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Topics Today: 
Borehole Optical Sensors, Seismic 

Sources and Their Applications

• Fiber Optic Seismic Vector Sensors (FOSVS)   
• Optical Pressure Sensor ARray (OPSAR)(new)
• 3C BOrehole Seismic Source (3CBOSS)(new)
• Instrument Applications

• Distributed Acoustic Sensors (DAS)
• Distributed Temperature Sensors (DTS)
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Presentation Outline

• Optical Sensors
- Optical Accelerometers: DE-FE0024360
- Optical Pressure Sensors

• Borehole Vibratory Seismic Sources
• Applications & Examples
• Paulsson Staff and Facility
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Distributed Fiber Optic Sensor 
Technologies for Acoustic, Strain
& Temperature measurements.

Raman (DTS)
• Intensity ratio

of Stokes and 
anti-Stokes
• Temperature

Brillouin (DSS)
• Frequency of

Brillouin peak
• Strain and 

temperature

Rayleigh (DAS)  
• Rayleigh 

Scattering
• Acoustic

DOE supported Paulsson Point 
Sensors include: Accelerometers, 
Hydrophones & Pressure Sensors. 

Interferometric Sensing
• Two FBGs: Measure phase 

changes/time between 
two laser reflections from 
the two FBG’s

dϕ

time Frequency

𝑑∅
𝐻𝑧

FOSVS

Several All-Optical Sensors are Part of Our Borehole System
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Strengths of 
Fiber Optic Seismic Vector Sensors (FOSVS)

• Long term stability: 30-year MTBF by the Navy
• Very large bandwidth: 5 Hz - 14,000 Hz
• Extremely sensitive: 100X a geophone > 300 Hz
• Outstanding Vector Fidelity: (80 dB)
• Very High Temperature Tolerant: >320°C (700°C)
• Intrinsically Safe and Very Robust
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Survey and Monitoring Applications of 
Fiber Optic Seismic Vector Sensors (FOSVS)

• Carbon Capture Usage and Storage sites (CCUS)
• Enhanced Geothermal Sites (EGS)
• Underground Gas Storage (UGS: NG, NG+H2, H2)
• Cleaner Enhanced Oil & Gas Recovery (CEOR)
• Nuclear Waste Sites (NWS)
• Wind Energy Installations (WEI – OWC)
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Pressure cell and sensor plate placed on a metal plate sitting on a foam mat on a metal table. Fiber sensor, 
geophone and accelerometer are placed approximately 20 cm (8 inches) from the pressure vessel with IAMEs

FOSVS

Geophone

Accelerometer

Acc. = 22mg

1         2          3 4                                                      5                     6

S/N = 250 

S/N = 5 

S/N = 0 
Spectra

Repeatability Test: 6 IAME’s recorded on FOSVS: Outstanding Repeatability. 
Allow extraction of arrivals in high noise environment. IAME Energy Released: ~0.1 J = M-3.5

Test of Fiber Optic Seismic Vector Sensors (FOSVS) & IAME
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Can You Hear a Pin Drop?
Test Object: OD: 0.011”, 2” long, 24.8 mg
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FOSVS Test: OD: 0.011”, 24.8 mg Pin Drop 1 cm: 

2.5 µJ kinetic energy (M-7) for 1st of 8 hits of Pin  
A
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The FOSVS recorded ~17 bounces of the pin = <<M-7
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FOSVS Test: OD: 0.011”, 24.8 mg Pin Drop 1 cm: 

2.5 µJ kinetic energy (M-7) for 1st of 8 hits of Pin  
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FOSVS Test: OD: 0.011”, 24.8 mg Pin Drop 1 cm: 
2.5 µJ kinetic energy (M-7) on primary drop

Ormsby Filter: 5-10-50-55 Hz  
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FOSVS Test: OD: 0.011”, 24.8 mg Pin Drop 1 cm: 
2.5 µJ kinetic energy (Primary: M-7, Bounces: M-8)

