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On the basis of the contract No.126 of August 20, 2018 between the director of the private 
enterprise "EKOSTANDART EKSPERT" O.Vahidova-Mordovina and the director of the Institute 
of Seismology of the Academy of Sciences of Uzbekistan, S.S. Husomiddinov agreed research 
work on the theme: "Conduct seismological studies for the preliminary assessment of seismicity 
and hazardous phenomena (landslides) for sites of construction of small hydroelectric power 
stations on the Aksu River of the Kashkadarya region" 
 Assessment of the seismic hazard of the dams for small hydropower plants on the Aksu 
River, Kashkadarya region, was carried out on the basis of the analysis of the stock materials of 
the Institute of Seismology of the Academy of Sciences of Uzbekistan and the earthquake catalog 
registered from 1955 to 2018, as well as the use of the probabilistic estimation method of seismic 
hazard. At this stage, the magnitude of the initial seismicity of the studied area, namely the sites 
of the projected dams of small hydroelectric power stations on the Aksu River, was revealed. 
 To assess the magnitude of the estimated seismicity of the construction sites, instrumental 
seismic observations of the earth's surface vibration at 6 points were carried out and increments 
of seismic intensity due to ground conditions were determined on the basis of Nakamura 
calculations. The results of complex geophysical studies performed were the basis for determining 
the estimated seismic score and the expected accelerations. 
The report was compiled by: 
 
 
Artikov T.U.                    Doctor of Physical and Mathematical Sciences, Professor 
Ibragimov R.S.                Doctor of Physical and Mathematical Sciences, Leading Researcher 
Ibragimov A.H.               Candidate of physico-mathematical sciences, PhD 
Alimuhamedov I.M.Candidate of geological and mineralogical sciences, PhD 
Mirzayev M.A.Junior researcher 
Majidov J.                        Lead Engineer 
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A THE INITIAL SEISMICITY OF SITES 1, 2, 3, ALLOCATED FOR THE CONSTRUCTION 
OF SMALL HYDROELECTRIC POWER STATIONS ON THE AKSU RIVER 

 

The sites 1, 2, 3 allocated for the construction of small hydroelectric power stations on the Aksu 
River are located in Central Uzbekistan, Kashkadarya region.In terms of its structural position, 
this area belongs to the area of transition from the Tien-Shan epiplatform orogen to the Turanian 
platform. The seismicity of the territory is directly related to the tectonics of this region and is 
manifested along geological development of the earth's crusts activated at the present stage. 
Areas of dynamic influence of active faults are combined according to R.N. Ibragimov's data in 
seismogenerating zones. All three construction sites are located directly within the South 
Tien Shan seismically active zone, characterized by seismotectonic and seismological 
data with very high seismic potential. To the south of the construction sites is located the 
Gissaro-Kokshaalsa seismic generating zone, whose seismic potential is also very high. Within 
this zone in 1907, the strongest Karatag earthquakes with a magnitude of M = 7.3 occurred. To 
the east of the site, the Gissaro-Kokshaalsk seismic-generating zone branches into two 
seismically active zones-the Baysun-Kugitanskaya and Surkhantau-Sherabad-Kelifskaya zones, 
which run to the south and have a slightly smaller seismic potential. To the north of the 
construction sites is the system of Zarafshan faults, united in the seismogenerating zone of the 
same name. A few more north is the North-Kuldzhuktau-Turkestan seismogenic zone, the seismic 
activation of which occurred relatively recently in 2013, when the Mardjanbulak earthquake 
occurred with a magnitude of M = 6.1. 
 

