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Abstract: The evolution of fiber optic technology in the past few decades has led to significant
advancements in various fields, including high-speed and long-distance communication, big
data transport, optical imaging, and sensing. However, relatively few studies have examined
the use of fiber optic sensors (FOSs) as point and distributed sensors in geophysics. Distributed
Acoustic Sensing (DAS) is a widely used method for subsurface imaging and monitoring in wells,
specifically in Vertical Seismic Profiling (VSP) surveys. This method allows for detailed analysis
of subsurface structures and properties of reservoirs. Four different strategies for deploying FOS
cables in DAS VSP are evaluated and compared: cementing behind casing, cable behind inflatable
liner, strapping to production tubing, and wireline deployment. Cementing the fiber behind
casing is considered the most effective method for coupling with the formation. However, the
other methods also have their own advantages and limitations. The fiber cable behind inflatable
liner, for example, allows for accessibility to the fiber without affecting the acoustic signal, while
strapping the fiber to production tubing can still record DAS signals; tubing noise and signal
attenuation from the annular fluid, however, can make it difficult to differentiate from the seismic
signal. Nonetheless, this method has the benefit of being simpler to deploy and replace in case
of failure. Wireline deployment can pick up some acoustic signals in regions where the cable
touches the well wall, but in vertical sections where the cable is not in contact with the wall, the
signal is attenuated. Results from pilot tests in a field in Canada are discussed and evaluated,
and suggestions for improving the VSP signal are provided.

Keywords: Distributed Acoustic Sensing; Vertical Seismic Profiling; DAS deployment

1. Introduction

Distributed Acoustic Sensing, sometimes known as DAS, is a relatively new tech-
nique for gathering seismic data that is quickly becoming more popular as a potential
substitute for geophones in borehole seismic sensors. DAS acquires seismic data using
fiber optic cables as sensors to measure acoustic waves. Compared to other seismic
data acquisition methods, such as traditional geophones or seismometers, DAS has
several advantages including providing continuous seismic data over long distances,
high spatial resolution, flexibility for deployment in a wide range of environments, and
a cost-effective alternative to traditional seismic data acquisition methods. Multiple
recent field experiments in onshore [1] and offshore [2] wells suggest that DAS is a
feasible seismic method. The DAS offers a one-of-a-kind and highly accurate means
of measuring seismic activity. It possesses a high resolution in both space and time,
and it is able to record a significant quantity of seismic data across a distance of several
kilometers. If an optical fiber is placed inside of the well, then DAS will be able to
provide continuous and dense recording from the well. This does not in any way inter-
fere with any of the other activities that are going on in the well. A signal with a high
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signal-to-noise ratio (SNR) will be produced by an installation with an adequate amount
of fiber coupling. In addition to this, fiber is more resistant to changes in temperature
and pressure [3], which enables it to function as a sensor for a longer period of time.
DAS is used in a variety of applications, including but not limited to the following:
recording earthquakes [4], identifying fault zones [5], and reconstructing subsurface
structures [6,7]. Because dedicated downhole deployments of DAS target shorter seis-
mic wavelengths, they have much superior SNR and make full use of the sampling
resolution and density [8]. Deep sensor deployment also helps to bypass the obstacles
that are provided by the dissipative and complex character of the near-surface or the
overburden, both of which are problematic for the signal processing that is captured at
or near the surface [9,10].

A DAS system is a specialized method for collecting seismic information, which
utilizes an optical fiber cable inserted in the well [11]. The system consists of two main
components: a surface-mounted interferometer, also known as a light-box or interrogator
unit, and the fiber optical cable [12], as depicted in Figure 1. This system is similar to
an array of geophones placed throughout the full fiber length [13]. The interrogator unit
delivers brief laser pulses into the fiber, and by analyzing the Rayleigh-scattering, the strain
along the cable can be determined.
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Figure 1. (a) A schematic description of the various components of the DAS system, (b) modifications
in the phase difference between the points along the fiber of the signal, (c) the phase-lag between
the beat signals (S1 + S2) formed from two scattering points in the fiber in the unstrained (blue) and
strained (red) state is proportional to the strain in that section of the fiber.

As the pulse travels along the fiber, a portion of the energy is reflected to the
surface by the minute flaws in the fiber. The amplitude and phase of the backscattered
signal at a specific site in the fiber are random, but the change in phase-lag between
two locations at two different times is proportional to the strain in that segment of the
fiber [14,15]. Thus, by analyzing the phase-lag, DAS can detect and quantify the strain
along the cable, and this is used to collect seismic information. This method provides a
unique and superior method of seismic measurement, as it has a high resolution both
spatially and temporally, and it can record a dense amount of seismic data over several
kilometers [16,17].

