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DETERMINATION OF THE PHYSICAL PROPERTIES OF COMPLEXLY CONSTRUCTED MEDIA 
USING NEAR-SURFACE CROSSWELL METHOD 

 
(Рекомендовано членом редакційної колегії д-ром фіз.-мат. наук, проф. Б.П. Масловим) 
In case when the upper part of the medium has complex geological structure and geodynamic processes occur in it, the necessity of 

these data increases in projecting of the object under construction. 
Purpose. Studying of acoustic, elastic and anisotropic properties of the upper part of section of complicatedly constructed 

geological media. 
Methodology. Seismic observations are conducted in shallow wells in the areas of construction objects located in various 

seismogeological conditions by NSCW (Near-Surface Cross Well testing) method. Field seismic records are processed. Kinematic and 
dynamic parameters of pressure and differently polarized shear waves are determined. Thin-layered one-dimensional models of physical 
properties of the medium are created and interpreted on the basis of nonlinear theory of elastodynamics. 

Results. It is determined that the medium with high porous, water saturated rocks and anomalous high reservoir pressure has 
anomalous low value of velocities and gradient of their increase with depth. When this medium was re-examined after deep piles were 
built there, the overestimated seismic velocities are obtained, which is explained by a decrease in the section of anomalously high 
reservoir pressure and, accordingly, the porosity of the rocks after piles were built. When the hollowness is increased in unsaturated 
pebble rocks, the negative value of Poisson's ratio is obtained on the standard method. Seismic anisotropy related with the direction of 
the grains packing of the rocks is revealed on velocities of shear waves. The change of property of rocks on depth is manifested clearer 
on frequencies of waves than on their amplitudes. 

Scientific novelty. The elasticity moduli of the 3rd order are determined which are more sensible to variability of nonlinear elastic 
properties of rocks of the medium than the moduli of the 2nd order. The values of Poisson's ratio are recalculated for one and the same 
rocks located in different conditions of rock pressure on the basis of nonclassical theory of deformation. 

Practical importance. The obtained results can be applied to study the media characterized by complex seismogeological 
hydrodynamic conditions with clay-sandy rocks of high porosity and water saturation. 

Keywords: near-surface cross well, pressure, shear wave, seismic velocity, elastic modulus, anisotropy, saturation, absorption. 
 
Introduction.The earthquakes, landslides, mud 

volcanoes eruptions are the natural phenomena frequently 
occurring in Azerbaijan. Here the upper part of the 
geological section consists of the Quaternary sediments. 
Here the rocks are mainly clayey, but besides them there 
are separate beds of sands and shells. The rocks are highly-
porous and water-saturated. In some places the sand beds 
have the abnormal pressure. The groundwater level at the 
sea cost starts from 2–5 m. The slopes of strata are nearly 
horizontal. When designing the site of the constructing 
object with such complex properties, it is necessary to 
provide its safety from the expected technogenic and natural 
phenomena. That is why the geological, geotechnical and 
engineering-geophysical investigations are carried out 
before the object design in-situ with purpose to get the 
information regarding the physical-mechanical properties of 
the upper part of the geological section. Depending upon the 
solved task the following methods are mainly used in 
engineering-seismic investigations: 

  the thick-layer model of the environment is defined by 
velocity of pressure ( pV ) or shear ( sV ) seismic waves using 
therefractionmethod (RM) on the Earth surface by refraction 
wave travel time curve (Burger,1992; Burger et al., 2006);   

  the thin-layer models of the upper part of the 
environment are defined by sV  using the spectral analysis 
of surface waves (SASW) method (Antipov and Ofrikhter, 
2016; Tokeshi et al., 2013) and the multichannel analysis of 
the surface waves (MASW) (Antipov and Ofrikhter, 2016; 

Choon et al., 2007; Tokeshi et al., 2013;Yasnickij et al., 
2012) method;  

 the method of micro seismic logging (MSL) of the 
shallow well allows defining the one-dimensional models by 

pV  and sV  (Crice, 2011); 
 the NSCW method, applied in the present 

investigation, is intended to study cross-borehole space 
(Aghayev et al., 2012; Moret et al., 2006; Park et al., 2008; 
Pratt et al., 2008; Taeseo and Paul, 2013; Wadhwa et al., 
2005; Yasnickij et al., 2012). In this method the observations 
are carried out in two shallow wells located nearby. In the 
first well the waves are excited at one depth, but in the 
second well the waves are recorded consistently at all 
depths. Then the waves are excited in the first well at the 
next depth, and they are all recorded at all depths in the 
second well (tomographic system of observation). The 
waves recording is performed by the multicomponent 
seismic receivers. 