B FIELD OF EPICENTERS 

FТgure 1 sСoаs a map of epТcenters of tangТble and strong (М4,5) earthquakes that occurred 
over a historical period of time in a radius of R = 150 kilometers from the object, and in Table 1 
the parameters of these earthquakes are given. Let us distinguish among them the events, the 
seismic effect of which was the most palpable on the construction sites. In 1799, at a distance of 
about 40 kilometers to the north of the site, an earthquake with a magnitude of M = 6 occurred 
within the Zarafshan system of faults. Historical Urattubinsk earthquakes in 1897 with a magnitude 
of M = 6,6-6,7 occurred in 110-120 kilometers to the north-east of the construction sites. To the 
south of the object at a distance of about 65 km, an earthquake with a magnitude M = 6,2 occurred 
within the Baysun-Kugitan seismogenic zone. The strongest Karatag earthquakes with magnitude 
M = 7,3-7,4 occured within the Gissaro-Kokshaalsk seismic generating zone at a distance of about 
80 kilometers from the object to the southeast of it. A sufficiently strong (M = 5,7) earthquake 
within the South Tien Shan seismically active zone occurred in 1915 at 50 km from the site. Within 
the same seismically active zone at a distance of about 20-25 km from the construction sites in 
1928 there was a perceptible earthquake with a magnitude of M = 5,3.Of the earthquakes of 
recent years, it is worth noting the Marchanbulak earthquake of 2013 with a magnitude of M = 
6,1, occurred at a distance of about 100 km to the north of the object within the North-Kuldzhuktau-
Turkestan seismogenerating zone. At present, this territory is in an activated state, as evidenced 
by the Kitab earthquake of 2016 with magnitude M = 4.9 that occurred in the immediate vicinity 
of the facility (R = 20-30 km).  
 

Table 1 Parameters of strong earthquakes that occurred within a radius of 150 km from 
points 1, 2 and 3 (H - depth, K - energy class, M - magnitude, R1, R2 and R3 - distance to 

points 1,2 and 3) 
 

Year Latitude Longitude H К М R1 R2 R3 
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1490 39,40 67,10 20 14,4 5,8 44 43 42 

1799 39,40 67,19 20 14,8 6,0 42 41 38 

1817 39,40 67,10 20 13,5 5,3 44 43 42 

1880 39,40 67,30 20 13,2 5,1 42 40 36 

1897 39,80 68,40 20 15,9 6,6 130 126 121 

1897 39,90 68,00 20 16,1 6,7 116 112 108 

1902 39,50 68,50 20 14,8 6,0 119 115 110 

1902 38,50 67,00 20 15,2 6,2 62 65 69 

1907 38,50 67,90 20 17,3 7,4 80 79 79 

1907 38,70 68,10 20 17,1 7,3 80 78 77 

1907 38,80 68,40 20 15,2 6,2 101 98 96 

1907 38,50 66,50 20 14,4 5,8 87 91 96 

1915 39,20 67,80 20 14,3 5,7 50 46 42 

1926 39,40 67,19 20 12,1 4,5 42 41 38 

1928 39,00 67,00 20 13,5 5,3 22 26 30 

1928 39,40 67,19 20 13,7 5,4 42 41 38 

1928 39,59 67,10 20 12,3 4,6 64 63 61 

1935 39,80 67,50 20 13,5 5,3 89 86 82 

1935 38,30 67,40 20 15,2 6,2 80 82 85 

1948 39,20 68,10 20 13,7 5,4 75 71 67 

1955 39,70 68,00 14 13,6 5,3 98 94 90 

1956 39,40 68,00 0 12,1 4,5 76 72 67 

1961 38,56 68,50 25 13,5 5,3 119 116 115 

1964 38,70 68,18 5 12,2 4,6 87 85 83 

1968 38,15 67,45 15 12,6 4,8 98 99 102 

1971 38,51 66,61 20 14,0 5,6 79 83 88 

1983 39,37 68,32 15 12,1 4,5 99 95 90 

1984 40,00 67,65 15 13,3 5,2 113 110 106 

1984 40,04 67,60 15 13,2 5,1 117 114 110 

1991 37,84 66,48 15 12,1 4,5 147 147 147 

1991 37,88 66,55 15 12,4 4,7 141 144 149 

1995 39,37 67,51 10 12,2 4,6 44 40 36 

1999 38,38 66,67 10 13,0 5,0 87 91 96 

1999 38,64 66,42 15 12,3 4,6 84 88 92 

2001 38,66 66,50 15 14,1 5,6 77 81 85 

2001 38,66 66,50 15 14,1 5,6 77 81 85 

2009 37,86 67,83 5 12,3 4,6 138 139 141 

2013 39,96 67,34 25 15,0 6,1 104 102 98 

2016 39,06 67,01 11 12,8 4,9 22 25 28 

2016 39,99 67,52 5 12,1 4,5 110 107 103 

2016 39,58 66,58 2 12,3 4,6 85 86 86 
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2017 39,79 68,16 19 12,5 4,7 115 111 106 