DAS systems can be deployed in different ways in a well, depending on the application
and specific requirements of the well [18–20]. One common method of DAS deployment in
wells is through a “permanently installed” system, where fiber-optic cables are permanently
installed in the wellbore during the well construction phase [20]. This method involves
embedding the fiber-optic cable within the cement sheath of the wellbore or attaching it
to the outside of the production tubing or casing. The advantage of this method is that it
provides continuous monitoring of the well over its entire lifetime, enabling early detection
of any potential issues.
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Another method of DAS deployment in wells is through a “temporary” system, which
involves deploying the fiber-optic cable downhole for a specific period of time to conduct a
monitoring campaign [20]. This method is typically used in situations where there is a need
to assess the performance of the well or identify potential issues, but where a permanent
installation is not necessary. The temporary deployment can be achieved through various
techniques, including coiled tubing or slickline deployment.

Several papers provide a detailed overview of the use of DAS for permanent wellbore
monitoring [21–23]. They discuss different installation methods, including embedding
the fiber-optic cable in the cement sheath, attaching it to the production tubing, and
suspending it on a cable, and provide case studies to illustrate the effectiveness of each
approach. However, each of the installation approaches has yet to be discussed in terms of
the optimum performance, sensitivity and accuracy of data acquired.

The focus of this study is on the dedicated downhole deployments of DAS. We
conducted a field study to evaluate the effectiveness of DAS in a test well by deploying
sensors in a way that is not possible with traditional geophones. Specifically, we
analyzed a DAS Vertical Seismic Profiling (VSP) conducted onshore in 2019. The well
was located in the middle of a Vibroseis sweep line, nearly vertical (with a very low
incline angle) and was air-filled. This study is important for understanding the most
optimal and cost-effective DAS VSP fiber deployment for well completion without
compromising data quality.

One of the key advantages of this study was the examination of fiber maintenance and
access in the event of cable complications. There were concerns that the data quality from
a fiber deployed on tubing or wireline may be inferior compared to fiber directly linked
to a formation. However, this paper addresses and resolves this concern by providing a
detailed analysis and discussion of the results. The study highlights the potential of DAS in
providing a unique and superior method of seismic measurement and its ability to record a
dense amount of seismic data over several kilometers.

2. Principles of DAS Fiber Optic

DAS can be acquired using single-mode optical fiber as its fiber optic material. The
most common type of fiber optic material is silica, which is a type of glass. Silica is an
excellent material for fiber optic cables because it has very low optical attenuation (loss of
light intensity) and can be drawn into very thin fibers with high tensile strength [24].

Single-mode fiber is a type of optical fiber that allows only a single mode of light
to propagate, which results in lower signal attenuation and dispersion compared to
multimode fiber [25]. This allows DAS to achieve high sensitivity and spatial resolution,
making it a suitable technology for monitoring seismic activity over long distances.
The other type of fiber is multimode fiber which allows multiple modes or rays of
light to propagate through the fiber simultaneously. Unlike single-mode fiber, which
only allows a single mode to propagate, multimode fiber has a larger core diameter
and a higher numerical aperture, which allows for a larger range of incident angles
and modes to be coupled into the fiber. Multimode fiber is also used in some sensing
applications, such as distributed temperature sensing (DTS) and distributed strain
sensing (DSS), which rely on the changes in the light signal caused by changes in tem-
perature or strain. However, the use of multimode fiber for sensing is generally limited
to short distances due to its higher attenuation and lower spatial resolution compared to
single-mode fiber.

The fundamental principle of DAS is the use of a single optical fiber as both a sensor
and a means of transmitting data [26]. DAS systems use a laser light to illuminate a segment
of optical fiber, and then detect the backscattered light from the fiber using a photodetector.
The backscattered light is affected by the mechanical and temperature changes along the
fiber, which can be used to detect and locate events, such as acoustic signals, vibration, and
strain. By measuring the time of flight of the backscattered light along different segments of
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the fiber, it is possible to create a high-resolution image of the acoustic or vibration activity
along the entire length of the fiber [27,28].

2.1. Methodology

Strain can significantly affect the optical properties of optical fibers [29]. The appli-
cation of strain to optical fiber can induce changes in the refractive index profile and the
mode field diameter, which can alter the optical properties of the fiber. This is due to the
fact that strain can modify the distribution of dopants in the fiber core and cladding, which
in turn can affect the refractive index profile.