The MASW, SASWand NSCW methods are mainly 
applied to study the geological environment of the 
construction project areas. MSL and RM methods are also 
widely applied mainly in the seismic survey to define the 
static corrections. Among these methods the NSCW allows 
acquiring more detail, precise and comprehensive 
information regarding the physical properties of the 
geological environment via P  and S  waves. 

Often the simplified version of the field observations is 
applied when performing the NSCW actions: only one 
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excitement and one record of the waves is carried out at 
every depth (Aghayev et al., 2012). As a result of the field 
seismic record processing, the thin-layer one-dimensional 
models of the environment are defined by pV , sV , as well 
as the Poisson's coefficient ( v ) and Young's modulus ( E ). 
But the necessity arises to define other moduli of elasticity, 
anisotropy and absorption by the complex environments 
(Bezrodna et al., 2016; Suroso et al., 2017;Thomsen, 2002; 
Aleksandrov and Prodajvoda, 2000). 

The results of studies of the non-linear physical-
mechanical properties of some sedimentary rocks shows 
that the elasticity moduli of the third order are manifold 
sensitive to the variability of the environment's elastic 
properties than the moduli of the second order (Bezrodna et 
al., 2016; Guliyev et al., 2016; Aleksandrov et al., 2001; 
Vyzhva et al., 2005; Kuliev, 2000).The above mentioned 
modulus had been used in the present research. 

Numerous studies have been carried out to study the 
anisotropy of the propagation velocity of seismic waves in 
sedimentary rocks(Suroso et al., 2017; Thomsen, 2002; 
Aleksandrov and Prodajvoda, 2000; Dugarov et al., 2011). 
The anisotropyis more brightly manifested in the difference 
of velocities of differently polarized SH and SV shear waves 
(Puzyrev et al., 1985).The seismic wave's absorption is the 
important property of the environment; it is defined by the 
amplitudes change of harmonic components of the seismic 
signal (Boganik and Gurvich, 2006). 

Objects of research. The article examines the study of 
geological environments of three sections of building objects 
using the NSCW method. 

The first object (Object_1) locates onshore, 250 m from 
the Caspian Sea coast, on the flat terrain, 2,3 m over the sea 
level. Here the groundwater level approximately starts from 
2–3 m. The Lower Quaternary sediments lay in the studied 
interval ((1–28 m) of the geological section. The lithological 
section consists of the alternation of thin layers of clays and 
sands. From top and to 30 m deep the clays are 
characterized as very soft, soft, firm, hard and very hard. 
The clays are with inclusions of organic matter. Starting from 
0.5 m to the groundwater level the water saturation of clays' 
pores is 16,3–17,4 %. The rocks density starts from 
1.86 g/sm? and increases to 2,07 g/sm?.  

The second object (object_2) locates onshore, 200 m 
from the Caspian Sea coastline, at 2,0 m above the sea 
level. According to samples from wells, here the geological 
section mainly consists of flat-dipping thin layers of clays, 
sands and sandstones rocks of the Lower Quaternary 
sediments. With increasing depth, the clayey rocks and the 
number of clean clay layers increase. In comparison with 
object_1, the younger, porous, soft and water-saturated 
rocks occur here. The present rocks are water-saturated 
because the site locates at the sea shore. The beds of 
water-saturated sands, consisting of two layers with 
abnormal pressure, occur at the depths of approximately 
25–50 m. Here the average value of rocks' density is 
1,99 g/sm?. At the site of the object, NSCW was observed 
at depths of 1–83 m. Two years after the numerous large 
holes were drilled in the direct close from that area and the 
deep concrete piles were constructed in that holes. After 
these actions the repeated observations by NSCW were 
carried out with purpose to control the environment change 
in this area. 

The third object (object_3) locates far from the seashore. 
The rocks of the studied environment mainly consist of 
pebble soils with sandy loam and sandy fillers. The pebbles 
are large in size. The space between the rocks particles is 
empty enough. In object the groundwater level starts 
approximately from 16 m. Up to this depth the particles of 

young and non-cemented rocks have the good contact. After 
the depth of 16 m the rocks' water saturation is 
approximately 15 %. Here the average value of the rocks 
density is 2,20 g/sm? Here observations by NSCW were 
carried out at a depth interval of 1–20 m. 

