%49 5 % 14 % ] 4k EFS # R Vol. 49 No.1
2021 % 1 A PETROLEUM DRILLING TECHNIQUES Jan., 2021

GhHEH» doi:10.11911/syztjs.2020116

SIAME: R, MidT =, 32350 )00 Xl B8 RO BE SR AL R (3], A i AR R, 2021, 49(1): 34-40.
WANG Xingyuan, LU Dengyun, YUAN Zhiping. Borehole strengthening technology with oil-based drilling fluid in the western Sichuan Basin
[J]. Petroleum Drilling Techniques, 2021, 49(1): 34-40.

NI P 3t X it 2 55 H R FFEE SR AL IR

TEEY, Bz, ®FF”

CL 3 =0 HTRE P DU 1 48 B S 2, DU T3 6183005 2. HA IR il 4 VAT )1 DB R TR A BR 2% 1 Al R AR BOAR BTS2 58, P9I T 618300)

OB 43 B R E 0, R RIS e T 46 M A IR A, o K 0 b B4k SRR 43, W R 5 Y R R B B EL B B B
FWE, FBREAFERAE, A3TZ P, ARE4LE R ARIENIE, R A E LM, AR TH . AHREEE A RA, 4K
T—HE R TZR R IR PRERE<I50°C P 3 EAL 6 8% B B 7] CQ-NFF; A48 KM 3 & 69 3 45 b | TAZ 49 5
M eE RAo dog MM, L AR AR BRAS R LR SHREMBERSSMA LI RY R T ARAIEAN, KA LESHT 4
FRARIEMER R, Bt HRHZERE HREEEAK FREERBXEFN T ARG RBEA L, B3 585 EH K
JE K RIE N T AWM R EHER S, BRE AV, CQ-NFF T AL KALK B F A4 R PHRAKF LR, AR
WA DB B R B, S BLR R 23 Ak ) 1A 3] 2.0 MPa; IR R 3 A e Nk R 4 iR UG, MIEBFRIRERE A1 TR FH £ 3.5 MPa A
Lo ALERLEF AN G R b AR FEBAOER, EXIR6 AP ic 2 FHITT A RE, REF K. FRE
WOFASFFTHRENRRESEE, RBZREDE,

KEW: R WAL R FEERIL; R4 R, HER; NBREK

HhE 4y %S TE254 .4 X HRARERD: A XEHS:1001-0890(2021)01-0034-07

Borehole Strengthening Technology with Oil-Based Drilling Fluid in
the Western Sichuan Basin
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Abstract: Wellbore collapse, lost circulation and sticking frequently happen in deep formations when drilling in
the western Sichuan Basin. When drilling with oil-based drilling fluids, it is difficult for a thick filter cake to form.
Plus, the low density of the filter cake leads to high pressure penetration ability at the wellbore. To solve this problem,
based on the mechanism of drilling fluid film forming, a wellbore protection agent with the compact film, CQ-NFF, was
synthesized from styrene, acrylate and other raw materials using the core-shell structural design, which is suitable for
the middle layer with a temperature no more than 150 °C in deep well drilling in the area. According to the analysis
results of the geological characteristics and engineering characteristics of high-risk formations and the dy, rule, an
inner-filling plugging agent was formed from ultra-fine grains of calcium carbonate, elastic graphite, high strength resin
and highly dispersed fiber. The film-forming mechanism and morphology of drilling fluid were analyzed by scanning
electron microscope (SEM). Film forming effects were evaluated in filtration tests under high temperature and high
pressure along with water and oil loss tests during drilling penetration at high temperature. By means of the sand bed
filtration experiments under high temperature and high pressure, the plugging capacity of the filling material was
evaluated. Experimental results show that CQ-NFF can form a compact film in water-in-oil emulsion and oil-based
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drilling fluid, and the film can be adsorbed on the surface of the filter cake effectively. The pressure resisting and
plugging capacity of the film can reach 2.0 MPa. After the inner-filling plugging agent was added to the oil-based
drilling fluid, the pressure bearing capacity of the inner filter cake was increased to over 3.5 MPa. The borehole

strengthening technology with oil-based drilling fluid, treating chemicals as the core, was applied in Well Shuangtan 6

and Well Zhongjiang 2. The results show a remarkable application effect that the downhole downtime due to lost

circulation in deep formations, wellbore collapse or drill pipe sticking were greatly reduced.

Key words: deep formation; oil-based drilling fluid; wellbore strengthening; film forming drilling fluid; plugging agent;

western Sichuan Basin

DUV b DX J22 b S5 195 190 52 4%, T I i L
B R MR R E M2 s 245t 2015—2020
SRR DXER B I U L R IR Y 3 AN R Al 1 & A R
K F) 83.33%, B2 IR ] 340.45 h, HLJFFEY
PEYH T E]) 401.75 h, IR ALEH] 916.43 ho A
R 7K SRR IR A e TR R M L A0 o R O
25, IRV 3 JE b # R A, H % M O 2 B
CLHE T o FH T 0 V8, (ELG o oo A v S e M U 2k
I A, IR B ARG n) b o€tk . BT,
T R A Y 2% T T A T e g T,
BRI &0 A AN ) RUST | S Y 1 i 5 R 0T 8l I o 72
H B T 4% 1) oK o 1A T SR T B B R B, PRI 2 4k
TERE 1o 22 T LR FH 2 4 2 ik, J DR AE Tl 2
BRI FUR, BRI /N R B I LA R R L U
BEECE AR, B R S E MR AR 25 . (HiX
J7 1 T WEA A U J2 2 4 ROST | 4t 26 G JC 4 4 1 kr
B AT 7 3k e, XN T K A0 13 L ek gk
U O B30 1 )2 7 s P 25

