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Summary 
 
Distributed acoustic sensing (DAS) systems measure smoothed strain along the cable, different from 

the physical quantities measured by the traditional sensors, such as geophones and hydrophones. To 

make progress in surface seismic with DAS systems, their realistic response needs to be modeled, 

understood, and taken into account during survey design. We present an algorithm to model DAS data 

for survey design purposes and generate realistic seismic gathers for DAS and geophone sensors in a 

complex near-surface model. We then analyze the characteristic properties of straight and helical DAS 

cables and compare them to the more traditional point geophone sensors in terms of recording the near-

surface reflections and guided waves. 
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Surface seismic with DAS using omnidirectional cable: a modeling study 
 
Introduction 
 
Distributed Acoustic Sensing (DAS) systems provide measurements that are different from 
conventional seismic sensors, such as geophones. DAS systems measure strain or strain rate along the 
fiber optic cable (Parker et al., 2014). It is intuitively clear that such systems with straight surface fiber-
optic cables are similar to geophones along the cable axis (horizontal in this case) and not sensitive to 
the P-waves traveling perpendicular to the fiber. When DAS is used for vertical seismic profiles 
(Mateeva et al., 2014), its directivity is similar to vertical geophones, ideal for reflection P-wave 
imaging. If we consider acquiring surface seismic with DAS, the cables need to be buried below the 
surface or are placed on the surface. In such a case, the P-waves traveling normal to the fiber (the 
reflected P-waves) are the primary source of information. In order to improve the sensitivity to these 
waves, shaped fibers were proposed, e.g., helical cables (Kuvshinov, 2016). Shaped fibers are sensitive 
to a weighted sum of several strain tensor components (Eaid et al., 2020) – as a result, they have different 
directivity characteristics, which depend on the chosen fiber shape, helical shapes having a higher 
sensitivity to broadside P-waves. Field datasets acquired with such sensors prove this (Tertyshnikov et 
al., 2020). In addition, they suggest a strong seasonal variation of such sensitivity. 
 
For DAS systems to be applied for surface seismic acquisition, their directivity and other properties 
must be comprehensively understood and considered during survey design. With shaped fibers taken 
into account, there are quite a few parameters to consider during the survey design process: gauge 
length, pulse width, depth of the fiber cable, and multiple properties determining the shape of the fiber 
(e.g., wrapping angle for helical shapes). We outline the characteristic properties of a modeling 
algorithm specifically created for DAS survey design. Using this algorithm, we model several surface 
seismic scenarios for different distributed sensors and analyze the characteristic properties of straight 
and helical DAS cables compared with the more traditional particle velocity sensors. 
 
Method 
 
We apply a pseudospectral modeling engine to solve the elastic wave equation (Fornberg, 1987). For 
accurate modeling of free surface effects, we use the image condition for the free surface (Levander, 
1988). Furthermore, as pseudospectral modeling allows for relatively large finite-difference grid sizes, 
we employ an accurate source and receiver interpolation method by Hicks (2002). This also has the 
additional advantage of convenient modeling of dense DAS data. 
 
We model the response of DAS systems as the smoothed component of the strain tensor tangential to 
the fiber direction (Eaid et al., 2020). At each point s on the fiber, the tangential component of the strain 
tensor can be expressed as follows: 

𝜀𝜀𝑡𝑡𝑡𝑡(𝑠𝑠) =  (�̂�𝐭 ∙ 𝐱𝐱�)2𝜀𝜀𝑥𝑥𝑥𝑥 + (�̂�𝐭 ∙ 𝐲𝐲�)2𝜀𝜀𝑦𝑦𝑦𝑦 + (�̂�𝐭 ∙ 𝐳𝐳�)2𝜀𝜀𝑧𝑧𝑧𝑧 + 2(�̂�𝐭 ∙ 𝐱𝐱�)(�̂�𝐭 ∙ 𝐲𝐲�)𝜀𝜀𝑥𝑥𝑦𝑦 + 2(�̂�𝐭 ∙ 𝐲𝐲�)(�̂�𝐭 ∙ 𝐳𝐳�)𝜀𝜀𝑦𝑦𝑧𝑧 +
+2(�̂�𝐭 ∙ 𝐱𝐱�)(�̂�𝐭 ∙ 𝐳𝐳�)𝜀𝜀𝑥𝑥𝑧𝑧       (1) 

Here, �̂�𝐭 is the tangent vector to the fiber at s and (𝐱𝐱�, 𝐲𝐲�, 𝐳𝐳�) is the used Cartesian coordinate system. The 
DAS response can be modeled by smoothing 𝜀𝜀𝑡𝑡𝑡𝑡 with a symmetric rectangular window with a length 
equal to gauge length. Eaid et al. (2020) show that the computation of DAS response can be reduced to 
the weighted summation of strain tensor components for shaped fibers. We use a similar algorithm, 
applying additional modifications to take into account the gauge length smoothing effects of DAS 
systems (Egorov et al., 2021). 
 
Results 
 
Figure 1 shows the seismic gathers modeled in a 1D near-surface model from the area identified for 
further field trials (VP shown in Figure 1a). Here, we use the wrapping angle terminology opposite to 
Kuvshinov (2016), so the straight cable in our case corresponds to the wrapping angle of 0˚. There are 
more and more wraps in the fiber with the increasing angle. In this example, the modeling does not 
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include the free surface, so the slow events are the source-generated S-waves (the source we use is 
vertical force). As a result, one can observe reflections on the vertical geophone recording (blue arrows 
Figure 1b). Qualitatively, out of the DAS gathers, no reflections can be seen for the straight cable and 
only hints for the 30˚ cable. For the 60˚ cable, the reflections are comparable to those observed on the 
geophone gather. The theoretical directivities of these cables for the incident P-waves shown in Figure 
2 (where 90 degrees is the normal incidence) explain reflection strength in the modeled gathers.  
 
