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Agenda

⚫ Seismic While Drilling

– What is it?

– How does it work?

– Overcoming challenges in a drilling 
environment

⚫ Review examples of different 
applications

⚫ Potential new application
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Target
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above the target

Seismic While Drilling

• Length: ~ 14 ft

• Pressure Rating: 23k – 30k PSI

• Any Hole size > 8 3/8”

• Any Hole angle
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drilling 

connection
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7 – 10 shots fired 
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while pipe is 
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B
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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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Geophone sensors. Shots 

stacked for RT transmission

C
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Real Time Lookahead VSP

RT Lookahead 

image is 

updated ~1hr 

after each 

drilling 

connection 

every 30-40m

OTC-30811-MS • Safe Landing Of A Deviated Well With A Rig 
Source VSP Using RT Lookahead Seismic Technology • Neil Kelsall 
et al
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• The only technology that 

can provide over 100m of 

lookahead while drilling:

• Depth uncertainty 

reflectors ahead reduced 

down to as little as +/-

10m.

• Borehole seismic 

acquisition without using 

rig time for normal 

acquisition.

Seismic While Drilling



Fundamentals of Borehole Seismic Technology (Kelsall, Rufino & Guerra, 2022) 15



Fundamentals of Borehole Seismic Technology (Kelsall, Rufino & Guerra, 2022) 16

TargetTarget

Planned 

trajectory to 

stop drilling 

above the target

Noise Types:

• Vibration through 

pipe and casing

Raw RT waveform acquired with noise

Raw RT waveform acquired without 

noise

ACQUISITION CHALLENGES
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TargetTarget
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ACQUISITION CHALLENGES
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TargetTarget

Noise Types:

• Vibration through 

pipe and casing

• Pipe movement due 

to rig heave

Raw shot data with pipe motion

Raw shot data without pipe motion
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trajectory to 
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above the target

ACQUISITION CHALLENGES
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TargetTarget
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TargetTarget

Noise Types:
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pipe and casing

• Pipe movement due 
to rig heave
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noise
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ACQUISITION CHALLENGES
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TargetTarget

Noise Types:

• Vibration through pipe 
and casing

• Pipe movement due 
to rig heave

• Riser Boost pump noise

• Managed Pressure 
Drilling System

Hydrophone with MPD active

Geophone with MPD active 
(Deviated well)
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trajectory to 

stop drilling 

above the target

ACQUISITION CHALLENGES
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Tool Memory

Less noise when pipe

reaches high or low points

SOLUTIONS TO ACQUISITION CHALLENGES

• Rig Heave
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No Riser 0

15

30

45

Tool Memory

Real Time Data

S
V

W
D

In Slips

The smart stacking 

algorithm stacks only the 

clean shots for Real Time 

transmission

• Rig Heave

SOLUTIONS TO ACQUISITION CHALLENGES
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No Riser

Tool Memory

Real Time Data

S
V

W
D

In Slips
• Rig Heave

SOLUTIONS TO ACQUISITION CHALLENGES
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• Rig Heave

Legacy RT Stack Smart RT Stack

SOLUTIONS TO ACQUISITION CHALLENGES
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• Rig Heave

Well #
1 2 3 4 5 6 7

Number of levels per well

using Heave Compensator

N
u

m
b

e
r 

o
f 

le
v
e

ls
 

Legacy RT Stack

Smart RT Stack

SOLUTIONS TO ACQUISITION CHALLENGES
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Reservoir

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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Reservoir
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Reservoir

700 ms

(2000 ms max)

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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Background

noise

First energy arrival

Reflected energy

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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?

Background

noise
?

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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Circulating Pressure

Break connection to add or remove drillpipe

(Seismic Acquisition)

Downhole pressure is CONSTANT

between drilling and connections

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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Circulating Pressure

Break connection to add or remove drillpipe

(Seismic Acquisition)

Time

Hydrophone

Sensor

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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Circulating Pressure

Break connection to add or remove drillpipe

(Seismic Acquisition)

Time

Hydrophone

Sensor

Gate Valve

• Rig Heave

• Managed Pressure 

Drilling

SOLUTIONS TO ACQUISITION CHALLENGES
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• Rig Heave

