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Summary  
Full-waveform inversion (FWI) has the potential to be a game changer for seismic imaging, 
inversion, and interpretation. The standard seismic processing and inversion workflow starts with 
the reflectivity imaging and then inversion followed by a quantitative interpretation (QI) on the 
inverted rock physics. As an innovative technology, FWI changes seismic processing, inversion, 
and analysis in a different way. Running FWI directly on the raw shot gathers at the beginning 
allows us to move away from the prolonged sequential seismic processing and inversion to deliver 
a high-resolution velocity model in a faster way for the immediate interpretation of rock physics 
(Feng et al., 2021). The subsequent reflectivity imaging improves significantly using the derived 
accurate velocity model. Those valuable features should be better exploited to maximize the 
business value in the Canadian Oil Sands SAGD operation(Feng et al., 2021). 
 
The application of FWI to the land seismic remains challenging mainly due to lacking low 
frequencies, limited offsets, and high amplitude elastic waves. In this study, we demonstrate the 
application of FWI to a 2D and 3D synthetic dataset and 3D field dataset on both surface seismic 
and distributed acoustic sensing (DAS) from the Oil Sands SAGD operation (Figure 1). The 
numerical experiments on the synthetic dataset demonstrate that the inverted FWI velocity agrees 
with the ground truth velocity model. The inverted velocity from the 4D time-lapse FWI workflow 
and 3D DAS FWI match the vertical well temperature logs, top/base steam chamber events from 
the reflection seismic volume, and the time delay map. 
 

Theory / Method / Workflow 
Applying FWI to the Canadian Oil Sands reservoir is a challenging task due to several factors. 
One of the major challenges is the presence of complex surface topography and irregular free 
surfaces in numerical simulations of the seismic wavefield can cause diffraction artifacts that 
negatively impact the accuracy of FWI on land datasets. To mitigate these challenges, several 
techniques can be employed. One approach is to re-datum the data acquired in the varying 
topography to a flat topography. 
 
The impact of statics is another challenge that needs to be addressed (Figure 2). When the near-
surface is highly variable, the vertical position of the seismic sources and receivers can lead to 
static shifts, causing a notable effect on the accuracy of the velocity model. To overcome this 
issue in land dataset FWI, several techniques have been developed. One method involves 
estimating and eliminating the statics before the inversion process, which can be accomplished 
through methods like refraction statics or residual statics. Alternatively, static corrections can be 
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incorporated as part of the inversion process utilizing a dynamic inversion scheme that can deal 
with statics in real-time. 
Ground roll (Figure 2), a type of elastic wave that propagates along the earth's surface, can 
significantly impact the accuracy of FWI on land datasets by masking the subsurface signal and 
reducing image resolution. Techniques such as spectral whitening, surface-related multiple 
elimination, and special acquisition techniques can be used to mitigate the effect of ground roll on 
the FWI process. Addressing the effect of ground roll is crucial for achieving accurate subsurface 
imaging through FWI on land datasets. 
 
The effect of offset limitation is a crucial factor to consider when applying FWI to land datasets. 
Traditional seismic methods, which focused primarily on reflections and used Amplitude Versus 
Offset (AVO) analysis (Monk, 2020), had offset limits based on the angle of incidence and did not 
take into account the refractions (Figure 2) and diving waves. However, FWI utilizes the full 
wavefield data, including the refractions and diving waves, which can provide additional 
information about the subsurface. Consequently, offset limitations can significantly affect the 
accuracy of the inversion results. Therefore, it is imperative to comprehend and address offset 
limitations to ensure the success of FWI on land datasets. 
 
The accuracy of FWI results can be significantly impacted by the bandwidth limitation. Cycle 
skipping, which omits crucial components required for accurate inversion results, particularly for 
deep geological formations, can be caused by a limited source bandwidth. To address this issue, 
it is necessary to use a source with a broad enough bandwidth to capture all frequencies, including 
low-frequency waves. In addition to this, pre-processing techniques, such as filtering and 
deconvolution, can compensate for the missing low-frequency components. Multi-source FWI is 
another effective approach to mitigate the bandwidth limitation, which can improve the frequency 
content and provide more comprehensive subsurface images. 
 

Results, Observations, Conclusions 
Although FWI technology is making progress and is already making an impact in offshore settings, 
it has yet to fully realize its potential for delineating Oil Sands reservoirs and monitoring 4D steam 
chambers. Currently, producing stable, high-resolution images of the steam chamber using the 
FWI technique is still a challenge. However, as experience in applying such techniques in a wide 
range of geological settings and with different data acquisition scenarios grows, two things have 
become evident: 1) FWI results can have a clear business value depending on the operational 
objective, and 2) various FWI algorithms need to be evaluated to determine their suitability for 
different geological settings, enabling them to process both refractions and reflections, kinematic 
and dynamic data. 
 
In conclusion, applying FWI technology to the Canadian Oil Sands reservoir is challenging, but 
careful seismic survey design can mitigate the impact of the irregular topography, statics, offset 
limitations, bandwidth, and elastic wave on the resulting velocity model. 
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Figure 1: Arrangement of source and 
receiver lines in areas with high-density 
and regular spacing. 

Figure 2: Shot records(dynamite source) from 
4D monitor survey showing the ground roll, 
refraction, and statics. 
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