2017 39,75 67,91 5 13,2 5,1 98 94 90 
 

 
 

 я– Conventions,   – seismic faults, 

  – seismogenic zones, э  я  –earthquake 

epicenters,  – object (facility) 

 

Figure 1.Map of the epicenters of strong earthquakes since historical times near the 
construction site 

 

 The intensity of the jarring on construction site from strong earthquakes occurring within 
these structures, according to the available macroseismic data, did not exceed 6-7 points on the 
MSK-64 scale (Fig. 2). 
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Fig.2 Envelope (round) of isoseismes observed from all known earthquakes from 
historical times 

 

 The system of instrumental seismometric observations surrounding the construction site 
includes a network of regional stations that provide representative registration of earthquakes of 
the 9th energy level. The nearest to the facility are seismic stations Pachkamar, Zarabag, Agalik, 
Samarkand. A map of Тnstrumental eartСquaФe epТcenters аТtС K≥8.6 Тs sСoаn Тn FТgure 3. It 
clearly shows that local earthquakes trace the system of the South Tien Shan faults of the 
northwest strike. To the south-east and south-west at a distance of about 50-60 km from the 
facility located many epicenters belonging to the Gissar-Kokshala and Bukhara seismically active 
zones. To the north of the facility located accumulations of epicenters belonging to the Zarafshan, 
North-Kuldzhuktau-Turkestan and Bessapan-South-Fergana seismically active zones.  
 
 The big number of registered earthquakes is located in the seismically active layer of the 
earth's crust, the thickness of which in this region is 25-30 kilometers. Description of depth values 
for earthquakes of different energy levels are described by the equation: 
H = 0,096K2-0,41K + 4,73, -  K is the energy class of the earthquake. 
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 я – Conventions,   – seismic faults, 

  – seismogenic zones, э  я  –earthquake 

epicenters,  – object (facility) 

 

Figure 3. Map of epicenters of instrumental earthquakes with M≥2,5 in the period 1955 to 
2018. 

 

 Figure 4 shows the graphs of the frequency of earthquakes (Gutenberg-Richter 
dependencies) of the whole of southern Uzbekistan. The graph is formed from data of 
earthquakes of different energy classes, taking into account the terms of their representative 
registration. 
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Fig.4 Graphs of the frequency of earthquakes in southern Uzbekistan, constructed from 
earthquakes of different energy classes 

 

C LONG-TERM CHARACTERISTICS OF THE SEISMIC REGIME 

To characterize the average frequency of earthquake repetition, the mapped study of seismic 
activity of area (A10) and the magnitude of the angular coeffТcТent of tСe repeatabТlТtв curve γ-the 
seismic fraction of the medium was conducted. The areal distribution of seismic activity in the 
study area was calculated by four methods: summation method and the distribution method at 
constant accuracy and at constant detail. The results calculated by each of these methods are 
satisfactorily agreed with each other because of the large amount of experimental material. 
The results of the determination of seismic activity by the compositing technique and the 
distribution method at constant accuracy and at constant detail are shown in Figure 
5.Thedistribution of magnitude A10 is nonuniformly. The elongation of the isolines in the 
northeastern direction is noted. With different methods of determining seismic activity, its 
implications (value) for constructing site is equal to А10=0,1-0,2. 
TСe value of seТsmТc fractТonalТtв (parameter γ), calculated bв tСe metСod of Kuldorf Тn tСe perТod 
from 1955 to 2017, turned out to be equal to γ = 0.56. Its area varТabТlТty in the study area was 
also very significant and is shown in Figure 6. 
 

 

γ = 0,55

A10=0,048

-3.2

-2.7

-2.2

-1.7

-1.2

-0.7

8.5 9.5 10.5 11.5 12.5 13.5

Lg N

Class

Schedule of earthquakes 
frequency recurrence South-
Uzbekistan seismically active 
zone (megazone IV) for energy 

classes К = 9-13 taking into 
account the period of their 
representative registration

