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ZERO RIG TIME FOR NORMAL DRILLING ACQUISITION

4 x Playback Speed 4 x Playback Speed when shooting
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Seismic airgun deployment from a vessel
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Gun GPS Positioning system accuracy

Horizontal Position Accuracy

(RMS)
’Single point L1 1.5 m}
Single point L1/L2 1.2m
NovAtel CORRECT™
» SBAS* 60 cm
» DGPS 40 cm
» PPP ~
TerraStar-L 40 cm
TerraStar-C 4 cm
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Borehole seismic : “GPS for the BHA”
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Lateral position of the well from seismic travel time
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Lateral uncertainty of wellbore position
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Expe ri ment _ M Odel I n pUtS Real Velocity model relatively flat with some small lateral variation observed.

Larger velocity variation observed in the deeper section.

« Two ERD wells built [horizontal paths
at 2000m & 3000m TVD]

,' ",‘% Y Position D
 Four position of receivers (A, B, C,D) ;oﬁmc o,
along the well trajectory. o

» For each downhole receiver position,
Receiver offset shifted by 5m up to
30m to observe sensitivity.
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* ERD Well =3000m

» 4 receiver positions (A, B, C, D)
along the horizontal well path

PositionC  wmm PositionD
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Source Deployment [m] Error [m]
Receiver . . . . . "
Offset | 200 400 600 800 1000 1200 1400 1600 1800 2000 |Diff 200 Diff 400 Diff 600 Diffgoo it  Diff - Diff - Diff - Diff - Diff
1000 1200 1400 1600 1800 2000
reference [m]
0 474 121 57 04 36 58 108 92 08 -80
< 5 14 29 14 107 93 117 142 150 50  -30
z 10 71 06 50 129 129 167 175 167 92 20
= 15 02 50 114 150 150 207 217 208 133 50
2 20 86 121 143 236 221 267 258 267 167 100
e 25 129 186 221 286 264 317 333 317 217 150
30 186 207 264 300 329 375 367 350 250 200
0 107 114 1214 136 175 158 133 117 90 40
o 5 171 164 186 179 233 217 183 158 140 80
z 10 214 214 214 236 258 250 225 208 190 120
£ 15 264 274 271 274 333 300 267 242 230 170
2 20 321 321 321 321 408 350 317 283 280 210
o 25 374 364 371 374 425 392 358 325 320 250
30 436 421 421 M4 492 442 408 367 370 280
0 38 53 77 110 153 117 123 104 94 127
o 5 72 77 178 199 159 184 156 156 146 154
z 10 130 145 170 274 220 210 231 209 185 199
= 15 189 210 220 310 255 269 263 248 226 239
2 20 29 270 201 336 324 327 317 286 271 290
e 25 277 306 340 408 374 360 365 340 312 330
30 307 295 329 470 423 420 384 389 354 372
0 39 17 A2 49 41 47 118 -328 550 689
a 5 19 12 86 112 16 20 54 282 -497 -840
z 10 64 06 134 206 113 46 47 -209 463 507
£ 15 107 70 116 130 41 83 01 212 -448 573
2 20 200 88 359 201 88 207 102 -140 -366 -499
o 25 217 109 174 22 232 154 92 79 327 525
30 270 241 164 258 228 218 133 -64  -331  -435
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EXPERIMENT 2 — ERD 2000M

+ ERD Well = 2000m

» 4 receiver positions (A, B, C, D)
along the horizontal well path
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Source Deployment [m] Error [m]
Receiver

. . . . Diff ~ Diff  Diff  Diff  Diff  Diff
Offset 200 400 600 800 1000 1200 1400 1600 1800 2000 |Diff 200 Diff 400 Diff 600 Diff 800 1000 1200 1400 1600 1800 2000

reference [m]

54 51 45 43 39 3.8 55 34 45

< 5 34 16 10 39 5.8 6.2 10.0 6.9 79 .
3 10 12 34 130 177 132 6.2 142 142 155 144
E 15 39 17 78 54 15 126 129 123 187 174
8 20 89 114 185 82 161 162 157 169 233 210
& 25 144 177 183 226 262 154 267 243 263 266
30 189 216 404 7.8 173 288 225 223 238 267
0 1.0 14 16 0.7 0.4 14 3.7 46 5.5 .
o 5 49 43 -16 6.2 5.6 6.7 9.1 84 14 125
F3 10 10.5 108 6.2 43 106 126 118 109 146 170
= 15 142 150 146 128 154 169 164 169 204 204
8 20 178 201 196 174 220 205 243 215 2561 247
& 25 225 234 216 234 217 259 265 265 204 276
30 283 286 262 282 293 284 294 307 329 328
0 29 -24 25 205 17 49 103 -08 -76
o 5 19 35 11 138 20 105 203 47 43 X
3 10 63 33 129 116 1563 189 246 47 12 984
E 15 108 7.3 187 96 206 151 210 106 266 233
8 20 16.0 106 159 41 232 278 262 114 2719 237
& 25 183 149 214 13 421 261 350 187 181 344
30 237 198 286 15 289 263 3638 66 206 364
0 01 02 10 -156 -108 04 92 715 56 92
5 59 17 08 64 -146 52 206 -34 117 29