Method of study. Acquisition method. The seismic 
observations were carried out by NSCW method (Aghayev et 
al., 2012; Park et al., 2008; Dejneko et al., 2017; Oshkin et al., 
2016) with application of "Geotomographie" devices 
(www.crosswellinstruments.de). At the same time two wells 
with equal depths in some tens meters were used. A plastic 
pipe was put down into every well, and the annular space was 
filled with cement grout. The pipe position along every well bore 
was determined by inclinometer. The distance between the 
wells was 8–10 m. In accordance with observation system the 
source shot-point was lowered down into the first well, but the 
seismic waves' receiver – into the second well.  

In the first well, the P  wave, SH  and SV  types of S  
waves were simultaneously excited.In the second well they 
were received by three-component XYZ  seismic receivers. 
In the course of study, not tomographic (Wadhwa et al., 
2005) but simple system of observations was used located 
at the same depth with excitation source and receiver 
(Aghayev et al., 2012). The devices in well were directed 
according to compass reading. In the receiving well the Y 
component was directed towards the well of waves' exciting. 
Observation at each depth was repeated 10 times and the 
records were summarized.In each depth, the waves were 
excited separately by strikes in the right and left 
directions.The mentioned process was repeated after 
raising of the excitation source equipment for 1 m. At the 
strokes to the left and right directions the first P wave is got 
with similar polarity, but S wave – with direct and reverse 
polarity (Crice, 2011; Parket al., 2008). Such observation 
allows choosing between P  and S  waves because the 
polarity of S wave differs from the noise.  

The duration of seismic record is 64 msec, but the 
discretization – 0,021 msec. 

Processing of seismic data. Field seismic records were 
processedby "GEOPRESS" (Guliyev et al., 2010) software 
package. As a result of test the graph and optimal values of 
processing parameters were selected. The main procedures of 
processing graph (Aghayev, 2012; Gheslagni and 
Santamarina, 1998; Dejneko et al., 2017) are the following:  

1. bringing of seismic records to processing format; 
2. calculation coordinate of each observation points in well; 
3. visualizing and editing of seismic records; 
4. summarizing of seismic records on right and left 

directions to select P  and S  waves and subtracting from 
each other; 

5. calculation of complete vector records from XY  
component records; 

6. definition of frequency spectrum and the leading 
frequencies of P  and S  waves; 

7. application in necessary of zero phase frequency 
bandpass filters to seismic records;  

8. definition of polarization parameters of P  and S  
waves; 

9. determination of the 1st and 2nd phase time, 
amplitudes of P  and S  wave signals in different seismic 
attribute records; 

10. calculation of layer velocities of propagation P  and 
S  waves in the medium; 

11. correction of wave time and velocities on depths at 
which signal/noise ratio is low; 

12. calculation of Poisson, Young and other ratio of 
elasticity modulus; 
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13. calculation of values of the seismic anisotropy by the 
time difference of fast and slow shear waves; 

14. calculation of values of the seismic waves' 
absorption by their amplitudes.  

The seismograms of P  and S  waves, obtained after the 
processing of the field seismic records, are given in fig. 1 as 
an example for object_1.  

 

 
Fig. 1. NSCW seismograms after processing of Object_1:  

a – pressure wave; b – shear wave 
 

Here the first P  and S  waves are steadily traced on 
which their kinematic and dynamic parameters were 
defined. The precision of S  wave times is approximately 
two times higher than by P  wave. The changes of waves 
parameters depending upon the observation depth are 
recorded in the seismograms. Various unwanted energies 
are observed in the seismogram by P  wave (fig. 1, а). The 
regular unwanted signal defined as NP  has double arrival 
time and low apparent velocity than P  wave. Probably, the 

NP  is multiple P  wave. 
Definition of the physical properties of the 

environment. The thin-layer one-dimensional models of the 
environment were defined by pV , sV , v , E , 1n , 2n , a , b  
and c  as a result of the seismic records processing. Here 

1n , 2n  – are combined, buta, band c are the elasticity moduli 
of the third order (Guliyev et al., 2016; Aleksandrov et al., 
2001). The values of moduli of the third order were 
calculated by the non-classic theory of deformation (Vyzhva 
et al., 2005; Kuliev, 2000) considering the geostatic pressure 
in the environment. Values of moduli 1n , 2n , a , b  and c  
are corresponded to the conditions of atmosphere pressure. 
The data on velocities of the pressure and shear waves 
SH , SV , rocks density and geostatic pressure for every 
depths were used for moduli calculations. 

