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Summary 
 
The Trion field in the western Gulf of Mexico (GoM) 
exhibits folded sediment beddings and strong attenuation 
bodies, which pose great challenges for seismic imaging. 
After a decade of processing effort employing the latest 
imaging technology, the available towed-streamer data for 
this area hit a technical limit. Improvements to velocity 
models and images were incremental, and it was determined 
that better data were needed to make a step change in image 
quality. To this end, an ocean bottom node (OBN) 
acquisition was carried out in late 2020 to record full-
azimuth and long-offset seismic data with good low-
frequency content. Time-lag FWI (TLFWI) using this OBN 
data was able to improve the tilted orthorhombic (T-ORT) 
velocity models, which led to better migrated images from 
least-squares (LS) Kirchhoff and reverse time migration 
(RTM). However, the reservoir image below the shallow 
absorption anomalies remained unsatisfactory. As an 
alternative imaging product, the FWI Image from TLFWI 
showed better structural continuity and more coherent 
amplitudes at the reservoir than LS-Kirchhoff or LSRTM.  

Introduction 

Discovered in 2012, the Trion deep-water field is located 
within the Perdido Fold Belt in the western GoM, 
approximately 30 km south of the US-Mexico maritime 
border and approximately 180 km away from the Mexican 
coastline. The field lies in a water depth of 2500 m and 
covers an area of approximately 20 km2. It comprises heavily 
faulted and folded sediments, shale bodies, and multiple 
shallow low-velocity absorption anomalies above the 
reservoir section. This geologically complex setting results 
in several imaging challenges, including the presence of 
orthorhombic anisotropy and weak amplitudes below the 
shallow absorption anomalies.  

Over the last decade, multiple attempts were made to 
improve the reservoir image at Trion. The most recent 
processing attempt was conducted in 2019 with two wide-
azimuth towed-streamer (WAZ) data sets and a narrow-
azimuth towed-streamer (NAZ) data set using TLFWI 
(Zhang et al., 2018; Wang et al., 2019) and LS-Kirchhoff 
(Shuster, 1993) for velocity update and imaging. While the 
2019 streamer processing product provides good resolution, 
the image at Trion is still suboptimal (Figure 1). The events 
at the reservoir level (yellow circle in Figure 1a) are 
incoherent and the amplitude map extracted at the top of the 
reservoir (Figure 1b) is noisy and non-geological. 

An OBN survey was carried out in late 2020 at Trion to 
further improve the velocity and image. The OBN data is 
ideal for velocity updates with FWI due to its full-azimuth, 
long-offset coverage, and great low-frequency content. 
Many successful examples have been reported using TLFWI 
and OBN data to achieve better velocity and imaging (Nolte 
et al., 2019; Yao et al., 2020). In this study, we followed a 
similar data-driven approach for TLFWI application with 
OBN data. The improved velocity model derived from 
TLFWI resulted in a substantial uplift in the reservoir 
imaging.  

Figure 1: (a) 2019 legacy LS Q Kirchhoff stack at the Trion 
reservoir. The top of the reservoir (trough) is indicated by the dashed 
red line, and its trough amplitude is plotted in (b). The structural 
image below the shallow anomalies is incoherent (yellow circle in 
a) and non-geological dim zones are observed on the amplitude 
horizon in (b). 

OBN data 

The OBN data were acquired with up to 30 km offsets and 
three different node spacing layouts: 200 x 200 m, 400 x 400 
m, and 800 x 800 m (Figure 2), where the densest nodes 
cover the reservoir area and the sparse nodes are designed 
for velocity model building over the Trion field. The survey 
utilized a rolling node spread where a minimum 12.5 km 

 
Figure 2: Trion OBN survey (a) node map and (b) rose diagram. OBN 
nodes are indicated by white dots, showing 200 x 200 m spacing, 400 
x 400 m spacing, and 800 x 800 m spacing node coverage. The rose 
diagram is plotted with max offset of 30 km. 
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crossline offset was maintained. The diving wave 
illumination (Ahmed, 2018) of the acquired OBN data is 
more uniform and deeper than the two WAZ data sets used 
in the 2019 processing due to full-azimuth coverage and long 
offsets (Figure 3).  
 