• Managed Pressure 

Drilling

With 

MPD Active

With 

Trapped Pressure

High Noise

Low Noise

SOLUTIONS TO ACQUISITION CHALLENGES
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SAFE WELL LANDING - DRILLERS OBJECTIVES

◼ Safely drill a deviated 
exploration well on time and 
budget

◼ Penetrate and log reservoirs in 
the Jurassic and Permian 
formations

OTC-30811-MS • Safe Landing Of A Deviated Well With A Rig Source VSP Using RT Lookahead Seismic Technology • Neil Kelsall
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DRILLERS CHALLENGES – PORE PRESSURE

◼ Large pore pressure uncertainty 
below the Base Cretaceous 
Unconformity (BCU)

◼ 300 bar difference in pore 
pressure between offset wells 
within a few kilometers

◼ After the BCU will the pressure be 
a high case or a low case?

◼ Set 9 7/8” casing shoe close to the 
BCU to provide maximum well 
control

OTC-30811-MS • Safe Landing Of A Deviated Well With A Rig Source VSP Using RT Lookahead Seismic Technology • Neil Kelsall

Pore Pressure 

curve

Offset well 

pressures

9 7/8” 

Casing
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3496 m TVD

2 x depth uncertainty

safety margin

+/- depth uncertainty

Pre-Drill

BCU @ 3496 m TVD +/- 75m

3346 m TVD

175 m MD open hole

Need to set casing in close proximity

to BCU for max kick tolerance safety

DRILLERS CHALLENGES – DEPTH UNCERTAINTY

+/- 75 m

150 m
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Drill bit ~24m above BCU target

Tw
o 

w
ay

 ti
m

e

600m 

lookahead to 

BCU

BCU

BCU

Lookahead Results

Measured depth

LOOKAHEAD RESULTS

Measured depth
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Drill bit ~24m above BCU target
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180m +/- 22m

LOOKAHEAD RESULTS
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Drill bit ~24m above BCU target
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LOOKAHEAD RESULTS
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Drill bit ~24m above BCU target
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LOOKAHEAD RESULTS
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Drill bit ~24m above BCU target
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LOOKAHEAD RESULTS
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Drill bit ~24m above BCU target
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Drill bit ~24m above BCU target
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Range of Bit to Target (m) vs Predicted Depth 
with Uncertainty

Min Depth Pred Depth

Max Depth PD Max Depth

Range to target (m)

D
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th(m
)

Final decision made on

Depth of 12.25” section TD

at 3402m TVD

24m above predicted target

at 3426m TVD

LOOKAHEAD RESULTS
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Drill bit ~24m above BCU target
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Range of Bit to Target (m) vs Predicted Depth 
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Min Depth Pred Depth Max Depth

PD Min Depth Predrill Depth PD Max Depth

Range to target (m)

D
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Predrill

LOOKAHEAD RESULTS
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3496 m TVD

3346 m TVD

(Predrill BCU depth)

2 x depth uncertainty

safety margin

+/- depth uncertainty

3402 m TVD

(SWD predicted BCU, from a 

range of ~100m)

Stop Drilling 

and set 9 7/8”casing!

Drill bit ~24m above BCU target

Tw
o 

w
ay

 ti
m

e

BCU

3426 m TVD +/- 12m

Measured depth

LOOKAHEAD RESULTS
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3496 m TVD

3346 m TVD

(Predrill BCU depth)

2 x depth uncertainty

safety margin

+/- depth uncertainty

3402 m TVD

3425 m TVD

(Actual Logged BCU depth in 

8.5in section)

(SWD predicted BCU, from a 

range of ~100m)Tw
o 

w
ay

 ti
m

e

BCU

3426 m TVD +/- 12m

Measured depth

LOOKAHEAD RESULTS
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3496 m TVD

3346 m TVD

(Predrill BCU depth)

2 x depth uncertainty

safety margin

+/- depth uncertainty

3402 m TVD
27 m MD

111 m MD

Minimized open hole 

for High Kick Tolerance

Tw
o 

w
ay

 ti
m

e

BCU

Measured depth

LOOKAHEAD RESULTS
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• Objective achieved 

• Uncertainty reduced from +/- 75m to +/- 12m

• Optimum safety with a casing depth that gives maximum kick tolerance

• No rig time used for acquisition or data transmission – transparent to 
normal drilling operations.