γ = 0,26

A10=0,011

-3.8

-3.6

-3.4

-3.2

-3

-2.8

-2.6

-2.4

-2.2

11.5 13.5 15.5 17.5

Lg N

Class

The schedule of earthquakes 
frequency recurrence in the 

South-Uzbekistan seismically 
active zone (megazone IV) for 

energy classes K = 12-17, 
taking into account the period 

of their representative 
registration

γ = 0,37

A10=0,036

-4.1

-3.6

-3.1

-2.6

-2.1

-1.6

-1.1

-0.6

8.5 9.510.511.512.513.514.515.516.517.5

Lg N

Class

Schedule of earthquakes 
frequency recurrence South-
Uzbekistan seismically active 
zone (megazone IV) for energy 
classes K = 9-17, taking into 
account the period of their 
representative registration



8 
 

a b 

 

c d 

Fig. 5Maps of seismic activity near the object, constructed by methods: a) distribution at 
constant detail; b) distribution at constant accuracy; c) summation at constant detail; d) 

summation at constant accuracy. 

 
 

Figure 6. Map of seismic fractionality 
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To assess the seismic hazard of the construction site, data are needed on the repeatability 
parameters of seismic sources, which have a significant seismic effect on the site seismogenic 
(seismogenerating) zones (Fig. 7) and area sources of earthquakes - quasi-homogeneous 
seismological provinces (Fig.8.). 
 

 
 я – conventТons,  я я    

М>5,5 - гone of occurrence of eartСquaФes аТtС a magnТtude M> 5,5. А   –active 
faults 

Figure 7. Schematic map of seismogenic (seismogenerating) zones near the object 

 
 я – conventТons,  –megaгones,  – subzones. 

П я – PrТtasСФent, - я – Talas-Fergana, я  
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П   – Fergana hollow and Тts framТng, Ю - я – South-

UгbeФТstan, З  – аestern, -  – nortСаestern, Г  – Gazli 

Figure 8. Schematic map of areal sources near the object 
 

The parameters of the frequency of earthquakes of different energy levels A and γ аere calculated 
for all seismically active zones, which have a significant seismic effect on the construction site 
(Fig. 9-10). TСeв аere as folloаs: for tСe SoutС TТen SСan seТsmТcallв actТve гone A = 0.213; γ = 
0.605, for the Gissaro-Kokshala seismogenТc гone, A = 0.079; γ = 0.565, for tСe BuФСara 
seТsmogenТc гone A = 0.105; γ = 0.676, for ZarafsСan A = 0.029; γ = 0.69, for NortС-Kuldzhuktau-
TurФestan A = 0.035; γ = 0.566 and Bessapan-South-Fergana A = 0.210; γ = 0.541.  

 

  

Figure 9.Seismic activity of seismogenerating zones near the construction site. 

 
Figure 10.Seismic fractionality of seismogenerating zones near the construction site 



11 
 

An estimate of the repeatability of area sources was carried out in different versions. Seismic 
activity was calculated by summation and distribution methods. In this case, the regional value of 
tСe parameter γ, obtaТned for tСe аСole set of eartСquaФes аТtС К = 9-17, and tСe value of γ 
calculated from аeaФ and moderate eartСquaФes аТtС К = 9-13, occurred directly in the megazone 
to which the subzone under study belongs. Thus, four variants of seismic activity distribution for 
area sources (Figure 11) were obtained, each of which, taking into account its weight, was used 
to calculate the seismic hazard. 

 b 

c d 

 
Figure 11.Map of seismic activity of the area sources at the regional (a; b) and local 

seismic fractionality for megazones (c; d), calculated by the distribution method (a; c) 
and the summation method (b; d) 
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D SEISMIC POTENTIAL 

 

Calculation and mapping of the value of Mmax was carried out based on seismological and 
seismotectonic data. The seismological version of the Mmax map is based on the following 
methods: 
 
1) correlation, according to the dependence Mmax = Mmax (A10) (Riznichenko, Yu.V., 1985). In 
contrast to the traditional approach, the averaging areas were not circular but elliptical forms of 
the regions responsible for earthquake preparation. In the direction of the major axis of the ellipse 
was not tied to specific tectonic disturbance (Flenova MG, 1986), and an analysis with a step of 
5 ° for each ellipse responsible for the preparation of an earthquake of a given energy level 
selected the axis direction in which seismic activity would be the greatest. Only then, the maximum 
values of activity were compared with the limiting value for each energy level. This approach 
allowed, while remaining in seismological data, to obtain independent information about the 
seismicity of a particular structure. The configuration of isolines in the resulting map is in well 
agreed with the extent of major faults, however, the predicted values of Mmax in some areas turned 
out to be lower than the magnitude of the earthquakes that occurred in them; 
 
