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Dissection and Causation Classification of Casing Deformation in the Luzhou Shale Gas Block

Abstract: [Objective] China possesses abundant shale oil and gas resources; however, frequent casing deformation (CD) during hydraulic
fracturing in horizontal wells has become a critical constraint on the economic development of these resources. The industry has gradually
reached a consensus on the geomechanical mechanism of casing shearing deformation in shale oil and gas development. Nevertheless,
further knowledge is lacking regarding specific causes of CD (e.g., “pre[dfracturing CD” ) and there is no scientific method for
determining the maximum diameter of wellbore cleanout tools. [Methods] To address these issues, taking the deep shale gas reservoir in
the Luzhou block as an example, this study (1) proposes a predictive method for determining the maximum wellbore cleanout tool diameter
based on a multiClperspective and quantitative confirmation of 3D CD morphology using a 24 [Jarm multiCfinger imaging tool (MIT);
and (2) through comprehensive analysis of geological and engineering information—including CD characteristics, subseismic fault and
large fracture locations, fracturing events at specific stages, microseismic data, etc.—confirms the specific causes of 225 CD sections in
Luzhou. [Results] Based on the above analyses, a new classification of four CD causes is proposed: objective dwell-near CD,
objectivedwelldfar CD, offsetClwellldcaused CD, and predfracturing CD. [Conclusion] (1) 3D imaging of CD intervals using
non[centralized MIT logging not only reveals the true deformation morphology but also enables quantitative characterization of shear
displacement. (2) In deep shale gas development, the proportion of CD points caused by offset (well fracturing (55%) exceeds that caused
by objectivedwell fracturing (45%). [Significance] (1) The proposed predictive method for the maximum wellbore cleanout tool diameter
provides a critical technical parameter for postC1CD tool selection (e.g., bridge plug size). (2) The novel CD causation classification
establishes a theoretical basis for optimizing fracturing sequences and scales within the pad of CD wells and adjacent pads, as well as for

developing integrated CD mitigation strategies. This study has significant practical implications for the development of shale oil and gas.

Key words: casing deformation; measuring casing deformation; casing deformation causes classification; micro-seismic event; shale gas;

hydraulic fracturing; subseismic fault and large fracture (F-F)

HE: YENEMAARFE, EAATFHERFAIRY, EEEH (2L JK, RAFRATEEIRET LN KRE
BAMEHAEEYREWNHFAFAEER LTV FERHFLRIR, EXTERNRERKE (WAREELE) RZHAAL

EEWHE: PEAMRE I AR RIE (202405-00704)

This research is financially supported by the Research Project of the Southwest Oil&Gas Field Branch of PetroChina (Grant No.202405-00704)
F—EE: W (1996—) , H, 7oL, MiEsEE . Email: 2021310011@stu.cup.edu.cn

BEEE: BmFK (1967—) , 5, Wit &K, FENEZMMEESTT, WY ISP M 7. Email: tonghm@cup.edu.cn
WS EHER: 2025-12-26—; EEIEHA: 2026-09-11; A HM: 2026-09-18; FY%4% HifR H 1Y s BUEHRIE: xxx

Received: 2025-12-26; Revised: 2026-09-11; Accepted: 2026-09-18; Available online: ; Handling Editor:



W, AHEEEFRNEARHF TEERER S ok, Wk ERFEE, XEUFMNERTERTFRRE A, £ 248 H#E %5 H
HEAEREHEELR ZARANER L, BB T —HRABHATEEFNTN &, FARA-TE—HAWAE, BRET
WA, BEW-RANE, ERIBARMESREENE NN, BLFMNERRERAEL A (22540 WAKRE, RN
ERRENEHE CRFASG. RFTH, SABK. RELE) . ARLEEEH: ABFRESEHCNFNETE =4 RR
RERBRELEEHAE, XHEERCETUAH; FENERTFLGHESR (55%) REWEL AR SUEFAFESR
(45%) . ZEABATERAGTIN A HWEY, HAERETE (WHES) RIMaBRETHRASY; EXREFLETEN
B, ATEAARBGTEERRF. AEENETFEL —RLFEHEARARNERELER, YALBITFLAAEEN
PELE L,