We also observe a reduction in the energy of source-generated S-waves (compare Figure 1b and e), 
which may occur due to the DAS array and/or weighting of the strain tensor components, which favors 
P-waves over S-waves. This can be verified by analyzing the normalized FK spectra for these gathers 
shown in Figure 3. Notches caused by gauge length filtering change their locations with the increase of 
the winding angle that reduces effective DAS sensor length. As a result, notches interact with the direct 
S-wave for straight and 30˚ cables at 40 and 50 Hz, respectively. For 60˚ cable, the gauge length 
attenuates only higher frequencies of the direct S-wave, so its fading in Figure 1e for the low frequencies 
is not caused by the gauge length effect. It is important to note that the notches for 60˚ cable do not 
impact the reflected wavefield. This Figure also demonstrates that the 1 m spacing used here (typical 
for DAS systems) allows for unaliased recording of slower S-waves and surface waves, facilitating their 
suppression. We conclude that shaped fiber becomes sensitive to vertical P-waves and allows for 
additional suppression of slow events, making it particularly attractive for Weathering Reflection 
Survey (WRS) (Martin et al., 2009) and other shallow High-Definition near-surface surveys.   

 
Figure 1 Seismic gathers for the near-surface model (a) for vertical particle velocity sensor (b), straight 
horizontal DAS (c), helical DAS with 30˚(d) and 60˚ (e) wrapping angles. Channel spacing is 1.0 m on 
all gathers. All DAS gathers have a 10 m gauge length. However, the actual surface length of the single 
distributed channel is 10 m for (c), 8.5 m for (d), and 5 m for (e). 
 

 
Figure 2 Fiber directivity computed for different wrapping angles following Kuvshinov (2016) 
theoretical model, perfectly coupled cable. 

 
Figure 3 FK spectra for seismic gathers from Figure 1 for vertical particle velocity sensor (a), straight 
horizontal DAS (b), helical DAS with 30˚(c), and 60˚(d) wrapping angles. Observe low amplitude of 
reflections for straight and 30˚ cable caused by directivity pattern from Figure 2. 
 
For the second example, we use a benchmark model by Roth and Holliger (1999) (model 3 in their 
paper, properties provided in Table 1). This model is a layer on a halfspace with the free surface 
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explicitly modeled. Again our objective here would be to sample complex near-surface arrivals 
properly. First, it may help us remove them in processing; second, those arrivals may be used in high-
resolution elastic inversion for the near surface.  
Table 1 Subsurface benchmark model used. 

 VP (m/s) VS (m/s) Density (g/cm3) Thickness (m) 
Layer 1  1100 330 1.6 20 
Layer 2 1800 540 2.0 Halfspace 

 
The seismic gathers simulated with the different seismic sensors are shown in Figure 4. All the sensors 
record a complex guided wavetrain but with a different amplitude sensitivity pattern for each. Figure 5 
shows the velocity-frequency spectra corresponding to the gathers from Figure 4. All the sensor types 
capture the six branches of the guided waves. The velocity-frequency representations for DAS gathers 
with 20 m gauge length contain notches in the spectrum caused by DAS array filtering. In simple terms, 
the DAS array can be considered as a particular case of a point sensor array when the distance between 
sensors goes to zero (Bakulin et al., 2020). These notches are highlighted by the dashed red lines in 
Figures 5d, f. As noted before, the locations of the notches are different on the straight and helical DAS 
recording, even though both DAS gathers are modeled with the same gauge length. This is explained 
by variable DAS array length caused by increased fiber-to-cable ratio for helical fibers. For example, 
this ratio is  ~1.7 for 54.7˚ cable, leading to a significantly smaller array length (~11.5 m) than 20 m for 
straight DAS,  thus moving the notches. 
 
Conclusions 
 
We present a numerical modeling study aimed at seismic survey design with DAS cables. We present 
two sets of seismic gathers – one for analyzing the sensitivity of shaped fiber configurations to reflected 
waves and another one for analyzing the capability of DAS sensors to record the complexities of the 
guided wavefield for a benchmark model of a layer on a halfspace. The results agree with the existing 
analytical models regarding the sensitivity of helical cables to the reflected waves. The velocity-
frequency analysis of the guided wave example shows that DAS systems can capture all guided wave 
modes in the benchmark model. In addition, characteristic notches in the velocity-frequency domain 
may appear for large gauge lengths describing DAS array filtering. The modeling suggests that DAS is 
a flexible tool, which can be made suitable for high-resolution near-surface seismic surveys. The ability 
to vary gauge length at the recorder distinguishes DAS from point sensor. It allows acquiring multi-
scale data with variable sensor length using a single DAS cable and one round of shooting. 
 

 

 
Figure 4 Seismic gathers for the benchmark model for vertical (a) and horizontal (b) particle velocity 
sensors; straight DAS with gauge lengths of 4 m (c) and 20 m (d); helical DAS with 54.7˚ wrapping 
angle with gauge lengths of 4 m (e) and 20 m (f). 

(a) (c) 

(d) (e) (f) 

VZ Straight DAS, G=4 m 

Straight DAS, G=20 m Helical DAS, G=4 m Helical DAS, G=20 m 

(b) VX 
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Figure 5 A representation of the gathers from Figure 3 in the velocity-frequency domain. 
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