2) Map Mmax in thickness and linear extent of the seismically active layer (Shebalin N.V., 1971). 
The thickness of the seismically active layer was taken as the maximum depth of the earthquake 
of an arbitrary energy level recorded in the cell under study. The method is based on the 
assumption that the accumulation of energy is limited by the size of the seismically active zone, 
while the simultaneous release - by the size of the foci, limited by the power of the seismically 
active layer. For Uzbekistan, the dependence between the maximum depths of the foci and the 
value of Mmax was found (Yakovleva IB, 1975):  

2

max
0.0035h -0.22h   3.86  M +=

. 

The map constructed by using this technique, with the data on earthquakes with M> 3 from 1955 
to 2012. has shown in general its high informativity (a good correspondence between the 
predicted and observed values). It can be noted good its coincidence with the strike of the main 
seismogenic faults. In addition, only for a weak seismicity in the investigated area, it was possible 
to identify a number of regions with a high (M> 5.5) seismic potential, which could not be done 
with respect to the density of epicenters (Mmax = f (A)). According to the author of this method, the 
main difficulty in the way of its implementation is the identification of aseismic zones with regions 
of a long seismic calm.  
 
3) Estimated methods for calculating Mmax, to which we refer methods for determining the value 
of Mmax, which relies heavily on the knowledge of the magnitude of the maximum observed 
earthquake. The predicted value of Mmax is given by the formula: 
 

d,   M M
н
maxmax +=  

d – is amendment 
 

The simplest amendment of this type is where Q is a certain number, 0 <Q <1, N is the number 

of recorded earthquakes in the magnitudes [
.

max

нМ  - Q; 
.

max

нМ ].  

From the form of this formula, it can be concluded that it does not contain any statistical limitations 
on the ubiquitous mapping of the Mmax value. At the same time, there is no proper justification for 



13 
 

the correction to the observed value of Mmax. Moreover, is not mentioned the size of the areas for 
which it is necessary to select seismic events for calculation.  
 
4) Free from the first of the above disadvantages is the method of V.F. Pisarenko (V.F. Pisarenko, 
1991). He uses the law of repeatability of earthquakes, recorded in the traditional log-linear form 
and in taking into account the kink of the repeatability schedule, starting with some values of 
magnitudes. Assuming that the value of Mmax is a random variable, the maximum likelihood 
method evaluates two parameters: Mmax (0.5) is the most probable mean of M (0.5), Mmax (0.84) 
is the upper confidence estimate of Mmax. The complexity of using this method is that sufficiently 
reliable values of the seismic potential can be obtained in the presence of a large statistic of strong 
(close to Mmax) earthquakes. The use of this method is useful for estimating the seismic potential 
of extended geotectonic structures, since within a single tectonic structure the scatter of the 
values of Mmax should be small, and the statistics of large earthquakes, as a rule, allow obtaining 
reliable statistical conclusions regarding the value of Mmax. 
 
5) The method of calculating the value of Mmax, based on the lattice model of V.I. Ulomov. (Ulomov 
VI, 1990)), is based on the established fact that for earthquakes of different magnitudes, there are 
preferential interepicentral distances. Fadina R.P. (Fadina RP, 2002) constructed the discrete 
map Mmax, calculated by this method.  
 
To calculate the value of Mmax, the Gumbel method was also used, based on the analysis of 
statistics of extremal values and methods based on the interpretation of curvilinearity in 
repeatability graphs.The figure 12 shows fragments of Mmax maps, according to some of the above 
methods, and figure 13 shows the Mmax map for the region under study using a set of 
seismological methods. It can be seen that the territory of the construction site for a complex of 
seismological methods is characterized by a high value of the seismic potential Mmax = 7.3. This 
value of the magnitude of the maximum possible earthquake is in agreed with the value of Mmax, 
calculated on the basis of seismotectonic methods that limit the magnitude of the seismic potential 
in this region by the value Mmax = 7.5 (Ibragimov R.N., 1978).  
 

   b 
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 c 

 

 

я – conventions 

Figure 12. The fragments of the map of the values of Mmax for the seismogenic zones 
surrounding the construction site constructed by different seismological methods: a) by 

correlation with seismic activity; b) the thickness and linear extent of the seismically 
active layer; c) statistical estimation methods. 