Ormsby Filter: 1,800-2,000-4,000-4,400 Hz

5 vertical bounces: 100 ms          Pin bounces horizontally 12 times       

Pin fall over: 150 ms
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FOSVS Test: OD: 0.011”, 24.8 mg Pin Drop 1 cm: 
2.5 µJ kinetic energy (Primary: M-7, Bounces: M-8)

Ormsby Filter: 10,800-12,000-14,000-15,400 Hz
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Presentation Outline

• Optical Sensors
- Accelerometers
- Pressure Sensors: DE-SC0020876

• Borehole Vibratory Seismic Sources
• Applications & Examples
• Paulsson Staff and Facility
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Specifications:
• Application: Oil and Gas
• Temperature Range: 0°C – 300°C
• Max Temperature: 324°C

Specifications at 200°C:
• Operational Pressure Range: 1 psi - 12,000 psi
• Survival Pressure: 15,000 psi
• Burst Pressure: 18,000 psi

Specifications at 300°C:
• Operational Pressure Range: 1 psi - 12,000 psi
• Survival Pressure: 15,000 psi
• Burst Pressure: 17,000 psi

All-Optical Pressure Sensor – The 2” Tool Mandrel Design 
of Great Interest to Production, Reservoir, Facilities & Industrial 

Engineers Working with CCUS, EGS, CEOR, Refineries & Pipelines

MAX OD: 2”

MAX 
Length: 6.2”

Sleeve 
Length: 4.7”

50° Bevel

75° Bevel

Pat. Pending
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Pressurization Demo of 2” Mandrel

• Pressurize from 0 psi to 10,000 psi, then release pressure
• First response is temperature only
• Second response is pressure on the mandrel

Press play!
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Linear Strain=Pressure at Four Different Temperatures

The test results at all temperatures & pressures indicate 

excellent (𝑹
𝟐 = 𝟎.

𝟗𝟗𝟗
𝟏 ) linear response to 10,000 psi
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Overall Specifications:
• Application: Geothermal, UGS, Oil & Gas
• Temperature Range: 0°C – 324°C
• Current Max Temperature: 324°C

Low Temp Unit: Specifications at 200°C:
• Operational Pressure Range: 1 psi - 12,000 psi
• Survival Pressure: 15,000 psi
• Burst Pressure: 20,000 psi

High Temp Unit: Specifications at 300°C:
• Operational Pressure Range: 1 psi - 12,000 psi
• Survival Pressure: 15,000 psi
• Burst Pressure: 19,000 psi

Pressure Sensor – The 1 Inch Tool Mandrel

MAX Length: 
7.95”

MAX OD: 1” 70° Bevel

75° Bevel

Sleeve 
Length: 6.5”

Pat. Pending



© 2021 Paulsson, Inc. (PI) – All Rights Reserved                            Proprietary Material – Paulsson, Inc (PI).
®

Slide 19

5544

6602

7848
8187

6835

7920

8951
9322

y = 327.4x + 4589.7
R² = 0.9992

y = 353.6x + 5781.8
R² = 0.9999

0

2000

4000

6000

8000

10000

12000

10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000

M
ic

ro
 S

tra
in

 [µ
ɛ]

Interal Pressure [psi]

1 Inch Tool Mandrel Thermal Stress FEA Results 
200°C Strain 300°C Strain Linear (200°C Strain) Linear (300°C Strain)

Thermal Stress FEA Results of 
1 Inch Tool Mandrel at 200°C 

• The strain values resulted in a 𝑹𝟐 = 𝟎. 𝟗𝟗𝟗𝟐 𝐭𝐨 . 𝟗𝟗𝟗𝟗, indicating an excellent linear fit!

Operational 
Survival 

Burst 

Pre-Burst 
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Temp Specifications: 300°C - 350°C
• Operational Pressure: 0 - 15,000 psi
• Failure Pressure: 20,000 psi
Major Dimension:
• Max OD: 0.5 Inch
• Main Body Length: 5.6 Inch

Pressure Sensor – 1/2 Inch OD – 300°C

Max Diameter: ½”, Length: 5.6”. (Same Size as a regular Sharpie!)

