PETROLEUM DRILLING TECHNIQUES

7o~ hillis R

FIRBUERE W BUER T

kR &% AR R

Numerical Integral Calculation in Borehole Trajectory Model
LAI Jiangiang, LU Gang, ZHOU Chao, LU Tianqi

TELR R View online: http:/doi.org/10.11911/syztjs.2023004

LT RGN HA SO

Articles you may be interested in

FEIR PO T E LA
Precise Positioning Technique for Wellbore Trajectories

AIMAEN R AR . 2017, 45(5): 812 http://doi.org/10.11911/syztjs.201705002

TR U < =4RSP HUE AL B Tk,
3D Horizontal Wellbore Trajectory Optimization Design Method in the Fuling Shale Gas Field
MBS, 2018, 46(2): 17-23  hitp://doi.org/10.11911/syz1js.2018041

S 5 T FE FBLER ST B e

The Formation Mechanism and Technical Countermeasures for Back Pressure during Directional Drilling

AMEHRHAR. 2017, 45(1): 27-32 http://doi.org/10.11911/sy2tjs.201701005
MR ) F2 34 1 S H T

Principal Normal Angle of Borehole Trajectory and Its Equation
AR, 2019, 47(3): 103-106  http://doi.org/10.11911/syztjs.2019052

GBI I IR BB B R
Discussion on the Design of Well Trajectories in Deepwater Relief Wells

AR, 2017, 45(1): 21-26  http://doi.org/10.1191 1/syztjs.2017010004

PDC-SF 5 5 6 Bl Sk A R 2l ORREEH A 1
Application of a PDC—Roller Hybrid Bit in Highly—Deviated Wells of the Nanpu Oilfield
ATHERBEE A, 2017, 45(6): 60-64 http://doi.org/10.11911/syztjs.201706011

ERITPSE N INTNE R CEZ )Y

FRERFSHEEE (CSCD) iR
RO

=5 ((50@)  (CA) BT
HEH CORERE) (A)) ST
EBSCOFAZEEEURAT ()
AAPGIF =S FERET (32
REREGEIErTHRRT
RCCSEREZAFAHIT


http://www.syzt.com.cn/article/doi/10.11911/syztjs.2023004
http://www.syzt.com.cn/article/doi/10.11911/syztjs.201705002
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2018041
http://www.syzt.com.cn/article/doi/10.11911/syztjs.201701005
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2019052
http://www.syzt.com.cn/article/doi/10.11911/syztjs.2017010004
http://www.syzt.com.cn/article/doi/10.11911/syztjs.201706011

F 514 %344 % i 4k EZS H# R Vol. 51 No.3
2023 % 5 A PETROLEUM DRILLING TECHNIQUES May, 2023

<GhiHEH> doi:10.11911/syztjs.2023004
SIAES: SeAsm, B, R, 55 FIRBLE B A BUE BT 0], A BRI R, 2023, 51(3): 45-50.
LAI Jiangiang, LU Gang, ZHOU Chao, et al. Numerical integral calculation in borehole trajectory model [J]. Petroleum Drilling Techniques, 2023,
51(3): 45-50.

HIRPIEERRPPYHERIITE

1 2 3 4
k@EE, & &, A #, X
(1. b5t Y 38 8 il B AR B A5 BRZA 1, A6 1011025 2. A [ A 90 32 0 3k FH 492 R B PR & IS e, 10 77 45585 1240105 3. H LA il 4 S Sl
PR TREA FRA A TRRHARBSE B 1L T 8040 1240105 4. FF 132 2k Tl K240 4 5 14 k2% TRE &R, 785 = 1 18 )2 %% 09126)

W B ATRILSHRG TR ERSGT TR A, AFRREER A AN BL, 2 RSAK TR, ¥l

LBk LALFEBRS PHRBRAREL TR ALK I AN IRGEER VAR AP | AT I HKGE

A HEHBARERIFRYRKREELARSOURIB PO ADIHBEERAE, AR ZERSGITERE AT Y
slmpsonawﬁﬁﬂ/\/\& HHEETA \ﬁ/i‘ibz'f;]—_ﬁ‘kﬁ" \ﬁv:_m? B IR EARFRYKEZRS, TR+ EHEEHIIEEHE
FHHHEEN ALEZRTRETHARE, AR EZEATHBERTLHAE . AL o 5T xRS+ F oyt
T Hk T E, TER TAFREFLT,