 

 

Fig. 13. Seismic potential of seismogenic zones by a complex of seismological 
parameters 

 

E THE CONSISTENT PATTERN OF THE DECLINE OF MACROSEISMIC INTENSITY 

The consistent patterns of the decline of macroseismic intensity with the distance for the 
investigated area were obtained on the basis of the macroseismic survey data of the strongest 
earthquakes in southern Uzbekistan. Approximating the experimental isoseisms with ellipses with 
different values of the large and small semiaxes, for earthquakes in southern Uzbekistan, 
expressions were obtained for calculating scores at certain distances from the epicenter as a 
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whole over the area, along and across the cores of earthquakes of different magnitudes (Artikov, 
T., et al. , 2012): 
 

I=1,5 М-3,3 lg Δ +2,5 (on the whole) 
I=1,5 М-3,3 lg Δ +2,8 (along) 
I=1,5 М-3,3 lg Δ +2,2 (across) 

 
Further refinement of the dependencies obtained for the whole of southern Uzbekistan was 
carried out by using macroseismic data from earthquakes located in the immediate vicinity of the 
construction site. The fragment of the isoseism map for one of such earthquakes in this region 
(Baysunsky, 1935, M = 6.2) is shown in figure 14. It is noteworthy to pay attention to the elongation 
of the first isoseists in the southeast direction, which corresponds to the direction of the strike of 
the Baysun-Kugitanskaya seismic generating zone. 

 
 

Figure 14.Isoseisme map of the Baysun earthquake of 1935 with M = 6.2 
 

Taking into account the long-term parameters of the seismic regime and the decay law, periods 
of repetition of shocks of different intensity in this region were calculated. Figures 15 (a-c) show 
fragments of maps of periods of repetition of concussions with intensity I = 6, I = 7, I = 8 and I = 
9 points in the vicinity of the construction site. They were as follows:  
Т6= 10  years    Т7=25 years       Т8= 500 years   Т9= 5000 years 
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Figure 15. Periods of repetition of concussions with intensity I = 6; I = 7; I = 8 points 

 

F INITIAL MACROSEISMIC MAGNITUDE AND EXPECTED VALUES OF MAXIMUM 
ACCELERATIONS 

 

The seismic hazard of the territory was calculated separately for different types of seismic 
sources, with various estimates of the parameters of earthquake frequency and seismic potential, 
using the attenuation laws for the intensity of seismic impacts for earthquakes with ups and downs 
in the foci. The factors of uncertainty of the input parameters necessary for the estimation of 
seismic hazard were taken into account by constructing a logical tree. The weights for different 
variants of branching of a logical tree were selected based on the distribution function of 
parameters (depth, focal mechanism, etc.) and heuristic considerations (choice of source type, 
methods for determining repeatability parameters, etc.).  
In the figure 16 (a-d) are given zones with an equal probability of not exceeding the macroseismic 
intensity indicated in them for 50 years. The constructions are made for the probabilities P = 0.90; 
P = .95; P = 0.98 and P = 0.99. Zones of different macroseismic scales are distinguished using 
different types of seismic sources and taking into account uncertainties of input parameters. 
These maps actually represent the general seismic zoning of the study area on a probabilistic 
basis. 
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a b 

c

 

d 

Figure 16.Zones of equal probability of not exceeding the indicated values of macroseismic 
scores for 50 years: a) P = 0.9; b) P = 0.95; c) P = 0.98; d) P = 0.99. 

As can be seen from the figure, with a different probability of not exceeding the intensity of seismic 
impacts for 50 years, the initial scale (magnitude) of the construction sites 1, 2 and 3 is as follows: 
Р=0.9                I=8.0   magnitude;  Р=0.95              I=8.0   magnitude; 
Р=0.98              I=8.0   magnitude;  Р=0.99              I=9.0   magnitude; 
Figures 17 (a-d) show zones of equal probability of not exceeding the expected values of peak 
accelerations within 50 years. Just as in the calculation of macroseismic intensity, the 
constructions are made for probabilities P = 0.90; P = .95; P = 0.98 and P = 0.99. Absolute values 
of maximum acceleration for construction sites 1,2,3 were as follows: 
Р=0.90     амах=250 cm/s2;  Р=0.95     амах=300 cm/s2; 
Р=0.98     амах=350 cm/s2;  Р=0.99     амах=400 cm/s2; 
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a b 

c d 

 