C A B FEUE B, B s 3R A o e A M )2 T
) R A A, S B0 2 LB TR FLA A SO
FIREAR, RIFIR R R R B RN 2 — o A B 5
A AEFERE I AR5 15 1 5 T, A 20 L Lk 5 551
BRI, A gr e AR g A I A
K0 R HE FUE B0 B3 2, R 2 et 2 B U
W AFBZ —. BT, 8 X R)
R PEAF ) T — S T i X I B P )2 R
JE <150 °C Y Fp 2 A0 0 208 B b BE 5, MR )1 v
b IX 48 P T 2 7™ T 2 57 1 b B AE B4R T PN S
BEEEF, LUIE i N A8 DR DU B8, 7 T R BE N
SNE B SO CER 4R b R R R B AE A, Bk
J1087 P 0 A 346 28 Tl 2 VR

1 E0 3 B 750 1) A o

PR W PR 6 IS LR 7K R Al 948 S0 M5 3 BE 11 5
R 350, A PR SR A5 K T R 2 4k

27 W B0 T ARG, L AR 1 I P R 22 2 X A8 1 7 A
KFE, 5 458 ) R AT % a5 T AE T R B IR b, H
T LA PRSI TR IF 2 N T A e g
TH B VR LA SE T L TR R A EOME, TR 2k
8:21% 9:1, Fr/k /b, FUBSKLICHE BB, K A58 1
R R AR SR A L R LA L A% ST A A
T TS M R R 2 LBk, Umsie e iR &~ 5
K PS5 G e T, i3 5) HAR 8 43 A 2E A 7K 3L
RV B Bl i, A e T AR T i i U
W B | e i S L S IR TR B BEL R M A | T B T R Y
WG, BT FORKERE, M T B0 B4 EE 5] CQ-NFF,
I it = IR P T AR

1.1 CQ-NFF B4l &

A SO B ZLART] L oK 2R O, SINE TR TR S
XUBHEANRLFR R S S i BE AT, 78 %0 T Bk 34 508
R L 5 8 i B FLAR R L oK PR M, 5N
T i 285 . DU N 1 R 2 3 2% | U N i R iR 25
N SEH, TR SR T R S e A B . IS
KRN EB A% LW, THE R N O B i
— TR, SRS I G KT TR A AL TR 5 R I
Je Ta) 5 R R R N 1 & R0 L A s BURLIR, R Ok
LS IR, WG &R | T AR ST L, PR IR
N e R ==, AT I pHE, B BRI E
T SE R B . AR TEHLM B, TR A 3451 5 T8 1k
CQ-NFF, HAorFa5ty X & 1 iR (B 1 H: R, A
R, N C1—C5 BeFE s BE R s n, m, x Fl y N 2544 5.
JuHE ) .

R,

g HQ
O:\C Cc=0 HO\
R
n o x v
0=C
Q
\

(a) 7%

5O

HO%
J OH
1 0 =0
i m X
’O y
R,
(b) ¥

1 CQ-NFF (I3 TR
Fig.1 Molecular structure of CQ-NFF



«36 % B 45

% Fed P 2021 1 A

CQ-NFF Jokikite A iniel 2 fiR . 438 &8,
SRR AR A 73.6 nm, RiAE 43R T 50.75~164.20 nm,
M 0.57, — 31k 0.191 8, HH UL AT HI, RiARIRAKEL,
HorAhs].

30, 100
— X [RPRLAR A AT

o5 | — Zibkies “
X 1 X
-201| .
& 160 ¥
R s &
T Gl
& 140 &
= 10F =
= B

S| 120

0 s s - s 0
0.1 1 10 100 1000 10000

Fifd/mm

& 2 CQ-NFF BRI K125 %
Fig.2 Particle size distribution of CQ-NFF

1.2 CQ-NFF HEEIEM
1.2.1 LK SLKE AN CQ-NFF J& # i it 2 5

T I R TR IE R | SRS B K L RS I T
IR/ CQ-NFF B BURA Rk, X5k BAniE (A
THRAR T BRI 5 2 453 W BEHG
W) (GB/T 16783.2—2012) #17, BRI 150 °C; 2R,
K H QUNTA 450 HHi L 7 8 B W g | A Hr it
ALK FLIRIE BT FIl+H1.0% EFLAET+3.0% i
HALFN+2.0% TEIEHI+25.0%CaCl, K (O/W=9 : 1),

o Tk e R IR I A5 RS, B UE D s UL AE
I UE A T, R o A AR BT (MBI,
J£ 0.7 MPa, #47 30 min {5 2 385 % IH1/2K K 35 5 [R)
R U A B TAE A B4R AR, 7E 0.5~3.5 MPa Jk
25N HEAT ) im0, B:F% 0.5 MPa 2 10 min,
F IR RAL AL, W Ry i 28, a5 R 1,

F 1 CQ-NFF 7Eif1 87k ZLAK i Fh B9 A B £ 38 S R PR 45 3R

Table 1 Evaluation results of the film-forming plugging effect of CQ-NFF in water-in-oil emulsion
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Fig.3 Microstructure of the film formed by CQ-NFF in water-in-oil emulsion
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Table 2 The effect of CQ-NFF on basic properties of oil-based drilling fluid
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Fig.4 Film-forming effect of CQ-NFF on oil-based drilling fluid filter cake
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Table 3 Effect of inner-filling plugging agent on rheological properties of oil-based drilling fluid
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Table 4 Evaluation results of the pressure resisting and plugging
capacity of the inner-filling plugging agent
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Table S Comparison of the drilling failures of Well Zhongjiang 2 and volcanic layers in western Sichuan Basin
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