The time rate of the seismic waves was studied by their 
rate spectrum and band filters of thedifferent ranges. The 
amplitudes of time phases, "visible time rate", calculated by 

time phases of the wave signal, were used to get the precise 
data regarding the waves. The time rate of waves and 
amplitude values, related with depth change, were defined. 
The processing results were interpreted according to the 
accepted technique (Aghayev et al., 2012; Suroso et al., 
2017; Wadhwa et al., 2005; Oshkin et al., 2016). 

Results and discussions.The results of studies are given 
for three objects mentioned above. For the first object 
(object_1) the results are complete, for the rest two ones they 
are partial. The results are discussed individually for each 
object and by the physical parameters of the environment. 

The properties of the rocks seismic velocities for 
Object_1. According to P  and S  waves, with increase of 
depth, the layers velocities increase gradually by small 
variations (fig. 2, a). The most velocity gradient is observed 
at the depth of 1–6 m and by pV . It is related with gradual 
increase of saturation of the rocks with groundwater. In the 
following depths the velocity change is related with porosity, 
density, lithology of the rocks and, according to P , with water-
saturation changes. Unlike the pV  which characterizes the 

solid and liquid part of the skeleton, sV  doesn't practically 
depend upon the rock saturation (Garotta, 2000) and 
describes only the solid part of the rock skeleton. The 
quantity and hardness of contacts between the rocks grains 
strongly influences the sV . Therefore, sV  more accurately 
characterizes the strength of the rock. 

 

 
Fig. 2. The graphs of dependences of the seismic velocities and elasticity moduli values upon the depth for Object_1: 

a – layer velocity for pressure and shear waves; b – by v ; c – by E ; d – by 1n ; e – by 2n  

c



~ 16 ~ В І С Н И К  Київського національного університету імені Тараса Шевченка ISSN 1728-3817 
 

 

According to depth interval 1–28 m the correlation 0,974 
of intermediate dependence between pV  and sV  was 
approximated by the linear function (fig. 3) coefficient.  

0,1328 0, 4195s pV V    
This equation is correct within the velocity values given 

in fig. 2, a. 
Elastic properties of the rocks for Object_1. The 

value of ν differentiates strongly with depth increase and 
changes with great gradient (fig. 2, b). As the water-
saturation influences upon pV  and sV  in different ways 
(Burger, 1992; Burger et al., 2006; Puzyrev et al., 1985; 
Garotta, 2000), this coefficient cannot completely describe 
the elasticity properties of the rock matrix particles. 
Accordng to Young's modulus, the graph is multiply 
differentiated and the changes of the rocks elasticity 
properties reflect there more substantively (fig. 2, с). It is 
related with differences of formulae of the elasticity moduli 
calculation and with more stable change of sV  with depth 
than pV  has. In the present research the moduli 1n  and 2n  
were used to study the elasticity of the environment's rocks 
and the jointing simulation (  ) by disk-shaped fractures 
(Maslov et al., 2000). It is assumed that the change of   
characterizes the rock porosity change. Testing 1n  and 2n  
was carried out for various values of   (0,020,20) and 
depth of observation. An increase in   corresponds to an 
increase in the porosity of the rock. The values of 1n  and 2n  
are calculated taking into account the geostatic pressure at 
each depth of observation. The graphs from fig. 2, d,e show 
that at equal value of   the values of anddecrease with the 
depth grow. This is due to the increase in the values of the 
velocities and density of rocks in depth. The results of the 
calculations show (fig. 2, d, e) that as the porosity increases, 
the absolute value of 1n , 2n  and accordingly the elasticity 

of the rocks decreases. The value of changes within wider 
range than by 1n  (fig. 2, d, e). With an increase in  , the 
gradient of the variation of and decreases with depth. With 
the same value of  , with increasing depth the values of 1n  
and 2n  decrease. This is due to the increase in the 
difference in the rock pressure. These changes show the 
possibility of predicting the variability of rock porosity with 
the use of the above modules. 

