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Abstract: Lost circulation is a critical technical challenge in drilling engineering. Current laboratory simulations of fracture—induced
lost circulation primarily rely on traditional methods such as steel plate fractures , metal sheets, and sand beds, which fail to adequately
replicate complex characteristics of actual thief zones, including the fracture orientation, tortuosity , and surface roughness. As a result,

the field application success rate of plugging materials under complex geological conditions is still generally low. This paper proposes
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an innovative method that integrates realistic fracture simulation of thief zones with 3D printing technology through 3D imaging reconstruction.

Actual rock samples of thief zones are scanned to establish digital core models, and 3D printing is applied to creating simulated cores , which

significantly improves the fidelity and compatibility to real fracture structures. On this basis, a customized high temperature high pressure dy—

namic circulation plugging apparatus is used to conduct systematic pressure bearing experiments of multi—scale composite fractures. The seal—

ing performance of various plugging formulations are compared and analyzed between 3D printed cores and traditional steel plate fractures,

and a new methodology applicable to realistic fracture simulation and plugging evaluation is constructed. Field testing has validated that the

optimized plugging formulation presents a one—time success rate of 83%, significantly enhancing the operational feasibility and economic via—

bility of plugging operations. This method provides effective technical support for the efficient and precise sealing of complex formation frac—

tures and contributes substantially to improved drilling efficiency and security of oil and gas resource recovery.

Key words : fracture—induced lost circulation ; 3D printing; simulated core ; plugging evaluation ; drilling
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Fig. 1 Schematic diagram of the working principle of 3D recon-

struction imaging technology
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Fig. 2 Scanned core for 3D reconstruction imaging
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Fig. 3 Part of cross—sectional scan images
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Fig. 4 Images after filtering
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Fig. 5 Images after segmentation
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Fig. 7 SLS workflow
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Tab. 1 Performance parameters of PA6-CF

WG E/MPa 4% [RAE/MPa  HI{HIR)E/MPa  Hiff5RE/MPa Z i E/MPa 25 [l 38 & /MPa
(YZF-1H)

(XY -1 ) (YZF-1H) (XY -1 )

(XYFE)  (xypm)  VHc

7 453+656 4 354+206 105.0+5.0

67.7+4.7

8 339+369 169.0+4.7 215
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Tab. 2 SLS 3D printing process parameters

B ieyN S
5 E 42 /mm 0.4
S 146 5k B /°C 280
AL C 70
iR/ C 2545
JZ 5 /mm 0.1
FTENEE/(mm-s™) 60
W% 20
B 2 S S (1) — L THDHLRE R AIE | BE BT LS M e it b
JEYF SRR o TP e B O B AR O Ry R B

SRR B TS O MER I SRR AR

(b) YZF-Ti

B8 3DITENHERIE O 5E5 MIRAERT tL

Fig. 8 Comparison between the 3D printing simulated core and traditional steel plate fracture
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Tab. 3 Parameters of plugging materials

WIRMELRY]  EZNS R RARIH B
FDJ-1 6~40 kR

FDJ 21 Y 5z
FDJ-2 2~20 Uk
WNDK-1  10~20 fikitk
WNDK iR WNDK-2  20~40 iRk
WNDK-3  40~60 ‘Bikitk
JD-5 F4ERE ID-5 20~60 AR
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Tab. 4 Main technical parameters of the plugging apparatus

SRR SR
TAEFJ1/MPa 0~70
1% 4% K 71/MPa 0~80
SEHIREEC Z1#~200
W/ (mL-min™) 0~500
T ZE A A /L 0~30
P bl R Ge 33 (r-min ™) 0~4000
TR B AR/ 0~40
HA%/mm 50
FHOIFERS
KB /mm 50~320
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Fig. 9 Photo of the HTHP dynamic circulation plugging apparatus
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Fig. 10 Structural diagram of the HTHP dynamic circulation plugging apparatus
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Tab. 5 Experimental formulations

i

7

1.0~1.5

6%JD-5+12%FDJ-1

6%JD-5+10%FDJ-1+2%WNDK-3
6%JD-5+6%FD]J-1+6%WNDK-3

2.0~4.0

6%JD-5+8%FD]J-1+4%FD]J-2
6%JD-5+6%FD]-1+4%FD]J-2+1%WNDK-2+1%WNDK-3
6%JD-5+3%FD]J-1+3%FD]J-2+3%WNDK-2+3%WNDK-3

6.0~7.0

=
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6%JD-5+4%FD]J-1+4%FD]-2+4%¥FD]-3
6%JD-5+3%FDJ-1+3%FD]J-2+3%FD]J-3+1%WNDK-1+1%WNDK-2+1%WNDK-3
6%JD-5+1%FD]J-1+1%FD]J-2+1%¥FD]J-3+3%WNDK~-1+3%WNDK-2+3%WNDK-3
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Fig. 11 Test results of the pressure bearing limit for the 3D printing simulated cores and steel plate fractures
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Fig. 12 "Door sealing" phenomena in cases of 3D printing simulated core experiments by some experimental formulations
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Tab. 6 Formulations of the lost circulation control slurry

ETSIE fi 7
A-1 6%JD~5+5%FDJ~1+2%WNDK-2+2%WNDK-3+2%X]JL
A-2 6%JD-5+6%FD]J~1+4%FD]-2+2% WNDK-1+3%WNDK-2+2%WNDK-3+3%X]JL
A-3 6%JD-5+5%FD]J~1+2%FD]-2+2% WNDK-1+2%WNDK-2+1%WNDK-3+2%X]JL
A-4 6%JD-5+5%FD]J~1+2%FD]-2+2% WNDK-1+2%WNDK-2+2%WNDK-3+3%X]JL
A-5 6%JD-5+2%FDJ-1+3%WNDK-3+2%X]JL
A-6 6%JD-5+6%FD]J~1+4%FDJ-2+2%WNDK-1+2%WNDK-2+1%WNDK-3+3%X]JL
x7 HBRELIHRBER
Tab. 7 Field test results of plugging operations
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A-1 Ve sy =¥ 2307 TREYE IR 2
A-2 Eangil 1035 7R 3 T A (5 R L))
A-3 G EZ 2 1295 I N 2=
A-4 e 2087 AR 3 U 2
A-5 AU 1281 R 3 U 2
A-6 P4 1010 RIS N 2
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