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Fiber optics in geophysics. Distributed acoustic sensing (DAS)
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Optical fibers have been developed to transmit information over long distances with extremely high transmission
speeds and traffic-carrying capacity. Ideally, the use of total internal reflection allows light pulses to be
transmitted without loss over any distance. As light travels through an optical fiber, however, it undergoes
reflection, scattering, absorption, and radiation outward. Because of these effects, every 50 km, there is an optic
repeater, powered by an electrical cable laid along with the optic fiber. Some of these effects (Raman scattering,
Brillouin scattering and Rayleigh scattering) are used for distributed measurements.

Optical fibers are widely used in geophysics [1]. Let us introduce such a classification.

1. Fiber optic data lines.

2. Оptical sensors of mechanical movements [2] with further data transmission via optical fiber;  in some cases it
allows to completely abandon electronic components inside the sensor.

3. Sensors without mechanical elements that use the optical fiber as a sensing element, for example fiber optic
gyroscopes [3].

4. Seismic sensors sited along the fiber optic cable. A prominent example is Smart cable [4]. SMART cables are a
marriage of standard fiber optic telecommunication cables with deep-sea scientific sensors ineide repeaters.
SMART cable sensors “piggyback” along the power and communications infrastructure of a million kilometers of
undersea fiber optic cable.

5. Interferometric and polarization-based systems [5], where the entire long-distance fiber optic cable acts as a
sensor.

6. Quasi-distributed measurements are made using special engineered optical cables [6] designed to improve the
signal-to-noise ratio (SNR) or to increase the distance over which fiber-optic sensors operate. Most often, fibers
which are used for these purposes, are made with Bragg gratings written into them at certain intervals [7].

7. Distributed measurements, which are made using much cheaper standard fibers. In geophysical research,
Distributed Temperature Sensors (DTS) and Distributed Acoustic Sensors (DAS) are used, which can be presented
in a form of a virtual strain meters installed along the cable [8].

The DAS, which are in our point of view of special interest, can be organized along the cables that are already
placed and therefore are cheap and easy to deploy. They provide unprecedented measurement density, and have a
wide frequency range.
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