10 18 67 12 10 65 120 242 117 09
} . . . . 120 120 139 .
20 235 203 296 130 147 160 155 199 116 1374
25 259 234 302 75 193 272 286 219 56 18.6
30 300 242 371 143 257 317 240 276 315 215
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EXPERIMENT 3 — Influence of Azimuth deployment

ERD Well = 3000m

1 receiver position (A) along the
horizontal well path

* 801 sources deployment with 5
sources per deployment

* |s there an optimum Azimuth that
minimize the error?
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Source Deployment [m] Error [m]
Diff Diff Diff Diff Diff Diff Diff Diff Diff  Diff
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
-163 114 61 07 -21 97 67 48 34 93 [-163 -114
-158 113 53 05 146 101 208 114 57 02 |-1568 -11.3
-156 -114 63 05 -02 03 79 53 85 -22|-156 -114
-146 -108 60 10 23 163 144 115 123 36 |-146 -10.8
-139 102 50 22 71 13 149 84 108 92 |[-139 -102
129 93 48 26 111 233 124 160 137 117 |-129 93 124 160 137 117
1.7 87 47 23 224 122 147 207 118 168 |-11.7 8.7 224 122 147 207 118 1638
-113 81 45 23 105 148 151 177 137 100 [-11.3 -8.1 105 148 151 17.7 137 100
:z: 92 -70 35 22 106 101 206 168 122 118 | 92 -7.0
= 82 60 -29 20 95 94 156 102 178 102 | -8.2
§ 136 90 31 19 40 -113 -151 -155 100 16.3 | 13.6
143 90 35 -06 -39 -171 14 80 102 187 | 143
147 92 35 14 68 -174 -63 35 148 241 | 147
151 97 42 04 60 32 -25 -44 137 305 | 151
157 99 45 16 -89 -82 05 -45 125 253|157
163 109 51 05 70 41 10 -48 159 266 | 16.3
163 112 51 -02 81 56 51 -71 107 256 | 16.3
155 112 57 09 61 34 -71 43 69 214|155
155 112 60 10 141 44 -21 55 34 198 | 155
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EXPERIMENT 4 — Moving RECEIVERS position

+ ERD Well = 3000m

* bSreceiver positions along the
horizontal well path spaced 10m or
30m apart.

* 5 sources deployed

» Can we still locate the receiver if
each measurement is taken with the
receiver moving by 1 joint or 1 stand?
(+10m or +30m)?

» No significant impact on results. Data
may be acquired during drilling
connections.

Schlumberger-Private
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Modeling Case Study 1

X)Y,Z= X)Y,Z= XY, z= XY, Z= XY,Z=
0,-400,0 0,-200,0 0,0,0 0,200,0 0,400,0

X,Y,Z=10,-150,-1815
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Modeling Case Study 1 +152.2
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Case Study 2
« Wireline acquisition of a walkaway line in a vertical Real WAVSP Data : Rev Depth 2675m / Rev Offset: Om
Wel | . . Source ?ﬂset (m) . .
» Same airgun and positioning equipment ”..Offo...,b““
« Downhole WL tool instead of LWD tool -~ "o,
0'. ..l
« Flat Layers Overburden o = o,
» Walkaway Line considered for 1 receiver position '." .,
» 800+ Source position at surface 5 ..‘O .,
» Receiver Depth: 2675m g
* Decimation of WA source position to mimic o pA
deployment of autonomous sources ..' 0 %
of the sources iy %
selected over 1600m lateral deployment o .

145

Calculated receiver offset from 9 points
. - calculated vs Om actual Schlumberger-Private
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Animation of seismic Positioning while drilling
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Drill horizontals closer together?

Potential with borehole
seismic triangulation

With normal survey method
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Acquisition in the future?

*‘ Normalized data from 1 gun

2 Normalized data from 6 gun

Wellbore positioning only requires
1 seismic gun. Low noise in high
deviation wells. No need for
reflection data and high power

Small HP air supply requirement

Autonomous vehicle / marine
drones could be a viable option

Specifications

<CrC1IE0
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{1) MBR179/179 Upto30km
[¥" 4GILTE/SatComilridium SBD Global Range

@ 12kn max speed
@ Endurance: 25days (4kn)
& 7,000kg (Fueled and with payload)

{:}Q Rail system for custom payloads

Height 300cm

Schlumberger-Private

Length 900cm
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Conclusion
« Seismic LWD is a mature technology

» Modelling has shown that seismic measurements can reduce lateral
uncertainty of the wellbore position

« The technique is best suited to environments with a flat overburden for
absolute wellbore position

 Relative wellbore positioning is expected to be more robust if survey
conducted in both wells

* First seismic LWD positioning acquisition test in a horizontal well — Oct 2022
 Future potential to increase survey efficiency and reduce cost
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