XA BEEW; BEE; BEAREER; MOHE; WER; AHER; ¥-H

PES XS TE34 XEAFRED: A XEHS:

DOI: 10. 12090/ j. issn. 1006-6616. 2025186

0 5l%

TURAEE TR 75 R KUK DR suE, EREE. mHbE. REREL TS5 BEEEE
(FREAL) . BEFEMETEAAH B AERBEE D, MRS =@ A, ™ EHIZAF R (Yan
etal.,, 2017; Liaoetal., 2018; Dongetal., 2019; Guoetal., 2019; {55, 2021; FHEHFESE, 2022; Hik
W45, 2023; Uribe-Patino et al., 2024; [B V4%, 2024; ZEH5, 2024; Xie et al., 2025; Zhang et
al., 2025) .

DU )1 2 b B B R DU SRR, o) X HUR IR E A SRR, BN EILH R, Hii%
A EFHES (Shenetal., 2024a, 2024b) . & [E Ayl 4R A1 VG R v < H 0 A R TUE S AL B giit, #2024
HE, PMIXH Y101 XA L203 F X L oedb h2E 200 3, JEEEAZ 83 M, REHA39 M, REFHERKIX,
A RBTIE AR R T IER AR AL AR AR R A

KTEZHE, HHICHEKRKENF (Dusseault et al., 2001; Daneshy, 2005; KA, 2014; Ti5%%,
2014, 2015, 2016; Lianetal., 2015; [E#IH5%4, 2016; Chenetal., 2017; @mAJZESE, 2017, ZHEZ,
2017; X%, 2017; ZREAIZE, 2018; Xietal., 2018; Yinetal., 2018; Lietal., 2020, 2021, 2023; Luet
al., 2021; Zhangetal., 2021, 2022, 2026; X|22fH4%, 2022; LIRTNEE, 2023; Yangetal., 2023; Yin et
al., 2023; Heetal., 2025; Z4FREE, 2025) . BHFKE (2021, 2024) Bl iE R &R T )% A0,
UEHFERWE (ETETFRIX, FEETHEREMN RS, FbRB-25 SIS M i E B AR
EEELRER (MAREALR) 7, CE8 TR ZINE KPS, 2021

EAREY AR AL CLRE I, (BT R E (WRELE. AHFHSAHFED =z Z000.
HATERRH MG, BEREREEASNHER EEMR LI (EFEE, 2020  HRK, ZatiFEERE (W-
A, DIASHN ) - TRERNE (EE. fiE. WE. ERRFP) KHE R, # /s AR s b A .
SR, H R B - TRl fR 45 BRI HER, BRMHE KW ZIZHAE “HREER” 5 “RELE”
P Zorik (RRIRIREAE, 2023) , 7p2ROES, MELIH RGP 7 Ko

BARTLA PR € B R IA OB =R B &2 F B, FEAFEUZE AN (Multi-finger Image Logging
Tool, fAIFK MIT) FEL 3l A s G b7 ) el vk o T4 B vh LB 50 a8 GR4ES, 2021; T
PEE, 2023 fRAESE, 2023, 2024; FKKAEEE, 2024) , HEEBTERUK. T0EE T ELREIN R VL AR A 2 A E PR
B (EFEE, 2022; &JRFKEE, 2024) , MEDURBRRSCERIER, ket s ® T AR MK,

BENE FIR )RR, SCE LM Y101 A1 L203 HEIX 2020—2024 £E2) 225 NEAS SO RN R, T 24 B4R



LM (MIT-24) FERDTREZRREL M RE ERMIR, SZa0r 5EZRMRIHEER (-2 MR
R UBRBUT) , IS SRObR TR, AR A m s FEBLEEAS E, SR HUE R - TR AR A 7
ik ORIl A, MH-FE RIEZA) , JFETEET MIT SR ER BT .

T B e RO RO O e L R eV 22 4 i CEE K A LG S R RS g e hd PR T, o ] J 443 7% 3 B it
A, BN A RIS SCER AR R ) SO B AR R HE R 42 SR LB AR, MIT AR R T 5 i
NERJE TRRSHERFRMBARSH, SRR A S TN E.

