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

(PexomeHdoeaHo YrieHoOM pedakuyiliHol Kkosezii 0-pom ¢hiz.-mam. Hayk, npogp. b.1. Macnosum)

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 3 order are determined which are more sensible to variability of nonlinear elastic
properties of rocks of the medium than the moduli of the 2™ 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 Choon et al., 2007; Tokeshi et al., 2013;Yasnickij et al.,

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:

o the thick-layer model of the environment is defined by
velocity of pressure (V) or shear (V) seismic waves using

therefractionmethod (RM) on the Earth surface by refraction
wave travel time curve (Burger,1992; Burger et al., 2006);

e the thin-layer models of the upper part of the
environment are defined by ¥, 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;

2012) method;
e the method of micro seismic logging (MSL) of the
shallow well allows defining the one-dimensional models by

Vp and V. (Crice, 2011);

e 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 Vp , V., as well

as the Poisson's coefficient (v ) and Young's modulus ( £ ).
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;
Viyzhva 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 §
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.
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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.

14 — —
) —
4 S — —
il S —_
3 - o —_—
8 P — _—

WEAVE . P — —_

Y - - — —_—

il e - —

i, — _— —

B — I

e N ———
- il P . I _—

i e —

N i, — =

o — .
ol e — -

e

e pu—

S, . - -
i 2R — —
R = -

T T T T T T T T
0.006 0010 ©0.014 0018 0.020
Time, sec

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, a). The
regular unwanted signal defined as P, has double arrival
time and low apparent velocity than P wave. Probably, the
P, is multiple P wave.

Definition of the physical properties of the
environment. The thin-layer one-dimensional models of the
environment were defined by Vp, V,v,E,n,n,a,b
and c¢ as a result of the seismic records processing. Here
n,, n, —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
etal., 2005; Kuliev, 2000) considering the geostatic pressure
in the environment. Values of moduli n,, n,, a, b and ¢
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

Layer velocity, m/sec Poisson's coefficient

Young's modulus, GPa

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 ¥, . 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 Vp which characterizes the

solid and liquid part of the skeleton, V. 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 V. Therefore, V. more accurately
characterizes the strength of the rock.
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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 1 ;e—-by n,
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According to depth interval 1-28 m the correlation 0,974
of intermediate dependence between V, and V was

approximated by the linear function (fig. 3) coefficient.
V., =-0,1328 40,4195V,

This equation is correct within the velocity values given
in fig. 2, a.

Elastic properties of the rocks for Object_1. The
value of v differentiates strongly with depth increase and
changes with great gradient (fig.2, b). As the water-
saturation influences upon Vp and V. in different ways

K

(Burger, 1992; Burger et al., 2006; Puzyrev et al., 1985;
Garoftta, 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, c). It is
related with differences of formulae of the elasticity moduli

calculation and with more stable change of V, with depth
than ¥ has. In the present research the moduli », and n,

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 n, and n,
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 n, and n,

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 n,, n, and accordingly the elasticity

of the rocks decreases. The value of changes within wider
range than by n, (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 n,
and n, 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.
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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, £, »n, and n, (at
£ =0,20) is 9 %, 127 %, 122 % and 184 % accordingly. It
points to the great range of »n, and n, 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 @, b, ¢ and v by the classic and
non-classic theory of deformations for object_1 and object_3
are given in table 1.

Table 1
The values of elastic properties of rocks of the environment
object_1 object_3

depth | a x10x | h x10x | ¢ x10x v of vofno |[depth |a x10x | ) x10x |Cx 10x 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, ¢ and v for object 1
is significantly lower than for object_3;
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o 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;

o the difference of v values by classic and non-classic
theory for separate depths is greater for object 3 than for
object_1;

o the negative values of v were obtained by the non-
classic theory of deformation for object_3 for the depths
1-3mand 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 2m 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 (¥, km/sec) is determined jointly by

both waves. The dependence is approximated by a linear
function, with a correlation coefficient of 0,925.
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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, V, 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 V. at different depths is related to lithological
variability. According to the first NSCW study, after a depth
of 8m (full water saturation), the ¥, does not increase

substantially. For this object, the velocities are low, which is



~18 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

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 7, and V. (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

Layer velocity, m/sec

Poisson's coefficient
046 047 048 049 050

V. aregenerally

is given in (fig. 5). After monitoring ¥, and V|
increased.In the depth interval 1-7m ¥ did not change,

but after 7 m it gradually increased (fig. 5, a). The difference
in the values of V_ is gradually increasing after 25 m. After

monitoring, the gradient of the ¥/, increase with a depth
greater than V.. 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 Vp

and V. is 35 % and 24 %, respectively.
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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 Vp

than V. (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 §
waves gradually increase with variations. For § 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 Vp and

V. in pebbles are noticeably higher than in clays, sands and
even in the limestones. Due to this, the values of V. are

K

increased, but Vp 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.