Norway 2019
LOOKAHEAD RESULTS
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WHAT’S THE PROBLEM? WHERE IS THE SALT FACE? USA 2019
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USA 2019WHAT’S THE PROBLEM? WHERE IS THE SALT FACE?
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26,000 ft (8km)

v v

Boat – Airgun Array

Rig
Airgun
Array

USA 2019
SEISMIC ACQUISITION DURING DRILLING CONNECTIONS
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SALT PROXIMITY SURVEY RESULTS

Comparison of observed 

SWD-OVSP waveforms with 

Finite Difference modelling
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WELL 1 + WELL 2 SALT PROXIMITY SURVEY RESULTS

OVSP

P90

P50

P10

P10

P50
P90

OVSP

Reservoir
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OVSP

P90

P50

P10

P10

P50
P90

OVSP

Reservoir

WELL 1 + WELL 2 SALT PROXIMITY SURVEY RESULTS
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SEISMIC + EM LOOKAHEAD / LOOKAROUND
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Bit

Electromagnetic Field
ahead of the bit

OD

(in)
Bot Type

Bot 

Gender

FN OD

(in)

ID

(in)
Top Type

Top 

Gender

FN Length

(m)

8.000

3.250 6-5/8 REG Pin

8.000 6-5/8 REG Box 8.080

2.813 6-5/8 REG Box 1.20

8.250 6-5/8 REG Pin 8.250

3.000 6-5/8 REG Box 0.51

8.250 6-5/8 REG Pin 8.400

2.500 6-5/8 FH Box 0.66

8.250 6-5/8 FH Pin

2.810 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

5.109 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

4.470 6-5/8 FH Box

8.250 6-5/8 FH Pin

2.810 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

5.750 DC58 Box

8.000 DC58 Pin 8.000

3.125 DC58 Box 4.13

8.000 DC58 Pin

3.000 DC58 Box

8.000 DC58 Pin 8.000

3.000 DC58 Box 0.77

8.000 DC58 Pin

3.000 DC58 Box

7.250 DC58 Pin 0.000

2.813 XT57 Box 0.00

5.875 XT57 Pin

4.000 XT57 Box

5.658 XT57 Pin

5.153 XT57 Box

287.95

BHA Comments 45.0

39.1

23.2

26.7

1.03

WBM

27.00

10.53

Mid-point of Tx Antenna 3.24

APWD 7.50

ARC Resistivity 8.21 3 x 20, 1 x 18 1.169

ARC Gamma Ray 8.29

Mid-point of A2 Antenna 13.36

MVC 18.39

MWD Gamma Ray 18.75

D+I 19.39

Mid-point of A2 Antenna 25.03

Geophone Radial 2 28.92

Geophone Radial 1 28.92

Hydrophone 29.03

Geophone Axial 29.13

APWD 33.01

ARC Resistivity 33.72

ARC Gamma Ray 33.80

Mid-point of A2 Antenna 38.87

Date

SLB

3

6.10

NOV

4.14

8.500

Bend Angle (deg)

287.95

10

SLB

5

0.90

8

NOV

1.4

16

15

Blade OD 

(in)

SLB

8" Wired Jar w/ RIH pup 

115.20

2

46.45

Schlumberger

8.000

2 x 8" Wired NM Drill Collar 

(2 joints)

9

17

12

18

PD Flow Restrictor (1/32 in)

12 x Wired HWDP XT57 (12 

joints)

GeoSphere 825 Receiver 1

6.1

3.5

5.1

Stabilizer Summary

34.9

12.60

Borehole Name

SLB

YP (Pa)

9.40

ARC-8 (For spacing 

receiver 3)

TFA (in2)

9.100

GeoSphere 825 Transmitter

8.000

9.100

9.100

BHA Nozzle Summary

5.21 10.2

Mud Weight (g/cm3)

121.65

Field Name

NOV

DIR\TTveraa

7325/4-1 Gemini Nord

Well Name

7.000

31.61

8.080

GFi05

3 x 8 " Wired  Collar (3 

joints)

23.26

41.24

Sensor Offset from Bit (m)

Bend to Bit (m)

0.46

SLB

19

8" Bit Sub w/ NP Float

Serial 

Number

Rotor Bypass Nozzle (1/32 in)

Structure Name

7

Mud Properties

14

09Jun2017

GRPI8 WDP Sub

Approved By

7.000

8.000

1.55

26.7

Crossover Wired

9.100

8.1

Length

(m)

37.10

8.410

4

11

7325/4-U-1

35.1

7.0

7.53

28.8

725.00

9.100

8.000

9.1

Schlumberger

0.1

0.4

Schlumberger

65.25

PV (cP)

Depth Out (m)

NOV

Total Buoyant Weight (t)

Desc.

