R BRFUDE AL 2025 4F

1112 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT F15% oW
S| A& 420, FE nhi, BRFTE, 45 BT B BRI AR IR 2 R (5 i 58 5 S ISR S5 FF K, 2025, 15(6): 1112-1120.

CHE Yang, DONG Jingnan, CHEN Chunyu, et al. Research and validation of underground positioning for open—hole old wells using acoustic

remote detection technology[J]. Petroleum Reservoir Evaluation and Development, 2025, 15(6): 1112-1120.
DOI: 10.13809/j.cnki.cn32-1825/te.2025.06.018

ETHR KRN ARREH M T EMAARSHIUE

OB ERE, REF, FRES, BRAC ERAS
(L EA M TSR BA BRA AL L5 1022065 2. R EHHOR F A TRAFFE s b5 102206
3. v [ FE LR TR A B, AL 5T 1000965 4. H A7 A DEIHT A W) L B P62 7100005
5. v B £ LA P 23w BT /R 8410005 6. Y BT R 7 (dE50) L b5 100083)

WE B mARBEN R ENT R, R AR AL AR EREEN SR, T amakat & A i, 8% KA s iRl
TOARFATEAL; T M T Lok EAR BRI EH T BN T REHOH e, G ERKRE, FREFENFE AR S
M R EHERAE, TSI H MR 5 R ], e A A TR R R e R A A . SRR 2R 19 B e R B el R
a8 4 W A6 IR 2 20 3% (FDTD ) sk A% M 3% 20 7 A2, A 7% 37 A0 RRER 3 RS i R R AE 7 R R K BB AL 8 5 R L3 AN F T & St
AT BRARERE IR Fod T AP T AT, Bk, R S E B e R R s s AR IR = ok K AR B O
BENTRAMRATETEREFFEENAT NG, LT LRI T RS, & &R EEME R, 047 T 8RR AR
BRFAE s 5 o, A I SR B AR AT AL TR I Y FE R N R A SR PR LR P RN B R . SRR A R R, R
ARAZSFEEZB, fEHE LA T3000mEENREEFAME T EEALE, MK ETHX4~16m, £ LEZ/HT05m,
ERTERMA A TOEFHEM. FREA, FRERMNEZARARRE T AT RN ARE, LR ZFRATHRBEEHFE
EMHE AR BMARBTERKRR B ERB T XBERALE., ZHANEASRRE T EF AL HENRE ARKRTHT
EALEEG KR, FEFEEHE - PR OEE, BEENE RARTEEE, UEEE ZNIRFX,

SR ORI AR I AR IR A B RO B 3 T E

E 5> S TE281 XEAARIZAD : A

Research and validation of underground positioning for open—hole old wells using acoustic
remote detection technology

CHE Yang'?, DONG Jingnan®’, CHEN Chunyu*, FANG Mingxing’, TAN Maojin®, TANG Weihong®

(1. CNPC Engineering Technology R&D Company Limited, Beijing 102206, China; 2. National Engineering Research Center for

Oil & Gas Drilling and Completion Technology, Beijing 102206, China; 3. CNPC National Elite Institute of Engineering, Beiljing

100096, China; 4. PetroChina Changqing Oilfield Company, Xi’an, Shaanxi 710000, China; 5. PetroChina Tarim Oilfield, Korla,
Xinjiang 841000, China; 6. China University of Geosciences (Beijing), Beijing 100083, China)

Abstract: In the process of converting depleted oil and gas reservoirs into gas storage facilities, identifying and sealing complex old wells is a
crucial step. For old wells with ferromagnetic casings, magnetic detection technology is typically employed for localization. However, for
open—hole old wells without ferromagnetic beacons, underground positioning relies on inaccurate historical well data, often leading to
significant errors. Acoustic remote detection technology, which analyzes acoustic reflection characteristics, theoretically enables the precise
positioning of open—hole old wells by detecting and identifying anomalous geological bodies near the borehole. This study systematically
investigated the feasibility of this technology for detecting open—hole old wells and their underground positioning from three aspects: acoustic
field characteristics, reflection imaging features of an open—hole old well, and data processing and localization for acoustic remote detection.
First, a staggered—grid finite—difference time—domain (FDTD) scheme with fourth—order spatial and second—order temporal accuracy was
employed to solve the elastic wave equation, simulating acoustic wave propagation around the borehole under various geological conditions.
Subsequently, based on acoustic reflection characteristics under actual working conditions and combined with numerical simulation results,