80° Bevel

Fiber Upgrades:
• Aluminum Coated to increase the 

temperate range to 400°C
• Gold Coated Fiber Optics to increase 

the temperate range to 700°C

Pat. Pending
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All Optical Pressure Sensor Models by Paulsson, Inc. (PI)
2 Inch OD, All-Inconel,

0-15,000 psi, 300°C 
Borehole Pressure Sensor

1 Inch OD, All-Inconel,
0-15,000 psi, 300°C 

Borehole Pressure Sensor

1/2 Inch OD, All-Inconel,
0-15,000 psi, 300°C 

Borehole Pressure Sensor

Paulsson, Inc. Exclusive ProductsPat. Pending
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Paulsson, Inc. 1” Pressure Well Sensor 
with Centralizers and OpticSeis Sensor 

Production Tube OD: 4.5”Tube Length: 
60” (5ft)

Centralizer 
Width: 2”

Centralizer 
OD: 7.45”

Pressure 
Sensor 

Length: 7.95”

Pressure 
Sensor OD: 1”

¼” Tube

Space between 
centralizer and 
casing: .125”

Casing: 8 5/8”
ID: 7.700”

Paulsson, Inc. Exclusive Products
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Presentation Outline

• Optical Seismic Sensors
• Borehole Seismic Vibrator: DE-SC0018613
- Controllable & Non-Destructive!
- High Frequencies: up to 3,200 Hz
- Better Coupling: 100x an impulsive source
• Applications & Examples
• Paulsson Staff and Facility
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Seismic & Sonic Techniques
Frequency Bands and 𝝀/𝟒 P-wave Resolutions at 10,000 ft/sec:

• Surface Seismic: 2 – 80 Hz, 𝝀/𝟒 = 31 ft
• 3D Vertical Seismic Profiling: 2 – 240 Hz, 𝝀/𝟒 = 10 ft
• Single Well Seismic: 5 Hz – 3,200 Hz, 𝝀/𝟒 = 0.78 ft (40x)
• Sonic Logging: 2,000 Hz – 10,000 Hz, 𝝀/𝟒 = 0.25 ft

Resolution depends on the wavelength (𝝀) which is a function of velocity (𝒗) and frequency (𝒇):  𝒗 = 𝒇 ∗
𝝀; 𝝀 = 𝝊

𝒇
.

A subsurface layer can be resolved at 𝝀/𝟒 and detected at 𝝀/𝟐𝟎. With sensors in boreholes, in addition 
to higher frequencies, we also record S waves, reducing the smallest imaged target by a factor of ~2.
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3C FOSVS
Receiver Pod 
– one of 100

3C 
Source
Pod

A Single Well 
Seismic System: 
Deploying the Source 
and the Receivers in 
the same well. 

This is NOT a well 
Logging System – this 
is a Seismic System 
with a 10 – 3,200 Hz 
Operating Frequency. 

This system will be 
able to image to a 
radius of 1 – 3 km
(3,000 – 9,000 ft).

A Single well
Seismic System

1/100

2/100
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Well Seismic Imaging of Faults and Geology

Receiver

Source

Source

Receivers

Receivers

The sensors are below the surface noise and 

Weathering zone & close to the Reservoirs

Allowing > 1,000 – 3,200 Hz Data

Cross Well

Single W
ell

Receivers

Single Well
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Variation of P and SV 
amplitudes with φ, when the 
source is subjected to 
shearing stress q(t) only

P
SV

P

P

SV
SV

1. Axial Source
2. Radial Source
3. Torsional Source

FOSVS
Receiver
Pod

Source Radiation Patterns
Heelan (1953)

FOSVS
Receiver
Pod

Source
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Variation of SH amplitudes 
with φ when the source is 
subjected to a horizontal 
shearing stress s(t) only

SH

SH

1. Axial Source
2. Torsional Source
3. Radial Source

FOSVS
Receiver
Pod

Source Radiation Patterns
Heelan (1953)

