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Abstract The formation of nano-micropore fractures in the Mahu well area of Xinjiang is developed, and the phenomenon of
collapse and leakage in the same layer occurs many times, which leads to serious wellbore instability and seriously affects the
drilling process. In this paper, 2-acrylamide-2-methylpropanesulfonic acid, polyvinyl pyrrolidone and dimethyl diallyl ammo-
nium chloride were grafted onto the surface of mSiO, by aqueous solution polymerization with KH570 modified nano-silica
as the ‘core’. A self-adaptive strong plugging agent with high temperature resistance was prepared. The experimental results
show that the morphology of XZ-APA is spherical, and the size is between 40 nm and 135 nm. The particle size of XZ-APA
expanded adaptively with changes of temperature and concentration. When the temperature increased from 25 °C to 65 °C, the
D5, expanded from 124 nm to 805 nm. When the concentration increases from 0.1 g/L to 10 g/L, the D5, expands from 105 nm
to 3.2 um, reaching micron level, which can realize multi-stage plugging of nano-microporous fractured formations. In the sand
bed experiment, 3% XZ-APA reduced the leakage of 40~60 mesh and 60~80 mesh sand beds from 119 mL and 128 mL to 29
mL and 25 mL. In the pressure transfer experiment, 3% XZ-APA also has a good plugging effect on the core from the Mahu well
area, and the pressure transfer rate is reduced by more than 72%. By adding 2% XZ-APA to the drilling fluid system, the leakage
of the 40~60 mesh sand bed can be reduced from 3.2 mL to 1.2 mL, and the pressure bearing capacity can be more than 6 MPa.
The leakage of the 20~40 mesh sand bed is reduced from 300 mL to 44 mL, and the pressure bearing capacity is increased from
1 MPa to more than 6 MPa, indicating that XZ-APA can be effectively blocked in WBDFs and improve the pressure bearing
capacity. At the same time, its plugging effect is better than that of conventional plugging materials (such as asphalt), and can
be used in combination with conventional plugging materials to achieve a better plugging effect. In this paper, XZ-APA is used
as the core treatment agent to form a set of water-based drilling fluid systems with high temperature resistance and self-adaptive
strong plugging suitable for the Mahu well area, which is helpful to solve the problem of wellbore instability caused by filtrate

invasion in the Mahu well area.
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Table 1 Stratigraphic lithology and pressure of Karamay Formation and Shangwuerhe Formation
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AU 26 B, W] XZ—-APA 7F 1% M4 2 h iy e ATk B
b, HoEt Y, b2 SRR DY B EE 2, e
X 40~80 H P IRALBR AT A 2 B35 . M0 IR B 4L
A 20~40 H B}, WBDFsTE 1 MPa )t J) T {f & 4= % )&
M4, 2 minlid &3k 68 mL, 1ifiNA 2%XZ—APA 1
WBDFs ) 30 min i’k &4 44 mL, WK% 6 MPa, 3
WAt X 8 R ALBR, 2% Jin i 1) XZ—-APA #E A fLBR ),
LA 1 PR 5 1 SR 0 v 1 P 25 1 R A 2 O o el
L fr YRGB RESR T, VR AESLER Y, BEE R
T i, A A R T Y S 7K s AT 1) S U T
BRI SE W ES AR K P Y R AR R 28 5 1) LB
PR I b ) AR AR UR SR A, TR 25T A
HIE)E . BRI N, FLIR PR 1w SR 4
1) AR U BT 22, TR U B 2 . (B
S XZ—APA T 1511 ) R AL 27 B 3% J2 10 % 358 R AOK
FLBR AR AT R SR, WA X AR AOK 9 AL
BB RO AN, DL RS g 55 R R I XZ-APA TE

%2 XZ-APA 7 WBDFs )RR 218
Table 2 Sand bed plugging experiment of XZ-APA in WBDFs

WDBDFs 1 A [ 3 0 4R, RiARBE A A . e
AT R A, PR EE . (LR XACGE B, A
RCEIEHZ , MR ERRE ST, e RE R AU
T XF H%E H XZ—APA 7 WBDFs H1 (1) &1 5 PERE,
T RN [F] B B0 R S B 0 2 A S5 AR R R4 T B A PR R
PEOY, I 3 RMAREL S, DRR QER & H
HEEEHEMEL: 2% T +3%SMP—2+1%AP220+3%FT—
401(BH B 7 FL AL W5 75)+2% M ¥ 75 +1.0%PAC—LV+
0.5%NaOH+0.5%AHB+2%CaCO+7%KCI+ 5 i 41 #}
(B 1.5g/em’)s 2% 4K F (— 2B i (1 U0 7 55 £ 35 41
B): 2% t +3%SMP—2+1%AP220+1.5%FT—401( BH &
F AW T )+1% [ P 75 +1.0%PAC—-LV+0.5%NaOH+
0.5%AHB+2%CaCOs+7%KCH T 5 41 K5 (% FE 1.5 glent’);
SRR N IMA PSS M EL: 2% ++3%SMP-2
+1%AP220+1.0%PAC-LV+0.5%NaOH+0.5%AH~
B+2%CaCOs+7%KCl+ F fh A8 (B 1.5 g/lem®), H4h