 

 
Fig. 3. Dependency between pressure and shear wave velocities 

 
The difference between the maximum and minimum 

values of each elasticity modulus is determined. It was 
obtained that the differential by moduli v , E , 1n  and 2n  (at 
 = 0,20) is 9 %, 127 %, 122 % and 184 % accordingly. It 
points to the great range of 1n  and 2n  change and their high 
sensitivity to variability of the rocks' elastic properties than 
moduli of the second order. The moduli  and  can be applied 
when forecasting the rocks' porosity. 

The values of moduli a , b , c  and v  by the classic and 
non-classic theory of deformations for objeсt_1 and object_3 
are given in table 1. 

 
Tab le  1  

The values of elastic properties of rocks of the environment 
object_1 object_3 

depth a 10 b 10 c 10 v  of v of no depth a  10 b  10 c  10 v  of v  of no 

m GPa GPa GPa classic classic m GPa GPa GPa classic classic 
5 –213 253 –801 0,431 0,432 5 1863 –2782 8358 0,160 0,177 
6 –98 74 –248 0,438 0,432 6 –2782 4193 –12583 –0,081 0,177 
7 –136 150 –472 0,436 0,432 7 –3747 5621 –16893 0,069 0,177 
8 –98 106 –340 0,433 0,432 8 –953 1435 –4322 0,052 0,177 
9 –149 180 –560 0,435 0,432 9 –360 545 –1643 0,086 0,177 

10 –61 54 –184 0,433 0,432 10 –1190 1786 –5368 0,113 0,177 
11 –61 58 –194 0,432 0,432 11 –546 820 –2470 0,120 0,177 
12 –90 105 –331 0,431 0,432 12 –210 318 –957 0,078 0,177 
13 –111 138 –432 0,430 0,432 13 503 –755 2252 0,185 0,177 
14 –174 235 –721 0,428 0,432 14 –824 1233 –3710 0,155 0,177 
15 –173 230 –703 0,432 0,432 15 73 –109 322 0,142 0,177 
16 –166 221 –676 0,433 0,432 16 –2023 3033 –9107 0,009 0,177 
17 –147 193 –589 0,435 0,432 17 525 –792 2365 0,265 0,177 
18 –133 174 –535 0,433 0,432 18 5 –40 112 0,417 0,177 
19 –125 161 –495 0,435 0,432 19 –168 222 –669 0,422 0,177 
20 –156 210 –641 0,430 0,432 20 –488 694 –2088 0,428 0,177 

middle –131 159 –495 0,433 0,432 middle –645 964 –2900 0,164 0,177 
 
As a result of comparing the following had been 

discovered: 
 the dispersion of values a , b , c  and v  for object_1 

is significantly lower than for object_3; 
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 the difference of v  values average by depth by the 
classic and non-classic theory for object_1 and object_3 is 
+0,14 % and –7,49 % accordingly; 

 the difference of v  values by classic and non-classic 
theory for separate depths is greater for object_3 than for 
object_1; 

 the negative values of v  were obtained by the non-
classic theory of deformation for object_3 for the depths  
1–3 m and 6 m.  

For every object the application of non-classic theory 
allowed to get the equal values of by v  all depths of 
observations. It is necessary to mention that when 
calculating v  values by the non-classic theory it is proposed 
that in the studied depths the rocks have a similar lithological 
composition but different values of the rock pressure. 

Anisotropy properties of the rocks for Object_1. In all 
studied objects the shear waves of SH  and SV  type are 
traced in the seismic records (fig. 4, a). These waves have 
the equal frequency spectrum but different arrival time to 
seismic receiver. In the seismic records the high-velocity 
SH  wave are traced in the horizontal components, but in 
the vertical components – the low-velocity SV  wave 
(Taeseo and Paul, 2013; Karpov et al., 2014; Puzyrev et al., 
1985). The time differences of these waves change by depth 
accordingly, 1,0 ms in an average. These differences make 
it possible to determine the rock anisotropy from the seismic 
velocity (Suroso et al., 2017; Thomsen, 2002) (fig. 4, b). In 
the horizontal direction the wave width covers the rocks 
particles, but in the vertical direction it travels with great 
velocity (Dugarov et al., 2011; Karpov et al., 2014; Puzyrev 
et al.,1985).Due to direction of the covered particles of the 
rocks of the observed seismic anisotropy the sites to study 
had been accepted considering the following properties: 

1. according to well data from the sites, the rocks layers 
occur approximately in the horizontal direction; 

2. the rocks of the site have no microfractures due to the 
softness, great porosity and low pressure at the occurrence 
places; 

3. the anisotropy is observed by sand, clayey sands, 
and clay beds containing the organic matter. 