FOSVS
Receiver
Pod

Source
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Variation of P and SV 
amplitudes with φ when the 
source is subjected to a 
pressure p(t) only

P

SV

P

SV

1. Axial Source
2. Torsional Source
3. Radial Source

FOSVS
Receiver
Pod

Source Radiation 
Patterns
Heelan (1953)

FOSVS
Receiver
Pod

Source
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Laboratory test of a Downhole Seismic Vibrator

Source Test Setup
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10-410Hz, 10sec, 10Vpp (200Vpp), 3.2kg
Custom Sweep w/ A=ex/8

Max Force output on mass = 1,509 N (339 lbf)

First Laboratory test of a Downhole Seismic Vibrator

10 – 410 Hz; 10 second sweep

Force increase sharply 
with frequency
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Test Fixture for a 
Downhole Seismic 
Vibrator
10 – 410 Hz, 10 sec, 
10Vpp, 3.2kg
Custom Sweep w/ A=ex/8
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Impulsive Source: 50 kg (110 lbs) @ 60g. Hit Data – Zoomed In

Impulsive Source Force: 30,000 N = 6,744 lbf 
Vibratory Source Force: 1,509 N = 339 lbf
Same S/N despite a factor of 20 difference in force
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Impulsive Source: 50 kg (110 lbs) @ 60g. Hit Data – Zoomed In
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Impulsive Source: 50 kg (110 lbs) @ 60g. Hit Data – Zoomed
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Vibrator Uncorrelated Data: 10-410 Hz, 10 sec sweep, 13.6 Vpp drive
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Theoretical 10 Second Sweeps used for Correlation - Case 4
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Vibrator Correlated Data: 10-410 Hz, 10 sec, 13.6 Vpp - Case 4

Impulsive Source Force: 30,000 N = 6,744 lbf 
Vibratory Source Force: 1,509 N = 339 lbf
Same S/N despite a factor of 20 difference in force
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Impulse Source
50 kg impact at 100g

Vibratory Source
10 sec Sweep 10 – 410 Hz

S-wave Spectra of Impulsive and Vibratory Sources
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Correlated Data: 10-1,610 Hz, 10 sec sweep, 5 Vpp drive
unfiltered
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Article in World Oil, March 2021
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Presentation Outline
• Optical Sensors
• Borehole Vibratory Seismic Sources
• Applications & Examples
- CCUS: Carbon Capture Utilization & Storage
- EGS: Enhanced Geothermal Systems
- UGS of NG+H2: Underground Gas Storage
- CEOG: Cleaner Enhanced Oil & Gas Recovery
- Pipeline Monitoring: NG, NG+H2 (Hythane), CO2
- WEI: Wind Energy Installations

• Paulsson Staff and Facility



© 2021 Paulsson, Inc. (PI) – All Rights Reserved                            Proprietary Material – Paulsson, Inc (PI).
®

Slide 43

Paulsson Commercial Experience
- Enabled by DOE Funding -

Recorded: 
• Over 65 3D-VSPs around the world
• Largest 3D-VSP in the world using a 960-channel system (4 

wells x 80 x 3C)
• VSP’s with the largest number of 3C clamped stations: 160 

3C levels & 8,000 ft long
• First multi-well (8 wells) 3D VSP
• 3D-VSP surveys in the USA, Canada, China, UAE and Oman
• Sinkhole Monitoring
• Pipeline monitoring across faults.

Published ~50 papers
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Drill Pipe Deployed System – Housing and Clamping

Clamping system operates by increasing the pressure inside the drill 
pipe and manifolds using the borehole fluid as the pressurized medium 

This Deployment System can Deploy 
Arrays of Multiple Types of Sensors in 
both Vertical and Horizontal Wells
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Applications & Examples

• CCUS
- Anadarko – Wyoming
- Battelle & Core Energy – Michigan Reef
- LBL – Texas and Alabama

• EGS
• UGS
• CEOG
• Pipeline Surveying and Monitoring (PSM)
• Wind Energy Installations
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Baseline Monitor – After 18 months

Borehole Seismic Time lapse surveys to monitor CO2
Depth Amplitude Maps at 4,800 ft showing the CO2 Plume

Increased reflectivity in the Monitor Survey at a depth of 4,800 ft at the well is due to the 
injected CO2. Also seen is the increased reflectivity around the water injector wells.