>N=H

UL 3, L 60~80 HHPIR MBI T /b, a3 ]

0~2/min  2~4/min  4~6/min  6~8/min  8~10/min 10~12/min  12~30/min
iyl 2L mL mL mL mL mL mL mL
1/MPa 2/MPa 3/MPa 4/MPa 5/MPa 6/MPa 6/MPa
¥Rk & 0 0 0 0 0 0 0.2
60~80 HHbIK
1* 4K & +2%XZ-APA 0 0 0 0 0 0 0
1* Kk & 0.1 0.2 0.3 0.6 0.8 1.0 3.2
40~60 B
1% {4 & +2%XZ-APA 0 0 0 0 0.2 0.4 1.2
1R R 68 (FE) - - - - - -
20~40 HbIE
1* 4K & +2%XZ-APA 27 30 32 34 36 40 44
R 3 XZ-APA 5 WBDFs 1 H fh & £ #Ia9 33 b iR 40
Table 3 Comparative evaluation of XZ-APA and other plugging materials in WBDFs
0~2/min 2~4/min 4~6/min 6~8/min 8~10/min  10~12/min 12~30/min
[yl M mL mL mL mL mL mL mL
1/MPa 2/MPa 3/MPa 4/MPa 5/MPa 6/MPa 6/MPa
1* Kk & 0 0 0 0 0 0 0.2
1* 1K & +2%XZ-APA 0 0 0 0 0 0 0
PAEINER 0 0 0.2 1.0 1.6 8.4
60~80 HHbER
2% 4K 25 +2%XZ-APA 0 0 0 0 0.5 1.4 3.4
REEUN S 0.4 1.6 3.4 5.6 7.8 8.6 16
3K & +2%XZ-APA 0 0 0 0 0 0 7.8
1k & 0.1 0.2 0.3 0.6 0.8 1.0 3.2
1# 44 & +2%XZ-APA 0 0 0 0 0.2 0.4 1.2
WAEUN 0 0 0.3 1.4 4.4 5.8 16
40~60 HHWb I
2% Ik R +2%XZ-APA 0.1 0.4 1.8 2.8 3.8 9.0
RREINED 1.2 24 6.8 11 14 16 28
3K R +2%XZ-APA 0 0 0 5.4 8.2 9.6 15
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FhBREER 2024 4E 12 H oS 6 ]

DIEH, IEH IS (1%), —2Phni %), Aasin G*) H
M EHE AR I 2 #5330 0.2 mL, 8.4 mL. 16 mL,
FWIBE 2 W T A5 B AR I 98 (1%L 2% 3%),
R FR Y 30 minf K B WG £ M0 29%XZ~APA
Jea, 1x. 2% 3FRRMIEAE SN 0mL, 3.4 mL.
7.8 mL, FMTEZIR R B ARG JEAE A XZ-
APA{JSRE S 3] R AT I R BOR IR R 1 2K &t 2 %
11K 50% Ze o # 24 RF (— 2R i B IE AR 5 InA
29%XZ~APA I 3% K 2 (AN TR I3t 35 64 kL) 2647 X e,
24K Z 0 2 Bl 8.4 mL, 3*+2%XZ—APA I I 2
oM 7.8 mL, JIA 2%XZ—APA ) 3% (K R &SR
T 2H KR, H 2% finft XZ—APA (O BHERCROL T m
i 2.5% WIS SR, ISR LN, XZ-
APATEMRZR p AT RAF I EIEROR, HBCR T % #
MW S EEA R, B S5 SRR S,
BHERCRE IR

4 5
(1) 8 b X 3 1 7 5 B EE ) XZ— APA 475 ) FL B

RPN

GERIFRAE, RWIR AW EIE R XZ-APA N ERIE 94 K i
Hi, RARTEFCH 40~135 nm.

(2)XZ—APA 1 38 b HILEE ) 32 B8R 5l g Ry Sk
IR0 S G VAN B w1 5-35 ) o =111 I s A 4
SEATE ) S B T 2L, XZ— APA 0k e K M)
B KRB LA, WOk RARIENK, Bk E, S
{2 B B3

(3)XZ—-APAME BE IF #t 45 A W /N, XZ—APA 7|
M E AR R AT, 3% (i n] 7 %5034 40~60 H |
60~80 H b JK, f# I 2% £ M 119 mL. 128 mL i />
£ 29mL, 25 mL. [RIAF, JHATAREARE ) 1% i ok
B, 3% AN 1Y XZ—~APA F] i i ) 4% i i R AR 32 A
72.2%, BA RIS LB EEETERE

(4)XZ—APA 7E WBDFs 1 [1) 5t 15 1 BE 1F 7 45 2R (2
7N, 2% I 1) XZ—~APA i 7] {35 A% 20~80 H 1y 4
FilwJat, 4 20~40 HEPIRARIERE T 1 MPa it
i E 6 MPall b [FIE, HIERUR T3 B 4
RHCNPIES), oS5 REIEMEE M, BHE
ROR TG
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