Figure 3: Diving wave illumination overlaid on the Kirchhoff stack 
from (a) the two WAZ data sets combined and (b) the OBN data set. 

T-ORT TLFWI with OBN data 

Due to the presence of substantial azimuthal velocity 
heterogeneity, tilted orthorhombic is needed to address the 
strong velocity anisotropy at Trion. A T-ORT model uses 
nine parameters to describe the P-wave velocity field 

(Tsvankin, 1997). In legacy 2019 processing, T-ORT 
anisotropy parameters were derived from azimuthally 
sectored TTI models generated from ray-based reflection 
tomography in the respective individual azimuths using two 
WAZ data in EW and NS directions. Then T-ORT TLFWI 
(7 Hz) for velocity update was performed using EW and NS 
WAZ data. It is difficult for ray-based tomography to 
address the complex velocity variations for estimating T-
ORT parameters at Trion field. The unresolved lateral 
velocity variation can affect the accuracy of the 
orthorhombic parameters and hence affect the velocity 
update from TLFWI. In this study, we started from smoothed 
2019 velocity model and used a TLFWI-driven 
orthorhombic model building approach (Shao et al., 2020) to 
capture the complex velocity variations and azimuthal 
anisotropy. We performed 6 azimuthally sectored TTI 
TLFWIs to update 𝑣𝑣0 using the data in their corresponding 
azimuth sectors, all starting from the same initial TTI model. 
The updated TTI models were able to flatten gathers in their 
corresponding azimuths. The Trion T-ORT model was then 
projected from these 6 TTI models.  
 

 
Figure 4: Three models and corresponding OBN Kirchhoff gathers. (a) 2017 TTI model, (b) 2019 T-ORT model from 7 Hz streamer TLFWI, and 
(c) 2021 T-ORT model from 15 Hz OBN TLFWI. The 6-azimuth Kirchhoff gathers (d)-(f) from the OBN data (max offset 8 km) using the models 
in (a)-(c), respectively. White vertical lines on the tops of the model displays indicate gather locations. 
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After updating the azimuthal anisotropy, 15 Hz T-ORT 
TLFWI was carried out to further improve the velocity 
model with better constraints from the full-azimuth OBN 
data and more accurate orthorhombic wave propagation. The 
15 Hz TLFWI model has better resolution of the shallow 
anomalies (Figure 4). The 6-azimuth OBN Kirchhoff gathers 
migrated with the 2019 T-ORT model addressed major 
orthorhombic effects at top reservoir level when compared 
to the TTI models. However, some fine details were still 
missing to fully flatten the gathers, which was resolved by 
the 2021 OBN T-ORT TLFWI model. 

In addition to the velocity update, a Q model that represents 
the anelastic attenuation effects was also estimated by QFWI 
(Wang et al., 2018) using the OBN data. Subsequent imaging 
algorithms can use the Q model to compensate for the severe 
attenuation introduced by the shallow absorption bodies.  

FWI Imaging 

A two-iteration LS-Kirchhoff (Zhu et al., 2018) with OBN 
downgoing, OBN upgoing, and NAZ data was performed to 
obtain a combined high-resolution image. A single-iteration 
LSRTM (Wang et al., 2016) with OBN downgoing data was 
also performed to obtain a structural image. Both migrations 
were Q-compensated with the Q model estimated by QFWI. 
Although better illumination was observed in both LS 
migrations compared to conventional migrations, some key 
areas still lacked the details for reservoir development. In 
complex geological settings such as Trion, the Kirchhoff 
algorithm usually falls short due to raytracing difficulties 
and is hindered by the essential drawback of single-arrival 
imaging. RTM performs better than Kirchhoff with complex 
velocity, but illumination is still poor. One or two iterations 
of least-squares migration cannot fully compensate for the 
illumination issues at the Trion reservoir. 