Conclusions. 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:

e 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;

e 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;

e 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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A0 NPOBNEMU BUSHAYEHHSA ®I3UYHUX BTACTUBOCTEWN CKNAQHO NOBYAOBAHUX CEPE[OBULL,
3 BUKOPUCTAHHAM METOY NEAER-SURFASE CROSWELL

Mema. BusyeHHs1 akycmu4HuUX, NPY>XHUX i aHi30mponHux enacmusocmell 8epXHbOI YacmMuUHU po3pi3y cknadHonobydogaHux 2eos102iYHUX cepe-
doesuwy.

Memoduka. Ha dinsiHkax 6ydisenbHuUx 06°'ckmis, po3mawosaHuX y pi3HUX celicMO2e0J102iYHUX YMOo8aX, MPo8edeHOo celiCMi4Hi CriocmepexeHHs1
8 Heanubokux ceepdnosuHax memodom NSCW — near-surface cross well testing. OnpayboeaHo nosboei celicMiyHi 3anucu. BuzHa4yeHo KiHeMamuy4Hi
ma AuHamiyHi napamempu no3006XXHbOT U pi3Hononsipu3ogaHux nornepeyHux xeusb. [lo6ydoeaHo ma npoiHMepnpemosaHo MoHKowapyeami oOHO-
MipHi Modeni ¢isuyHux enacmueocmeli cepedosuwja Ha OCHO8I HeniHiliHoT meopil enacmoduHamiku.

Pe3ynbmamu. BusHa4eHo, uj0 Ha@KoJIUWHE cepedosuuye 3 UCOKOMopucmumu, 000Hacu4yeHUMU nopodamu i aHOMaslbHO 8UCOKUM MJ1acmoeum
MUCKOM Mae aHOMaJlbHO HU3bKe 3Ha4eHHs1 weudkocmell i 2padicHma 36inbweHHs ix 3 2nu6uHoro. lpu NoeMopHoMy sueyeHHIi yb020 cepedosuuya,
nicns no6ydoeu mam 211ub60KUX Nasb OMPUMaHO 3asuueHi 3Ha4yeHHs1 celicMiYHuUX weudkocmel, w0 NMOSICHIOEMbCSI 3MEHWEeHHSIM y Po3pi3i aHoma-
JIbHO 8UCOKO20 1/1acimoe0o20 MUCKY i, 8idnoeidHo, mopucmocmi nopiod nicas MoHmMaxy nanb. lpu 36inbweHHi MycmomHocmi 8 HeHacu4YeHux 2asb-
Koeux nopodax, nMpu po3paxyHKkax 3a cmaHAapmHO MemoOUKOI OompumaHo eid'eMHe 3Ha4yeHHsI KoedpiyieHma [lyaccoHa. [Mpu eue4veHHi
weudkocmell nornepeyHUX xeusb eusiesieHa celicMi4YHa aHi3omponisi, o noe’a3aHa 3 HarnpPsIMKOM YnakoeKu 3epeH nopid. 3miHa enacmusocmel
nopid 3 2nubuHoro mae 6inbw micHul 38'A30K i3 Yacmomamu xeursb, HiX 3 IXHiMu amnnimydamu.

Haykoea Hosu3Ha. BusHayeHo Modyrni npyxHocmi 3-20 nopsoKy, siki 6inbw yymmnuei o MiHnueocmi HeNiHilIHUX NPYXHUX enacmusocmel nopio
cepedoesuwa, Hix Modyni 2-20 nopsioKy. 3HayeHHs1 koeghiyieHma [MyaccoHa Ons1t 0OHUX | mux camux nopid, wjo nepebyearoms y pi3HUX yMoeax 2ip-
CbKO20 MUCKY, nepepaxoeaHi 01151 yMoe 3a0aH020 MUCKy Ha OCHO8i Heknacu4Hoi meopii deghopmauii.

lMpakmuy4Ha 3Ha4umicmb. OmpuMaHi pe3ynibmamu MOXymb 3acmocoeyeamucsi Ans1 docnidxeHHs1 cepedosuly, WO XapaKmepu3yrombscsi CKIIaGHUMU
celicMo2e0s102iYHUMU 2i0pOodUHaMiYHUMU ymoeamu i npedcmaersieHi 2nuHUcCmo-niwaHumu nopodamu eucoKoi mopucmocmi ma 6000HaCUYEHHSI.