The anisotropy values change within 5–25 % and are 
observed at the depth interval 14–28 m maximum (fig. 4, b). 
Similar results with various values of the anisotropy were 
obtained in all studied objects. All these prove once more 
that in spite of the presence of isotrope in the pure clay, it 
(clay) has the properties of the seismic anisotropy, related 
with direction of packing of the rocks particles with pure and 
mixed sands (Puzyrev et al.,1985). 

Absorption proerties of the rocks for Object_1. It is 
known that the variability of the frequency of the detected 
signal depends on the factors (Puzyrev et al.,1985; Garotta, 
2000; Boganik and Gurvich, 2006): the greater the hardness 
of the rock in the medium, the greater the frequency of the 
excited signal and the less the signal absorption in the 
medium between the source and the receiver; the higher the 
frequency of the hormone signal, the greater its absorption 
(Boganik and Gurvich, 2006).The influence of these factors 
cannot be separated when determining the absorption from 
data with a simple NSCW observation system. Therefore, 
the absorbing property of the medium, determined from the 
data used, is a priori information. 

An increase of visible frequency of seismic signal with a 
depth is mainly observed on seismograms (fig. 1, a, b) and on 
charts (fig. 4, c). From the depth of 2 m to 12 m visible 
frequency is increased by 65 % P  wave and 35 % S  wave. 
For a 2–28 m interval, a relationship between the frequency 
( f , Hz) and the velocity (V , km/sec) is determined jointly by 
both waves. The dependence is approximated by a linear 
function, with a correlation coefficient of 0,925. 

 

 
Fig. 4. Anisotropic and absorption properties of the environment for object_1: 

a – (▬) and  (▬) type shear wave seismic records; b – anisotropy coefficient; c – visible 
 
The amplitude of the phase of the wave signal is 

substantially higher than y (fig. 4, d). At depths of 2–28 m, 
the amplitude gradient is +0,6/m in P  wave and –6.2/m in 
SH  wave. Despite the increase in the frequency P  of the 
wave with depth, its amplitude also increases, which 
indicates a weak absorption of it in the rocks of the medium. 
The large and negative gradient of the amplitude of the SH  
wave is probably due not to an increase in its absorption with 
depth, but to a decrease in its intensity upon its excitation. It 
is assumed that the impact force to the well wall was a 
source of wave excitation and was stable at all depths. 
Therefore, the change in the SH  wave amplitude 
characterizes the variability of the medium rocks in depth. 
Thus, the absorbing property of the medium rocks is not a 
determining factor of influence on the values of the wave 

amplitudes. The determining factor is the conditions for the 
excitation of waves in the rocks of the medium. 

The properties of the rocks' seismic velocities for 
Object_2. During 2 years the studies by NSCW method was 
performed twice within the present object. According to the 
results of both studies, as the depth increases, sV  gradually 
increase with varieties (fig. 5, a). This is explained by the 
fact that as the geostatic pressure increases, the porosity of 
the rock decreases, which leads to an increase and 
improvement of the contacts between its grains. Variation of 
velocity sV  at different depths is related to lithological 
variability. According to the first NSCW study, after a depth 
of 8m (full water saturation), the pV  does not increase 
substantially. For this object, the velocities are low, which is 
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explained by high clayiness, porosity and water saturation of 
the rocks of its environment. For this reason, there is no 
correlation between the values of the pV  and sV  (fig. 3). In 
this depth interval, the maximum anisotropy value is about 
2 %. Such a low value of anisotropy is explained with high 
clay content of rocks. 