1 XETMITHERNEXVARLEZERmAESEX ETN 7 *

TUE SRR G R B E BTV W - BT U R BT a. MIT SR 1R 5 AR B A REAE 1)
FERtvoRL, ] DR R K- BT YIS R R A A A T A, I T BRI N L AR € BEfR.

DNREIEDUSACES B = A I R AR 22, 386 MIT SR T I3 B O 2R B R 1E . B8 A B ANET A
TR DL EH MIT e (BARIESE, 2025) o (HEFRIEHER TEEHUIREE, AeIEfRIES
M BT AR TERRAE . 87 SR R & o MIT 204 A B 85 )42 % (Zhang et al., 2023a) » AW (E K5,
2021) KB, TUAMARX G TRERRIERY AT ELR, FELREZ M EE B/ TR E PRk
JEH MIT a4 &A1 H

PLY101H75-5 FFHEFH i oA, A BRI E ERMA T %, 2023425 A 26 H, ZHEHES R,
T IR 4230 maBRH, X MIT MUIR 4213~4217 m. A2 38 FH I8 & 7E SR IR 28 80N BOE S0 & I e i 210, 30
Wid B IR S MIT =48 sUG IR E 2 B2 5~15 m iR 2.

1.1 ETEFN

BARME (K 1la) MEARLH/NNAET HEPRIEE R MIT £ (B 1) k. 228 ERIFERRE
W24, "AEREERRTREFRMKE. BiiERERRENAE (B2 118 mm) WER/DATITHE.
ERZETH (ntrZE. $es BA—EKE, ETRERESEREHAMED) (B 1o , HTERTAM
NIPERFAE, ARIEAZ T J5 /N WARIE SR ) T A evkimat (SEBaR M, H/hWAEN 80 mm EL B, 75 mm
A 80 mm ) TR IEMEE) o Blitk, s NETELEEELIRTE. BRI EREE
s (B/NNR) , BESZETTMNEE.

FMZIR, BARMHERLL MIT Z48E1E, HRBIEEREKRITA (RIBTRATEI ), HilfE=4E1E
ME (B 1o) , REEIZME FRBIBIEEENEEYIZ CPT T RTBIEEE PR RFERSIERIM A W
BUIZERE (L) , SRBIREFERGNE (L) 152, /BELXE (D) (B2 .

ZITETHERAR R D RN R BT R SRR, BERWHRAE T EE LRI R . L] B
HATETEEMTARSER (TAERKERSLET) o Z7EaErEMicas< (F3) MRBIUAHITA
IR FH o



WARHNER R JE R s R O

7RG F 4210-4220 m

/N 155 15 8
80 (mm) T T30[ M & AR | AR
% SEH AR 35 (mm) [30[35 (mm) 130
S0 (mm) 130 125 | 1258
m I e AR | A
oK 75 @mI0237.5 e 1073

80 (mm) 130 2482 m 24 R

H 281 5 I 42 | i:':’fj:
0 (API) 300[22.5mm)72.5[-22 5mm) 725

1S
=) b

U @J
sxﬂ\ i)
(a)4210—4220 mEMIT-24ll £& &

3
HT
i
e FECEA ~ | ZEAX
/—‘I* R B - %%'%J—}Jﬁ %T%‘)ﬁ@

A R MR 4216 m
RN AT 1 E T

[11%44
M/

%
—/_&_—.

-10

0Ty

E
*E$% fiul 4 Bl
@%EEL*E¢%EﬁﬁE

a—4210—4220 m Bt MIT-24 HiZR & CZLAE P61 535850 4230 m @ B BRI BRIR 4213 m AKIR 4217 m) 5 b—F BT 8I-F 75 ) & P AR IE IERLE: ¢
BB -7 A E P IE A d—m fE R E P IEEME: e—m sUE EARJE P EME, RJE R HFERT, B8R A5 K77
8L A 520 M SBOZAL B M-I T 6] g— A s BARE T IE AR