Knrouoei cnoea: npunoeepxHeea ceepdnoguHa, muck, nornepevyHa xeussi, celicMiyHa weuokicms, MoAyJsb NPYXHOCMI, aHi3omponisi, HaCU4eHHs,
MoauHaHHs.
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K NPOBNEME ONPEAENEHUA ®U3UNYECKUX CBOMCTB CITOXXHOMNMOCTPOEHHbIX CPE[]
C NPUMEHEHMEM METOJA NEAER-SURFASE CROSWELL

Lenb. N3yyeHue akycmuyecKux, ynpyaux U aHuU30mporHbix ceolicme eepxHel Yacmu pa3pe3a C/I0HOMOCMPOEHHbIX 2e0J102UYecKux cped.

Memoduka. Ha y4acmkax cmpoumesibHbiX 06beKIMoe, pacrosioXeHHbIX 8 Pa3/ludHbIX celicM0o2e0/102UYeCKUX YC108UsIX, Mpo8edeHbl celicMu-
4eckue HabnodeHus1 8 Heanybokux ckeaxuHax memodom NSCW — near-surface cross well testing. O6pabomanbI nonesbie celicMu4ecKue 3anucu.
OnpedeneHbl KUHeMamu4eckue u QuHamMuyveckue napamempsi MPodosIbHOU U Pa3HOMOJISIPU308aHHbIX MonepeYHbIXx 80JsIH. [locmpoeHbl u npouHme-
prnpemupoeaHbi MOHKOC/IouCcMbie 00HOMePHbIe MOOesu husuyecKkux ceolicme cpedbl Ha OCHoge HeJluUHelHOU meopuu 3/1acmoouUHaMUuKuU.

Pe3ynbmamsi. OnpedeneHo, Ymo cpeda ¢ 8bICOKOMOPUCMbIMU, 8000HaChIWeEeHHbIMU MOPodaMu U aHOMaslbHO 8bICOKUM riacmoebiM daesie-
HueM uMeem aHOMaslbHO HU3KOe 3HayeHue ckopocmel u epadueHma yeesnu4yeHusi ux c anay6uHol. lfpu noemopHom usyyeHuu amoli cpedsbl, nocrne
nocmpoeHusi mam ay6okux ceali MoslyYeHbl 3a8bluieHHbIe 3Ha4YeHus1 celicMUuYecKux ckopocmeli, 4Ymo o6 bsICHsIemMCcsl yMeHbWeHUeM 8 pa3pese aHo-
MaJslbHO 8bICOKO20 1/1acmoego20 JasJsieHuUsi U, CoOomeemcmeeHHo, nopucmocmu nopod rnocsie MoHmMaxa cead. llpu yeenuvyeHuu nycmomHocmu e
HeHacbIWeHHbIX 2aJle4YHbIX Nopodax, Npu pac4émax no cmaHoapmHol MemoOduKe NnoJly4eHo ompuyamesibHoe 3Ha4YeHue ko3gguyuenma lyaccoHa.
IMpu u3y4eHuu ckopocmel nonepeYHbIX 80JIH 8bisieJIeHa celicMu4YecKasi aHU30mponusl, cesi3aHHasl ¢ HarpaeJsieHUeM ynakoeku 3épeH nopod. M3meHe-
Hue ceolicme nopod c anybuHol umeem 60s1ee MecHyH c8513b C Yacmomamu 80JIH, YeM C UX amriumyoamu.

Hay4Hasi Hosu3Ha. OnpedeneHbl Modynu ynpyzaocmu 3-20 nopsidka, komopble 6os1ee yygacmeumesbHbl K U3MEHYUBOCMU HeSTUHeUHbIX yrpyaux
ceolicme nopod cpedbl, YeM MOOysu 2-20 nopsioka. 3HayeHusi kKoaghgpuyueHma lyaccoHa Onss 0OHUX U mMex )Xe Nopod, HaxoOsUWUXCS1 8 Pa3HbIX
ycnoeusix 20pHO20 GaesieHusi, nepec4umaHbl 01151 ycroeuli 3a0aHHO20 OaeJsieHusI Ha OCHOge HekJlaccu4eckoli meopuu deghopmayuu.

lMpakmuyeckas 3Ha4umocme. [lony4eHHbIe pe3yibmamel MO2ym MPUMEHSIMCs On1s1 uccriedogaHusi cped, xapaKmepu3yruyUuXcsi C/I0KHbIMU cel-
CMo2eos102u4ecKuUMU 2uGpPOoOUHaMUYeCcKUMU yC/I08UsIMU U NpedcmaesieHHbIMU 2/TUHUCMO-ec4YaHbIMU nopodamu ebICOKoU mopucmocmu u 8odo-
HacblueHusl.

Knrouyeenie croea: npunosepxHocmHasi CKeaxKuHa, 0aeJieHue, rnonepe4Hasl 80JIHa, celicMu4eckasi ckopocmb, MOOysb yrpy2o0cmu, aHU30Mmpo-
nusi, HacblWeHue, MoaaoujeHue.