The measurement of the optical phase change that occurs as a result of the axial
strain fluctuation in the optical fiber is how DAS is accomplished. The axial strain that
the fiber experiences as a result of the action of the sound wave on the fiber causes
a phase shift in the Rayleigh backscattering signal that is carried by the fiber. The
photo-elastic effect [30] states that there is a linear relationship between the axial strain
and the change in optical phase:

∆ϕ = β

[
1 − n2

2
(P12 + 2P11)

]
∆L (1)

where β is the propagation constant of light, n is the refractive index of the core of optical
fiber, P12 and P11 are tensor coefficients of the optical fiber, ∆L is the change in fiber length
from equation ∆L = εsL, εs is the axial strain of the fiber, and L is the length of the fiber.
Therefore, as long as the modifications in the phase difference between the points along the
fiber of the probe light can be recovered, the modifications in axial strain can be known,
and the quantitative perception of acoustic waves or vibrations can finally be detected [31].
In order for DAS to function properly, it is essential to establish distortion-free phase
demodulation along the whole fiber.

DAS is achieved by measuring the optical phase change caused by the axial strain
variation of the optical fiber. When the sound wave acts on the fiber, the fiber will produce
axial strain, which changes the phase of the Rayleigh backscattering signal in the fiber.
According to the photo-elastic effect, there is a linear relationship between the axial strain
and the optical phase change.

DAS uses the backscattered light from an optical fiber to detect and analyze acoustic
signals. The backscattered light is caused by changes in the refractive index of the fiber
caused by acoustic waves. The strength of the backscattered light is related to the amplitude
of the acoustic wave, and the phase of the backscattered light is related to the distance to
the reflection.

One of the key equations used in DAS is the equation for the backscattered light
intensity [32], which is given by:

I(z) = I(0) ∗ (1 − 10(−α∗z)) (2)

where I(z) is the backscattered light intensity at a distance z, I(0) is the input light intensity,
and α is the fiber’s attenuation coefficient.

Another important equation in DAS is the phase shift equation, which describes
the phase shift [33] of the backscattered light caused by a reflection. The phase shift is
given by:

∆φ =
2πnL
λ

(3)

where ∆φ is the phase shift, n is the refractive index of the fiber, L is the distance to the
reflection, and λ is the wavelength of the light.
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2.2. Procedure

The DAS acquisition process is a method used to detect and measure acoustic signals
using an optical fiber [34]. The process involves several steps that are used to generate,
propagate, detect, and interpret the signals.

1. Generating the excitation signal: a light source, such as a laser, is used to create an
excitation signal that is sent into the optical fiber. This signal can be a continuous
wave (CW) or a pulsed wave, depending on the specific application and environment.

2. Propagation of the excitation signal: the excitation signal travels along the length
of the optical fiber, scattering and reflecting off any changes in the fiber caused by
acoustic signals. This scattering and reflection of the excitation signal is known
as backscattering.

3. Detection of the backscattered signal: the backscattered signal is then detected and
measured by a detector, such as a photodiode. The detector converts the optical signal
into an electrical signal, which can be further processed.

4. Signal processing: the electrical signal is then passed through a signal processing
system to extract the relevant information. This can include demodulation, filtering,
and other signal processing techniques. The specific signal processing techniques
used will depend on the type of signals being detected, the distance to the reflection,
and the noise level of the system.

5. Data interpretation: the processed data is then interpreted to determine the location
and characteristics of the acoustic signals. This can include determining the distance
to the reflection and the amplitude and frequency of the signal.

6. Data visualization: the data is then visualized to provide a clear representation of the
acoustic signals. This can include displaying the data on a map or in a graph, and can
also include the use of data visualization tools such as GIS. This step allows for easy
interpretation and analysis of the data.

It is worth noting that the specific steps and methods used for DAS acquisition can vary
depending on the specific application and environment. The choice of light source, detector,
and signal processing techniques will depend on the type of signals being detected, the
distance to the reflection, and the noise level of the system. These variations are necessary
to ensure accurate and reliable data acquisition.

