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ABSTRACT 
 

The modern world seismological network consists mainly of stations on land while 

most earthquakes occur on seas and oceans. To create a single tectonic scheme of the 

Earth it is necessary to develop global network of bottom stations. However, there are 

many problems. In this paper the features of seismic signals in the bottom waters are 

discussed, which still has not been sufficiently studied. These problems are including: 

coupling a seismograph housing, resonance phenomena in recording signals on the 

bottom, noises from near bottom currents, and others. Describes broadband bottom 

seismographs and bottom observatory, developed in the Shirshov Institute of Oceanology 

Russian Academy of Science, taking into account the specific conditions recording at the 

sea bottom. There are present some results of studies with bottom seismographs. It is 

considered the possibility of using the bottom observatory for the study hydro-physic 

precursors of strong earthquakes in the water areas.  

 

 

1. INTRODUCTION 
 

The majority of the earthquakes (above 80%) occur under the ocean and sea bottom; 

however, the stationary marine seismological network is absent now. The land seismographs 

record signals from the remote marine earthquakes with substantial distortions. The signals 
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from the moderate and weak marine earthquakes they are not recorded at all. For this 

circumstance, the geotectonic processes occurring in the Earth‘s interior cannot be adequately 

estimated in their unity and variety. At present the deep structure of the ocean crust and the 

upper mantle is known very approximately. The prediction of the strong marine earthquakes 

and excitation of tsunami are highly important, but warning of them is very complex problem. 

Therefore, the formation of the integrated seismological network on land and at sea is 

extremely important (Gutenberg, 1959; Lobkovsky et al., 2005; Montagner, et al., 1992; 

Purdy and Dzievonski, 1995; Romanovicz et al., 2006; Soloviev, 1986). 

The bottom earthquakes and the related phenomena become extremely hazardous for the 

marine structures and ecology of the region because of intense extraction of hydrocarbons in 

oil and gas fields at the shelves. It seems important to study the effect of the near and remote 

earthquakes on well yield in process of exploitation. Seismicity of seas has also potential 

danger for shore structures and populated areas. Absence of marine seismological network 

does not allows to estimate this danger properly. Therefore, seismological securing the marine 

oil- and gas-production complexes and other big shore and underwater structures and 

population is very actual problem (Levchenko et al., 2013; Lobkovsky, et al., 2005).  

Recording of the seismic signals at the sea bottom considerably differs from that on land. 

The main difference are the influence of a water layer and a water saturated sedimentary 

layer, the interaction between the seismograph housing and the soft bottom, and excitation of 

noise by near-bottom currents (Levchenko, 2006; Sutton et al., 1981).Unfortunately, solid 

rocks, which are the most suitable for recording seismic signals, occupy very small areas of 

the bottom of seas and oceans. The most common are the soft sediments, mainly silts of 

different composition with fine-grained silty and clayey oozes (Figure 1) (Lisitsin, 1974). 

Besides recording seismic signals on the bottom is accompanied by specific distortions 

caused by resonance phenomena. In the known publications such distortions are explained by 

the natural oscillations of the heavy housing of a seismometer on a soft elastic sediment layer 

(Godin and Chapman, 1999; Chapman et al., 1993; Sutton et al., 1981a, 1987). Meanwhile, 

there are experimental results that contradict this model (Bradner et al., 1970; Levchenko, 

2006). In the present paper, we consider the rheological properties of the bottom sediments, 

which in fact were not taken into account earlier. The model of a plastic viscosity medium 

was used (the Bingham model), and parameters of the model were experimentally 

determined. Research have shown that at the big deformations of a bottom, commensurable 

with the sizes of a seismograph case, deposits viscosity was extremely large. Therefore the 

seismograph case is ―pasted in‖ a bottom silt and oscillates together with it. 

Estimations show that, in the frequency range from 0.003 to 30 Hz used in broadband 

bottom seismology, the effect of the mass of the seismometer on the results of recording on a 

soft bottom is negligible. Large errors can be introduced only when a seismometer is placed 

on rubberlike media such as peat soil, algae aggregations, etc. Resonance phenomena in 

recording signals on the bottom can occur when seismic waves propagate through a layer of 

water-saturated sediments. These phenomena are more pronounced for shear waves, whereas 

the distortions of the longitudinal waves in this case are relatively weak (Chapman, et al., 

1993; Levchenko, 2006). 
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1 – gravel- pubble sediments and sands, 2 – silts (aleurite) and silting oozes, 3 – siltic-pelitic oozes, 4 – 

pelitic oozes. 

Figure 1. Granulometriccomposicion of bottom sediments World ocean (Lisitsin. 1974).  

The formation of an integrated seismological system, which can unite the land and 

marine networks for recording and processing of the earthquake signals and simultaneously 

search possible precursors has vital importance. However, for some objective and subjective 

reasons the marine seismological network not exist so far (Araki and Suyehiro, 2001; 

Levchenko and Matsievsky, 2000; Montagner et al., 1994; Romanowicz et al., 2006). 

In our opinion, the main difficulties preventing the formation of the marine seismological 

network are the following. Since the bottom stations operate in the automatic regime, they 

should be highly reliable during long period of time. The stations should have durable 

housings for preventing their crash from depth pressure and shocks on a ship board and 

during installation on a firm bottom. At present practically there are not commercial seismic 

sensors for operation in the bottom stations, which could have the metrological parameters 

close to those for the land seismometers. Moreover it is difficult to provide long- term power 

supply of instrumentation and transmission of seismological information to the shore.  

A principal solution of the problem could be use of submarine cables for feeding the 

bottom stations, control of their operation, and direct information transmission to the shore. 

However, the submarine cable installation is extremely expensive. The promising trend 

seemed to be connection to the existing overseas bottom communication cables, which 

currently are not used for their direct purpose (VENUS, POSEIDON, and GEO-TOK 

projects). However, such projects also require substantial investments. In addition, old 

submarine cables have low strength and water tightness on pulling out and reutilization. 

Therefore, there are few stationary marine seismographs with cable connection to the shore. 

All of them are located in USA (HUGO-2) and Japan and placed relatively not far (100–200 

km) from the shore (Kasahara et al., 2003; Mikada et al., 2003). 

The lack of the stationary marine seismological network leads to use mainly autonomous 

bottom seismic stations (ABSS). They do not solve all the existing problems; nevertheless, 

the ABSSs have some advantages over the cable stations. Their high mobility allows fast 
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deployment of the station network in any World Ocean region of interest. Any polygon 

configuration in accordance with the specific problems and available instrumentation can be 

chosen. Instrumentation composition and parameters of seismometers can vary prior to the 

installation. Finally, the ABSSs are less expensive than the stationary cable stations by orders 

of magnitude. The autonomous bottom seismic stations are available in the USA, Russia, 

Japan, German, and France; however, the main metrological parameters of the stations are, as 

a rule, worse than those of the best land models (Jacobson et al., 1991; Levchenko, 2001; 

Lobkovsky et al., 2005; Shiobara et al., 2001; Wielandt and Steim, 1986; Zubko et al., 2003). 

According to our opinion, the development of the marine network should begin within 

the so called hot points. First of all, it is the regions of marine oil and gas deposits. The hot 

points in Russia are the Barents, Pechora, and Kara Seas in the north, the Black and Caspian 

Seas in the south, and the Sea of Okhotsk in the east. The cable bottom seismographs can be 

integrated in the ecological monitoring network which should deploy around each drilling or 

producing platform. In addition to monitoring of seismicity, including that caused by 

redistribution of tectonic stresses during production, this network can solve other problems, 

such as supplementary exploration and estimation of reserves. A data collection post, which 

placed on a platform, would provide operative information transmission and the conditions 

required for information processing (Lobkovsky et al., 2005; Mikada et al., 2003; Shiobara et 

al., 2001). 

Other areas of preferential deployment of local stations should be in the ―seismic gaps,‖ 

where the expected strong sea earthquakes and possible tsunami. One of these areas is 

Avacha Bay (Kamchatka), others are in the southern and central parts of the Kuril Islands. 

Because of significant removing seismic active zones from the shore it should be install the 

autonomous long-term bottom stations with operative transfer of express information. The 

main tools of such stations should be seismograph broadband and strong-motion 

seismograph, the device operative data analyzer, and communication system via satellite or 

radio channels. 

Autonomous bottom seismographs available in above mentioned countries are intended, 

as a rule, for marine exploration seismology and solving specific seismological problems, 

such as, the study of the seismicity of some water areas. These seismographs have limited 

characteristics than with land seismographs, in particular, narrower frequency band, lower 

channel sensitivity, and shorter operation time. Therefore, for long-term monitoring of water 

areas requires the qualitatively different bottom seismic stations, the parameters of which are 

close to land stations (Levchenko, 2002; Montagner et al., 1992; Ostrovsky, 1998; Soloviev, 

1986). 

In the Shirshov‘s Institute of Oceanology, Russian Academy of Sciences for about 30 

years, developed and used in investigations broadband (0.003–20 Hz) SHADS bottom 

seismometers. They were used to obtain unique records of microseisms, local and distant 

earthquakes, vibrations from underwater slides, etc., on sea bottom (Levchenko, 2002, 2009). 

In order to test the reliability of seismograph SHADS for 4 years, carry out continuous 

seismological monitoring on the territory of the Experimental Design Bureau of 

Oceanological Equipment, Russian Academy of Sciences (EDBOE). The device was installed 

in a specially equipped underground bunker. In the course of observations were recorded 
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regularly the level of local noise, and oscillations of distant seismic events. In particular, there 

was recorded a catastrophic earthquake March 11, 2011, off the coast of Japan (Levchenko et 

al., 2012). 

Based on operational experience seismographs SHADS designed in the Shirshov Institute 

of Oceanology, Russian Academy and the EDBOE, we can assume that their technical 

characteristics allow us to recommend them as a basis for the development of marine seismic 

networks in the areas of expected strong earthquakes. 

Other promising direction of short-time forecasting of marine earthquakes may be 

monitoring of bottom water in areas expected strong marine earthquakes. This consideration 

is based on the idea of the escape of gases and fluids with an increase stresses before strong 

earthquake and as a result of changes in the physical and chemical parameters of the near-

bottom water. Such experiment have been carried out by the ―Kamchatnedra‖ company in 

Avachinsky Bay in 1987-1995 and yielded good results (Gavrilov et al., 2000; Lobkovsky et 

al., 2005).  