the reflection imaging features of the open—hole old well were analyzed. Finally, by processing field data, the detection range and accuracy of
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the acoustic remote detection technology in practical applications were validated. Experimental results indicated that the acoustic remote

detection technology was unaffected by external factors and could effectively determine the spatial position of open—hole old wells at depths up

to 3 000 m. The detection range was 4 to 16 m, with a positioning error of less than 0.5 m, indicating its suitability for locating abandoned wells

under complex geological conditions. This study demonstrates that acoustic remote detection technology not only overcomes the limitations of

traditional positioning methods but also significantly improves the positioning accuracy of open—hole old wells, providing key technical support

for the conversion of depleted oil and gas reservoirs into natural gas storage facilities. The application of this technology enhances the safety and

efficiency of abandoned well sealing and reduces risks associated with positioning errors. Future research will focus on further optimizing the

algorithm, expanding the detection range, and improving positioning accuracy to meet broader engineering requirements.

Keywords: acoustic remote detection; open—hole old well; numerical simulation; magnetic detection technology; underground positioning
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Table 3 Calculation results of old well positioning

TR /m s/m 6,/(°) 0,/(°)
4.96 49 229
3165 5.94 49 229
5.28 69 249
5.13 39 219
5.13 49 229
3175 4.86 59 239
4.87 79 259
5.30 89 269

3165 m TR AL, &I F 5 78 1 s b AR 1], - R B0
5.39 m;7E3 175 m R AL, E I F g V8 [ s b AR e,
BIBE 24 5.06 mo ELAZEE R 5.00 mo PR, R 0 67
RZ/NTF0.5m.
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Table 2 Underground positioning results of open—hole wells

”
LT a

iRl

M {E

Ti(E M

s/m 0/(°) s/m 0,/(°) 6,/(°)

s/m 01(°) s/m 0,/(°) 0,/(°)

43474 90 270

8.000 0 270 8.0516 90 270




1120 ZEBA A T R L

PRI EARBRIREH: 0 & (5T 5 B ik

2025 4F
F15E el

6 g5

PRI RN A L R o B TR TR P TR ) k2
DLS, AT RRHR S 4R v 65 5 A5 Bt o ) A

AR I7 1, RGE T T P PO PRI AR AR AR IR I
TIN5 R 8 7 B AT AT, FERELIB IR

1) 38 TF & B AR E A7 A5, etk s s R
FEARTERRIR 2 Hb T 7 07 P A 07 FH A8, o S 3 5
PRIR 2 I AR e 1 -

2) Y HIR - SF A RIFE A T 4~16 m B, DSI{Y g
AR e 5 1l 2 0 BRI 285 5 4 R AR DU PR B, v 5E
o AR A S S B [ R R S D 3R S B

3) H T R RR AR H o 0 S i AL A R S e
WAL BE WA, B I 5 B bR IE I IR B 8 iR 25 /N T
0.5 m,

2 % X #f

(1] AR, PP, KT, 45 78 PO R BRI Kk (). H

BRIy 2ERE, 2020, 35(2): 566-572.
DONG Jingli, XU Xiaokai, ZHANG Jinyan, et al. Overview and
development of acoustic far detection technology[J]. Progress in
Geophysics, 2020, 35(2): 566-572.

(2] B4, EHAE, AR s, 55 75 PRI EOR ARG I e R

JRHRL)]. ST 3T S R, 2023, 51(6): 149-162.
DENG Jun, WANG Jinrui, REN Shuaijing, et al. Application and
prospect of acoustic detection in the mining sector[J]. Coal Geology
& Exploration, 2023, 51(6): 149-162.

[3]  NAGANO K, NIITSUMA H, CHUBACHI N. Automatic algorithm for
triaxial hodogram source location in downhole acoustic emission
measurement|J]. Geophysics, 2012, 54(4): 508-513.

[4]  WEST C L, KUCKES A F, RITCH H J. Successful ELREC logging
for casing proximity in an offshore Louisiana blowout[C]// Paper SPE-
11996-MS presented at the 58th Annual Technical Conference and
Exhibition, San Francisco, CA, October 1983.

[5] KUCKES A F. Alternating and static magnetic field gradient
measurements for distance and direction determination: US5305212
[P]. 1994-04-19.