Simultaneous imaging and monitoring possible using long borehole seismic arrays 
using FOSVS and Acoustic Micro Emitters in combination.
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Applications & Examples

• CCUS
- Anadarko – Wyoming
- Battelle & Core Energy – Michigan Reef
- LBL – Frio, Texas and Alabama

• EGS
• UGS
• CEOG
• Pipeline Surveying and Monitoring (PSM)
• Wind Energy Installations
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The Battelle 2016 Survey to Monitor CO2 Injection:
Fiber Optic Seismic Sensor System: Two 20 ft containers for 

Cable Spool & Equipment & Drill Pipe Joints: 19 ft +/- ¼”
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Fiber Optic Seismic Sensor System Deployment
Battelle, Michigan June 2016



© 2021 Paulsson, Inc. (PI) – All Rights Reserved                            Proprietary Material – Paulsson, Inc (PI).
®

Slide 50

Fiber Optic Seismic Sensor System Deployment
Battelle, Michigan June 2016
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Containerized Spool for Fiber 
Optic Seismic 3C Sensors

Fiber Optic Seismic Sensor System Deployment
for Battelle in Michigan June 2016

Fiber Optic Seismic 3C Sensor Pod
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Results from Locating ½ gram String Shots @ z = 6,000 ft & 
x = 800 ft, During a Survey for Battelle & DOE in June 2016

FOSVS Array: 16 3C levels 
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Red: String Shots; Blue: Focused Micro Seismic; Green: “Fluid Flow” Events

Survey for Battelle - Locating String Shots and Micro Seismic Events
Recorded >100,000 events in four weeks. Displayed here are 130 events. 

Magnitude < M-3  
Magnitude < M-2.9
Magnitude < M-5.0
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Sound of A Focused MS in 3C, Survey for Battelle, June 2016

Axial Component (A)

Radial 1 Component (R1)

Radial 2 Component (R2)

Filter: 80-100-1500-2000 Hz

Magnitude < M-2.9
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Zoomed-In Focused MS in 3C- Filter: 2-4-3,000-3,800 Hz 

R2

R1

A

R2

R1

A

Filter: 2-4-3000-3800 Hz
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Red: String Shots; Blue: Focused Micro Seismic; Green: “Distributed” Events

Locating String Shots and Micro Seismic Events – Work in Progress
Recorded 11,000 events in four weeks. Displayed here are 130 events. 
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Sound of A Long Duration Event (~M-5.0) –Fluid Flow 
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Micro Seismic Events as Function of Injected CO2 Pressure

Micro Seismic Data from Paulsson, Inc., Injection Pressure Data Courtesy Mark Kelley, Battelle, 2019
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We looked for Analogs: Cardiac Blood Flow

Zoomed in
2 seconds

Zoomed in
1 second

8 seconds
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ConocoPhillips Downhole Seismic Sensor Test Site Map

String Shot Well
Offset 1,000 ft

Vibrator Walk-Around
Radius = 500 ft
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No AGC

Small Shots Recorded on FOSVS Principal Component
@ distance of 1,200 ft (400 m) (Filter: 80-100-1500-2000 Hz)

2.59 gram
M-2.2

1.94 gram
M-2.3

1.62 gram
M-2.4

1.30 gram
M-2.4

0.97 gram
M-2.5

0.65 gram
M-2.6

2.26 gram
= .22 cal
cartridge
M-2.3

2,000 Hz
@ - 25 dB
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Vibrator walking around the receiver well  @ R=500 ft
(Data aligned for waveform and phase analysis, Filter: 4-6-96-120 Hz)

Azimuth (degree)0 90 180 270

Azimuth (degree)0 90 180 270
Axial

Radial 1

Radial 2
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Applications & Examples