 

 

2. THE COUPLING OF THE SEISMOMETER HOUSING WITH  

A SOFT BOTTOM 
 

The coupling of the seismometer housing with a soft bottom is an important problem for 

marine experimental seismology. Under unfavorable conditions, specific interference and 

distortions of signals are possible, which makes it difficult to record and interpret them 

reliably. A number of theoretical and experimental studies are devoted to this problem 

(Neprochnov et al., 1983; Ostrovsky, 1998; Prothero, 1984; Soloviev, 1986; Sutton et al., 

1981a; Trehu, 1985; Zelikovvitz, 1981, and others). Most of the studies are predominantly 

devoted to the consideration of the distortions associated with the free oscillations of a heavy 

seismometer on an elastic water-saturated bottom. This model was based on the resonance 

phenomena observed in recording the seismic signals by of bottom seismometers. By the late 

1980s, a concept was proposed according to which recommendations on the optimal design of 

bottom seismometers were formulated (Sutton, and Duennebier, 1987).  

It should be noted that the number of papers published experimental results earlier as well 

as recently have no explanation within the framework accepted theory. In particular, in 

recording seismic signals in the bottom wells, and elastic oscillations in water column there 

are observed resonance phenomena analogous to those described for installation of 

instruments at the bottom, although in these cases there is no contact between the soft bottom 

and seismometer (Araki, and Suehiro, 2001; Chapman et al., 1993; Duennebier et al., 1985; 

Godin, and Chapman, 1999). Moreover there were found out resonance phenomena in 

recording seismic-acoustic noise at the bottom which were not related to seismological 

observations. This raises doubts about the adequacy of the theory and developed on the basis 

of its recommendations for the design of bottom seismographs. 

The ambiguity of the previous results requires more complete to consideration the 

problem of coupling of seismometer housing with soft bottom. In addition it is necessary take 



Dmitry G. Levchenko, Ivan P. Kuzin, Leopold I. Lobkovsky et al. 244 

into account both density and elastic properties of the bottom sediments and other 

characteristics (viscosity, adhesion, and internal friction), which previously practically were 

not taken into account. It is also necessary to distinguish between the supporting power of the 

bottom sediments during the installation of the seismometer and the transfer of seismic pulses 

from sediments to its housing since in these cases quite different properties of bottom 

sediments are observed. From standpoint of supporting power and characteristic features of 

the propagation of seismic signals, bottom sediments, in the first approximation, can be 

divided into solid and soft types. Solid bottom can be subclassified into rocky and porous 

kinds. Rocky beds have either a magmatic origin (basalt, granite), or represent consolidated 

sediments. Porous rocks are pebble-gravel-stones, and sandstones (Ilnitskaia et al., 1969; 

Geoph. Refer. book, 1966; Handboock, 1969; Frolov and Korotkih, 1983). 

The main difference between the supporting power solid and soft bottom sediments 

consists of different reaction to load due to weight of the seismograph. In thus sinking device 

on solid rock is slight and short-lived (of a second). In soft sediments, the seismometer sinks 

to a considerable depth commensurable with its size, and the process, due to viscosity of soil, 

lasts for several hours. Volume of a solid porous bottom does not increase significantly 

during the saturation of pores with water and does not decrease with water removal. At the 

same time a soft bottom rocks subject to considerably swelling when it contacts with water 

because occurs connection solid skeleton with filling at a molecular level. The material of a 

solid bottom has weak adhesion (stickiness). In porous solid rocks the particles are bonded 

due to internal friction and in hard rocks due to internal cementation. The material of a soft 

bottom has large stickiness as to the sediment particles within the rock and in relation to 

external bodies (e.g., the seismometer housing). 

Propagation longitudinal and transverse seismic waves through a solid bottom within the 

area of elastic deformations take place without distortions and slightly depend on the filling 

water in the pores. In this case the faces of the particles of a solid material are tightly adjoin 

with each other and form a rigid frame. Therefore porosity, properties of filling, and character 

of the contacts between particles have weak effect on propagation seismic waves in porous 

media. The propagation of seismic waves through soft sediments depends significantly on 

their water saturation and on the particles sizes of solid fractions. The conditions of 

propagation of longitudinal and transverse waves can differ considerably (Geoph. Refer. 

book, 1966; Hempton, 1977). 

Some organic deposits (peat soils, benthic algae agglomerations and others), have 

specific properties. They are natural shock absorbers, and are characterized by significant 

sizes of the area of reversible elastic deformations. Their mechanical properties are close to 

those of rubberlike synthetic materials. Process subsidence of seismograph housing in these 

materials occurs quickly, with virtually no adhesion.. The recording seismic signals on this 

bottom essentially depends on the porosity and water saturation. This may result in large 

signal distortions due to the resonance and attenuation. Theoretical investigations and 

laboratory modeling of recording elastic oscillations using rubberlike materials were carried 

out by number American scientists and engineers (Sutton et al., 1981a; Sutton et al., 1981b, 

Zelikovitz and Prothero, 1981). It should be noted that these deposits on the seafloor are rare, 

mainly in shallow waters, where they can be easily detected. 
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Unfortunately, the share of solid sediments, most suitable for recording seismic signals, 

account for a very small area of the bottom of the seas and oceans. The most common are the 

sediments that are represented mainly by soft silts (0.01 ≤ d ≤ 0.1 mm) and pelitic muds (d ≤ 

0.01 mm) of different composition. The largest part of the bottom of oceans and seas is 

represented by silty and clayey (d < 0.01 mm) oozes (Lisitsin, 1974). 

Let us consider some of the properties of soft bottom deposits, defining features of the 

coupling with the seismometer housing. These properties substantially depend on the sizes of 

the particles of the material and extent of water saturation. Table 1 shows the classification of 

fine-grained fractions bottom sediments and sandy–clayey grounds prevailing in the 

composition of a soft bottom. This classification is adopted in marine geology (Lisitsin, 1974) 

and in engineering geology (Frolov and Korotkih, 1983). Below, we refer to publications 

where both of the classifications are used. 

Depending on the water content, the material of a silty bottom can be in solid, plastic, or 

fluid state. Solid material when the load increases to the limit of its strength breaks, plastic 

material deformed without destruction. The boundary of plasticity P is the percentage 

content of water, usually close to the maximum molecular moisture capacity, at which water 

is in bonded state (Frolov and Korotkih, 1983). The bottom deposits, which are in plastic 

state, have increased stickiness and forms aggregate bonds between particles. During 

deformation of this material microfractures of aggregate bonds occur, while maintaining its 

overall integrity. With further increase in water content of the sediment it moves in a fluid 

state and acquire the properties of a viscous fluid. A significant portion of water passes into 

free state, and the solid fraction in the absence of mixing precipitate and consolidated. The 

boundary between the plastic and fluid state is determined by the adopted percentage of water 

content F. The width of zone of the plasticity is evaluated by number of the plasticity, which 

is equal to the difference F – P . 

 

Table 1. Grain-size composition of the fractions of sandy-clayey grounds and  

bottom sediments  

 

Type of ground 

fraction 
Particle size, mm 

Type of bottom 

sediment fractions 
Particle size, mm 

Clayey 

Silty 

Sandy 

Gravel 

<0.005 

0.005 – 0.05 

0.05 – 2 

>2 

Clay 

Silt 

Sand 

Gravel 

<0.01 

– 0.1 

0.1 – 1.0 

1.0 - 10 

 

Table 2. Classification and properties of sandy – clayey ground 

 

Ground type 

Concentration of 

clayey fractions (d < 

0.005 mm), % 

Moisture content at 

the plasticity limit 

P, % 

Plasticity 

number 

1-P, % 

Extent of 

sticky 

Clay 

Loam 

Sandy loam 

Sand 

>30 

10 – 30 

3 – 10 

<3 

>25 

15 – 25 

7 – 15 

<7 

>17 

7– 17 

1– 7 

<1 

Strongly sticky 

Tenacious  

Weakly sticky 

Nonsticky 
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As a rule, there is a mixture of various fractions at the bottom, and the characteristics of 

the bottom sediments depend on their proportions. Table 2 presents a classification and lists 

the characteristics of sandy–clayey grounds. Depending on the percentage of clayey and 

sandy fractions, the plasticity limit, plasticity number, and extent of tenacity decrease with the 

increase in the concentration of large particles. 

A number of studies show that fine-grained bottom sediments are mainly in a plastic 

condition, at least in the upper layer, whose thickness ranges from a few centimeters to a few 

meters. This is also evident from the fact that the bottom relief is stable in time, and heavy 

objects (anchors, sunken ships, bottom instruments, and others) lie on the bottom for a long 

time and do not submerge down to greater depths. On the other hand, the material of the 

bottom is pronouncedly deformed under the action of external loading, but the deformations 

are slow, which indicates the high viscosity of the material. As follows from the experiments, 

when placed on a soft bottom, the seismometer housing submerges for several hours, 

generating specific seismic interferences that represent short pulses (Neprochnov et al., 1983; 

Ostrovsky, 1998; Soloviev, 1986). These noises can be explained by breaking bonds in the 

plastic–viscous material of the bottom. 

A series of physical models and appropriate theories have been developed for the 

estimation of the physical and mechanical properties of plastic–viscous materials (Ilnitskaia et 

al., 1969; Landau and Lifshits, 1987, 1988;Geoph. Refer. Book, 1966). Such theories are 

based on the concepts of internal friction, viscosity, relaxation time, etc. According to the 

theory, for any solid body affected by a moderate loading, there is a region of reversible 

elastic deformations. For sedimentary rocks, this region is rather small and is no more than 

10
–4

 of the value of the residual deformation. The presence of such a region allows the 

seismic oscillations to propagate over large distances with a low attenuation (Gutenberg, 

1959; Savarensky, 1972; Geoph. Refer. book, 1966). 

With the loading increase, the plastic deformations of solid bodies become irreversible. 