(6] ZEBH, Frd, 2=OUAN, 5. ESNREMBEBORAE TUF B TR
1. AmALAK, 2022, 502): 15-22.

CHE Yang, QIAO Lei, YUAN Guangjie, et al. Application of active
magnetic ranging technology in capping operation of well T1[J].
China Petroleum Machinery, 2022, 50(2): 15-22.

[71  KUCKES A F, HAY R T, MCMAHON J, et al. New electromagnetic
surveying/ranging method for drilling parallel horizontal twin wells
[J]. SPE Drilling & Completion, 1996, 11(2): 85-90.

[8] ELGIZAWY M, FRASER M, LOWDON R, et al. A novel realtime
well collision avoidance monitoring by definitive dynamic surveys
and passive magnetic ranging[C]// Paper SPE-211791-MS presented
for presentation at the ADIPEC held in Abu Dhabi, UAE, 31

[11]

[13]

[14]

[15]

[16]

[17]

[18]

October—3 November 2022.
KABIRZADEH H, RANGELOVA E, LEE G H, et al. Dynamic error
analysis of measurement while drilling using variable geomagnetic
in—field referencing|J]. SPE Journal, 2018, 23(6): 2327-2338.
AAT . BE G AR T 7 P R A B I 0], B
2022, 41(2): 310-317.

ZHU Zuyang. The logging mode optimization and remote detection
performance of monopole acoustic logging while drilling[J]. Journal of
Applied Acoustics, 2022, 41(2): 310-317.

ARAS, BT, B, A5 . A 1) et 2= b ) 0 7 3l 0 o 45
P B ST VU5 A7 27 4 (A SR BE7 i), 2022, 37(4): 76—
83.

WU Jie, XUE Yuchao, LU Tao, et al. Response characteristics and
inversion of dipole acoustic logging in anisotropic formation[J].
Journal of Xi’an Shiyou University (Natural Science Edition), 2022,
37(4): 76-83.

RG], BREAR . R I of R R U 370 5 S A 8 00 0
[J]. HbER =247, 2012, 55(8): 2798-2807.

TANG Xiaoming, WEI Zhoutuo. Single—well acoustic reflection
imaging using far—field radiation characteristics of a borehole dipole
source[J]. Chinese Journal of Geophysics, 2012, 55(8): 2798-2807.
S, VPR, ALAEAS | (BB e R 5 52 DX o3 B ¥, vh
A T RS 24 A AR R), 2023, 47(6): 43-49.

WU Baizhi, XU Xiaokai, DU Qunjie. Novel method for dipole shear
wave remote detection azimuth discrimination[J]. Journal of China
University of Petroleum(Edition of Natural Science), 2023, 47(6): 43
- 49.

WEI Z T, TANG X M. Numerical simulation of radiation, reflection,
and reception of elastic waves from a borehole dipole source[J].
Geophysics, 2012, 77(6): D253-D261.

XU J Q, HU H S, LIU Q H. Combination of FDTD with analytical
methods for simulating elastic scattering of 3=D objects outside a
fluid—filled borehole[J].
Remote Sensing, 2021, 59(6): 5325-5334.

SLUOH, X, R R, A RTINS s A O R AT BR 2% 12 ) g
3B AT B EUE B AR, 2022, 61(1): 156-165.
PENG Gengxin, LIU Wei, GUO Nianmin,

IEEE Transactions on Geoscience and

et al. A time—space
domain  dispersion—relationship-based  staggered—grid  finite—
difference scheme for modeling the stress—velocity acoustic wave
equation[J]. Geophysical Prospecting for Petroleum, 2022, 61(1):
156-165.

BEN-MENAHEM A, KOSTEK S. The equivalent force system of a
monopole source in a fluid—filled open borehole[J]. Geophysics,
1991, 56(9): 1477-1481.

CHEN L, HUANG J, FU L Y, et al. A compact high—order finite—
difference method with optimized coefficients for 2D acoustic wave
equation[J]. Remote Sensing, 2023, 15(3): 604.

TR, FRICHE, TAIARRT . BSRS75 IS5 T B4 A BROTAAUL)]. iz
JHFE %, 2004, 23(6): 1-4.

CHE Xiaohua, QIAO Wenxiao, YAN Xiangzhen. Numerical
simulation of borehole acoustic—reflection imaging using the finite

element method|J]. Journal of Applied Acoustics, 2004, 23(6): 1-4
(%3 3A)