3. DAS Field Site Deployment

In 2019, our team conducted an experiment at Carbon Management Canada (CMC),
Containment and Monitoring Institute Field Research Station (CaMI FRS), near Brooks,
Alberta, Canada (Figure 2). The CaMI site had three primary wells, including one CO2
injection well and two adjacent monitor wells (Wells 1 and 2), all completed at a depth of
350 m [35–37]. One of these observation wells had steel casing and had an integrated DAS
and DTS fiber pack, pressure gauges, and a fluid-sampling U-tube mounted on the outside
of the casing. The second observation well had fiberglass casing with 3C geophones, as well
as DAS and DTS fiber and electrodes cemented behind the casing. The surface area and
wells at CaMI were heavily instrumented with many different types of modern geophysical
instrumentation, including Fiber Optics, Geophones (surface and borehole) and Gauges. In
the two instrumented wells, #1 and #2, pre-existing fiber optic cables were installed behind
fiberglass casing and cemented in place. This experiment was conducted to evaluate and
study the effectiveness of DAS in monitoring CO2 injection and subsurface changes in
these wells.
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3.1. Deployment Method

In our experiment, four different deployment strategies of DAS fibers/cables were
implemented. These included: outside the well casing (existing fiber installed), clamped to
the tubing, behind an inflatable liner, and as wireline tools along the entire extent of the
well. The existing fiber cable was installed in a single loop at the bottom of the well and
returned to the top and spliced to the next well and surface fiber array (Figure 3). For the
other deployments, the cable was clamped to the tubing or lowered down as a single line
to the bottom with a termination sub attached to the end of the fiber (Figure 4). One of
the tests used an inflatable liner, which aimed to push the fiber lowered inside the well
towards the inside wall of the well. By implementing these different deployment strategies,
we aimed to determine the most optimal and cost-effective DAS fiber deployment for well
completion without compromising data quality.
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3.2. Data Acquisition

In the experiment, active sources were used to generate seismic waves and included
a single 7257-kg Envirovibe P-wave Vibrator and an Envirovibe Shear (S) Wave Vibrator.
Both vibe types (P and S) used a controlled vibratory sweep which had a linear pilot
driving signal, i.e., 10–150 Hz, 16 s active sweep time with a 3 s listen time. Thus, for each
active source, an uncorrelated record produced in these tests was 19 s temporal length.
Four (4) sweeps per Vibroseis Point (VP) were generally used, with 16 sweeps per VP used
on certain special VP locations (such as Zero-Offset) with sweep frequency from 10 to
150 Hz.

Sources were run across various geometrical configurations (Figure 5), including Walk-
Away Lines, Walk-Around Circle, Zero-Offset, and Walk-Along (next to trench), each with
a 10-m vibrator point interval. In some instances, a 20-m VP interval was used. In some
limited special cases, an instantaneous thump type “sweep” was used as an additional
experimental source input. The acquisition was done to meet the objective of gathering
data to assess system characteristics, namely SNR, directional sensitivity (azimuthal), and
spatial and temporal reflectivity resolution.

The DAS interrogator was used for this test with a 10-m gauge length and 0.2 m
sampling interval. To increase SNR, DAS data was stacked with 16 repeated shots. The
use of various active sources and acquisition techniques aimed to provide a comprehen-
sive understanding of the system’s characteristics and performance, and to evaluate the
effectiveness of DAS in monitoring subsurface changes in the well.



Appl. Sci. 2023, 13, 5002 8 of 14

Appl. Sci. 2023, 13, x FOR PEER REVIEW 8 of 15 
 

each with a 10-m vibrator point interval. In some instances, a 20-m VP interval was used. 
In some limited special cases, an instantaneous thump type “sweep” was used as an ad-
ditional experimental source input. The acquisition was done to meet the objective of gath-
ering data to assess system characteristics, namely SNR, directional sensitivity (azi-
muthal), and spatial and temporal reflectivity resolution. 

 
Figure 5. CaMI Infrastructure and Vibroseis Source Vibrator Point (VP) map. 

The DAS interrogator was used for this test with a 10-m gauge length and 0.2 m sam-
pling interval. To increase SNR, DAS data was stacked with 16 repeated shots. The use of 
various active sources and acquisition techniques aimed to provide a comprehensive un-
derstanding of the system�s characteristics and performance, and to evaluate the effective-
ness of DAS in monitoring subsurface changes in the well. 

3.3. Data Processing 
The data collected was analyzed to further understand the effectiveness of the differ-

ent deployment strategies. The ease of picking first arrivals and separating the up- and 
down-going wavefields in the presence of noise is one of the most important aspects of 
the data processing flow. This process helped to calibrate the data in depth against the 
geophones at the bottom of the well, as the attempt to define depths in the well using tap 
tests did not provide accurate results [38]. To ensure that all datasets were comparable, 
the velocity model was derived from the surface seismic tests conducted earlier in the 
CMC program.  