FWI Imaging (Zhang et al., 2020) is an emerging imaging 
algorithm for structural interpretation with several 
successful applications (Liu et al., 2021; Wray et al., 2021). 
FWI Imaging applies iterative least-squares fitting to the 
full-wavefield data, including transmission waves, primary 
reflections, and their multiples, which leads to images with 
additional structural information, more balanced 
illumination, and higher S/N ratio (Huang et al., 2021).  

In this study, the maximum frequency of the TLFWI was 
pushed to 25 Hz to generate an FWI Image with comparable 
frequency to the LSRTM. The same Q model used for LS-
Kirchhoff and LSRTM was employed in TLFWI for FWI 
Imaging. Figure 5 compares LS-Kirchhoff, LSRTM, and 
FWI Imaging results in the north and west areas of the Trion 
field. FWI Imaging shows better illumination and higher S/N 
at the shallow folding structure and down to the Mesozoic 
level compared to the images from LS-Kirchhoff and 
LSRTM. The single-arrival Kirchhoff migration suffers 

from ray-tracing drawbacks under complex velocity 
provided worst structure image (Figure 5a, 5d). In Figure 6, 
a fence line is displayed comparing the FWI Image to LS-
Kirchhoff and LSRTM images. In this example, we applied 
a 25 Hz low-pass filter to the LS-Kirchhoff and LSRTM 
results so that similar frequencies are compared. The trough 
amplitude at the top of the reservoir was extracted for 
comparison (Figures 6d-f). The FWI Image shows more 
coherent events than the LS-Kirchhoff and LSRTM across 
the whole section, especially around the center left part, 
which is close to the shallow absorption body where the 
images from LS-Kirchhoff and LSRTM are weak. The top 
reservoir amplitude extraction from the FWI Image exhibits 
better coherence and S/N than those from LS-Kirchhoff and 
LSRTM. The structural and amplitude information from the 
FWI Image filled the gaps left by LS-Kirchhoff and LSRTM.  

Figure 5: (a) LS-Kirchhoff, (b) LSRTM, and (c) FWI Image north 
of the Trion field; (d) LS-Kirchhoff, (e) LSRTM, and (f) FWI Image 
west of the Trion field. The FWI Image has better illumination for 
steep events and higher S/N in the deep section benifiting from 
iterative LS data fitting and additional illuminations from diving 
waves and multiples. 

Discussion and conclusions 

The OBN data and TLFWI were the two major contributing 
factors for a successful velocity update at Trion. The OBN 
data provided long-offset and low-frequency information, 
which are essential for FWI. The TLFWI-updated T-ORT 
models resolved the azimuthal anisotropy better than earlier 
approaches using streamer data. The OBN TLFWI provided 
a high-resolution velocity field, which helped to generate an 
improved image over LS-Kirchhoff and LSRTM. However, 
even with improved T-ORT models, the LS migrations are 
still not able to fully image all the structures at Trion and 
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weak amplitude zones remain in poorly illuminated areas. 
FWI Imaging, which leverages an iterative data fitting 
process of the full wavefield, provided better illumination 
compensation and more balanced amplitudes, resulting in a 
more accurate reservoir image.  

Despite the improvements in image quality, a few challenges 
remain. To obtain an FWI Image with comparable frequency 
to Kirchhoff is cost prohibitive. Moreover, insufficient 
(acoustic modeling engine instead of elastic) and inaccurate 
physics (uncertainties in density, absorption, and anisotropy) 
could contaminate the inverted velocity model, especially 
towards high frequencies.  

This study demonstrated that there are a lot of useful 
information that can be extracted from OBN data with the 
proper technology. With a TLFWI velocity and FWI Image, 
the current OBN product provided better structural and 
amplitude information than what could be obtained from 
streamer processing. As technology evolves to a more 
advanced stage, the uncertainty at the Trion reservoir can be 
further reduced.  
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Figure 6: Fence line view for (a) LS-Kirchhoff, (b) LSRTM, and (c) FWI Image. A 25 Hz low-pass filter was applied to (a) and (b). (d)-(f) are the 
trough amplitude extractions at the reservoir top for LS-Kirchhoff, LSRTM, and FWI Image, respectively, with the fence line location indicated 
by the white lines overlaid. 
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