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A truethree-dimensional wellbore positioning method based on the earth ellipsoid
LIU Xiushan

(Sinopec Research Institute of Petroleum Engineering, Beijing 100101, China)

Abstract: In view of the problems existing in the current wellbore positioning method, a true three-dimensional wellbore positioning
method was presented, and an example for analysis was given. The current positioning method uses the grid north as the reference datum
to the north, positions in the horizontal plane based on the map projection coordinates, and positions in the vertical direction based on the
elevation coordinates. It has inherent defects and errors, as the two positionings above are independent of each other, and only use the
constant meridian convergence and constant magnetic declination at the wellhead to calculate the borehole trgjectory for the whole well.
Based on the earth ellipsoid and its calculating principle, the transformation relationship between the wellhead coordinate system,
geodetic coordinate system and elevation coordinate system was revealed, and the true three-dimensional wellbore positioning method
using the true north as the reference datum to the north was presented. Analysis results of an example show that the current positioning
method yields a smaller vertical depth and a larger horizontal displacement for the target, and produces larger errors compared with the
true three-dimensional positioning method. The true three-dimensional positioning method has fundamentally solved the problems
existing in the current positioning method, accurately positioning the relative location between the target and the wellhead, and
significantly improves the accuracy and reliability of borehole trajectory design.
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X =(R, +h)cosBcosL
Y =(R, +h)cosBsinL 1
Z=|R,(1-€*)+h]snB
2 2 4
a“-b a
e= R=— o
a V1-e*sin’B
o’ O’-NEH
3 H
N E N
H Lo, Bo
Xo, Yo, Zo 2000
a=6 378 137.0 m b=
N —sinB,cosL, —sinB,sinl, cosB, || X -X, 6356 752.314 1 m 1/298.257 222 101
E|=| -sinL, cosL, 0 Y -Y, 41 AEHIBANE
H —cosB, coslL, -cosB,sinL, -sinB,| Z-Z, 3
2 1
o’ T
Lo, Bo, ho Lt, By, hr 1
Xo, Yo, Zo Xt, Y1, Z7 2
2 N+, E7,
Hr 3
R 1 KHAFRR KM SR
/m
119°44'0" E 49°130" N 610.00
Well-1 1 119°44'9.395 7" E 49°13'10.659 9" N ~4.389.99
2 119°46'3.717 1" E 49°15'20.244 1" N ~4388.04
117°17'0" E 31°52'0" N 30.00
Well-2 1 117°17'7.234 0" E 31°52'10.692 6" N 4 969.99
117°18'35.221 9" E 31°54'20.682 6" N 4 968.03
114°100" E 21°20'0" N 0
Well-3 1 114°10'6.598 9" E 21°20'10.708 4" N ~4999.99
114°11'26.848 2" E 21°22'20.894 4" N —4998.03
®2 DTEMAEMITEER
x/m y/m /e N/m E/m H/m m !/ °
545732116 20699 122.92 2.07 0 0 0 0
Well-1 1 5457657.30 20 699 301.12 2.07 336.13 178.20 4999.99 380.45 27.93
2 546174402 20701 467.57 2.10 4422.86 2344.65 4998.04 5 005.91 27.93
352710268 2052681178 0.15 0 0 0 0
well-2 1 352743253 20527 001.07 0.15 320.85 189.29 4999.99 380.30 20.85
2 353144276 20529 302.42 0.16 4340.08 2490.64 4998.03 5 003.96 29.85
2362629.40 20205 987.47 -1.03 0 0 0 0
well-3 1 236295562 20206 183.73 -1.03 326.22 196.26 4999.99 380.71 31.03

2366 921.70 20 208 569.84 -1.02 4292.30 2582.36 4998.03 5009.23 31.03
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®x3 HZHEMFENITEER