IR

B 1 YI01H75-5 # 4230 m & £ & S HAE 45 A 46 A
Fig. 1 Comprehensive diagram of CD morphological features at 4,230 m in Well Y101H75-5

(a) The MIT-24 welllog in 4210-4220 m, red box corresponds to the CD section causing the obstruction at 4,230 m as field recorded, with a top MD of 4,213 m and
base MD of 4,217m. (b) central-corrected CD section on view that perpendicular to the shearing-deformed direction. (¢) non-central-corrected CD section on view that
perpendicular to the shearing-deformed direction. (d) non-central-corrected CD section on top view. (e) non-central-corrected CD section on side view. (f) The CD
cross-section along radial direction, showing the acute angle 52°, between casing shortening direction and the horizontal direction, is the shearing direction of the F-F

responsible for the CD. (g) 3D image of CD section along axial direction.

BAKE) S m—s 14.7
7.35
0
-7.35
LAF R D=L,-1,=31.6 mm -14.7

FEIAEE X 77 K E S PR Ry 1:10; B8 RAEDSHMXBRIEZROVERKE,; FIGAE (L) SRBRKEW RRERS (L) 2 ZNER
& (D)

K2 £XE58XKENETER

Fig. 2 Schematic diagram of measuring CD magnitude and length

In the figure, the ratio of the casing length in the X direction to the actual length is 1:10; the deformed interval length of casing is CD length; the difference between

original radius (L) and the shortest distance between the two most deformed points (L) is CD magnitude (D).
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Fig. 3 MIT 3D imaging CD cross-section along the central axis at 4,230m in Well Y101H75-5

In the figure, the ratio of the casing length in the long axis direction to the actual length is 1:10. The left side represents the heel direction; the right side is the toe
direction. The original casing inner diameter (L;) was 114.3 mm, and the minimum internal diameter (L,) is about 65 mm, resulting in a CD magnitude (D) 0f 49.3 mm

and a deformation ratio (D/L;) of 43.1%.
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Fig. 4 Anomalies in seismic attributes of CD-related F-F for Well Y101H75-5

(a) Along the wellbore on the ant-tracking cross-section, there are significant anomalies around three CD points (the blue line represents the Wufeng Formation
boundary, red line represents the wellpath of Y101H75-5, and the rest of lines with different colors represent possible F-F related to CD). (b) Along the wellbore on the
seisniic cross-section, the amplitude above and below Wufeng Formation boundary shows obvious discontinuity and bending, and the vertical axis is subsea true
vertical depth. (c) The horizon slice of ant-tracking and curvature overlay for the Wufeng Formation shows banded anomalies near the colored CD points, and the

colorful lines across the CD points are possible F-Fs causing CD.
3 BB RS a2k

BRI RIG K EAR T A S, (H BRI (G & I, W —BUR R WAk T —R S5
EAEAKIEW; Fi5h, PIINRIEXBAAAE L8 ORISR CGF—BIRRATHURE SR RIS R Y .
NT RGN ZXREZREHE CERIELE) , K25 N EZRRERS BAEIFBIERINTG (R 1D AT K
HE, IR e W R R MO R SR AT 0 GREZILIE 5D, AR S T IrE B R A (K 6) , JffEitiE
HOBT AR A 728 AR A, RS REEAE. A7 SBIEESITNER T EEL S,
X EHERIEN “BH7 o B, H0i ARG TOMOPERERR, AJEN “AXRIH7, BIHNAIN
“REIET s b BIHML T OREERR, BN “AIET, AFNBIFR BT (BT .
= 1 Y101H75 £ AR TERFRR S T5iE
Table.1 Fracturing stage schedule of selected well from Pad Y101H75
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Y101H75-3 25 2023-4-1 11:32 14:19
Y101H75-3 26 2023-4-1 18:14 20:34
Y101H75-3 27 2023-4-2 6:57 9:38
Y101H75-3 28 2023-4-2 14:34 17:10
Y101H75-6 12 2023-5-14 14:20 17:07
Y101H75-6 13 2023-5-15 7:15 9:28
Y101H75-6 14 2023-5-15 14:07 16:19
Y101H75-6 15 2023-5-16 7:08 9:25
Y101H75-6 16 2023-5-16 13:51 16:05
Y101H75-6 17 2023-5-17 7:08 9:06
Y101H75-6 18 2023-5-17 13:14 15:17
Y101H75-6 19 2023-5-18 7:19 9:14
Y101H75-6 20 2023-5-18 14:40 16:35
Y101H75-6 21 2023-5-21 13:12 15:03
Y101H75-6 22 2023-5-22 7:01 9:10
Y101H75-6 23 2023-5-22 13:27 16:29
Y101H75-4 15 2023-6-10 7:04 9:36
Y101H75-4 16 2023-6-11 13:48 16:14
Y101H75-4 17 2023-6-12 14:21 18:14
Y101H75-4 18 2023-6-13 13:51 16:58
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Fig. 5 Specific CD causation dissection workflow
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Fig. 6 CD distribution map of different causations in the Y101 and L203 well areas of the Luzhou shale gas block
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Fig. 7 Planar schematic diagram of "objective-well-caused" and "offset-well-caused" CDs during horizontal well fracturing.