Figure 17. Zones of equal probability of not exceeding the indicated values of peak 
accelerations near the object a) P = 0.9; b) P = 0.95; c) P = 0.98; d) P = 0.99: 

 
Thus, based on the analysis of stock materials, the following conclusions can be made regarding 
the seismic hazard of construction sites 1, 2, 3 allocated for the construction of small hydroelectric 
power stations on the Aksu River in the Kashkadarya region: 
All three construction sites are located directly within the South Tien Shan seismically active zone, 
characterized by both seismotectonic and seismological data with very high seismic potential. 
As the initial magnitude (score) for the microzoning at each of these construction sites, it is 
necessary to take the value I = 8.0 points with the probability P = 0.98 not exceeding the specified 
value for 50 years. 
 
The expected values of peak accelerations on medium soils with probability P = 0.98 should not 
exceed values of amax = 350 sm / s2. 
All the constructions described above with respect to the seismic hazard of construction sites 1, 
2 and 3 were carried out for medium ground conditions and should be corrected taking into 
account real local ground conditions on the basis of instrumental seismic observations and 
engineering geological data. 
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G INSTRUMENTAL SEISMOMETRIC MEASUREMENTS 

Seismometric researches on the construction site were conducted by using digital seismometers 

CMG-6TD produced by Guralp, UK. The frequency characteristic of a three-component 

seismometer is linear in the frequency range 0.03-50 Hz. 

-Component Vertical, Z    -1.1285e-8 m / s 

-Component East-West, EW    -1.4732e-8 m / s 

-Component North-South    -1.8437e-8 m / s 

 

The Geopsy program was used for data processing, ported for Windows XPSP3. The method for 

estimating the increment of seismic intensity is based on synchronous recording of natural noise 

at two or more points and the subsequent comparison of the amplitude-spectral characteristics of 

microseismic noise.For calculations, the Matlab-7 script was used, written by Stephane Hans, 

ENTPE, France. Several segments of microseism records with a duration of one hour are cut into 

intervals of 10 minutes, the spectrum is calculated for them and filtering is performed to eliminate 

random impulse noise. Then the ratio of the spectra of the H / V components is constructed by 

weighing. 

 

Data processing using the JSesame program allows to estimate the spectral ratio of H / V 

(horizontal and vertical oscillations, the Nakamura method, 1991). While processing, interference 

and noise of anthropogenic and other origin are cut out from the time series.In addition, GeopSy 

was used to monitor HV parameters. 

 

 

SESAME Criteria 

 

# Criteria value 

1 
 

 

2 
 

 

3 

 

 

Clear H/V peak 

4 
 

4.5 Hz 

5 
 

1 Hz 

6 
 

17.2>2.0 

7 
 

0.008<0.05 

8 
 

0.1<0.14 

9 
 

5.24>1.58 

 

SESAME criteria symbols 

 

Symbol Explanation 
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Time-gate length 

 

Amount of gaps for analysis 

 

Amount of significant cycles 

 

Current frequency 

 

Peak frequency H/V  

 

Standard deviation of peak frequency H/V  

 

Amplitude of the H / V curve at frequency  

 Peak amplitude H / V at frequency  

 

The coefficient of seismic liquefaction of soils is considered safe in the range from 1 to 10. 

Calculations of the thickness of the layer of sedimentary rocks were carried out using the 

following empirical equations 

 

 

h is the thickness of the layer of sedimentary rocks, and fo is the 

resonant frequency of the soils. 

To determine the velocity of transverse waves Vs, the following expression was used: 

T = 4h/Vs; 

T is the resonance period of the ground, h is the thickness of the sedimentary cover, and 

Vs is the velocity of the transverse waves. 

The coefficient of soil loosening under cyclic action was also calculated: 

 

 

 

 

 

A is the ratio of H / V, Fp is the base frequency of the soils 

To determine the increment in the intensity of seismic oscillations, the following relation was used: 

∆J=Lg3,3(Ai/An) 

Ai is the signal of amplitude at the test point, An is the signal of amplitude at the reference 

point. 