After the first NSCW study the abnormal pressure of 
layers was reduced significantly at the object site. It was 
related with construction of great number of the deep 
concrete piles. Therefore, in rocks the porosity and water 
saturation are reduced, the density is increased. Then the 
NSCW work was conducted for the second time with a view 
to monitoring. A comparison of the results of the two studies 

is given in (fig. 5). After monitoring pV  and sV  aregenerally 

increased.In the depth interval 1–7 m pV  did not change, 
but after 7 m it gradually increased (fig. 5, a). The difference 
in the values of sV  is gradually increasing after 25 m. After 
monitoring, the gradient of the pV  increase with a depth 

greater than sV . This is due to the decrease in layer 
pressure and, accordingly, porosity, water saturation of 
rocks. At a depth of 40 m, the increase in the values of pV  

and sV  is 35 % and 24 %, respectively.  

 

 
Fig. 5. Properties of the environment rocks at object_2 after the first (1) and second (2) NSCW studies:  

a – layer velocity of the pressure and shear waves; b – by ; c – by  
 

Elastic properties of the rocks for Object_2. The 
value of modulus of the rocks elasticity of the present object 
shows the presence of less elasticity in comparison with 
other objects. After a second NSCW study, the values of the 
v  and the E  were increased by 2% and 41 % (fig. 5, b, c). 
A small and reverse change in the value of the Poisson's 
ratio is associated with a higher increase in the value of pV  

than sV  (fig. 5, a). This shows that the use of v  to determine 
the elastic properties of highly porous water-saturated rocks 
is not sufficiently effective. 

Velocity and elastic properties of the rocks for 
Object_3. With increase of depth the velocity of P  and S  
waves gradually increase with variations. For S  wave the 
strongest gradient of the velocities' increase is observed in 
the depth interval 1–4 m that is caused the clayey rocks 
compaction. At the depth interval of 5–17 m there is a small 
gradient of velocities increase on the pebble rocks. The 
significant increase of velocities and intensity of P  waves is 
observed at the depths of 17–20 m that is caused by the 
beginning of gravels' saturation with groundwater. This is not 
observed by the S  wave. It is known that under the equal 
conditions the better contact between the rocks particles the 
quicker propagation of  wave (Puzyrev et al., 1985; Garotta, 
2000; Boganik and Gurvich, 2006). The values of pV  and 

sV  in pebbles are noticeably higher than in clays, sands and 
even in the limestones. Due to this, the values of sV  are 
increased, but pV  are decreased as compared to other 
objects with clayey sediments. Thus, the real object was 
obtained consisting of local coarse gravel, v  value of the 
rocks calculated by the classic theory, not water-saturated 
at the depth of 1–3 m and negative at the depth of 6 m, not 
real at the other depths and well water-saturated at the 

depths of 18–20 m (table 1).Thus, because of higher precise 
of definition of wave S  velocity and its independence from 
the water saturation, it characterizes the velocity and elastic 
properties of the rocks more precisely.  

Conclusıons. As a result of the research by the method 
of NSCV of the upper part of geological media, the 
properties of rocks by seismic velocity and elasticity were 
determined. In addition to these, the following was identified: 

 the amplitude of the shear wave better than its 
frequency reflects the variability of the properties of the 
rocks of the medium; 

 the anisotropy of the seismic velocity of the differently 
polarized shear waves is due to the direction of packing of 
the rock particles; 

 moduli of elasticity of 3nd are more sensitive to the 
variability of the elastic properties of rocks than 2nd 
modules, and it is possible to test porosity of rocks on them; 

 the application of the nonclassical theory of 
deformation made it possible to more reliably determine the 
elastic properties of the rocks in the medium. 

The detailed results of studies by NSCW method can be 
used in the studies in the construction sites with complex 
surface of the seismic properties as well as in the studies of 
low-velocity zones of the multiwave seismic surveys.  
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ДО ПРОБЛЕМИ ВИЗНАЧЕННЯ ФІЗИЧНИХ ВЛАСТИВОСТЕЙ СКЛАДНО ПОБУДОВАНИХ СЕРЕДОВИЩ  

З ВИКОРИСТАННЯМ МЕТОДУ NEAER-SURFASE CROSWELL 
 
Мета. Вивчення акустичних, пружних і анізотропних властивостей верхньої частини розрізу складнопобудованих геологічних сере-

довищ. 
Методика. На ділянках будівельних об'єктів, розташованих у різних сейсмогеологічних умовах, проведено сейсмічні спостереження 

в неглибоких свердловинах методом NSCW – near-surface cross well testing. Опрацьовано польові сейсмічні записи. Визначено кінематичні 
та динамічні параметри поздовжньої й різнополяризованих поперечних хвиль. Побудовано та проінтерпретовано тонкошаруваті одно-
мірні моделі фізичних властивостей середовища на основі нелінійної теорії еластодинаміки. 

