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SUMMARY

The elastic wavefield was modeled to evaluate the expected
responses of the streamer, multi-component OBN, and straight
and helical DAS in a shallow-water marine environment. The
results suggest that near-seabed shear stiffness affects elas-
tic wavefield partitioning between PP reflections, converted
waves, and interface waves recorded by both DAS and ocean-
bottom sensors. This wavefield partitioning largely determines
whether PP imaging, elastic inversion, and time-lapse mon-
itoring will be successful or challenging in a given marine
environment. In particular, the strong sensitivity of the hor-
izontal components to seabed shear stiffness may help ex-
plain the difficulty often encountered in elastic waveform in-
version and in the multi-component interpretation of ocean-
bottom data. Similar to near-surface characterization on land,
systematic seabed characterization may become an important
component in offshore seismic workflows. DAS, especially
in redeployable or permanent configurations, provides a prac-
tical and cost-effective way to perform such characterization
and improve survey design, inversion stability, and monitoring
performance.

INTRODUCTION

Offshore distributed acoustic sensing (DAS) deployed on ex-
isting telecommunication fibers provides dense, long-aperture
receiver arrays that are attractive for both seismic imaging and
time-lapse monitoring (Birger Raknes et al., 2025; Bremaud
et al., 2022). Most field demonstrations to date have been con-
ducted in the North Sea, where seabed DAS has been suc-
cessfully used for seismic monitoring and imaging applica-
tions. Passive experiments along the Texas Gulf Coast were
described by Bakulin et al. (2026) and Titova and Bakulin
(2026), demonstrating that shallow-water telecom DAS data
are dominated by ocean-wave and Scholte-wave energy, yet
coherent seismic signals can be recovered through wavefield
separation, and recorded amplitudes are strongly controlled by
seabed stiffness. Additional studies by Sayed et al. (2026)
using deep-water umbilical seabed cables have shown strong
converted arrivals and relatively weak P-wave events recorded
on seabed DAS, highlighting important differences between
DAS and conventional ocean-bottom sensors.

Despite these encouraging results, the feasibility of active seis-
mic imaging and time-lapse monitoring using submarine DAS
requires further quantitative evaluation, particularly in envi-
ronments with variable and low seabed stiffness, cable geome-
try, trenching depth, and sensor coupling, all of which strongly
influence DAS measurements. Motivated by applications sum-
marized above, this study uses full elastic wavefield model-
ing for a shallow-water Gulf Coast environment to compare
streamer, ocean-bottom node (OBN), and DAS responses, in-

cluding straight and helical DAS configurations, and to eval-
uate the potential of telecom DAS arrays for imaging and 4D
monitoring.

MODELING EXPERIMENT

The elastic modeling presented here is conducted as a presur-
vey design study for a potential active-source experiment us-
ing an existing telecommunication DAS cable in shallow water
offshore Freeport, Texas. The model represents shallow-water
conditions with a water depth of approximately 36-39 m. The
objective is to evaluate the expected response of different sen-
sor types and DAS configurations in this environment.

The elastic wavefield was modeled using a finite-element solver
that solves a coupled acoustic-elastic problem across the fluid-
solid interface (FrequenSol, 2026). A pressure source at 8 m
water depth was recorded by the following receiver arrays: a
streamer, multi-component ocean-bottom nodes (OBNs), and
a horizontal DAS in straight and helical configurations (Fig-
ure 1). For the helical DAS, the helix radius and the angle
were set to 2.54 cm and 30◦, respectively.

Figure 1: Acquisition geometry and parameters used in the
active-source modeling.

The velocity models were built using P- and S-wave profiles
shown in Figure 2. The P-wave velocity was derived using the
sonic log from an offshore well located relatively close to the
study area. Two S-wave velocity models were constructed to
represent hard and soft seabed conditions in the shallow sec-
tion above 1 km, with the softer model guided by Scholte-wave
inversion of passive DAS data.

Figure 2: Velocity profiles derived from a sonic well log and
passive Scholte-wave analysis for marine sediments offshore
Texas. Different S-wave velocity profiles are used in the shal-
low section to represent hard and soft seabed conditions, while
the deeper section remains the same.
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ANALYSIS OF SYNTHETIC GATHERS

The generated synthetic gathers were scaled using the trace en-
velope at 25 m offset to facilitate the comparison and analysis
of the seismic wavefield recorded by different sensors.

Figure 3: Synthetic gathers for the model with soft seabed
settings: (a) streamer and (b) OBN records hydrophone data,
(c) vertical and (d) horizontal OBN components record parti-
cle velocity data. All components except the horizontal OBN
component record predominantly P-wave energy. The con-
verted events from the overburden portion of the model domi-
nate the horizontal OBN, making it challenging to retrieve the
reflected events from the deeper portion of the model.

Figures 3 and 4 show the streamer and OBN data after scal-
ing, which preserves the changes in amplitude with offset. The
wavefield recorded by the DAS cable in the straight and helical
configurations is shown in Figure 5.