• Carbon Capture Utilization and Storage (CCUS)
• Enhanced Geothermal Systems (EGS)
• Coso Geothermal Field (Funded by CEC)

• Underground Gas Storage including H2 (UGS)
• Cleaner Enhanced Oil & Gas (CEOG)
• Pipeline Surveying and Monitoring (PSM)
• Monitor Wind Energy Stations
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Geothermal Energy vs. Unconventional Oil & Gas
In 2019, 20,000 UOG wells drilled for $120 Billion

AltaRock Energy / National Renewable Energy Laboratory



© 2021 Paulsson, Inc. (PI) – All Rights Reserved                            Proprietary Material – Paulsson, Inc (PI).
®

Slide 65

High Temperature Tests of
Fiber Optic Seismic Sensors (FOSS)
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25°C
50°C

100°C
150°C
200°C
250°C
270°C
320°C

FOSVS: Optical Radial Component @ 25°C - 320°C
For Geothermal or other HT Applications
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The Coso Microseismic Survey
• Survey Date: March 13 – 21, 2017
• Data Recording: March 14 – 20, 2017
• VSP Well: 83-11
• Lease: Naval Air Weapons Station China Lake 
• Seismic Sensors: 12-Level 3C FOSVS 
• Recording System: TDI sampling @ 48,076.92 Hz
• Deployment Depth: MD 1,525 – 1,800 ft @ 25 ft interval
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The West Flank FORGE Site Candidate
Maps from FORGE Phase 1 West Flank of Coso, CA 

The Paulsson 
FOSVS system 
deployed into well 
83-11 on March 13-
21, 2017
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Well 83-11 at COSO - Forge Site Candidate
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PT: 2017-03-16 04:25:09
Filter: 5-10-200-300 Hz

H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z H1 H2  Z

CE8E

N

Z

S wave

A M0.29 Earthquake 1.1 km Away @ Depth 3.5 km: D=3.7 km

P wave

Borehole FOSVS
S-wave:
170 Hz @ -25 dB

USGS Geophones
S-wave:
32 Hz @ -25 dB
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PT: 2017-03-17 10:21:01

Unusual Event Associated with Blowdown in well 6,000 ft away
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Applications & Examples

• Carbon Capture Utilization and Storage (CCUS)
• Enhanced Geothermal Systems (EGS)
• Underground Gas Storage including H2 (UGS)
- PG&E funded by CEC – July 2021

• Cleaner Enhanced Oil & Gas (CEOG)
• Pipeline Surveying and Monitoring (PSM)
• Monitor Wind Energy Stations
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Applications & Examples

• Carbon Capture Utilization and Storage (CCUS)
• Enhanced Geothermal Systems (EGS)
• Underground Gas Storage including H2 (UGS)
• Cleaner Enhanced Oil & Gas (CEOG)
- BP – Wamsutter, WY. Gas Field.
- Anadarko – CO2 EOR
- Anadarko – Methane Hydrate @ Hot Ice

• Pipeline Surveying and Monitoring (PSM)
• Wind Energy Installations
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3D VSP w/ 160 Level 3C Array in the BP Wamsutter Gas Field 
Compare Surface Seismic & 3D VSP Technologies
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Surface Seismic vs. 3D VSP Imaging  
Terminations seen in 3D VSP tie depositional framework.

The 3D VSP has 4X better resolution than Surface Seismic

Surface Seismic Image
VSP Image using an

160-level, 8,000 ft Long Array
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160 level 3D VSP Image. 
Terminations tie depositional framework.

Geetan et al., 2011

Areas of Large Gas 
Concentrations Mapped 
with 3D VSP technology. 
Not seen of Surface 
Seismic. 