44.7

56.40

162.45

Schlumberger

TeleScope 825 NF

8.250

Count x ID 

(1/32 in)

0.5

NOV

4.14

2.5

0.35

Cum. 

Length

(m)

Bit

Schlumberger

Weight in Air Below Jar (t)

1

5-7/8" Wired DP 23.40 

9.100

4.09

27.39

9.100

8.160

SLB

6

seismicVISION 825

1.20

Smith 0.35

13

GeoSphere 825 Receiver

NOV

Manu.

278.55

Max OD

(in)

11.59

Total Weight in Air (t)

2.01

5.49

Designed By

4.14

163.35

Bend Summary

28.20

4.22

Buoyant Weight Below Jar (t)

15.73

Blade Length 

(m)

Blade Mid-Pt to Bit 

(m)

9.875

ARC-8

Crossover 6-5/8 REG Pin to 

5 1/2 FH Box

6 x 8 " Wired  Collar (6 

joints)

NOV

5.49

Mud Type

GeoSphere 825 Receiver 2

45.0

14.318.80

Hole Size (in)

Total Length (m)

WDP - Gemini Nord Pilot - 9 7/8"  

BHA 5 7/8" DP 

9.8757325/4-U-1

Component

BHA Name

134.25

Cum. 

Weight

(t)

479.00

EXPLORATION - UTM ZONE 34

Depth In (m)

Tx

Rx1

Rx2

Lookahead range depends on:

- Resistivity contrast between 
formations

- Qty and spacing of Receivers in 
BHA (max 3)

- Distance between Transmitter 
and bit

Modelling can indicate lookahead
range to expect for each 
environment

EM LOOKAHEAD
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Bit

Electromagnetic Field
ahead of the bit

OD

(in)
Bot Type

Bot 

Gender

FN OD

(in)

ID

(in)
Top Type

Top 

Gender

FN Length

(m)

8.000

3.250 6-5/8 REG Pin

8.000 6-5/8 REG Box 8.080

2.813 6-5/8 REG Box 1.20

8.250 6-5/8 REG Pin 8.250

3.000 6-5/8 REG Box 0.51

8.250 6-5/8 REG Pin 8.400

2.500 6-5/8 FH Box 0.66

8.250 6-5/8 FH Pin

2.810 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

5.109 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

4.470 6-5/8 FH Box

8.250 6-5/8 FH Pin

2.810 6-5/8 FH Box

8.250 6-5/8 FH Pin 8.400

2.500 6-5/8 FH Box 0.00

8.250 6-5/8 FH Pin

5.750 DC58 Box

8.000 DC58 Pin 8.000

3.125 DC58 Box 4.13

8.000 DC58 Pin

3.000 DC58 Box

8.000 DC58 Pin 8.000

3.000 DC58 Box 0.77

8.000 DC58 Pin

3.000 DC58 Box

7.250 DC58 Pin 0.000

2.813 XT57 Box 0.00

5.875 XT57 Pin

4.000 XT57 Box

5.658 XT57 Pin

5.153 XT57 Box

287.95

BHA Comments 45.0

39.1

23.2

26.7

1.03

WBM

27.00

10.53

Mid-point of Tx Antenna 3.24

APWD 7.50

ARC Resistivity 8.21 3 x 20, 1 x 18 1.169

ARC Gamma Ray 8.29

Mid-point of A2 Antenna 13.36

MVC 18.39

MWD Gamma Ray 18.75

D+I 19.39

Mid-point of A2 Antenna 25.03

Geophone Radial 2 28.92

Geophone Radial 1 28.92

Hydrophone 29.03

Geophone Axial 29.13

APWD 33.01

ARC Resistivity 33.72

ARC Gamma Ray 33.80

Mid-point of A2 Antenna 38.87

Date

SLB

3

6.10

NOV

4.14

8.500

Bend Angle (deg)