Figure 4: Synthetic gathers for the model with hard seabed
settings: (a) streamer and (b) OBN records hydrophone data,
(c) vertical and (d) horizontal OBN components record particle
velocity data. Similarly to the soft seabed settings, mostly P-
wave events are recorded by hydrophone and vertical-velocity
components. On the horizontal component, shear-wave energy
is quieter, as evidenced by weakly dispersive Scholte waves.
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Figure 5: Synthetic gathers recorded by the DAS cable in the helical and straight configurations, top and bottom rows, respectively.
The left and right columns correspond to the soft and hard seabed settings. The yellow rectangular outlines the portion of the data
shown in Figure 6. Given the sensitivity of the 30◦ helical DAS cable to vertically polarized motion, this configuration is more
suitable for recording P-wave events than the straight DAS. At the same time, a DAS cable in a straight configuration can be used
to acquire converted-wave data.

Figure 6: The DAS synthetic gathers as in Figure 5 but zoomed to the target interval. The events that closely follow the dashed green
lines correspond to the P-wave reflected events. The events with the apparent velocities that are slower than that of the green-dashed
lines correspond to the converted waves. For the hard sediments, the amplitudes of the converted and P-wave reflected events are
comparable, as seen for the straight DAS configuration in panels b and d.
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The comparison of the synthetic gathers in Figures 3 and 4
shows that the horizontal component is affected the most by
the seabed sediment stiffness. The Scholte waves are more
dispersive in soft than in hard seabed settings, as observed in
the vertical and horizontal OBN components. The P-wave ar-
rivals look very similar at the hydrophone and vertical-velocity
components of OBN. The P-wave arrivals corresponding to
the target interval are observed in the region outlined by the
green lines overlain on the gather plots. For the horizontal
OBN component, this region is dominated by the converted
events, the apparent velocities of which are slower than that of
the P-wave reflections.

The wavefield recorded by the DAS cable in the straight con-
figuration shown in Figure 5b and d is similar to that recorded
by the horizontal particle-velocity component, but does not
show a polarity flip between positive and negative offsets be-
cause DAS records the axial strain. The 30◦ helical DAS cable
is more sensitive to the vertically polarized wavefield, as seen
in Figure 5a and c. The DAS measures axial strain along the
cable, and the helical geometry allows it to sample both the
horizontal and vertical components of particle motion, making
the helical configuration more suitable for recording P-wave
reflections than a straight DAS cable.

A time-lapse modeling experiment was conducted to assess the
ability of the straight DAS cable to record P-wave energy. In
this experiment, the P-wave velocity at the target depth inter-
val of about 1.6 km was decreased by 10%, while the den-
sity and S-wave velocity were the same. Then, the difference
gathers were obtained by subtracting the baseline gathers from
the monitor gathers. Since the overburden part of the model
was not changed in this time-lapse experiment, any events re-
lated to wave propagation in the upper layers were subtracted,
including the interface and converted waves. After that, the
amplitudes of the difference gathers were analyzed in the shot-
gather domain. The results of this analysis are summarized in
Figure 7.

The comparison between soft and hard seabed models shows
that seabed shear stiffness primarily affects the partitioning of
elastic energy between PP reflections, converted waves, and in-
terface waves rather than simply scaling reflection amplitudes.
In soft sediments, stronger converted and interface-wave en-
ergy increases coherent background energy and makes separa-
tion of PP reflections more difficult, particularly for horizontal
components and straight DAS configurations. In harder sedi-
ments, reduced interface-wave energy and weaker conversions
lead to cleaner PP reflection moveout and improved reflec-
tion visibility. These results suggest that seabed stiffness can
control imaging performance and monitoring sensitivity by in-
fluencing wavefield partitioning and the signal-to-noise ratio,
rather than solely through reflection amplitude.

CONCLUSIONS

Elastic wavefield modeling shows that near-seabed shear stiff-
ness strongly controls the partitioning of wavefield energy among
PP reflections, converted waves, and interface waves recorded
by DAS and ocean-bottom sensors. Hydrophones and verti-

Figure 7: Scaled amplitude versus offset computed in the time
window outlined by green dashed lines for the difference be-
tween baseline and monitor gathers. The left and right columns
correspond to the soft and hard seabed settings, respectively.
The curves show the sensitivity of different sensors to changes
in P-wave amplitude, analyzed in the shot-gather domain. For
the horizontal component, as anticipated, the recorded energy
increases with increasing offset. This behavior also applies to
the straight DAS sensor. The curve for the helical DAS resem-
bles that of the pressure sensor.

cal OBN components primarily record P-wave energy, while
converted waves and interface-wave energy dominate horizon-
tal components and straight DAS configurations. Helical DAS
configurations show improved sensitivity to vertically polar-
ized wavefields. The 30◦ helical DAS behaves more like pres-
sure sensors, such as hydrophones and streamers, and remains
stable across both soft and hard seabed conditions, making it
more robust for imaging and monitoring across varying seabed
environments.

The results of this modeling experiment suggest that near-seabed
shear stiffness has an outsized effect on elastic wavefield par-
titioning between PP reflections, converted waves, and inter-
face waves recorded by both DAS and ocean-bottom sensors.
Therefore, seabed elastic properties should be carefully char-
acterized and considered during survey design, processing, and
monitoring planning.

These results show that telecom DAS cables provide large-
aperture, densely sampled receiver arrays for both passive char-
acterization and active imaging. Dense sampling enables de-
tailed seabed characterization in passive or active configura-
tions, and redeployable seabed fiber systems could extend this
concept to flexible survey design and monitoring applications.
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