Mapping areal 
distribution of gas 
require long Borehole 
Seismic 3C Arrays
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Well Seismic Imaging of Faults and Geology

Receiver

Source

Source

Receivers

Receivers

The sensors are below the surface noise and 

Weathering zone & close to the Reservoirs

Allowing > 1,000 Hz Data

Cross Well

Single W
ell

Receivers

Single Well
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Initial Velocity Model before CO2 Injection
Vel. (ft/s)
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Initial Reverse Time Migration (RTM) Image 
before CO2 Injection

Vel. (ft/s)
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Velocity Tomogram Change from Initial Pre-Injection 
Condition to CO2 Injection into the Reservoir

Vel. (ft/s)

-20 % velocity change
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Time-Lapse RTM Change from Initial Pre-Injection 
Condition to CO2 Injection into the Reservoir

Vel. (ft/s)

-20 % velocity change
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Time-Lapse Tomogram Change from CO2 Reservoir 
Injection to CO2 Leaking through the Reservoir Seal

Vel. (ft/s)

-10 % velocity change

-20 % velocity change
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Time-Lapse RTM Change from CO2 Reservoir 
Injection to CO2 Leaking through the Reservoir seal.

Vel. (ft/s)

-20 % velocity change

-10 % velocity change
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Applications & Examples

• Carbon Capture Utilization and Storage (CCUS)
• Enhanced Geothermal Systems (EGS)
• Underground Gas Storage including H2 (UGS)
• Cleaner Enhanced Oil & Gas (CEOG)
• Pipeline Surveying and Monitoring (PSM)
• Pipeline crossing Hayward Fault

• Monitor Wind Energy Installations
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Paulsson, Inc. – Field Experience w/ Optical Sensors

GTI Pipeline Field Test at the PG&E Training Facility in Winters, CA

Installation of a 2.7 km optical DSS, DTS & DAS Cable to a depth of 14 ft

Battelle/Core Energy Monitoring CO2 Injection for 30 days

Installation of Optical Cables on a Pipeline @ Hayward Fault
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What can we learn from the “New Seismic Data”
• High Resolution images – much better than surface seismic
• Large volume images – much larger volumes than well logs
• 3D Velocity model to be used for surface seismic processing
• Anisotropic velocity information to focus imaging
• Volumetric rock-mass stress distribution 
• 3D Maps of Faults & Fractures - distribution and directions
• Map fluid flow and fluid boundaries
• Types of fluids in the reservoirs: 

• Gas vs Oil vs Water vs CO2 vs Steam 
• Map permeability in reservoirs
• Map temperature distribution
• Monitor Hydro Fracturing Operations

• Much better understanding of the dynamic processes 
of injecting and producing liquids and gases



© 2021 Paulsson, Inc. (PI) – All Rights Reserved                            Proprietary Material – Paulsson, Inc (PI).
®

Slide 87

Presentation Outline

• Optical Seismic Sensors
• Borehole Vibratory Seismic Sources
• Applications & Examples
• Paulsson Staff and Facility
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Paulsson Machine Shop 2021 – Seven CNC machines
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Coordinate Measuring Machines (CMM)
Sample of In-process parts as of 2021.01.25
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60 3D VSP Surveys Recorded with Our Pipe Deployed Seismic Arrays
About 50 papers & reports published on these surveys.