Figure 18shows the location of registration points. 
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Figure 18. Location of registration points 
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 Figure 19shows the location of the measurement points at facility # 1 
Below is given the HVSR spectra for measurement points 1-2 

  
   Point 1             Point 2 

H FIGURE 20.HVRS SPECTRA FOR POINTS 1 AND 2 

№ Fo HVSR dI Kg Imax 

1 1.22 7.20 +1.05 42.49 9 

2 1.18 5.10 +0.72 22.04 9 

Fo-resonance frequency of soils (Hz), HVSR-coefficient of soil transfer, 

dI- increment of intensity of seismic actions, Kg-coefficient of seismic liquefaction of soils, Imax- 

maximum expected intensity of actions on the scale MSK-64. 
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Figure 21.  Location of registration points at facility #2 

 
Point 3       Point 4   

Figure 22. HVRS spectra for points 3 and 4 

№ Fo HVSR dI Kg Imax 

1 1.15 4.8 +0.66 20.03 9 

2 1.25 5.0 +0.70 20.00 9 

 

Fo-resonance frequency of soils (Hz), HVSR-coefficient of soil transfer, 

dI- increment of intensity of seismic actions, Kg-coefficient of seismic liquefaction of soils, Imax- 

maximum expected intensity of actions on the scale MSK-64. 
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Figure 23. Location of registration points at facility #3 

 
Point 5       Point 6 

Figure 24. HVRS spectra for facility #3 

№ Fo HVSR dI Kg Imax 

1 1.15 8.0 +1.15 55.65 9 

2 0.86 6.2 +0.91 44.70 9 

 

Fo-resonance frequency of soils (Hz), HVSR-coefficient of soil transfer, 
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dI- increment of intensity of seismic actions, Kg-coefficient of seismic liquefaction of soils, Imax- 

maximum expected intensity of actions on the scale MSK-64. 

 

Preliminary assessment of landslide hazard sites 
 

Researching areas by geomorphological structure are characterized by the U-shaped valley of 
the Aksu River, where the slopes have different degrees of incline. On the slopes are developed 
thick strata of rock and low-power loamy deposits. To identify the landslide of dangerous areas, 
it is necessary to understand the essence of the process. 
 

The landslide (as a phenomenon) is a geological body represented by displaced rocks, 

formed because of development on the slope of the landslide process. 

A landslide (as a process) is the displacement of the landslide body formed on the slip 

surface without losing contact with the non-displaced foot. 

 

In this case, we consider a landslide as a phenomenon. To identify the remnants of the 

landslide phenomenon, on the slopes of the Aksu valley, visual inspections were carried out near 

the construction sites. Here, the main attention is paid to the geomorphological structures of the 

valley and the distribution of various types of rocks that are exposed to outcrops of the slope. 

The results of the survey did not reveal signs of landslide phenomena. To assess the 

landslide hazard of the territory, it is necessary to conduct an engineering survey with the inclusion 

of mining and geophysical works. 

 

Conclusion 

 

Based on the research carried out, the following conclusions can be drawn: 

 

1.  All three construction sites are located directly within the South Tien Shan seismically 

active zone, characterized by seismotectonic and seismological data with very high seismic 

potential. The initial scale of the location of the sites for the construction of small hydropower 

plants corresponds to I = 8.0 points with a probability P = 0.98 not exceeding this value for 50 

years. At the same time, the expected values of the peak acceleration values on medium soils 

with probability P = 0.98 should not exceed the values PGA = 350 cm / s2. 

 

2. In all points of instrumental observation, the increment of the seismic score was more than 

0.5 points (from 0.66 to 1.15). This means that the ground conditions of the observation points 

are characterized by weak elastic properties. Typically, such values are characteristic for sand 

deposits. 

 

3. Taking into account the soil conditions of calculated seismicity in all areas is equal to 9 

points on the MSK-64 scale. Attention should be paid to high values of the seismic liquefaction 

coefficient (instability): for object No. 1 ~ 22-42; for the object number 2 ~ 20; for the object number 

3 ~ 44-55. 
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4.  Visual study of the shape and nature of the relief near the projected sites showed that, 

despite the steepness of the slopes of the Aksu valley, no signs of the landslide were detected. 

Although on the left slope there are development of low-power loamy deposits, which in case of 

strong earthquakes can manifest. 
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