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Outline
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• Surface Orbital Vibrators
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• Conclusions & Lessons Learned



Paaratte

Stage I
injection

Stage II
injection

STAGE I: An 80/20 % of CO2/CH4 stream 
produced from Buttress, transported and 
injected into CRC-1 well (previous CH4 
production well) -65 Kt.

STAGE II: CO2/CH4 stream injected into CRC-2 
well – up to 15 Kt.

Otway Basin Pilot Project (Victoria, Australia)



Stage 2C Objectives

 Detect injected Buttress gas in the subsurface: ascertain minimum 
seismic detection limit

 Observe the gas plume development using time-lapse seismic
 Verify stabilisation of the plume in the saline formation using time lapse 

seismic

Monitoring strategy
 4D seismic with buried receiver array acquired concurrently 

with 4D VSP
 Baseline: March 2015
 Monitor surveys: 5 kt, 10kt, 15 kt of injection (January-April 2016), 1&2 

years post injection (January 2017&2018)
 Offset VSPs
 Passive seismic using buried receiver array
 4D seismic with buried DAS array, 4D VSP in CRC-2 (optical fiber 

on the tubing) and continuous seismic sources



Otway Stage 2C:

• High resolution seismic monitoring 
• 4D imaging of the injected CO2 plume

• Unique field scale setup

 903 Surface 1C geophones at 15 m spacing
 38 km fiber array at 0.5 m spacing
 Borehole fiber to 1.5 km depth in monitoring well CRC-1
 Sercel VSP string in injection well CRC-1
 3008 vibroseis source points covering 3 km2

 2 permanent rotary sources w/ remote control



Otway Permanent Fiber DAS Array

Three types of fiber optic cable:

• Fiber in metal tubing (FIMT) installed in monitoring 
well CRC-2 to the base of the completion, ~1500 m.

• Standard single-mode (SM) telecom fiber cable 
deployed in loops and buried in the seismic array 
trenches and the ‘backbone,’ 38 kms total

• One prototype helical cable co-located with the 
standard telecom fiber in Line 5.



Otway Stage 2C field area 

Naylor-1



11 trenches, 800 to 1400 m long
~100 meter spacing between lines

Geophones deployed in each trench at 
spacing 15m (dots)

Fiber cable looped in each trench

Fiber loop down 1500m borehole

All cables (geophone and fiber) run 
along ‘backbone’ trench back to 
central recording hut

Receiver Deployment  March 2015



Geophone and fiber array installation:
Trenches 80 cm deep,  PVC cased boreholes 4 m deep



38 km FO cable installed along 
geohone lines and in CRC-2 borehole



Geophones installed at 4 m 
DAS Cables at 80 cm in continuous trenches



FAT Helical Wound Cable
• Anderson and Shapiro – HWC on soft mandrel 1980 US Patent 4375313 
• Hornman et al. (2013 75th EAGE) introduced a helical wound FO cable 
• LBNL trialed multiple designs with varying physical properties
• Line 5 installed one length of HWC for comparison to straight fiber

30° spiral wound on 58 
Shore A rubber mandrel.

Normal Telecom Cable 
used in all trenches

Lessons learned – acoustic 
impedance of cable and 
surrounding soil is important



Fiber-Splicing 
Schematics

Tap test at location of blue dots to fix 
array geometry

Lesson learned: 
commercial telecom 
contractor installation 
needed considerable 
rework by “science” 
team to improve 
network
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• Standard optical fibre acts as the 

sensor array

– Typical sampling at 10kHz on 

10,000m fibre

– Standard gauge length of 10m

– Spatial sampling of 25cm

– DAS measures change in average 

elongation per 10m gauge length 

per 0.1ms acoustic time sample, 

sampled every 0.25 m in distance

Distributed Acoustic Sensing

z, 
t Parker et al., Distributed Acoustic Sensing – a 

new tool for seismic applications, first break 
(32), February 2014



Most DAS seismic results to date are VSP applications

PTRC Aquistore DAS data, Daley et al. 2014, SEG Denver
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Surface Orbital Vibrators 

• US Patent issued for Stanton “Geo-Oscillator” in 1931
• Swept frequency used to identify depth to an interface by means of a 

“resonance meter” recording amplitude of reflected waves



Surface Orbital Vibrator – VFD Controlled AC Induction Motor

Max Frequency  80 Hz, Force (@80Hz) 10 T-f
Phase stability is not maintained. Operate 2.5 hr/d

Force is 
adjustable

F=mω2r



Lessons learned – Foundation design improved to resist shear

Initial foundations used only 
threaded rod and rebar to 
resist forces. Failed within one 
month

New foundation uses structural 
steel to improve resistance to 
shear.

No issues after five months of 
operation.



Processing Flow

• Optical noise suppression. Suppress non-uniform optical noise by 
applying a median filter along the receiver direction.

• Frequency-domain signature deconvolution. We deconvolve the source 
sweeps from the raw data in the frequency domain using a complex 
spectral division with water-level regularization. 

• Correlation-based phase correction. Noticeable zero-time differences are 
present among the post-deconvolution gathers associated with different 
sweeps. To compensate for such phase differences, we align the first 
arrivals across all the source gathers using cross correlation. 

• Stacking. To suppress incoherent noise, we vertically stack the phase-
corrected common shot gathers via a mean stack. 

Processing variations explored include:
• Time-dependent filtering of raw data improves SNR
• Coordinate rotation to principle directions



Phase correction

Time window used in 
Xcorr

Lesson learned: As the motors are broken-
in phase correction issues are reduced.



Deconvolved SOV Data

• Helical Cable shows good sensitivity to reflected P. 
• Straight telecom less sensitivity



Shale Oil Pilot Monitoring (AMSO)
26,000 lb Vibe 70% force

SOV – 2 Single sweep

Geophone Data



SOV-Geophone 
Data

1 sweep

131 sweeps



Conclusions

• An areal DAS network has been installed and 
data acquired using SOVs 

• Trench cable data quality is good. 
• Borehole cable quality is poor (coupling 

issue?) 
• Ground roll suppression is important
• Further processing and stacking will be 

performed to see if the SOV-DAS system is 
sensitive enough to image the injected CO2



Fast-tracked TL results using geophone data – Pevzner et al., GHGT-13 
submitted



Lessons Learned

• Redesigned foundations
• Optical noise suppression best accomplished by 

decoupling environment noise on DAS unit (air 
conditioner cycling, doors opening/closing)

• SOV motor performance and stability improved 
during the first 48 hours of operation

• HWC showed much greater sensitivity to reflected P 
when below water table. When water level dropped 
HWC had larger reduction in sensitivity than tactical 
fiber.



CO2CRC Otway Project  - Exploring DAS Technology & Novel Sources

Migrated images from 3D vibroseis survey. (a) 
geophones, (b) straight telecom, and (c) HWC

Thank you!
Any questions?
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