Figure 5. CaMI Infrastructure and Vibroseis Source Vibrator Point (VP) map.

3.3. Data Processing

The data collected was analyzed to further understand the effectiveness of the different
deployment strategies. The ease of picking first arrivals and separating the up- and down-
going wavefields in the presence of noise is one of the most important aspects of the data
processing flow. This process helped to calibrate the data in depth against the geophones
at the bottom of the well, as the attempt to define depths in the well using tap tests did
not provide accurate results [38]. To ensure that all datasets were comparable, the velocity
model was derived from the surface seismic tests conducted earlier in the CMC program.

The process of selecting the initial arrival times, known as picking first breaks, is a
crucial step in the analysis of VSP data collected using DAS. This step can be challenging,
particularly when working with data from different cable deployment methods. Inaccurate
or unreliable first break picks can negatively impact the overall reliability and accuracy of
the final image.

Determining the precise depth of the fiber optic cable in the well is also crucial for
obtaining accurate seismic data [39]. This is because the relationship between the depth
of the cable and the distance traveled by the light in the cable can be affected by bends
and twists in the cable. In this study, geophones near the base of the well were used
for calibration to help establish the cable’s true depth. However, if geophones are not
available, other methods, such as acoustic logs, may be necessary to obtain a precise depth
measurement. This is especially important when working with other cable deployment
methods, such as the liner, tubing and wireline, as it is harder to calibrate the cable’s depth
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in these scenarios. This accurate cable positioning is essential for obtaining high-quality
seismic data and creating a reliable image of the subsurface.

4. Results

The process of transforming the data collected from DAS into Common Depth Point
(CDP) domains is a complex one that requires several crucial steps. One of the first steps
in this process is the ease of picking first arrivals and separating the up- and down-going
wavefields, while also accounting for any noise that may be present due to the various cable
combinations and deployments used. To ensure that the data is accurate, depth calibration
is necessary by comparing it against geophones at the bottom of the well. However, this
process can be difficult as the attempt to define depths using tap tests may not match up
with the geophone data. In our study, the existing CaMI cable was used for calibration, but
shot statics were derived as the sources occupied different locations. However, during the
signal processing, the deployment for the tubing installation did not proceed, as the SNR
was very low and the seismic amplitude was weak.

In our field study, the next step, picking first breaks, was most straightforward when
using the cemented cable data, as this method provided the best coupling with the sur-
rounding earth. However, picking first breaks proved more difficult when using other
methods, such as the liner or tubing deployment. This is because these methods can
lead to weaker signals and higher levels of noise, making it harder to distinguish the
first arrival times.

During the imaging process, timing jitter in the data needs to be smoothed out and
the use of a fine 20-cm sampling interval acts as a benefit. Deconvolution of the up-going
wavefield using the down-going wavefield as a source signature helps to attenuate multiple
reflection energies and enhance the bandwidth of the up-going wavefield. The final imaging
stage of the VSP–CDP transform using ray tracing through the pre-defined velocity model
resulted in excellent images for the cemented cable data (Figure 6) and the cables behind
inflatable liner (Figure 7). However, the image for the cable as wireline in the water-filled
well (Figure 8) was limited to an extent, as only seven short offset shots could be used. As
for strapped to tubing deployment, the SNR was very low, making the gather unable to be
used for DAS VSP processing (Figure 9).
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Data attenuation occurred in all the deployment methods, most severely from the fiber
on tubing installation in which the VSP data were unable to be imaged. The attenuation of
DAS VSP data can lead to reduced SNR and affect the quality of the seismic data. Several
issues were identified as the cased for poor SNR in the deployment. In wireline and
on tubing installation, poor coupling between the fiber-optic cable and the surrounding
medium led to a weak signal that was difficult to detect over background noise. To mitigate
this, it is important to ensure that the fiber-optic cable is properly installed and in good
contact with the surrounding medium as indicated in the permanent behind casing and via
inflatable liner.

Strong tubing waves can be observed when the fiber-optic cable is deployed inside
the tubing as wireline and on the tubing itself. Tubing waves are acoustic waves that
propagate along the tubing and cause interference with the DAS VSP measurements. This
interference led to a reduction in the SNR and affected the quality of the VSP data for these
two deployment methods.
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5. Discussion

The fiber cemented behind casing trial produced high-quality subsurface images,
proving that DAS cable data is capable of generating such results, even if the raw field
data appear insufficient. The fiber cemented behind casing trial also revealed key insights
that were applied to other fiber deployment methods (clamped to tubing, behind inflatable
liner, and wireline), such as the need for fine spatial source sampling and the requirement
to acquire geophone data to calibrate the DAS fiber cable/interrogator combinations in
depth (Table 1).