During the plastic deformation, energy equivalent to the internal friction in the viscous fluid 

is spent on the breaking of internal bonds between the particles (the Boltzmann model). In 

contrast to the fluids, in solid plastic bodies there is an initial shear stress o, which is similar 

to the friction of rest between surfaces. According to the Bingham law, the shear stress for 

plastic–viscous bodies is 

 

η = ηo + η(dv/dl),   (1) 

 

where ηo is the initial shear stress, η is the dynamic viscosity, and dv/dl is the derivative of the 

velocity of motion across the section (Jiang and Le Blond, 1993; Liu and Mei, 1989; Mei and 

Liu, 1987). 

It should be noted that the strict determination of viscosity for the assessment of the 

internal friction exists only for the so-called ideal Newtonian fluid, which has a constant 

viscosity and is incompressible. The actual fluids differ from the ideal one in their properties, 

but the concept of viscosity is also used for them. The concept of viscosity is also used for 

solid plastic objects (Ilnitskaia et al., 1969; Landau and Lifshits, 1987). 
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As is known, viscosity depends on a number of factors (composition of the material, 

temperature, pressure, etc.) and may change within a wide range for various fluids. For most 

of the fluids, under normal conditions, the scattering of the values of viscosity is 

approximately four orders, from 10
–3

 to 10. For solids, it ranges from 10
7
 to 10

8
 (the region of 

elastic– viscous deformations) and to 10 
15

 (the region of plastic deformations) (Kariakin et 

al., 1962; Geoph. Refer. book, 1966). The relaxation time (time of disappearance of stresses 

after applying a load or a deformation) is directly dependent on viscosity (Savarensky, 1972): 

 

β = η/μ,  (2) 

 

where the viscosity η and the shear modulus μ are expressed in Pa·s and Pa, respectively, and 

the relaxation time β is expressed in seconds. 

 

Table 3. Comparative mass-size characteristics of bottom seismographs 

 

Type, 

developer 

Mass in 

air, kg 

Housin

g sizes, 

m 

Total 

volume, 

m
3 

Base 

area, 

m
2 

Weight 

in 

water, 

N 

Specific 

weight, 

N/m
3 

Pressure 

on the 

bottom, 

Pa 

ADSS-1, 

IO RAS 

(Russia) 

 

ShADS, 

IO RAS,  

(Russia) 

 

DSS, 

IO RAS, 

(Russia) 

 

SEDIS-4, 

GEO-Pro, 

(Germany) 

 

SIOL, 

SIO, 

(USA) 

 

UWFL, 

WSU, 

(USA) 

40 [sph] 

+40[cup] 

 

 

53 [sph] 

 

 

 

80 [cyl] 

 

 

 

57 [sph] 

 

 

 

230 

 

 

 

45 [sph]+ 

80 [cup] 

[R] 0.22 

[r] 0.25 

[H] 0.30 

 

[R] 0.22 

 

 

 

[r] 0.1 

[L] 1.0 

 

 

[R] 0.21 

 

 

 

[R] 0.30 

 

 

 

[R] 0.30 

[r] 0.33 

[H] 0.50 

0.066 

 

 

 

0.048 

 

 

 

0.03 

 

 

 

0.045 

 

 

 

0.110 

 

 

 

0.083 

0.20 

 

 

 

0.07 

 

 

 

0.30 

 

 

 

0.20 

 

 

 

0.21 

 

 

 

0.126 

140 

 

 

 

50 

 

 

 

500 

 

 

 

120 

 

 

 

1200 

 

 

 

420 

2120 

 

 

 

1040 

 

 

 

16666 

 

 

 

2666 

 

 

 

10909 

 

 

 

5060 

700 

 

 

 

714 

 

 

 

1666 

 

 

 

600 

 

 

 

5714 

 

 

 

3360 

Note: [sf] is the spherical housing, [cup] is cup-shaping ballast, [cyl] is cylindrical housing, [R] is the 

radius of the sphere, [r] is the radius of the housing cylinder or the ballast radius, [L] is the cylinder 

length, and [H] is the ballast height.  

IO RAS – Institute of Oceanology Russian Academy of Science, GEO-Pro.Co (Hamburg, Germany), 

SIO – Scripps Institute of Oceanography, WSU – Washington State University.  
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Table 4. Grain size composition of the experimental material 

 

Size, mm 1-0.5 
0.5-

0.25 

0.25-

0.1 

0.1-

0.05 

0.05-

0.01 

0.01-

0.005 

0.005-

0.001 

<0.00

1 

Content, 

% 

0.5 1.03 5.61 7.67 21.6 25.15 25.02 13.4 

 

The process of the seismometer subsidence essentially depends on its pressure on the 

bottom and on the ratio of the specific weight of the instrument to that of the bottom 

sediment. The averaged specific weight of the upper layer of fine-grained bottom sediments 

of natural humidity, containing 50–70% of clayey fraction, ranges from 12000 to 18000 

N/m
3
. On the average, it is14000 N/m

3
, 15000 N/m

3
, and 13000 N/m

3
for terrigenous, 

carbonate, and siliceous sediments, respectively (Lisitsin, 1974).Table 3 presents masses and 

sizes of selected types of bottom seismometers and the values of their pressure on the bottom. 

For ADSS-1 and SEDIS-4 single-module pop-up seismometers, the specific weight was 

calculated for the instrument itself and for the ballast secured to it. For a two-module 

SHADS, the specific weight was calculated only for the housing with the seismograph. Table 

3 shows that the specific weights of the instruments in the air are approximately equal to 

those of the sediments, while, in the water, their equivalent specific weight is several times 

lower. The specific weight of a DSS seismometer with the surface buoy exceeds on the 

average the specific weight of the sediments by a factor of 1.5 in the air and is approximately 

equal to it on the bottom. The specific weight in the air of heavy pop-up seismometers 

developed in the USA slightly exceeds the specific weight of the sediments, and in the water 

it is several times lower. 

The data presented indicate that the excess specific weight of most of the bottom 

seismometers submerging into a soft bottom is low or completely absent. The excess specific 

weight may be balanced by the static viscosity of the bottom sediment. Therefore, the bottom 

seismometers are incapable of penetrating into a soft bottom down to great depths. In order to 

assess the supporting power of a soft bottom and to qualitatively verify the theoretical 

formulae presented, a series of experiments was carried out. The experiments were carried out 

with clay, whose grain size composition (Table 4) is close to that of the silty–clayey variety, 

the most abundant material in the surface bottom sediments (Lisitsin, 1974).  

The density of the dry material is 1660 kg/m
3
. The density of the humid material is close 

to the maximum, and is equal to 1980 kg/m
3
. The humidity is about 19%of the dry residual 

and is approximately equal to the plasticity limit P. The yield point F is about 45%, and the 

plasticity number equals 26%. In the course of the experiments, the humidity changed if 

necessary to enhance the plasticity or to reach the fluid state. It is of interest to consider the 

process of formation of a soft bottom and to estimate its bearing strength. For this purpose, 

we prepared a suspension from the clayey material mentioned above in which the water 

concentration was enhanced up to 40%. A 125-mm layer of this mixture was placed in a glass 

vessel. The results of the measurements of the thickness of the layers of water and sediment 

during the settling are presented in Table 5. 
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The data presented show that the process of sedimentation virtually comes to a halt 

within two days. The level of the sediment layer continued to drop, probably due to the 

compaction of the mass. The boundary between the layers is clearly distinguished after 1.5 h. 

During this process, the fractions were slightly stratified: the upper sedimentary layer 10 mm 

in thickness had a lighter color. The mean density of the sediment was equal to 1980 kg/m
3
, 

which corresponds to the density where humidity is equal to the plasticity limit. 

 

Table 5. Time dependence of settling of the experimental material 

 

Time, 

hours- minutes 
00-00 00-15 01-30 20-30 44-30 70-00 

Water layer, mm 

Sediment layer, mm 

0 

125 

15 

110 

20 

104 

22 

100 

25 

98 

25 

97 

 

To estimate the supporting power of the sedimentary layer, 21 h after the beginning of the 

experiment, a rod 20 mm in diameter and 56 mm in length was placed on the surface of the 

layer (the density is 7800 kg/m
3 
). The rod submerged down to a depth of 25 mm. For the next 

24 h, the rod further sank by 3 mm. 49 h later, the experiment was repeated and the rod 

submerged down to a depth of only 10 mm, probably due to the compaction of the upper layer 

of the sediment. Thus, we can conclude that, for a given grain-size composition of the 

sediment (that is close to that in the most common bottom samples) and free settling over two 

days, its supporting power is sufficient to bear a heavy steel-made cylinder. 

Another experiment was carried out to assess selected the mechanical characteristics of 

the sedimentary material (viscosity and static internal friction, which are not discussed in the 

known literature). The experiment was based on the modified Bingham formula (1): 

 

η = ηo + ηV/d,  (3) 

 

where η is the shear stress, ηo is the initial (static) shear stress, η is the dynamic viscosity, V is 

the velocity of the body, and d is the thickness of the shear layer. 

A perforated plate was mounted inside or on the surface of the medium under study and 

was set into a uniform motion by a force F acting parallel to its plane. The shear stress was 

defined as the ratio F/S, where S is the surface area of the plate. The velocity of the motion 

was defined as the mean ratio of distance to time. A perforation was made for improving the 

coupling of the plate with the media. The layer thickness d was visually estimated from the 

value of the layer stuck to the plate when it moves perpendicular to the surface of the medium 

and by placing elastic threads in the media under the moving plate. 

To enhance the plasticity of the material, its humidity was increased up to 34%. The 

initial stress ηo was defined as the force needed for shifting the plate from the static condition 

at the velocity V ≈0. The viscosity was determined from Eq. (3). Humidity was then increased 

up to 50% (above the yield point), and the same values were determined. The data for five 

measuring runs are listed in Table 6.The experimental results show that, for a plastic medium 

of a given composition, the initial shear stress ηo is comparable with the stress η for low 



Dmitry G. Levchenko, Ivan P. Kuzin, Leopold I. Lobkovsky et al. 250 

velocities V. With increase in the velocity, η increases considerably, and the viscosity drops. 

For a fluid, the initial shear stress ηo and the viscosity are relatively low. 

