
Appendix B 
RPN-1 Well Vertical Seismic Profile 

Modeling Study 
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Preliminary VSP Ray Tracing and 
Finite Difference Modeling
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Line AA’

• Sources set at 1000’ intervals along the surface
• DAS fiber set at TD to 1650’ in the well @ 25’ intervals
• Representative layers picked for reflections at all main formations.
• Seismic displays are ray traced reflectivities convolved with 35 Hz 

Ricker to show event continuity and travel times. Used to evaluate 
distortion in the first arrival and reflection times to assess 
maximum useful offset range. 

DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 27 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 28 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 29 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 30 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 31 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 32 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 33 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 34 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 35 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 36 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 37 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 38 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 39 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 40 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 41 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 42 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 43 of 85



Line BB’

• Sources set at 1000’ intervals along the surface
• DAS fiber set at TD to 1650’ in the well @ 25’ intervals
• Representative layers picked for reflections at all main formations.
• Seismic displays are ray traced reflectivities convolved with 35 Hz 

Ricker to show event continuity and travel times. Used to evaluate 
distortion in the first arrival and reflection times to assess 
maximum useful offset range. 
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4D Effects

• Grid models for both velocity and density based on the well logs and 
structural horizons are built for both the in-situ case and for the CO2 
substitution case using the logs produced through the rock physics 
phase of the project. 

• Finite difference modeling is used to provide a synthetic seismic 
simulation using the finely gridded models. 

• These are then processed through VSP processing techniques to 
isolate a final reflected wavefield, then the insitu and CO2 substituted 
cases are differenced to evaluate any 4D signal due to the presence of 
CO2 in the system

DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 51 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 52 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 53 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 54 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 55 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 56 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 57 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 58 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 59 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 60 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 61 of 85



4D Effects

• VP 15 on Line AA’ was chosen as a good representative for 4D modeling. 
This represents a medium offset VSP which should have good imaging.

• 4D effects largely depend on the velocity and density models derived from 
the log data, and as such are not expected to change much with offset until 
we get to much longer offset ranges. 

• Finite difference modeling is used to provide a synthetic seismic simulation 
using the finely gridded models. Grid cell size 10’

• These are then processed through VSP processing techniques to isolate a 
final reflected wavefield, then the insitu and CO2 substituted cases are 
differenced to evaluate any 4D signal due to the presence of CO2 in the 
system

• An additional case representing 3% CO2 saturation (SW 97%) is also 
modeled. 

DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 62 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 63 of 85



DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 64 of 85



Finite Difference Modeling

• The first pass of FD modeling is performed based on a 35 Hz Ricker 
wavelet. This simulates a VSP with good signal to noise. The receiver 
is simulated as DAS fiber. 

• The FD is performed using Acoustic Finite Difference. Elastic FD is not 
required for this level of modeling and would be used if shear energy 
was deemed important.

• VSP is simulated with downgoing and upgoing arrivals

• VSP data is separated into downgoing and upgoing wavefields.

• The upgoing wavefields are differenced to observe any 4D signal

• Deconvolution is not applied so multiples remain in the data.  
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Finite Difference Modeling

• The second pass of FD modeling is performed based on a 20 Hz Ricker 
wavelet. This simulates a VSP with poor signal to noise or could be 
used to represent a surface seismic based geometry  The receiver is 
simulated as DAS fiber. 
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4D Signal

• Black display indicates In-situ Case

• Red display shows CO2 Saturated/3% Saturated Cases

• Blue display shows the difference

• Trace scaling is based on fixed levels and so the amplitudes should 
represent real variations between datasets.
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4D Signal

• The slides above show that there is a good 4D signal due to the 
presence of CO2 in the system at all depths fluid substitution was 
performed.

• This appears to be true both for the fully saturated and 3% saturated 
cases, indicating that CO2 injection will have a strong influence on 
seismic character and as such should be identifiable from a seismic 
survey (VSP or surface).
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Conclusions

• The slides above show that there is a reasonable 4D signal due to the 
presence of CO2 in the system at all depths fluid substitution was 
performed.

• This appears to be true both for the fully saturated and 3% saturated 
cases, indicating that CO2 injection will have an influence on seismic 
character and as such will likely be identifiable from a seismic survey 
(VSP or surface).

DEPARTMENT OF CONSERVATION AND ENERGY - OFFICE OF PERMITTING AND COMPLIANCE - DEC 03 2025, Page 85 of 85