The raw data from the clamped to tubing, behind inflatable liner, and wireline methods
showed low signal-to-noise ratios and picking first breaks was challenging. However,
picking first breaks was easier on the fiber cemented behind casing data, which has the
best earth coupling. The first breaks from the fiber behind inflatable liner were easier to
pick than from the clamped to tubing and wireline methods. Picking first breaks is critical
to the process as it is a foundation for subsequent steps, such as wavefield separation and
velocity model building.

Correct positioning of the cable in relation to true depth is also important, and in
this case, geophones near the base of the well were used for calibration. Using the tap
tests and nominal cable distance alone provided poor depth estimates, due to factors
such as cable twists and bends, signal quality, and other causes. If geophones are not
available, other methods such as acoustic logs could be used, provided there is a distinct
reflection sequence.
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Table 1. Quality conformance of fiber optic sensing demonstrates the field deployment advantages
and disadvantages in data quality, sensitivity, and accuracy. Optimum data quality acquisition for
reservoir monitoring is to place fiber optic cable behind casing and cable on tubing. Cable deployment
with inflatable liner is not suitable for deep well deployment.

Parameter to Be
Evaluated

Fiber Optics
behind Casing

Fiber Optics
on Tubing

Fiber Optics as
Wireline

Fiber Optics
with Inflatable

Liner
Key Performance

Index

A
co

us
ti

c
(A

ct
iv

e
So

ur
ce

)

Low Frequency/Pulse
Rate/Pulse Length

Good Data
Quality

Moderate
Data Quality

Moderate to
Poor Data

Quality
Moderate Data

Quality LF = 10 Hz

High frequency/Spectral
Resolution/Gauge

Length

Good Data
Quality

Moderate
Data Quality

Moderate to
Poor Data

Quality
Moderate Data

Quality
HF = 120 Hz

Gauge Length = 7 m

Dynamic
Range/Resolution

Good Data
Quality

Moderate
Data Quality

Moderate to
Poor Data

Quality
Moderate Data

Quality
Resolution

Resolvable from 2 m
to 10 m

VSP/Azimuthal (3D)
Acquisition/Directivity

Good Data
Quality

Moderate
Data Quality

Moderate to
Poor Data

Quality
Moderate Data

Quality

Seismic Record
Length > 2 s,

Azimuthal VSP

Signal-to-Noise/Time
Gated Digitizer

Good Data
Quality

Moderate
Data Quality

Moderate to
Poor Data

Quality
Moderate Data

Quality
32 dB above

Signal-to-Noise Ratio

The data had significant timing jitter that needed to be smoothed out. This was a
result of the fine 20 cm sampling interval, which was also beneficial for the imaging process.
The deconvolution of the up-going wavefield using the down-going wavefield as a source
signature successfully reduced multiple reflection energies and increased the bandwidth
of the up-going wavefield, making it suitable for the final imaging stage. The VSP–CDP
transform using the pre-defined velocity model generated high-quality images for the fiber
cemented behind casing and the fiber behind inflatable liner data, but the image for the
wireline fiber cable in the water-filled well was limited due to only seven short offset shots
being used.

The excellent VSP–CDP images were a pleasant surprise, considering the low quality
of the raw input data and initial low expectations. This result highlights the robustness of
the processing sequence and the attention to detail given at each step of the process.

6. Conclusions

The field study conducted to evaluate DAS in a test well revealed that the best method
for coupling the DAS cable to the earth is to install it with the casing at the time of drilling,
when and if possible. The study found that deploying the cable in a water-filled well did
not yield good results and imaging DAS VSP for on-tubing deployment was not possible
due to low SNR. The use of an inflatable liner to push the cable against the side of the
wellbore was found to be the best alternative for a free well. The DAS cables also needed to
be depth calibrated against a reference, as tap tests were not found to be reliable. The extent
of the DAS cable from the surface to near the bottom of the well enabled the construction
of a comprehensive and detailed velocity model. It was also important to correct for source
statics due to differences in elevation or local weathering effects in order to obtain the
optimal resolution in the final image. With careful processing and attention to detail, the
fine resolution of the DAS fiber optic cables can yield excellent results and provide an
image that covers most of the depth range of the well, significantly better than geophones
due to their limited depth range and generally poorer vertical resolution.
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