 

Table 6. Results of determining viscosity and static internal friction 

 

Experimental 

conditions 
0, 

Pa 

D, 

mm 
, 

Pa 

V, 

mm/s 

η, 

Pas 

Plastic media, 

Plate inside 

 

Plastic media, 

Plate outside 

 

Fluid, plate outside 

 

Fluid, plate inside 

450 

 

 

570 

 

 

70 

 

56,8 

8 

 

 

8 

 

 

8 

 

2 

568 

 

 

1136 

 

 

1704 

 

284 

0.2 

 

 

2.0 

 

 

4.5 

 

3.0 

5714 

 

 

4545 

 

 

2020 

 

94.6 

 

The goal of one more experiment was to assess the process of submerging of the heavy 

housing of a seismometer into a soft soil. In the experiment, we used an aluminum thin-

walled hemisphere 80 mm in radius and 0.1 kg in mass. The hemisphere was placed on the 

surface of the clayey sediment whose composition was described above and the humidity was 

34% (plastic medium with a density of 1790 kg/m
3
) and 58% (fluidith a density of 1600 

kg/m
3
). The hemisphere received different weights, and the depth of penetration into the 

sediment over a given time was measured. 

We calculated the area of the contact with the sediment, the volume of the submerged 

portion, the buoyancy force, the pressure on the bottom (1), the pressure with regard to the 

buoyancy force caused by the water (2), and the pressure with regard to the buoyancy force 

caused by an elastic bottom (3). The data obtained for plastic (P) and fluid (F) media are 

listed in Table 7. It was found that the hemisphere submerges into the plastic medium rather 

slowly (within several hours), slowing gradually in line with an exponential model. For the 

fluid, the submergence was rather fast (a few minutes). Under a load of 6 N, the hemisphere 

was virtually floating on the surface; at a load of 11 N, the submergence lasted for 10 min; 

and at a load of 16 N, the hemisphere submerged completely. 

 The results of the experiment on submerging the hemisphere into a plastic medium for 

various loadings ranging from 6 to 21 N are presented in Figure 2. With the increase in the 

load and the relative stabilization of the hemisphere at a new site, the pressure on the bottom 

slightly increased in comparison with that in the previous state. This can be explained by an 

increase in the volume displaced to the surface of the material during the submergence of the 

hemisphere. 

In the plastic condition, the medium exhibits viscoelastic properties, which are 

manifested by a gradual decrease in the value of the residual deformation of the trace when 

the hemisphere is removed. The reduction equaled a few percent and lasted for a long time (a 

few hours). Nevertheless, in the calculations of the equivalent buoyancy force, we took into 
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account the conditions of the submergence of the hemisphere into both the water and elastic 

mass of the material (the results are presented in Table 7 in brackets). 

 

 

Figure 2. Depth of submerging of a spherical housing into a soft bottom as a function of time for 

different loadings (N – newtons). 

 

 

Figure 3. Schematic of coupling of the seismometer housing with a viscoplastic bottom. R and P are the 

radius and weight of the seismometer, h is the depth of submerging of the housing, D and Δ are the 

values of the near-wall deformations of the sediment, ζ is the normal pressure, and η is the tangential 

stress. 
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Table 7. Estimation of the carrying properties of the experimental material 

 

Time, 

hours-

minutes 

Weight, 

N 

Depth of 

sub-

merging, 

mm 

Area, 

dm3 
Volume,  

dm3 

Buoyancy  

force, 

N 

Pressure 

1 2 3 

P 00-00 

P 02-00 

P 02-00 

P 04-00 

P 04-00 

P 06-00 

P 06-00 

P 20-00 

T 00-00 

T 00-10 

T 00-30 

T 01-45 

6 

6 

11 

11 

16 

16 

21 

21 

11 

16 

6 

6 

5 

20 

20 

35 

35 

43 

45 

50 

50 

55 

35 

38 

0.25 

1.0 

1.0 

1,76 

1.76 

2.16 

2.26 

2.5 

2.5 

276 

1.76 

1.91 

0.12 

0.26 

0.36 

0.5 

0.5 

0.58 

0.26 

0.33 

1.2 (2.2) 

2.6 (3.9) 

3.6 (6.5) 

5.0 (9.0) 

7.5 

9.3 

4.16 

5.3 

2400 

600 

1100 

625 

909 

740 

929 

840 

440 

578 

341 

314 

 

480 

 

477 

 

574 

 

640 

 

380 

 

311 

 

440 

 

480 

120 

244 

104 

36.6 

 

Let us consider with regard to the experimental results a schematic representation of the 

coupling of the spherical housing of a seismometer to a soft bottom (Figure3). Under the 

action of the weight of the housing a region of enhanced pressure is formed under it. In the 

vicinity of the walls, due to the elastic reaction of the medium, the pressure can be assumed to 

be directed perpendicular to the surface of the housing. Under the action of pressure, the 

material of the bottom is plastically deformed. 

Due to the low compressibility of the medium, a portion of the mass of the sediment 

moves sideways, over the housing surface, and upward, forming a ring projection on the 

surface of the bottom. This motion is rather slow, mainly due to the high viscosity of the 

medium. In addition to its own weight, the housing of the seismometer undergoes the action 

of the buoyancy force induced by the water, the buoyancy force induced by the bottom 

sediments, the viscous friction drag, and the residual shear stress in the sedimentary layer. As 

the housing is submerged, the pressure under it decreases due to the increase in the area of the 

base. In addition, the drag is increased due to the shear stresses in the sediment. As a result, 

the counteracting forces balance the weight of the seismometer, and the motion stops. 

Due to the strong adhesion of silt, multiple aggregate bonds arise between the 

seismometer housing and bottom material. When the seismometer is submerged, these bonds 

abruptly break down, which induces noises in the seismic records in the form of microshocks. 

It should be noted that some authors associate such microshocks with biological activity at the 

bottom. This is a possible reason for the rare ―background‖ pulse interference throughout the 

records and the occasionally observed seasonal and diurnal variations of their frequency. 

However, the ―biological‖ theory cannot explain the above-mentioned gradual decrease in the 

frequency of the microshocks after the installation of the instrument on the bottom. The 

nature of the microshocks is most likely associated with a combination of these reasons. 

It should be noted that, during the submerging of the seismometer into a soft bottom, 

irreversible plastic deformations occur. The spatial scale of such deformations is comparable 

with the sizes of the seismometer housing; i.e., the relative deformations are close to unity. 
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The scale of reversible elastic deformations on which the seismic vibrations propagate is a 

small fraction of the wavelength (less than 10
–4

); i.e., it differs by four orders of magnitude 

(Aki and Richards, 1983; Gutenberg, 1959; Geoph. Refer. book, 1966). The time constants of 

the processes that take place in the course of the submerging of the seismometer into a soft 

bottom range from tens to a few hours, and the periods of vibration of the seismic signal used 

range from a few tens of seconds to a few tenths of second. The above-mentioned differences 

in the spatial and temporal scales result in the fact that the bottom material demonstrates 

completely different properties; therefore, the phenomena that take place during the 

submerging of the seismometer housing into a soft bottom and while recording the seismic 

signals are independent. 

Let us describe the motion of the seismometer housing with the use of the Maxwell 

model for a viscoelastic medium. The soft bottom generally represents precisely such a 

medium. The characteristics of such a medium can be described in the following manner. 

When deformations cease, the residual stresses continue to decay with time (relaxation time). 

Depending on the ratio of the rate of the processes to the relaxation time β, the same media 

can exhibit the properties of fluids or solids. A theoretical criterion for determining the 

properties of a viscoelastic medium in the case of harmonic vibrations with a frequency ω is 

presented in (Landau and Lifshits, 1987). The relationship between the stress ηik and the shear 

deformation γik for such a medium is 

 

ηik = 2μγik(1 + i/ωβ
)–1

.   (4) 

 

If ωβ< 1, then the medium behaves like a fluid with a viscosity η = μβ. If ωβ> 1, then the 

properties of a solid with an elasticity μ prevail. 

 

μ = ηik/γik  (5) 

 

In the former case, the seismometer housing moves with respect to the sediment like a 

float. In the second case, it oscillates together with the sediment. The relaxation time β is 

characterized by the time of submerging of the seismometer housing into the layer of the 

sediments and is generally equal to a few hours. Therefore, for the entire frequency range 

(0.003–30 Hz) usually used for the bottom seismometers, the value of ωβ ranges from 68to 68 

× 10
4
 (for β equal to 1 h). Thus, in accordance with the criterion presented, the seismometer 

should move together with the sediment layer within its elastic deformations. 

Let us estimate the elastic deformations of the bottom under the action of the 

seismometer weight. The weight of the seismometer is assumed to be a vertical force 

concentrated at the origin of the coordinate system. The x and y axes define the sea bottom, 

and the z axis points downward. The shift of the points of a semi infinite axisymmetric media 

(x = y) is defined as (Landau and Lifshits, 1987) 

 

ux= uy= [xz/r
3
 – (1 – 2ν)x/r(r + z)] × (1 + ν)Pz/2πE,  

uz= [z
2
/r

3
 = [ – 2(1 – ν)/r](1 + ν)Pz/2π E,  (6) 
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where Pz is the weight of the seismometer, ν is the Poisson coefficient, E is the Yong 

modulus, and 
 
is the distance from the coordinate origin. Assuming for 

humid clayey sediments that E = 2 ×10
10

 N/m
2
, ν= 0.47 [17, Geof, 1976], and the 

seismometer weight in the water Pz= 100 N (see Table 3), we obtain uz(x) = 1.2 × 10
–9

x
–1

 for 

the vertical deformation at the surface (z = 0, x = y) and uz(z) = 2.4 × 10
–9

z
–1

 for the vertical 

deformation over the vertical axis (x = y = 0). For the horizontal deformation at the surface (z 

= 0, x = y),ux(x) = −0.7 × 10
–10

x
–1

 and the horizontal deformation along the vertical line is 

equal to zero. It follows that static elastic deformations of the bottom under the action of the 

seismometer weight are negligibly small. 

