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Design method of plugging formula for deep naturally fractured reservoir based on
efficient bridging and compact filling
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Abstract: Drilling fluid loss is an important engineering and technical problem that restricts deep and ultra—deep drilling, and the
well loss in reservoir interval is the most serious reservoir damage mode in drilling and completion stage. It is the main way to
control lost circulation to use the bridging plugging material to block the fracture leakage channel. However, the design of bridge
plugging formula often adopts the empirical or semi—empirical method, leading to low plugging success rate and poor plugging
effect. By the CFD-DEM simulation, it is clear that the bridge retention, accumulation filling and pressurized plugging are three
key links in the formation process of fracture sealing layer. Considering the efficient bridging and compact filling of the plugging
material, and based on the concept of “absolute bridge addition” and the theory of tight packing, a new experimental formula design
method for pressurized plugging is proposed. “Absolute bridging amount” is used as a optimization parameter to determine the

bridging material amount in the formula. The traditional compact packing theory is improved by the “complementation method”,
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which overcomes its defects of poor adaptability to the filling materials with discontinuous or overlapping particle size distribution,

and determines the filling material addition in the plugging formula. The results of laboratory and field experiments show that the

proposed method can realize the rapid and efficient design of the formula for deep naturally fractured reservoir, effectively ensure

the sealing effect of the formula for deep naturally fractured reservoir and reduce the total amount of materials in the formula and

save the material cost. The proposed method provides a new idea and theoretical basis for the design of plugging formula for deep

naturally fractured reservoir.

Keywords: deep naturally fractured reservoir; lost circulation; plugging formula; bridging and filling; absolute bridge addition;

compact packing theory
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Table 2 Basic parameters of plugging material and

drilling fluid
P SHL TAF
UKL 1 (kg/m®) 2700
WORL AR EAR S AR T SERE L 0.4~1.0
SURL NS (m/s ) 0.5
TARPIIR B (m/s) 0.5
B )IF % (mPa-s) 50
AR (kg/m®) 1700
EERE 0.5
T[R4 (Pa) 10°
HEL/N A 0.3
PEREREL 0.8
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Fig.1 CFD-DEM simulation results of fracture sealing process
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Table 3 Particle size and density analysis results of plugging material

P LZE e ALHED, (mm) HLJE D (mm) HLJE D, (mm) 1 (gfem’)
1 GYD(HL) 3.39 5.25 6.84 1.05
2 GYD(H) 2.21 3.08 421 1.05
3 GYD(4H) 1.19 2.06 2.72 1.05
4 SDL 0.02 0.09 0.16 1.10
5 LCC100-8(7 ~ 10 H) 3.36 3.71 4.36 2.70
6 BYD 0.03 0.05 0.19 3.00
7 NTS-M(4H) 1.78 2.29 331 1.42
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Table 4 Design results of material loading for
two systems

N D,  BEETEE hfe &IMng
= Ly (mm) (mm) HETE L (%)
A GYD(h) 421 3~1 1.41 1
B GYD(H) 6.84 5~3 1.37 1

T B Sl e 2 (D 305 2 5 B BT R RR L

®5 WMFEHRARTHNERES
Table 5 Plugging formula design for system A

- PIRASIE ] ARAR L (AR 23 L B (R AR L

(mm) (mm) (%) (%)
CYD(H) [2.21,421]  [2.47,4.21] 23.7 1.0
GYD(ZH) [1.19,2.72]  [0.68,2.47] 37.0 1.5
SDL [0.02,0.16]  [0.11,0.68] 24.4 1.1
BYD  [0.001,0.20] [0.001,0.11] 14.9 1.8

*6 MRIBERBIEITHMERES
Table 6 Plugging formula design for system B

e WIAAARLARE R AL AR AR T R AR 7 LE B AR L

(mm) (mm) (%) (%)
GYD(H) [3.39,6.84] [3.88,6.84] 26.2 1.0
LCC100-8
7-10H) [3.36,4.36]  [3.79.3.88] 0.9 0.1
GYD(H)  [2.21,4.21]  [2.76,3.79] 11.5 0.4
NTS-M
) [1.78,3.31]  [2.25,2.76] 6.5 0.3
GYD(4) [1.19,2.72]  [0.68,2.25] 27.3 1.0

SDL [0.02,0.16]  [0.02,0.68] 27.6 1.1
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Fig. 4 Wedge steel plunger for experiment

Fig. 5

Indoor pressurized plugging test results
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Table 7 Formula and results of indoor pressurized plugging experiment
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