X/m Y/m ZIm N/m E/m H/m /m
-2 070 460.04 3625 000.95 4806 794.54 0 0 0 0
Well-1 1 -2 068 881.62 3621 854.33 4803 223.58 329.09 190 5000 380 30
2 —2 069 384.95 3618 077.98 4 805 837.05 4330.13 2500 5000 5000 30
—2485352.17 4818 720.34 3347 899.99 0 0 0 0
Well-2 1 —2 483 494.88 4 814 704.85 3345 539.75 329.09 190 5000 380 30
2 -2 484 579.63 4 811 768.63 3348 937.75 4330.13 2500 5000 5000 30
-2 433 321.05 5422 820.44 2 305 811.45 0 0 0 0
Well-3 1 —2431538.68 5418 384.21 2 304 299.02 329.09 190 5000 380 30
2 —2 433 050.34 5416 110.53 2308 025.91 4330.13 2500 5000 5000 30
3
3
20 4—
4— 6 @©
2 @
42 FEFESHEMNAVE ®
84°30'0" E
41°0'0" N 1000 m
F4 TRLSEREHETHITTES
/m /m /m !/ ° /m /m /e
1 84°31'25.6035" E  41°1'52.267 9" N 1001.26 -1.26 4001.53 31.64 0 4000 30
2 84°31'25.630 3" E  41°1'52.303 2" N -998.74 1998.74 4002.78 31.64 2 000 4000 30
3 84°31'25.657 2" E  41°1'52.3385” N -2998.74 3998.74 4 004.04 31.64 4000 4000 30
4 84°31'25.684 0" E  41°1'52.3739" N -4998.74 5998.74 4 005.30 31.64 6 000 4000 30
5 84°31'25.710 9" E  41°1'52.4092" N -6998.74 7998.74 4 006.56 31.64 8 000 4000 30
6 84°31'25.7378" E  41°1'52.4446" N -8998.74 9998.74 4007.82 31.64 10 000 4000 30
#5 ARELAKFUBEHTHIHESER
/m /m /m !/ ° /m /m !/ °
1 84°30'0" E 41°0'0" N -5000.00 6 000.00 0 0 6 000 0 180
2 84°30'42.8319" E  41°0'56.1892" N  —-4999.69 5 999.69 2 002.66 31.64 6 000 2000 30
3 84°31'25.684 0" E  41°1'52:373 9" N =4 998.74 5998.74 4 .005:30 31.64 6 000 4000 30
4 84°32'8.556 4" E 41°2'485539" N -4997.17 5997.17 6 007.93 31.64 6 000 6 000 30
5 84°32'51.4490" E  41°3'44.7293"N  —-4994.97 ~ 5994.97 8 010.55 31.64 6 000 8 000 30
6 84°33'34.3618" E  41°4'40.900 1" N -4992.14 599214 10013.16 31.64 6 000 10 000 30
#*6 AEEIAFEBHFUFGTHITELSER
/m m /m / /m m /e
1 84°300"E 41°2'9.768 3" N -4 998.74 5998.74 4005.32 1.64 6 000 4 000 0
2 84°31'25.6840"E  41°1'52.3739" N -4 998.74 5998.74 4 005.30 31.64 6 000 4 000 30
3 84°32'28.3795"E  41°1'4.857 7" N —4998.75 5998.75 4005.28 61.64 6 000 4 000 60
4 84°32'51.2872"E  40°59'59.964 7" N -4 998.75 5998.75 4005.27 91.64 6 000 4 000 90
5 84°32'28.298 7" E  40°58'55.089 0" N —4998.75 5998.75 4005.28 121.64 6 000 4 000 120
6  84°31'25.6032"E  40°58'7.607 9" N —4998.74 5998.74 4 005.30 151.64 6 000 4 000 150
7  84°300"E 40°57'50.230 9" N —4998.74 5998.74 4005.33 181.64 6 000 4000 180
8  84°28'34.396 8" E  40°58'7.607 9" N —4998.74 5998.74 4005.34 211.64 6 000 4 000 210
9  84°27'31.7013"E  40°58'55.089 0" N -4 998.75 5998.75 4 005.35 241.64 6 000 4000 240
10 84°27'8.7128" E 40°59'59.964 7" N -4 998.75 5998.75 4 005.35 271.64 6 000 4 000 270
11  84°27'31.6205"E  41°1'4.857 7" N -4 998.75 5998.75 4 005.35 301.64 6 000 4 000 300
12 84°28'34.316 0"E  41°1'52.3739" N -4 998.74 5998.74 4005.34 331.64 6 000 4000 330
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