Let us consider the coupling of a seismometer to the bottom in recording the seismic 

signals. The seismic signals can propagate in the earth without a pronounced attenuation only 

at very small relative elastic deformations of the media, no more than 10
–4

 (Aki and Richards, 

1983; Gutenberg, 1959; Geoph. Refer. book, 1966). Let us assess the mass and sizes of the 

seismometer–elastic bottom system with regard to the mass of the oscillating bottom. The 

previous models used the concept of a vertical pendulum composed of a massless spring and 

a concentrated mass of the seismometer with apparent masses of the water and the overlying 

sediments (Soloviev, 1986; Sutton et al., 1981a, 1981b, Sutton and Duennebier, 1987; Trehu, 

1981). Such models represent a standing wave whose loop is at the top and node under the 

bottom. The wavelength of seismic oscillation is defined by the parameters of the media and 

the frequency. The mean wavelength in the layer of the sediments at a frequency of about 10 

Hz for longitudinal oscillations is approximately equal to 200 m, and for transverse 

oscillations it equals 100 m. The length of the ―spring‖ in the model is one fourth of a 

wavelength and is equal to 50 m and 25 m for longitudinal and transverse oscillations, 

respectively. 

The elastic oscillation of the bottom occurs not only under the base of the seismometer 

but, according to the concept of continuity of the media, occupies an adjacent domain that is 

approximately equal to half the wavelength (100 m and 50 m for longitudinal and transverse 

waves, respectively). Thus, a part of the massive whose volume and mass significantly exceed 

those of the seismometer should oscillate together with it. For longitudinal waves, the ratio of 

such masses is approximately equal to eight orders of magnitude, and for transverse waves, 

from four to seven orders of magnitude. Thus, it can be concluded that there is no pronounced 

effect of the seismometer mass on the results of recording seismic signals at the bottom 

within the region of elastic vibration of the media. 

 

 

3. RESONANCE PHENOMENA IN THE WATER-SATURATED SEDIMENT 
 

Let's consider the reasons of resonance phenomena at recording signals by bottom 

seismographs. It is assumed with some degree of approximation that the marine environment 

consist of a set of horizontal layers whose properties are constant or vary smoothly enough, 

but at the layer boundaries change unevenly. If boundary layers sufficiently clear, and their 
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thickness commensurable with the length of the seismic wave, it may occurrence a 

constructive resonance (Ewing et al., 1957; Kaufman et al., 2002; Savarensky, 1972). 

Layer thickness of bottom sediments varies from 100 m in the central Pacific and along 

the mid-ocean ridges up to 1000 m or more near the continental slopes and in inland seas. 

Water-saturated loose sediments typically have a thickness of several tens to hundreds of 

meters and are characterized by low shear wave velocity (see below, Table 7) (Lisitsin, 1974; 

Sutton et al. 1981a). However at depths greater than 100 m the layer of sediments is largely 

consolidated, as determined by an increase in seismic velocities. thickness up Frequency 

range of signals in marine seismology makes up from 0,003 Hz up to tens Hz. In the area of 

high-frequency oscillations (1-30 Hz) seismic wave length commensurable with thickness of 

the layer of unconsolidated sediments. Therefore, it can essentially influence on short-period 

seismic waves registration. At low frequencies (0,003 - 0,1 Hz) wavelengths reach tens 

kilometers, so the influence of loose sediment layer can be neglected of a short period of 

seismic waves can be essential. In low-frequency area of registration lengths of waves make 

tens kilometers, and influence of a friable layer of deposits in this case can be neglected. 

 

 

Figure 4. Model of oceanic medium: 1—water layer, 2—layer of water-saturated sediments, and 3—

consolidated basement; c, cP1, cS1, cP2, and cS2 are the velocities of longitudinal and transverse waves in 

the water, sediment layer, and basement, respectively; ρ, ρ1, and ρ2 are the densities of the water, 

sediment layer, and basement; P, Pr, S, and Sr are the directions of arrivals of direct and reflected 

longitudinal and transverse waves. 

To illustrate the resonance phenomena occurring in a watersaturated sediment layer, 

consider a simple model, which consists of the water layer with thickness h, sediment layer 

with thickness h1, and consolidated halfspace (Figure 4). 

In these media the following parameters are indicated: densities and phase velocities P 

and S waves. It is assumed that the plane harmonic P and-S waves propagate perpendicular to 

the layers from below upwards, as determined by a sharp decrease in characteristic impedance 

for unconsolidated sediments. At the lower boundary of the sediments more likely to occur 

only transmitted and partly reflected P and S-waves. On the border of sediments-water shear 
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waves are reflected completely, as in liquid medium, they do not propagate. Assume also that 

the sea depth is much larger then the wavelength in the water and transmitted wave is 

dispersed in water, i.e. there is absent coherence between the transmitted through and the 

wave reflected from the water surface. 

 For the analysis, it can be used the method of coherent summation of the waves reflected 

from the layer boundaries sediments (Savarensky, 1972; Chapman N. and Chapman D., 

1993), extending it to the case of medium with attenuation. It should be noted that the 

presence of attenuation the velocity of propagation of the body waves depends on the 

damping coefficient and the frequency (Savarensky, 1972). However, for low frequency (f < 

30 Hz) is usually used in seismology, for small distances commensurable to wavelength, 

these dependencies can be neglected.  

Consider the propagation of longitudinal wave (the displacement velocity of the particles 

of the medium), coming from lower halfspace  

 

,   (7) 

 

where VP0 - amplitude of a incident wave, k - wave number, δP – attenuation coefficient, f - 

frequency, ω = 2πf. The coefficients of reflection rд and transmission д of waves at the upper 

boundary sediment layer (bottom of the sea) for this wave is given by expressions (Ewing, et 

al., 1957; Kaufman et al., 2002; Isakovich, 1973): 

 

rд = (1 -д)(1 +д),д = 2(1 +д),д =с1сP1,  (8) 

 

where  and 1 - densities of water and a sediment layer, c and сP1 - velocities of longitudinal 

waves. Coefficients reflection rо and transmission о of waves at lower border of the sediment 

layer (basement):  

 

rо = (о- 1)(1 + о), о = 2(1 + о), о = 1сP12сP2, (9) 

 

where 2, сP2 - density of medium and velocity longitudinal waves in lower halfspace. 

Parameters of wave, incident at the top border of a sediment layer, are defined by the sum of 

members of an infinite geometrical progression with the common member  

 

,   (10) 

 

 = 1 - j2 =   (11) 

 

The sum Σ of the progression members is  

 

. (12) 
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Speed motion of particles at of the sea bottom is determined by transmitted wave (or the 

sum of the incident and reflected waves in a layer of sediments). Let us determine the 

coefficient transformation wave in the sediment layer as the ratio of the amplitudes speed 

motion of bottom and the wave arriving to the lower boundary layer of sediments (7): 

 

.  (13) 

 

Substitute  from (11) and find the modulus and argument (phase shift) for KP : 

 

 
 .  (14) 

 

In these expressions parameters д and o define influence wave impedances of water 

environment, sediment layer, and the bottom; parameters 1 and 2, respectively, the time 

delay and attenuation of wave in the sediment layer. Consider these questions in detail.  

For small differences between the wave impedances sediment layer and bottom о  1, 

then 

 

 and ,  (15) 

 

i.e. modulus of transformation coefficient will depend only on the wave transmission 

coefficient 2(1 + д) and losses 2, and the phase shift is determined by the time delay in a 

layer.  

For very low frequencies oscillations thickness sediment layer h1<<, then 

 

1 = (2h1)  0 and 2 = (PcP1h1)  0. 

 

In this case  and  0. With an essential difference wave 

impedances of the water environment and the bottom product до = (с2сP2)  0 and
 

. This expression corresponds to the known phenomenon doubling amplitudes of 

the speed and of particles displacement at the free surface. 

For all 1 = (2n – 1)2, (n = 1, 2 …) relations (14) are transformed in form: 

 

 
,  = /2.  (16) 

 

At small losses in a sediment layer 2  0 and coefficient Kp in expression (16)
 

. As д and о usually less than 1, the transformation KP coefficient 

may be greater than 2, i.e. resonant amplification of the amplitudes of P-waves in the 

1]sin)(2cos)1([2    oдoдPoдP jVK
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sediment layer is possible. Consider the transit of shear waves through the sediment. Since 

shear waves do not propagate in water, speed motion of the sea bottom is equal to the sum 

amplitudes of the incident and reflected waves, i.e. it doubles. In this case дs = 0, rдs = 1, дs 

= 0. Expressions for the coefficient modulus of transformation and phase shift take the form: 

 

  (17) 

 

.  (18) 

 

Compare these expressions with the above mentioned for longitudinal oscillations (14). 

At оS  1, 

 

and S1S.  (19) 

 

For very low frequencies 1S 0 and 2S 0. In this case 
 
and  0. 

For all 1S = (2n – 1)2, (n = 1, 2 …) expressions (17) and (18) have the following form: 

 

,  = /2.  (20) 

 

For small losses in the sediment layer 2  0 and . Since оS < 1, in the 

sediment layer may be resonant amplification of transverse oscillations. Expressions (16) and 

(20) can be used to estimate quality factor Q determined its resonant properties. It should be 

noted that quality factor Q depends on two factors: 

 

a)  the ratio wave impedances of water medium, sediment layer, and foundation 

(parameters д, o, oS);  

b)  attenuation in the sediment layer.  

 

Since 1 > (д, o, oS) > 0 this quality factor is always limited, even in the absence of 

damping. From comparison of (16) and (20) is follows that the quality factor for sediment 

layer of longitudinal oscillations less then traverse, as
  

is always less then 

due to the additional term д in the denominator for and оS = 1сS12сS2 it is 

usual less than о = 1сP12сP2. In the discussed examples there were considered the seismic 

waves transmitted through the sediment layer from its footing to the top. However, similar 

phenomena may occur when the hydroacoustic noises input from above out of water (Godin, 

Chapman, 1999). In this case, increasing the amplitude of oscillations will not occur.  

Consider the numerical examples based on Table 8. The velocities of seismic waves are 

accepted according to the generalized velocity sections for the bottom of the Atlantic and 

2/1
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Pacific oceans (Webb, 1992). Attenuation in a layer of unconsolidated sediments were taken 

from works (Hampton, 1977; Volovov, 1992). Attenuation in a layer of friable deposits was 

defined according to works  

 

Table 8. Initial data for models of a layered bottom (Figure 4) 

 

Region 
ρ1 

kg/m3 

ρ2 

kg/m3 
с1P km/s с2P km/s сS1 km/s сS2 km/s 

δP 

dB/mHz 

δS 

dB/mHz 

Atlantic 

Ocean1 

1900 2500 1,8 5,5 0,45 3 0,5 1,6 

Atlantic 

Ocean 2 

2000 2500 2,0 5,5 0,53 3 0,2 0,9 

Pacific 

Ocean 

1600 2600 1,6 5,2 0,35 2,5 0,07 0,6 

 

 

Figure 5. Transfer coefficient |KP| for compress waves as a function of frequency at various a 

ttenuation δP. 