Результати. Визначено, що навколишнє середовище з високопористими, водонасиченими породами і аномально високим пластовим 
тиском має аномально низьке значення швидкостей і градієнта збільшення їх з глибиною. При повторному вивченні цього середовища, 
після побудови там глибоких паль отримано завищені значення сейсмічних швидкостей, що пояснюється зменшенням у розрізі анома-
льно високого пластового тиску і, відповідно, пористості порід після монтажу паль. При збільшенні пустотності в ненасичених галь-
кових породах, при розрахунках за стандартною методикою отримано від'ємне значення коефіцієнта Пуассона. При вивченні 
швидкостей поперечних хвиль виявлена сейсмічна анізотропія, що пов'язана з напрямком упаковки зерен порід. Зміна властивостей 
порід з глибиною має більш тісний зв'язок із частотами хвиль, ніж з їхніми амплітудами. 

Наукова новизна. Визначено модулі пружності 3-го порядку, які більш чутливі до мінливості нелінійних пружних властивостей порід 
середовища, ніж модулі 2-го порядку. Значення коефіцієнта Пуассона для одних і тих самих порід, що перебувають у різних умовах гір-
ського тиску, перераховані для умов заданого тиску на основі некласичної теорії деформації. 

Практична значимість. Отримані результати можуть застосовуватися для дослідження середовищ, що характеризуються складними 
сейсмогеологічними гідродинамічними умовами і представлені глинисто-піщаними породами високої пористості та водонасичення. 

Ключові слова: приповерхнева свердловина, тиск, поперечна хвиля, сейсмічна швидкість, модуль пружності, анізотропія, насичення, 
поглинання. 
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К ПРОБЛЕМЕ ОПРЕДЕЛЕНИЯ ФИЗИЧЕСКИХ СВОЙСТВ СЛОЖНОПОСТРОЕННЫХ СРЕД  

С ПРИМЕНЕНИЕМ МЕТОДА NEAER-SURFASE CROSWELL 
 

Цель. Изучение акустических, упругих и анизотропных свойств верхней части разреза сложнопостроенных геологических сред. 
Методика. На участках строительных объектов, расположенных в различных сейсмогеологических условиях, проведены сейсми-

ческие наблюдения в неглубоких скважинах методом NSCW – near-surface cross well testing. Обработаны полевые сейсмические записи. 
Определены кинематические и динамические параметры продольной и разнополяризованных поперечных волн. Построены и проинте-
рпретированы тонкослоистые одномерные модели физических свойств среды на основе нелинейной теории эластодинамики.  

Результаты. Определено, что среда с высокопористыми, водонасыщенными породами и аномально высоким пластовым давле-
нием имеет аномально низкое значение скоростей и градиента увеличения их с глубиной. При повторном изучении этой среды, после 
построения там глубоких свай получены завышенные значения сейсмических скоростей, что объясняется уменьшением в разрезе ано-
мально высокого пластового давления и, соответственно, пористости пород после монтажа свай. При увеличении пустотности в 
ненасыщенных галечных породах, при расчётах по стандартной методике получено отрицательное значение коэффициента Пуассона. 
При изучении скоростей поперечных волн выявлена сейсмическая анизотропия, связанная с направлением упаковки зёрен пород. Измене-
ние свойств пород с глубиной имеет более тесную связь с частотами волн, чем с их амплитудами.  

Научная новизна. Определены модули упругости 3-го порядка, которые более чувствительны к изменчивости нелинейных упругих 
свойств пород среды, чем модули 2-го порядка. Значения коэффициента Пуассона для одних и тех же пород, находящихся в разных 
условиях горного давления, пересчитаны для условий заданного давления на основе неклассической теории деформации. 

Практическая значимость. Полученные результаты могут применятся для исследования сред, характеризующихся сложными сей-
смогеологическими гидродинамическими условиями и представленными глинисто-песчаными породами высокой пористости и водо-
насыщения. 

Ключевые слова: приповерхностная скважина, давление, поперечная волна, сейсмическая скорость, модуль упругости, анизотро-
пия, насыщение, поглощение. 


