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Abstract – This research is some contribution to advancing 

acoustic sensing, offering long-range monitoring of boreholes. 

High sensitive distributed acoustic sensor is required in oil 

and gas exploration, pipeline detection, and various practical 

applications. In this paper, a high sensitive quasi distributed 

acoustic sensor was tested in borehole. The waveforms are 

presented and distributed audio signal and spatial acoustic 

imaging are demonstrated. The field test results of the sound 

detection illustrate a good sensitivity within the flat frequency 

range up to 5 kHz up to 900 m depth. The partial results 

obtained further developments and applications in various 

fields. 
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I. INTRODUCTION  

The design of distributed fiber-optic sensors has possible 

to use systems for observation the condition of extended 

industry facilities such as oil and gas pipelines, railways, 

subways, production wells and cable routes [1]. A sensing 

element is optical fiber. In addition, it is used to transmit an 

information signal, which significantly reduces the size and 

weight of the system [2–4]. The use of electrical sensors in 

the systems described above is either economically 

impractical or physically impossible because the electric 

sensor is capable of making measurements at a single point. 

So, a large number of point sensors are required to 

monitoring of the extended object. At the same time, each 

fixed sensor will create electromagnetic hindrances. It is 

invisible with a small number of elements, but impact to 

operation of compact tools. If the size of the system is 

limited, for example, for well monitoring, it is impossible 

to place electrical sensors along the length. Distributed 

fiber-optic sensors are placed in the well using flexible 

tubing. 

It is the possibility of non-standard placement to cover a 

certain surface, or wrapping around objects with a circular 

cross-section, such as pipes due to the flexibility of fiber 

[5–6]. To obtain advanced information about the condition 

of an object, a combination of a distributed acoustic sensor 

and a distributed temperature sensor is usually used [7]. 

 

II. STATE-OF-THE-ART  

Nowadays distributed fiber-optic acoustic sensors (DAS) 

have wide fields of application: petroleum industry, 

railway, cable communications etc. [8–10]. 

An improved DAS using a waveguide electro-optic phase 

modulator and a novel phase demodulation on homodyne 

detection is proposed in [11]. The signal-to-noise ratio 

(SNR) 20 dB is achieved, and the spatial resolution is about 

10 m at 5 km sensing fiber.  

Paper [12] devoted to suppress the interference fading 

effect of OTDR system, a multi-frequency detection fading 

recognition and suppression method based on SVM 

classification. This method shows a good performance and 

simple structure is used to construct the classifier. 

Authors [13–15] use DAS Transducer for Enhanced 

Acoustic Sensitivity. Some papers propose methods for 

signal processing for DAS. For example, a deep learning 

approach for the separation of multi-source signals in the 

UW-FBG DAS system was design in [16]. The 

effectiveness and robustness of the method were verified 

by comparing of other methods and different signals. It is 

providing a valuable solution for the signal separation in 

complex environments using DAS [17]. 

III. MEASUREMENTS  

We use DAS based on an advanced -OTDR for the field 

test results [13–15, 18–20]. 

A borehole seismic device was used for the first stage of 

testing. This device generates shocks of a given energy in 

Joules. The test scheme is shown in Fig. 1. The device was 

lowered into the 5 m well from the ground surface. Also 

there were 135 m of fiber in the well. 

The seismic device generated an impact with energy of 

0.1 kJ, 0.5 kJ, 1.0 kJ, and 1.5 kJ (Fig. 2). The measurement 

results are shown in Figs. 3–6. The graphs correspond to 

the part of the fiber and the time where the effect was 

observed. 
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Fig. 1. Measurement chart 

 

 
 

Fig. 2. Detection of signal from fiber. 

 

 
 

Fig. 3. Acoustic impact with energy of 0.1 kJ. 

 

 
 

Fig. 4. Acoustic impact with energy of 0.5 kJ. 

 

 
 

Fig. 5. Acoustic impact with energy of 1.0 kJ. 

 

 
 

Fig. 6. Acoustic impact with energy of 1.5 kJ. 
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It is difficult to find exactly where the seismic device is 

on this diagrams, but from [21] follows that where there is 

one white stripe in Fig. 3. 

IV. DISCUSSION  

Each track is a point on the fiber. The distance between 

the tracks is 0.8 m. the 1.5 kJ. Impact vibration spread to a 

depth of 62 m from the seismic device in 3 sec from the 

seismogram data. This corresponds to the expected results. 

It seems we need some detection of vibration without 

fading-noise [22]. If we transform the graphs into black and 

white characterizing the intensity of seismic vibrations, 

interference is clearly visible when the impact energy 

increases to 1.0 kJ (Fig. 7). 

 

 
Fig. 7. Interference with acoustic impact with energy of 1.0 kJ. 

V. CONCLUSIONS  

Fiber-optic DAS can obtain locations and waveforms of 

vibrations occurring at any section of the optical fiber. In 

this paper we propose visualization of the acoustic impact 

for define distance from surface to point of fiber. 

Nevertheless, field test resulted that fading noise caused by 

interference makes DAS unable to detect vibrations 

correctly without fading suppression. 
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Аннотация – Это исследование является вкладом в 

развитие акустического зондирования, предлагая 

мониторинг скважин на больших расстояниях. 

Высокочувствительный распределённый акустический 

датчик необходим при разведке нефти и газа, 

мониторинге трубопроводов и в других практических 

приложениях. В этой статье высокочувствительный 

квазираспределённый акустический датчик был испытан 

в скважине. Представлены формы волны, 

продемонстрированы распределённый аудиосигнал и 

пространственная акустическая визуализация. 

Результаты полевых испытаний обнаружения звука 

иллюстрируют хорошую чувствительность в пределах 

частотного диапазона до 5 кГц на глубине до 900 м. 

Частичные результаты получили дальнейшее развитие и 

применение в различных областях. 

 

Ключевые слова – DAS, подавление затухания, OTDR, 

нефтяная геофизика, анализ вибраций. 
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