287.95

10

SLB

5

0.90

8

NOV

1.4

16

15

Blade OD 

(in)

SLB

8" Wired Jar w/ RIH pup 

115.20

2

46.45

Schlumberger

8.000

2 x 8" Wired NM Drill Collar 

(2 joints)

9

17

12

18

PD Flow Restrictor (1/32 in)

12 x Wired HWDP XT57 (12 

joints)

GeoSphere 825 Receiver 1

6.1

3.5

5.1

Stabilizer Summary

34.9

12.60

Borehole Name

SLB

YP (Pa)

9.40

ARC-8 (For spacing 

receiver 3)

TFA (in2)

9.100

GeoSphere 825 Transmitter

8.000

9.100

9.100

BHA Nozzle Summary

5.21 10.2

Mud Weight (g/cm3)

121.65

Field Name

NOV

DIR\TTveraa

7325/4-1 Gemini Nord

Well Name

7.000

31.61

8.080

GFi05

3 x 8 " Wired  Collar (3 

joints)

23.26

41.24

Sensor Offset from Bit (m)

Bend to Bit (m)

0.46

SLB

19

8" Bit Sub w/ NP Float

Serial 

Number

Rotor Bypass Nozzle (1/32 in)

Structure Name

7

Mud Properties

14

09Jun2017

GRPI8 WDP Sub

Approved By

7.000

8.000

1.55

26.7

Crossover Wired

9.100

8.1

Length

(m)

37.10

8.410

4

11

7325/4-U-1

35.1

7.0

7.53

28.8

725.00

9.100

8.000

9.1

Schlumberger

0.1

0.4

Schlumberger

65.25

PV (cP)

Depth Out (m)

NOV

Total Buoyant Weight (t)

Desc.

44.7

56.40

162.45

Schlumberger

TeleScope 825 NF

8.250

Count x ID 

(1/32 in)

0.5

NOV

4.14

2.5

0.35

Cum. 

Length

(m)

Bit

Schlumberger

Weight in Air Below Jar (t)

1

5-7/8" Wired DP 23.40 

9.100

4.09

27.39

9.100

8.160

SLB

6

seismicVISION 825

1.20

Smith 0.35

13

GeoSphere 825 Receiver

NOV

Manu.

278.55

Max OD

(in)

11.59

Total Weight in Air (t)

2.01

5.49

Designed By

4.14

163.35

Bend Summary

28.20

4.22

Buoyant Weight Below Jar (t)

15.73

Blade Length 

(m)

Blade Mid-Pt to Bit 

(m)

9.875

ARC-8

Crossover 6-5/8 REG Pin to 

5 1/2 FH Box

6 x 8 " Wired  Collar (6 

joints)

NOV

5.49

Mud Type

GeoSphere 825 Receiver 2

45.0

14.318.80

Hole Size (in)

Total Length (m)

WDP - Gemini Nord Pilot - 9 7/8"  

BHA 5 7/8" DP 

9.8757325/4-U-1

Component

BHA Name

134.25

Cum. 

Weight

(t)

479.00

EXPLORATION - UTM ZONE 34

Depth In (m)

Tx

Rx1

Rx2

Lookahead range depends on:

- Resistivity contrast between 
formations

- Qty and spacing of Receivers in 
BHA (max 3)

- Distance between Transmitter 
and bit

Modelling can indicate lookahead
range to expect for each 
environment

EM LOOKAHEAD
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BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only

+/- 50m

5m

140m

+/- 50m

ROPRESROPRESSeismic

5m

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

Predicted Target
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+/- 50m

140m

+/- 50m

ROPRESROPRESSeismic

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

160m

+/- 20m

ROPRESROPRESSeismic

Seismic
Checkshot

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 20m

30m
safety

5m

ROP 5-10m/hr

ROPRESROPRESSeismic

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 20m

30m
safety

5m

ROP 5-10m/hr

ROPRESROPRESSeismic

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 10m

30m
safety

5m

ROP 5-10m/hr

ROPRESROPRESSeismic

Seismic
Checkshot

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 10m

30m
safety

5m

ROP 5-10m/hr

ROPRES

15m
safety

5m

ROP 5-10m/hr

ROPRESSeismic

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 10m

30m
safety

5m

ROP 5-10m/hr

ROPRES

15m
safety

ROP 5-10m/hr

5m

ROPRESSeismic

Predicted Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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+/- 50m

+/- 10m

30m
safety

5m

ROP 5-10m/hr

ROPRES

15m
safety

ROP 5-10m/hr

5m

ROPRESSeismic

Still 75m
to go!