KEBW: E&sEHF; FIRIE; BT AEER,; FE BRI, KARS

FE 5K S: TE21 XHkFRERD: A XEHE:1001-0890(2023)03-0045-06

ok

\

Numerical Integral Calculation in Borehole Trajectory Model

LAI Jiangiang', LU Gang’, ZHOU Chao’, LU Tiangi'
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PetroChina Liaohe Oilfield Company, Panjin, Liaoning, 124010, China; 3. Engineering Technology Research Institute, CNPC
Greatwall Drilling Company, Panjin, Liaoning, 124010, China; 4. Professorship of Measurement and Sensor Technology, Chemnitz
University of Technology, Chemnitz, 09126, Germany)

Abstract: In order to improve calculation speed of the definite integrals in the drilling design software, the basic
formula of the borehole trajectory model and the integral parameter conversion were adopted. The calculation of seven
trigonometric and one logarithmic functions was reduced to that of three trigonometric and one logarithmic functions
required by the integrand of the definite integral in the north and east coordinates by the constant tool face method. The
trigonometric functions in the integrand of the definite integral with a horizontal projection length by the space arc
method were simplified, so as to improve the calculation speed of the definite integral. Using the variable step size
Simpson numerical integration formula to calculate the above two kinds of definite integrals, the calculation accuracy
can be controlled to arbitrary precision. The calculation shows that the new algorithm in this paper not only improves
the calculation speed but also has the same calculation accuracy as the public data. The algorithm given in this paper is
further improves and refines of the borehole trajectory calculation and can be applied in the software development of
drilling.

Key words: directional drilling; borehole trajectory; constant tool face model; spatial arc model; numerical integral
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Table 1 Calculation speed of major mathematical func-
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1 4964 4521 3139 282

2 4960 4527 3121 284

3 4953 4507 3135 282

4 4953 4505 3137 282

5 4975 4539 3147 285

6 4966 4538 3142 285

7 4981 4542 3145 285

8 4970 4530 3144 289

9 4969 4538 3142 286

10 4961 4522 3135 287
Ty 4965 4527 3139 285
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Table 2 Borehole trajectory parameters in constant tool
face model

AL/m  al/(®) #/(°) AN/m  AE/m AH/m  AS/m

0 30.00 135.00 0.00 0.00 0.00 0.00
10 33.06 130.08 -3.53 3.86 8.52 5.23
20 36.13 125.55 —7.00 8.34 16.75 10.91
30 39.19 121.34 —-10.37 13.44 24.67 17.02
40 4226 117.40 —13.56 19.13 3225 23.54
50 4532 113.68 —16.54 2537 39.46 30.46
60 48.39 110.15 —19.26 32.14 46.30 37.75

*60 48.3851 110.1535 —19.2585 32.1413 46.3024 37.7532

70 5145 106.79 —21.68 39.40 52.74 45.40
80 5451 103.57 —23.77 47.10 58.76 53.39
90 57.58 100.47 —25.49 55.21 64.35 61.68

100  60.64 97.47 —26.83 63.69 69.48 70.26
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Table 3 Borehole trajectory parameters in space arc mod-
el

AL/m  a/(°) #/(°)  AN/m AE/m AH/m  AS/m

0 40.00 60.00 0.00 0.00 0.00 0.00

10 4241 56.51 3.47 5.60 7.52 6.59

20 4492 53.32 7.44 11.24 14.76 13.49

30 4751 50.41 11.90 16.92 21.68 20.71

40 50.17 47.74 16.83 22.60 28.26 28.23

50 5288 45.27 22.22 28.28 34.48 36.06

60 55.64 42.96 28.05 33.92 40.32 44.18

*60 55.6400 42.9644 28.0498 33.9239 40.3234 44.1769

70 58.44 40.81 34.30 39.52 45.76 52.57

80 61.28 38.78 40.94 45.06 50.78 61.21

90 64.14 36.87 47.96 50.50 55.37 70.10

100  67.03 35.04 5533 55.85 59.50 79.20
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