 

Figure 6. Transfer coefficient |KS| for sheer waves as a function of frequency at various attenuation δS. 

Figures 5 and 6 show the results of calculations in accordance with the model velocity 

amplitudes botton (Figure 4) for the compressional |KP| and transversal |KS| waves depending 
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on frequency for different damping coefficients δ in sediment layer. At all graphs are 

observed resonance maxima and minima, whose amplitudes decrease with increasing 

frequency and attenuation similar to those observed in experiments. At the same time despite 

of greater attenuation (δS > δP) resonance phenomena for transverse waves expressed more 

strongly than for longitudinal.  

The reason is semitransparency for longitudinal waves, and Q-factor bottom sediments 

determines not only attenuation but losses during transit through its borders. In calculation of 

effective thickness of the water saturated sediment layer was adopted 300 m for longitudinal 

waves and 100 m for the traverse. This corresponds to the generalized velocity sections for 

Atlantic and Pacific oceans. And calculated resonant frequencies close to those observed in 

experiments (Bradner et al., 1970; Sutton et al., 1981a; 1981b; Godin and Chapman, 1999).  

It should be noted that the obtained dependences |KP | and |KS | from 1 and 2 are fairly 

universal. Parameters 1 and 2 are directly proportional to product of h1f (11), so the shape of 

the curves in Figure 5 and 6 does not change its form at change thickness of a sediment layer 

and the corresponding change of scale on the frequency axis. 

 

 

4. INFLUENCE OF NEAR-BOTTOM CURRENTS 
 

As practice shows, near-bottom currents may cause serious noises with seismic records 

bottom seismographs. Results of the study of such noises, and their qualitative analysis given 

in many works (Duennebier et al., 1981; Soloviev, 1986; Levchenko, 2001). Modeling of 

these processes (Kasahara, 1980) confirmed the basic conclusions of the analysis. It has be 

found, that beginning with a speed 3-5 m/s, the projecting parts of bottom stations causing 

swirls (Karman vortices) that excite vibrations affecting highly sensitive sensors these 

stations. However, known publications have neither quantitative estimates of the noise 

intensities nor the recommendations for their reduce. This is due, apparently, insufficient 

working out quantitative theory of turbulent fluid motion (Landau and Lifshits, 1988), as well 

as lack of experimental data for this area of knowledge (Trehu, 1985b). 

As a result, the 20-year practice of seismological research with bottom stations in the 

Institute of Oceanology RAS some experience of struggle against noises from near-bottom 

currents. This paper attempts to analyze these phenomena and formulate general 

recommendations to significantly reduce noises in a broadband bottom seismographs. In this 

case there are used a combination of qualitative estimates of turbulence in the published 

materials with quantitative experimental results. There are discussed the following points: a) 

mechanisms of excitation of noises by near-bottom currents at structural elements of bottom 

stations; b) estimate of the frequency and intensity of noises; c) estimates attenuation with 

distance from the noise source; d) recommendations on distance separating the sensors unit 

from the container seismograph.  
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u – average speed of the current, l – typical dimensions of the seismograph case, d–diameter of the 

buoy-rope, r–distance from case, I – specific energy of the turbulence.  

Figure 7. Effect of the near-bottom currents on bottom seismograph.  

In the general case, the near-bottom currents may have both laminar and turbulent 

character (due to irregularities of the bottom). In both cases, the current speed decreases with 

proximity to water - bottom border. Hence obvious conclusion ensue to place elements of 

bottom station as close as possible to that border. However, in practice this is difficult to 

accomplish. For example, the housing bottom station with positive buoyancy to be installed in 

2-3 m from the bottom to prevent them from sucking the soft silt, and all the thin-measuring 

elements can be placed inside the case (Figure 7). Therefore to reduce noises in recording for 

broadband bottom seismographs adopted design with block sensors removal in a separate 

container. However around the container may occure wortexes, whose frequency coinsides 

with an operating range of a broadband seismograph.  

Let us consider the three main mechanisms of noise generation by near-bottom currents. 

First –this is is the direct swing seismograph housing under the influence of unsteady current. 

Second mechanism is excitation of vibrations in the water due to occurrence of turbulency 

around projecting parts bottom station. Third mechanism is excitation of acoustic oscillations 

due to vibration elastic elements under the turbulent flow. It should be noted that in special 

publications there are considered mainly only the second driving mechanism of noises 

generation and are given only estimations frequency oscillations (Duennebier et al., 1981; 

Soloviev, 1986). Therefore necessary to consider the mechanisms in greater detail. In general 

water is viscous compressible fluid. The properties of the flow characterized by the Reynolds 

number  

 

R = ρul/η,  (21) 
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where ρ is the density, η - the dynamical viscosity, u -the mean velocity of the fluid, and l- the 

characteristic size (scale), close to the size source of the turbulence. At the critical Reynolds 

number (R >> 2000 for the water), flow becomes turbulent. Below, it should be considered 

development of turbulent or laminar flow at great Reynolds numbers R < Rcr.  

According to (Landau and Lifshits, 1988), near the body placed in the flow directly 

behind the line of separation is formed large-scale turbulence characteristic size l. Then, with 

the extension of its area scale turbulence turbulence decreases and, finally, small-scale 

turbulence dissipates and turn into heat. It should be noted that at great Reynolds numbers 

fluid viscosity can be neglected for simplifying expressions for turbulence. Another 

simplification is the possibility of neglecting the compressibility of water when considering 

oscillations from a small source with dimensions l << λ, where λ is the wavelength of 

acoustic oscillations (Isakovitch, 1973). Let`s consider the question of the frequency range of 

pulsations, as it determines the frequency of the excited noise. In paper (Landau and Lifshits, 

1988) are given lower and upper estimates frequencies of pulsation associated with the scale 

turbulence and Reynolds numbers : 

 

u/l<ω< (u/l)(R/Rcr)=u
2
ρ/η(Rcr).  (22) 

 

Consider the mechanism of the direct impact of flows on the container with seismic 

receivers. Behind the body placed in a flow, either a laminar or turbulent trail is formed with 

respect to the character and velocity of the running flow. In either case, a vortical domain is 

formed behind the body, which causes its oscillations. The laminar trail is characterized by 

the absence of layer mixing in the vortex-free domain of the trail (Landau and Lifshits, 1988). 

In the case of a turbulent flow, additional rocking of the container emerges caused by the 

pulsations of the flow itself. It should be noted that, in this case, the changes in the flow 

direction may significantly influence the noise level, since the container with seismic 

receivers may find itself in the zone of a turbulent trail from a major irregularity of the bottom 

topography of from the parent instrumental container. This may explain the occurrence of the 

so-called ―near-bottom storms‖ (Duennebier et al., 1981, Levchenko, 1994). The radius of the 

turbulent trail grows with distance r as r
1/3

, while the mean pulsation velocities decrease 

proportionally to r
2/3

. This is the reason for the relative stability of the turbulent trail with 

distance. However, the Reynolds numbers decrease together with the pulsation velocity. At 

this, the turbulent trace transforms into a laminar one. The flow acts on a spherical container 

with a force proportional to the mean flow velocity, pulsation velocity Du and squared radius 

of the sphere a (Landau and Lifshits, 1988): 

 

ΔF ~uρΔua
2  

(23) 

  

Oscillation velocity at a spherical container with seismic sensors is directly proportional 

to the velocity of pulsations flow of fluid and depends on its mass and water resistance (added 

mass). In accordance with the work (Landau and Lifshits, 1988), this rate is conveniently 

expressed in terms of the average density of the container ρcon and the density of liquid ρ : 
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V = 3ρΔu/(ρ + 2ρcont).   (24) 

 

From the relations (23) and (24) follows that for reduction the influence of currents it is 

necessary to increase the mass of the container with seismic sensors and reduce its cross-

section and volume. It should be noted that this conclusion is contrary to the requirements of 

the theory adhesion of seismic sensors unit with the bottom (Sutton et al., 1981a), therefore in 

this case necessary a compromise solution. 

Consider the problem of acoustic noise excitation turbulent flow. To estimate the energy 

relations due to changes in linear scale and speed we introduce the concept of specific energy 

per unit mass of fluid in the unit time (Landau and Lifshits, 1988). For example the specific 

energy dissipation 

 

εdis~ (Δu)
3
η/(lRcr).  (25) 

 

Evaluations in (25) and below ar given in the form of proportionality, not equality, so 

sign ~ is used. This is due to the fact that quantitative estimates of the ratio u and Δu for the 

turbulent motion is generally unknown. 

The main source of acoustic noise is located directly behind the streamlined body at 

distances ~ l from the line of separation, since within this region pulsations are correlated, 

which determines the maximum radiation. In the works (Landau and Lifshits, 1988) ratios for 

specific sound energy caused by turbulence are of the form: 

 

εsound~ (Δu)
8
/(lc

5
) = (Δu/c)

5
(Δu/l)

3
l
2  

(26) 

 

where c is sound speed in the water. Here, the ratio (Δu/l) has the dimension of frequency and 

corresponds to a certain frequency of the flow pulsations. The ratio εsound/ε dis allows to 

determine the energy dissipation, which in the first approximation is equal the initial energy 

of turbulence: εsound/ε dis ~ ((Δu/c)
5
. Since Δu is significantly smaller than c, the efficiency of 

sound radiation due to turbulence flow should be very low. 

Since the frequency range of bottom broadband seismographs is characterized by the 

following relation between r-spaced seismic sensors, the radiator size l and the wavelength of 

sound λ : λ >> rcont >> l, noise radiation region can be considered a point source of sound 

field close to a monopoly because of correlationary pulsations. Therefore, the acoustic wave 

velocity in the fluid in the near-field will decrease inversely proportional to the square of the 

distance r (Isakovitch, 1973; Landau and Lifshits, 1988), i.e. 

