6 1.14 0.7
>6~12 1.66 1.4
AT AR S (kg/m®)
3924.671 0
0.12
3994.67) 024
0.36
E 406467} 0.48
i
4134.67f 0.72
0.84
4204.67f 096
i 1.08
. . . . , 120
3980 2660 -1340 -20 1300 2620
HERE K /m
a. #6110 mY/min
SFEF T R (kg/m”)
3934.671 0
0.12
4004.67F 0.24
0.36
£ 407467f : ) 0.48
® 0.60
= 4144.67 » 072
. 0.84
0.96
4214.67f 108
1 1 1 1 1] 1 20
-3820 -2540 -1260 -20 1260 2540
SCHEREK fm
b. HEE 18 m/min
K6 AFEHEE T SR

Fig. 6 Proppant placement maps at different flow rates
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Table 7 Average proppant mass concentration and
effective conductivity under different sand laying
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Table 8 Average proppant mass concentration and
effective conductivity under different bridging proppant types
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Table 9 Proppant mass concentration and effective
conductivity under different comprehensive
sand-to-liquid ratios
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Fig. 7 Construction curves of 9th section of well HY 7HF in second

member of Funing Formation in Huazhuang block, Subei Basin
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