The intersection locations between the well-intersecting F-Fs and the horizontal section are as follows: (1)"objective-well near" CD, (2)"objective-well far" CD, and

(®)"offset-well-caused" CD.
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Fig. 8 Planar comprehensive cause analysis of "objective-well-near" CD at 4,737 m in Well Y101H1-5.

Bsc-4
f6e-4

fhlde-4

sl [0 I FE 20 335 PP 1 1A @ )25 5 5L 1.0
K9 Y101H3-6 # 4655 m && R “AH# k" FA0HHE

Fig. 9 Planar comprehensive cause analysis of "objective-well-far" CD at 4,655 m in Well Y101H3-6.

32 WHERSILHNEE

A B AR R A ] B A — IR B LR SR A AR St R4 7T 4 52 1% 5738 AR IR R TS

AN IR 5] A AL I (] W] e 5 A S0 FLAT A IE MR 28 it TACSRER I E , (ELARH IR 2R A B2 A2 A I (] 3 A
EAEFIW. i, BAKAEZAT, AHIERT 3B, BAFBOZEALRMEREFTREZS 1 B 28 2 Bl 3
B (55 3 BOWRS R IR ), WAl BEORHRIMO R 4 REW 2 . BL Y101H75-5 HOuBl B “40HF8” .




2023 45 H 26 H, Y101H75-5 H3&E 7 100 mm i B R fE ol i . A5 7 BeT- 2022 4F 12 7 2
Hoe s, 48IF Y101H75-6 T-2023 455 H 22 H#ELL R 25 23 B, ZJa AR RAEED. 489F YI01HT5-6 25
20~23 Bt R A (R, BB, A, WE) KDk REAEETAYAEHEmN (B 10) , HiEktE
BRI R GRS W - R TR, 2 BERM MR F AR 5B S R B R AT LA, &R
W2 R IR ZEE BT REXT % B2 A Tk (10D .

R 48, ) 4 / -0 3
TS, 75 5 e A 208 37D 5L 5% 4 B
A s -0 w41 I P 205 FE PR 1K@ 5245 L1 0

K10 YIOIH75-5 #4230 m B & FH “4FH 52”7 S 4o E

Fig. 10 Planar comprehensive cause analysis of "offset-well-caused" CD at 4,230 m in Well Y101H75-5.
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Fig. 12 Planar comprehensive cause analysis of CD at 4,801 m in Well Y101H29-2, but the CD cause has been reclassified from "offset-well-caused" to "objective-

well-caused".
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Fig. 13 Planar comprehensive cause analysis of CD at 5777 m in Well Y101H37-2 and seismic attributes cross-sections along the well.

(a) Locally enlarged view of the CD points and seismic attributes. (b) Planar comprehensive cause analysis of CD. (c) Ant-tracking seismic attributes cross-section

along the well, the blue line is bottom boundary of Wufeng Formation, and the vertical axis is subsea true vertical depth. (d) Seismic cross-section along the well.
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Fig. 14 Design of fracturing zoning and sequence on the Y101H75 pad for CD prevention
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