 

vtur~ Δu/r
2
  (27) 

 

Consider the nature of the radiation oscillating elastic elements bottom station (thin-

measuring tubular frame, antenna, buoy rope, junction cables etc.). The noises radiation has a 

dipole character, their oscillations are excited of stream-lined flow and may have resonance 

maxima. However due to large resistance of water the quality factor of noises is small. 
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According to (Isakovitch, 1973) for the case of small size (l << λ) harmonically oscillating 

body in the near zone ((kr<< λ) may be wrote expression: 

 

vosc~ (1/r
3
)Δue

jkr
cosθ,   (28) 

 

where vosc - the speed of particles in the acoustic wave, k - the wave number, r - distance, θ-

angle between the velocity vector of the body and the direction of wave propagation. 

Compare levels of acoustic noise excited by turbulent vortex and oscillating elements 

station. Let`s define the ratio of the specific intensity (per unit length) of radiation in form 

relation of the oscillating (Josc ) and pulsing (Jpul) the same diameter cylinders d.  

 

Josc/Jpul= 2π
2
d

2
/λ

2
.  (29) 

 

Since the diameter size substantially smaller than the acoustic wavelength (d << λ) , this 

value is small. In the near zone according to the relation (28) the radiation does not depend on 

the direction, while in the second according to the expression (29) it will dipole character and 

will depend on the direction. From (29) it also follows that the intensity noise due to 

oscillations of the elastic elements bottom seismograph is significantly less than due to 

vortices near the elements and damping rate of the excited acoustic wave with distance is 

much faster - respectively by the square (see (27) or cubic (see (28) law. It should be noted 

that due to the small size of the emitter, and the low speed of movement in comparison with 

the wavelength and the velocity of sound efficiency radiation in both cases quite low. It 

increases with the pulsation frequency and size of the radiator is about the third degree 

(Landau and Lifshits, 1988). However, despite the fact that only a small fraction of the energy 

is converted into radiation of turbulent sound noises, due to the high sensitivity of the sensors 

(the threshold is 10
-9

 m/sec), this noise may significant affect their operation in the immediate 

proximity to the source of turbulence (Duennebier et al., 1985; Levchenko, 2001; Wieland 

and Steim, 1986). 

Based on these ratios, consider some specific questions choice of parameters construction 

broadband bottom seismographs. First, we define the frequency range noise exciting turbulent 

phenomena by the structure of seismographs. In accordance with a scale ratio of turbulence 

and Reynolds number (22). Lower limit frequency turbulence depends on the average flow 

rate and size of the elements and the upper - of Reynolds numbers. Characteristic dimensions 

of these elements are as follows: body seismograph - 1 m, the external elements 

(hydroacoustic antenna, flashing beacon, etc.) - 0.1 m, buoy rape, connecting cables, frame, 

radio antenna - 0.01 m. Typical velocity bottom currents causing noise from 0.03 to 0.5 m/s. 

Considering the conditions of fully developed turbulence (R / Rcr > 10) at the coincidence 

frequency band noise with a range of pulsations turbulence obtain frequency 0.03 - 500 Hz. 

Since the frequency range of the broadband seismograph is 0.003-20 Hz, it largely overlaps 

with the range of noises. In the low frequency band of the seismograph may interfere due to 

turbulent phenomena in large uneven bottom (10 m). Therefore, these seismographs desirable 

to install as far as possible enough flat bottom. 
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Very important is the question of the spatial separation of the sensor unit and the 

instrumental container. In several papers have shown the expediency of such a decision, 

however, is not based significance of this separation (Soloviev, 1985, 1986; Voronina et al., 

1995 ; Duennebier et al., 1981). The necessity of moving away the sensor unit from the 

container determined by the excitement of various types noises:  

 

a)  from the mechanisms in the instrumental container; 

b)  from near-bottom currents exciting various sources,  

c)  mechanical connection between the horizontal and vertical seismic sensors due to 

swinging of large container at soft ground. 

  

In view of these reasons, since the 80s. the last century, in installations bottom 

seismographs are used primarily remote blocks seismic sensors. At the same time remained 

uncertain choice of the distance, at which must be installed this unit. However, in experiments 

to measure seismic noise level excited currents in seismographs combined with sensors, it 

was found that its average rate is of 1000 nm / s (Voronina et al., 1995; Kontar et al., 1991; 

Duennebier etc., 1981). For approach the level of acoustic noise to the level of background 

microseisms (about 1 nm / s) it is necessary to reduce it in 1000. Taking into account in the 

worst case noise attenuation with distance is inversely proportional to the square of the 

distance (see relation (28), (29) at the maximum characteristic scale of turbulence l = 1 m 

spacing value r ≥ 30 m. 

When the turbulent trace of the housing seismograph affects on the block seismic sensors 

it is necessary to remove it to a distance at which the turbulent trace becomes laminar , which 

corresponds to a decrease in the Reynolds number of about one order of magnitude. Given 

that the speed in the turbulent layer decreases inversely to the cube of the distance (r
2/3

), with 

a characteristic scale of turbulence 1 m obtain spacing around 33m . Therefore, the length of 

the connecting cable instrumental unit with the sensor unit in the bottom of broadband 

seismographs design IO RAS is 50m, which eliminates the effect of noise from the main unit 

to the sensor unit. 

 

  

5. INSTRUMENTS FOR RESEARCH OF THE SEISMICITY  

OF THE BOTTOM 
 

The autonomous bottom seismographs available in a number of developed countries, 

such as the USA, Japan, Russia, Germany, and France are intended, as a rule, for marine 

exploration seismology and solving specific seismological problems, for example, 

determination of seismicity of some water areas. For this reason, such seismographs have 

limited characteristics as compared to those of land seismographs, in particular, lower 

frequency band, lower channel sensitivity, and shorter operation time (usually not longer than 

two–three weeks). Therefore, long-term monitoring of water areas requires the qualitatively 

different bottom seismic stations whose parameters would be close to those of the land 
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stations (Jacobson et al., 1991; Levchenko, 1994, 2001; Montagner et al., 1992; Prothero, 

1984; Romanovicz et al., 2006; Shiobara et al., 2001).  

A limited recording frequency band of the marine seismographs is related, first of all, to 

the absence of reliable compact economical broadband seismic sensors. In the highquality 

land instrumentation, pendular seismic sensors are currently used (Streckeisen, Switzerland 

and Guralp, England) with a frequency band from 0.01 to 20 Hz (Usher et al., 1979; , 

Wielandt, 1986). They are big and heavy, require manual installation, and fear of shocks and 

moisture. In the autonomous bottom seismographs, compact sensors with a frequency bands 

from 2–3 to 20 Hz are mainly used. They do not record surface low-frequency Rayleigh and 

Love waves and low-frequency bottom vibrations caused by tsunamis.  

For more than twenty years, in the broadband bottom seismographs of the Institute of 

Oceanology of the Russian Academy of Sciences (IO RAS), EKhP17 electrochemical seismic 

sensors have been used developed at the Institute of Electrochemistry of the Russian 

Academy of Sciences (Abramov and Graphov, 1978; Levchenko et al., 1994, 1996, 2010b). 

The main advantages of the electrochemical seismic sensors are low shock sensitivity (up to 

30 g), possibility of operation at any slope, small dimensions and weight, and economical 

feed. The known shortcomings of the electrochemical seismic sensors, such as some 

temperature and external pressure dependence of the parameters, are inessential for the 

bottom seismographs and now successfully overcome constructively.  

The intrinsic noise level of the electrochemical seismic sensors was estimated during 

processing the data on microseism recording at the bottom of the Atlantic Ocean in October 

1991. The microseism spectrum maximum at a frequency of 0.17 Hz was 3.6∙10
–7

 m/s
2
 

(Hz)
1/2

. At the frequencies from 0.03 to 0.12 Hz, the spectrum minimum is located which is 

lower than the maximum by 30 dBs. This is the estimate of the sum noise consisting of 

microseisms and intrinsic noise of the seismic sensor and input noise of an amplifier. 

Consequently, the level of spectral density of OBSS the intrinsic noise of seismic sensor in 

this region should be lower than 10
–8

 m/s
2
(Hz)

1/2
.  

Recently, novel EP105OBS and CME-4111-3X broadband molecular kinetic (a kind of 

electrochemical) seismic sensors have been developed by an EENTEC company (USA) and 

the Center of Molecular Electronics of the Moscow Institute of Physics and Technology. At 

present, these detectors are being experimentally tested in the Experimental Design Bureau of 

Oceanologic Engineering of the Russian Academy of Sciences (EDBOE RAS).  

Construction of the bottom seismograph determines, to a large extent, the level of noise 

caused by the near-bottom currents, reliability of installation at the bottom and emersion, and 

usability. Installation of the modern broadband autonomous seismograph of the IO RAS is 

schematically illustrated in Figure 7; the appearance of the seismograph is shown in Figure 8. 

The seismograph consists of a remote container of the seismic sensors 450 mm in diameter 

and an instrumental container 650 mm in diameter made of titanium and connected by a 

multicore cable with a length of 50 m. The total mass of the equipped seismograph is of about 

80 kg. A bottom container holds a vertical and two horizontal electrochemical seismic 

sensors, a three channel low noise amplifier, low-pass filters, AD converters, economic 

microcontroller with a buffer memory device, and an orientation block. 
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Figure 8. Appearance of the instrumental container (big sphere) and seismic sensor block (small sphere) 

of the IO RAS bottom seismograph. 

In general, the construction of the broadband bottom seismograph of the IO RAS is 

sufficiently reliable and usable for operation in the autonomous regime. At the same time, the 

instrumentation of the container of the seismic sensors represents a complete complex which 

can be connected to the communication and power supply cable for operation in the stationary 

regime.  

For twenty years of recording of the earthquakes and microseisms at the bottom of water 

areas within a wide frequency band (0.003–20 Hz), the researchers of the IO RAS have 

collected great experimental experience. Below, some examples are presented.  

In October 1991, during the fifth trip of the scientific and research vessel ―Akademik 

Ioffe‖, bottom seismic recording was performed in the center of the Atlantic Ocean southward 

of the Azores.  