Actual Target

SEISMIC + EM LOOKAHEAD VS EM LOOKAHEAD ONLY 

BHA with 10m        
EM lookahead + 

Seismic 

BHA with 10m 
EM lookahead 

only
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⚫ Riserless drilling near artic

⚫ Objective to safely drill close to 
reservoir top without accidental 
penetration

⚫ Seismic + EM lookahead 
drilling BHA to mitigate risk

SEISMIC+EM LOOKAHEAD
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⚫ ARC

⚫ TeleScope

⚫ IrisSphere w/3 receivers

⚫ SeismicVision

⚫ Wired Drill Pipe

IrisSphere Receivers

IrisSphere Transmitter

SeismicVISION

SEISMIC+EM LOOKAHEAD
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REALTIME SEISMIC RESULT

◼ Accurate RT 
Seismic Depth 
prediction
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EM LOOK AHEAD RESULT
Lo

ok
A

ro
un

d
T

ec
hn

ol
og

y

Pre- job modelling

RT- data
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WALKABOVE VSP SURVEY WHILE PULLING OUT OF HOLE

84
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POTENTIAL SEISMIC WHILE DRILLING APPLICATION:
“GPS FOR THE BHA”
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MORE WELLS PER RESERVOIR?

Potential with borehole 

seismic triangulation

With normal survey method



Fundamentals of Borehole Seismic Technology (Kelsall, Rufino & Guerra, 2022) 87

“SEISMIC GPS”

Drillers + Directional Uncertainty (Normal Surveys)

35 m

6 m 35 m

100 m

Target

⚫ Lateral uncertainty 
reduced to 10-20m

⚫ Reduced rig time for 
survey measurement 
vs Gyro

⚫ Stationary pipe time < 
5 minutes

Reservoir Objective

4000 m

11,000 m
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35 m

6 m +/- 10 m

10-20 m

Target

⚫ Lateral uncertainty 
reduced to 10-20m

⚫ Well landing with VSP 
has reduced depth 
uncertainty to +/-10 m

⚫ Requires velocity model

⚫ Maybe not suitable in 
very complex geology

Reservoir Objective

4000 m

11,000 m

Seismic GPS Uncertainty

“SEISMIC GPS”
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LATERAL UNCERTAINTY OF WELLBORE POSITION

89

Semi-major axis

Semi-major axis

Semi-major axis

Semi-major 

axis
Semi-major 

axis

Semi-major 

axis

Borehole Seismic

Triangulation

Normal Survey

Method
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LATERAL POSITION OF WELL FROM TRAVEL TIME

X,Y, Z = 0,0,-1815 

X,Y, Z =

0,0,0 

827 ms
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LATERAL POSITION OF WELL FROM TRAVEL TIME

X,Y, Z = 0,0,-1815 

X,Y, Z =

0,0,0 

831 ms
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0,-200,0 Y
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LATERAL POSITION OF WELL FROM TRAVEL TIME

X,Y, Z = 0,0,-1815 

X,Y, Z =

0,0,0 

846 ms

X,Y, Z =

0,-200,0 Y
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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LATERAL POSITION OF WELL FROM TRAVEL TIME

X,Y, Z = 0,???,-1815 

X,Y, Z =
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200m 200m
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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LATERAL POSITION OF WELL FROM TRAVEL TIME
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Recap
⚫ Seismic While Drilling

– What is it?

– How does it work?

– Overcoming challenges in a drilling environment

⚫ Review examples of different applications

– Efficient seismic checkshot / VSP acquisition

– Well Landing

– Highly deviated well conveyance

– Geo-stopping – Look-ahead

– Combination with EM look-ahead / look-around

– Salt Proximity

⚫ Potential new application

– Reducing lateral wellbore position