2018 – Large geotechnical survey in Florida to detect & map developing sinkholes.
2017 – MS survey in the COSO field. Large geotechnical survey in Florida to detect & map developing sinkholes.
2016 – VSP and MS survey for Battelle in a carbonate reef in Michigan to track CO2.
2015 – MS survey in the Geysers Geothermal Field. XSP test for S. Cal operator.
2014 – Extensive Operational and Performance Tests of Fiber Optic Seismic Vector Sensors (FOSVS)®
2013 – VSP & XSP Operational and Performance Tests of Fiber Optic Seismic Vector Sensors (FOSVS)® for ConocoPhillips in Pearland, TX
2012 – First Test of Fiber Optic Seismic Vector Sensors (FOSVS)® 
2011 – 100 Level 3D VSP for Gold prospecting
2011 – 100 level 2D VSP for Gold prospecting
2008 – 80 level array survey for BGP in the Daqing Oil field, China.
2007 – 160 level array survey for BGP in the Daqing Oil field, China.
2007 – 80 level array survey for Gas Storage Reservoir characterization in Santa Barbara, CA.
2007 – 160 level array surveys for ADCO in two wells. In 2007 World Record: 9 million traces.
2007 – 80 level arrays in two wells time lapse survey for Shell Canada.
2007 – 80 level array in one well for ConocoPhillips to characterize a fractured reservoir.
2007 – 80 level array survey for ExxonMobil to characterize a fractured reservoir.
2006 – 160 level array survey for BP. Largest onshore survey in the US as of 2006: 3 million traces. World Record.
2006 – 80 level arrays in two wells time lapse survey for Shell Canada.
2005 – 80 level array: Passive Seismic Survey: 1,000 earthquakes/3TB/0.25 ms sampling rate for 2 weeks
2005 – 80 level arrays in two wells time lapse survey for Shell Canada.
2004 – 80 level array survey for CO2 monitoring for US Dep. of Energy.
2004 – 80 level array survey for CO2 monitoring for US Dep. of Energy.
2004 – 40 level tools - 1.8 million trace three well 3D VSP survey in Oman in the Middle East.
2004 – 80 level tool, 25’ spacing - 285,000 trace VSP in AK to map methane hydrate deposits.
2003 – 80 level tool - 400,000 trace 4D (Time lapse) VSP in WY.
2003 – 160 level tool - 800,000 trace 3D VSP in TX.
2002 - 80 level tool - a 9C 576,000 trace 3D VSP in NM.
2002 – 80 level tool - 3.0 million trace 4 well 3D VSP survey at the Milne Point field on the North Slope, AK. World Record # 3C sensors in four wells
2002 – 80 level tool - 7.5 million trace five well marine 3D VSP survey in Long Beach, CA. World Record
2002 – 80 level tool - 400,000 trace 4D (Time lapse) VSP in WY.
2001 – 80 level tool - 400,000 trace 3D VSP in the Weyburn Field SK, Canada.
2001 – 80 level tool - 400,000 trace 3D VSP in WY.
2001 – 80 level tool - 360,000 trace 3D VSP In TX.
2001 – 80 level tool - 372,000 trace 3D VSP in TX.
2000 – 80 level tool - 350,000 trace 3D VSP in the North Coyote Field AB, Canada.
2000 – 40 level tool - 1,040,000 trace eight Well 3D VSP in the Edison Field CA.
1999 – 80 level tool - 152,000 trace 3D VSP in the Weyburn field SK, Canada.
1998 – 40 level tool - 100,000 trace VSP the Lost Hills Oil field in CA.
1998 – 40 level tool - 600,000 trace VSP at the Vinton Dome in LA. World Record 

4th Gen FOSVS Array introduced

3rd Generation Array introduced

2nd Generation Array introduced
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DOE is a Long-Term Partner - Thank you!
• The research discussed in this presentation has been 

supported by the following grants:
• DOE Contract DE-FE0004522 (2010)
• RPSEA Contract 09121-3700-02 (2011) 
• DOE Contract DE-EE0005509 (2012)
• California Energy Commission Contract GEO-14-001 (2013) 
• DOE Contract DE-FE0024360 (2014)
• DOE SBIR II Grants DE-SC0017222 & DE-SC0017729 (2018)
• DOE SBIR II Grant DE-SC0018613 (2018) Downhole Source

The support and assistance from these grants made it possible to develop the fiber 
optic sensor and deployment technologies described in this presentation. The 
support from Karen Kluger for DE-FE0004522, Bill Head for RPSEA Contract 
09121-3700-2, Bill Vandermeer for DE-EE0005509, Cheryl Closson for GEO-14-
001 and Bill Fincham for DE-FE0024360 and SBIR I Grants DE-
SC0017222/17729/18613/20457/20876 is gratefully acknowledged. 
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For more information and slides please contact:
bjorn.paulsson@paulsson.com

or
Mobile: +1-310-780-2219

Thank You!
From

The Team @ Paulsson, Inc.

mailto:bjorn.paulsson@paulsson.com

