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Magnetic ranging theory and practices in CBM horizontal well drilling
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Abstract: Based on the theoretical study and field practices in magnetic ranging in well drilling, a model has been
constructed for determination of the relative distance and direction between the downhole drill bit and target with the
distance correction method and the Kalman filtering method for weak magnetic signals proposed; thus solving the
problem with long distance and high precision magnetic ranging in CBM horizontal well drilling in the complex
operation environment. The field test and application results showed that the calculation method for distance correction
can obtain the value well approximate to the one measured in the interference-free environment; thus eliminating
effectively the measurement error caused by downhole magnetic moment. The noise and clutter had a significant
influence on the value of single measurement; however, through Kalman filtering, the measurement value was more
accurate than the one from single positioning calculation with the measurement error reduced from 1.9m to 0.14m at the
distance of 40.06m. In magnetic ranging for the “U” type CBM horizontal well intersection, the effective target can be
controlled within 177.8mm of the vertical extraction well.

Key words: CBM; horizontal wells; magnetic ranging drilling; intersection guidance; directional drilling; connection of

two wells

0 3= 1 2 V6% 7 % 1B EIR SR TR &4 %k
TP B MR R R B AR~ TIRR AR BB 54 % R FAE A A
BNT 1 mD, MR TR RB0.9~1.0, WA RMC  H5HE BUFF R 8 B B A FF R HEK R S B

s B #7: 2020-10-27; f&[E B #:2021-04-07 DOI:10.12143/j.2tgc.2021.06.001

EH TR « [ GAREE R 00 KA S B2 ST & PR 4 B2 0B ALK IR 52 R DG E R 5 T AT (4 %5 : 20162X05022-004) 5
o ] il e R e T H R A G SRR BT 45 e S T [ 4 5 - 2019E-25(JT) |

EF B A Ir &, 93 W, 198047 A=, IELA7 i K2 (AU BO T L7, i S ARl B985 160 Sy =l BLBN R BT B R 5087 Jr v, b 0Tl B8 X 2
W15 55 B 1 58, qiaoleidri@cnpe.com.cn,

SI R I, A AR 2 2 SUKE IR S o) BT B 5 SR LT ] B TR, 2021,48(6) : 1-6.
QIAO Lei, GAO Deli, DAI Jiliang, et al. Magnetic ranging theory and practices in CBM horizontal well drilling[ J]. Drilling Engineer-
ing, 2021,48(6):1-6.



2 iR TR

202146 A

FEJr . T UL BRI R R iR 3R E R E
SOKF S H T A AT 10 B IR R 5K R
I/ 2245 SO % (A 1 ETR ), DU T R AR
FEEE A AT 5 4 HE KR AR, JF 38 2k U AL T 5[] B
T8 VR IR TO AR B Bk, ORI HE R 301 18] I 6 1 i 3@
PE o B2 SOK O P 0 Rk T2 IR
D 5 s T A R TR A T R
(MW D) Il 3 Je A R I 45 ] J T, 4% G 1
MWD £ ALK FH 1700 m H R AL BRI R 2
ik 31.55 m( &l 1 Har a4k 4 Fm RBUR 22 5 IR 1
KA, PR AR G AN AR 1l 2 2 SR I W i
A (14 B 0L I 4 R

E1 BEESUBRKEHFMWDUEREDH
Fig.1 Distribution of MWD measurement errors

for CBM U horizontal wells
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Fig.2 Drilling with magnetic ranging
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Table 1 Magnetic ranging plan for “U” type CBM horizontal well intersection

H/m Haba /) W /m IKOKFRZE/m RRERRZE/m FRMAmE/C) HUEET %
100 0 100 0.19 0.71 {4 MWD 4%
500 0 500 1.09 0.91 {4 MWD 4%

1000 90 800 9.39 1.32 0.76 {48 MWD i #5
1500 90 800 25.19 2.83 7.18 {5 MWD i 5
1600 90 800 28.37 3.17 15.64 55 MWD
1700 90 800 0.17 1.00 1.00 T 1)
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Fig.3 Schematic diagram of the long distance ranging

system for well intersection
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Fig.4 Schematic diagram of iterative

approximation algorithm
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Fig.5 Relationship between the survey station and

the target cavity during continuous survey
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Fig.6 Results of interference-free measurement vs those

by iterative approximation correction algorithm

3.2 RIRE ML

W2 SOOI 2RI 2 25 R A2 B R 3 R 4R
I8 Butter I8 I 71 98 15 B A KR 2, A B — R IR
V7 " B I IR 7 Al Sk T P R R N A
W MEAE ML T 5%, A T $& M 0 D ok B, &
e 0 et v g I R ()T, 5N R R S B T IA R T
I 2 {8 A 3l R R 2R 208 5 L TH R T A& g
FE TR R S e 8 2 IR e 3 S, KO BT
] A ARG B /N T 1R EESR, R =i
FEANORG B U T 84 I FHAIOR

N TE PA ZPO2 I i S I K A 48 AT R R 2
AUl R R N e T U B S B S U e L
B — B2 7, Al S R A B SRR b R (A N
P B 40.47 m, J7 A7 fA 164.34°, H 41 fA 90.23°, 20
SE A R T AT B0 A B S B0 < B B 38.57
m, J7 o7 f1 162.66°, H &1 88.37°, >R FH 2L I 1 1)
RIR S YE P AR I SRS R B 7 TR . N 7
AT LLE 50 (8 52 30 MR RS R 2% I 1 5 e A AR
25 RSy NI T EZE U i NV =) 81 A =R 132 T VBT 3L G
B H RS 40.06 m, iR 2R 041 m. B ERITE
SRV I ROR S U8 P R B 5 T
LR B

5 ANTE % I FE B8 A 75~65 m 3 B AT T



55 48 5 6 ] T S MR SURE IR S B e Sk 5

e PR
o P THE
— P HNE

0 5 10 15 20 2 30
bIID=S

E7 HEERN404TmbHEREBHER

Fig.7 Kalman filtering results at distance of

40.47m to the cavity
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Fig.8 Kalman filtering results at distance of

75m to the cavity
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Fig.9 Guidance process with the DRMTS
magnetic ranging system
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