The seismograph was installed at a depth of 1660 m by about 10 km eastward of the axis 

of the rift valley of the Mid Atlantic Ridge and about 23 km northeastward of crossing the 

valley by the transform fault Oceanographer. A remote (9800 km) earthquake with the 

magnitude M = 6.7 was recorded which happened on October 19 in the Himalayas. Figure 9 

depicts a time compressed three component record of the earthquake. Earthquake duration 

was 10 s, but the signal was recorded for about two hours because of wave dispersion.  
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Figure 9. Compressed record of the Himalaya earthquake (October 19, 1991, M = 6.7) obtained by the 

IO RAS bottom seismograph in the central part of the Atlantic Ocean at a distance of 9800 km from the 

epicenter; the characters denote P and S groups of the body waves and the Love (L) and Rayleigh (R) 

waves.  

 

 

Figure10. Record of the Love wave from the Himalaya earthquake (see Figure 4), separated and filtered 

in the 0.015- 0.08 Hz frequency band; the numerals denote maxima of the first and second harmonics. 

A separated record of the Love wave this earthquake with the marked maxima of the first 

and second harmonics is shown in Figure10. The analysis of dispersion curves of the group 

velocities of these waves revealed waveguides at depths from 60 to 80 km and from 160 to 

200 km which were previously unknown in this region (Levchenko et al., 1994). 
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Figure 11. Record of the long-term seismic event (hypothetically, from an underwater landslip), 

obtained August 25, 1999, by IO RAS bottom seismograph in the Caucasian continental slope of the 

Black Sea (the arrows point an interval of 2 s). 

From 1999 to 2001, researchers of the IO RAS fulfilled geological and geophysical 

investigations in the northeast part of the Black Sea continental slope in the regions of the 

constructed Russian-Turkish undersea gas line and oil loading terminal near Novorossiysk. 

As a result of the bottom seismologic observations in August and September 1999 and 

September 2001, over 1200 seismic events were recorded. The overwhelming majority of 

them (90%) were local micro-earthquakes and weak shocks with a magnitude of less than 1 or 

2 which were not recorded by shore seismic stations.  

Figure 11 shows a record of a long local seismic event (t > 200 s) which has no features 

of the tectonic phenomena and may be caused by an submarine landslip. During the 

expedition, several tens of such long records (about 80–250 s) were recorded by only one 

seismograph. It should be noted that high seismicity and extraordinary steepness (sometimes 

up to 30 deg) of this region favor the descent of a critical mass of sediments from the upper 

part of the continental slope. Results of registration of earthquakes on this expedition are 

described in more details in the collection ―The Black Sea: Dynamics, Ecology and 

Conservation‖ (Levchenko and Kuzin, 2011). 

The challenge of the autonomous bottom stations is the operative communication with 

the shore or a providing vessel. This communication is necessary when a seismograph is 

intended, for example, for tsunami danger warning. Ordinary hydro-acoustic communication 

operates at small distances, requires much energy, is subjected to reverberation noise, etc. It 

should be noted that recently developed communication systems with the use of complex 

coding and digital processing are much more noise immune and have lower signal powers 

(Catipovic, 1997). Also, in the newly developed techniques on the basis of floatable modules 
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an express signal is transmitted via a satellite or radio channel. However, these methods have 

not been used in the bottom seismographs.  

In the current autonomous tsunami warning systems, surface retranslation radio buoys are 

used which are connected to the bottom station via a hydro-acoustic channel (DART system, 

USA) (Tang et al., 2009). However, the buoys of average dimensions (overwater and 

underwater heights are of 2.5 m and 1.8 m, respectively) are intensively affected by sea 

waves, which reduces the working life and reliability of the communication channels. Loss of 

such buoys is mainly resulted from buoy rope breaks due to fatigue loading. At the same time, 

there exist other constructions of long-term buoys that have been used in marine practice. 

 In 70-s and 80-s of the last century, in the USA and USSR the so called stabilized buoys 

were developed and used in research. Simplistically, such a buoy is an anchored vertical pipe 

with a length of 50 m submerged in water on three quarters of its length. Because of high 

stability and small windage, such a buoy has a small slope (units of degrees) even during 

strong storms and small vertical oscillations (units of centimeters) relative to the average sea 

level. Due to a special anchoring system, the buoy does not rotate around the axis, which 

makes it possible to connect it to the bottom stations by cables. Such a buoy was installed in 

the South Branch of the IO RAS and used for ten years (1974–1984) (Lobkovskii et al., 

2005).  

There are long term buoys with the use of an inter mediate subsurface floatage (Froude 

spar buoy). Such an anchored floatage is located at a depth of 50–100 m where the surface 

waves cannot penetrate. Therefore, practically no dynamic loads affect the buoy rope. A 

stationary or submerging surface buoy is connected to the floatage. As the dimensions of the 

buoy are relatively small, in this case it does not considerably load a coupling element, which 

provides long (about 10 years) working life of the construction.  

In the Institute of Oceanology according to the contract with the Ministry of Emergency 

Situations of the Russian Federation in 1996-1997 has been developed bottom observatory for 

the study of short-term precursors of strong earthquakes. It allows to record a number of 

parameters of water environment: temperature, pressure, current speeds, water acidity (pH), 

the electrical conductivity, the sound speed in water and the spectrum of transparency in the 

visible optical range. The principle of operation of observatory is based on known phenomena 

of change parameters and the composition of near-bottom water in pressure variations within 

the earth`s crust during preparation of a strong earthquake (King, 1980). 

Figure 12 shows of the observatory on the sea bottom. Set of equipment of the 

observatory consists of the bottom instrumental complex, underwater buoy with replaceable 

power supply and a pop-up radio buoy. Points for data acquisition and control observatory are 

located on the shore. Figure 13 shows appearance of the instrumental container of the bottom 

observatory. 

To install and recovery observatory and replace the power supply it is used auxiliary 

vessel. In 1997, the observatory has been tested in Avacha Bay (Kamchatka) and then was 

given into trial operation Institute of Volcanology and Seismology RAS. 

During testing the observatory in 1999 in Avacha Gulf in 50 km from it occurred 

earthquake with M = 4.4 and focal depth of 37 km. Shakes near observatory installation at a 

depth 30 m was impossible to determine, but in Petropavlovsk- Kamchatsky they reached 2-3 
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points macroseismic scale MSK-64. Figure 14 shows graphs of changes in temperature, 

pressure and speed of sound, which is marked by arrow at moment of earthquake.  

 

 
 

1 – instrumental container, 2 – tripod basement, 3 – buoy with power supply unit, 4 – anchor, 5, 7 – 

cables-rope, 6 – radio buoy, 8 – reel, buoy rope, 10 – emergency rope. 

Figure 12. Scheme of the observatory installation on the bottom.  

 

 

Figure 13. Appearance of the instrumental container of the bottom observatory IO RAS. 
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Figure 14. Records of the time series (temperature, sound velocity, and bottom pressure), obtained by 

bottom observatory IO RAS. Vertical arrow marks the moment of the Avacha bay earthquake on 

August 7, 1999 (M = 4.4, distance 50 km). 

The course graphs affected storm noises, but on it background there are noticeable 

changes in temperature and speed of sound. The graph of pressure showed changes three days 

before earthquake. Unfortunately, this observatory is not use now by the Institute of 

Volcanology and Oceanology because of the lack of funds in the Administration of 

Kamchatka region (Gavrilov et al., 2000; Lobkovsky, et al., 2005). 

Sea gas and oil platforms can be a good basis for placement centers data collection and 

transmission system of environmental monitoring, including data from seismic activity 

bottom. With seismological equipment can monitor changes in the state of the bottom area in 

the extraction process large volumes of hydrocarbons. Connection with measuring devices 

can be wire, cable, radio or hydroacoustic.  

Figure 15 shows the layout of a number of measuring devices for geo-ecological 

monitoring in the area of extracting platform. They include: bottom and moored buoy 

autonomous station, cable bottom seismographs, manned and unmanned underwater moving 

vehicles, etc. With the development of infrastructure in the area of industrial development of 

the oilfield will be expanded network of marine monitoring stations.  
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Figure 15. Scheme of the geo-ecological monitoring in the region near drilling platform. 

 

CONCLUSION 
 

1.  The majority earthquakes occur under the bottom of the oceans and seas, but 

stationary marine seismological network still does not exist. Seismographs network 

of ground stations registrated records strong distant earthquakes with large 

distortions and weak earthquakes are never recorded. For this reason, it is impossible 

to adequately study the deep geotectonic processes under the seas and oceans. 

Insufficiently investigated also the structure of the oceanic crust and upper mantle, 

excitation mechanisms of tsunamis and other seismic events. Actual problems remain 

strong sea earthquake forecast, especially the registration of their short-term 

precursors and warning tsunami hazard. Therefore there is an urgent need for a 

unified global network of land and marine stations.  

2.  Differences seismic recording at the bottom waters consist in the influence of the 

water layer and water saturated layer of unconsolidated sediments , features coupling 

housing seismograph with the soft bottom and excitation noises near- bottom 

currents. There are technical difficulties due to autonomous operation station, which 

requires them to ensure high reliability. Furthermore, the station housing should be 

durable to protect the pressure at great depths and from impacts during installation. 

Substantial difficulties arise also providing duration power autonomous apparatus 

and transfer of seismological information to land stations. Radical solution to this 

problem is possible by using submarine cables, but the cost of their laying is high and 

reuse cables intercontinental communication is impossible due to their low 

reliability. 
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3.  Due to the absence of a stationary marine seismological network at present in solving 

problems the marine seismology there are used mainly autonomous bottom seismic. 

Their high mobility allows to deploy a network of stations in any area of the World 

ocean. Configuration of this network may be selected in accordance with the specific 

objectives and having equipment and the cost of autonomous bottom stations are 

many times less than the cost of stationary cable stations. The achievements of 

modern science and technology in the field of marine instrumentation overcomes 

many difficulties in the development and operation of bottom seismographs. Modern 

electronic components measuring and computing technique and memory devices 

provide long-term work on the bottom of autonomous devices without replacing the 

power supply. There are known constructions long- term buoys allowing to provide a 

stable connection with the autonomous station via radio or satellite channels. The 

foregoing shows that creating stationary marine seismological network approaching 

to its metrological parameters to the land network, it is advisable to use long-term 

autonomous bottom seismographs. The foregoing shows that creating stationary 

marine seismological network approaching to its metrological parameters to the land 

network, it is advisable to use long-term autonomous bottom seismographs. 
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