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TEXHVKAABIK FBIABIMAAP J)KOHE TEXHOAOIMSIAAP
TECHNICAL SCIENCE AND TECHNOLOGY
TEXHNMYECKME HAYKI I TEXHOAOTUN

IRSTI 67.11.29
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Seismic safety state and prospects in Kazakhstan

Abstract. A review of seismological studies in Kazakhstan is given, the condition, prospects and
some results of research conducted by the Institute of seismology of the Republic of Kazakhstan.
This investigation are important for understanding of the seismic safety statement of Republic
of Kazakhstan. The paper presents of the history and present proceedings of seismic activity of
different regions of Kazakhstan.

Keywords: earthquakes, seismic, deformation, monitoring, observation.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-8-16

Seismic quiescence, currently observed in the territory of Kazakhstan, is temporary. Indisputably,
probability of occurrence of violent earthquakes in the territory of Kazakhstan in the future is rather
high. Especially the area of the Northern Tien Shanm, which encompasses the territory of Almaty
region, including the Kazakhstan’s largest megapolis - Almaty, is one of the most endangered regions
for earthquakes in the whole Central Asia. In 1887, 1889 and 1911 three destructive earthquakes
happened there, two of which (Chilikskoe 1889 and Keminskoe 1911) had a magnitude over eight,
and were ranked as global seismic catastrophes. It should be specially noted that, according to the
leading researcher’s estimates, approximately 40 times more energy released from the source of the
Keminskoye 1911 earthquake than from the source of the Armenian (Spitak, 1988) earthquake, which
claimed the lives of 41 thousand people and shocked the world with its well-known deplorable
consequences.

During the last two decades, more than 10 strong earthquakes with seismic intensity level over 7,
occurred in the territory of Kazakhstan.

Special attention is paid to the southeastern territory of Kazakhstan by the seimologists, where the
city of Almaty is situated and where the probability of powerful earthquakes has been rather high
since 2016.

Kazakhstan and China are active in predicting earthquakes. The Institute of Seismology marks out
the following three stages in its earthquake forecast:

- long-term (from 5 to 7 years); medium-term (up to 1 year); short-term (up to 7 days).

However, the earthquake forecasting covers only the area of the city of Almaty and Almaty region.
The matter is that the representative observation network for qualitative medium- and short-term
forecasting was created only for the earthquake-prone Almaty region.
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In terms of long-term and medium-term prediction of earthquakes, the Kazakhstani seismologists
made certain progress. The long- and medium-range earthquake forecasts within recent years,
including 2004, were hold up. The Institute predicted no severe earthquakes for the mentioned territory,
but marked out areas, where weak seismic events with seismic intensity up to level 7 according to
the MSK-64 international seismic scale are probable. At the beginning of every year, including 2014,
that data was timely furnished to relevant decision-making authorities. Figure 1 demonstrates the
medium-term earthquake forecast 2011-2014, which is to be presented at the start of every year to
relevant decision-making authorities of the Republic of Kazakhstan [1-4].

Various factors, having effect on activation of powerful seismic processes, constitute a subject
of in-depth investigations. According to [5], collection, processing, analysis and interpretation of
the data set, which shows consistence between the 11-year solar activity variations and stressed-
deformed state of the earth’s crust in the local earthquake endangered territory of the Northern Tien
Shan, posing the highest threat to the city of Almaty, as well as retrospective data of confinedness of
the most violent earthquakes in the territory to the period of the long-term minimum solar activity
(Gleisberg Minimum), evidence that probability of a strong earthquake in the territory under
investigation presently increases. And, starting from 2016, it has been rather high. Short-term forecast
of earthquakes is quite a complex, broad-spectrum and pressing problem of contemporary natural
science. The issue of short-term forecast is rather of research than practical nature.

Absence of general premonitory symptoms, as well as instability of anomalous phenomena,
preceding the earthquakes, predetermined the need for a package approach to its solution. For short-
term forecasting of earthquakes, in the both countries - China and Kazakhstan - data of geomagnetic,
electrotelluric, natural electromagnetic field variations; deformation parameters of debit, temperature,
level and chemical composition of subterranean water; radon emanation and neutron flux emission
rate; number of seismic microshocks; animal behaviour; sesismotectonic regime data taking into
account the correlation between the geogenic and cosmogenic factors, is used [6-8].

Macurat 1:2,500 000

a) Map of Medium-Term Forecast of Violent Earthquakes for 2012

BECTHMK EHY umetu A.H. Tymunesa. Cepus mexuteckue HAyKku u mexHoA02uu Ne 3(1 32)/2020 9
BULLETIN of L.N. Gumilyov ENU. Technical Sciencs and Technology Series



Seismic safety state and prospects in Kazakhstan

@-Lﬂlc.ﬁwnlc"uil paiion A = Celicmnmeckas cramums Macurra® 1:2.500 000
a) Map of Medium-Term Forecast of Violent Earthquakes for 2014

Figure 1. Map of Medium-Term Forecast of Violent Earthquakes for the Almaty Prognostic Testing
Range over 2011-2014.

It is known that before powerful and destructive earthquakes, some prognostic parameters may
change, and, accordingly, it is necessary to detect, decipher the same, and compare them with other
prognostic parameters and to interpret them. It is a challenge for seismologists, and we tirelessly work
on it. However, in the event of weak earthquakes, the prognostic parameters change rather slightly
and do not manifest in the overwhelming majority of cases. It is no coincidence that the construction
rules and regulations ignore earthquakes with intensity level below 7, as they pose no danger to the
lives of people and facilities, other than beaten cob constructions, which may sustain damage and get
cracks. For sure, the problem of short-term forecast of earthquakes requires extensive efforts, but there
are also other not less fundamental and applied scientific problems in the field of seismology and
antiseismic construction. For instance, seismic hazard assessment comprises development of seismic
zoning maps of the territory of Kazakhstan and seismic microzoning maps for design and construction
activities in the seismically active areas, where hazard sources and intensity of future earthquakes are
given. Today the Institute of Seismology successfully works on the described problems.

At this period, the Institute is working on the implementation of the Research Programme
«Development of the microseismic zoning map of the territory of Almaty on the basis of the new
methodology.» The works will be completed in 2017. The map will be drawn according to international
standards Eurocode 8 [9-10].

In 2015, the development of maps of seismic zoning of the Republic of Kazakhstan in accordance
with international standards Eurocode-8 will be completed. Herein it should be noted that, unlike the
known maps, the new set of maps in a deterministic and probabilistic positions, as well as in terms
of peak accelerations, will be created [11].
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Along with that, assessment works of the seismic hazard of national economic objects are carrying
out (Figure 2).

The undisturbed operation of the oil and gas, mining and metallurgical complexes, operation and
maintenance of the seismic safety of existing produce fields of hydrocarbons, where it is necessary to
conduct permanent geodynamic (seismic) monitoring of produce fields, are the most important for
the economic development of Kazakhstan. The effects of technogeneous earthquakes are presented
on Figures 3 and 4.

a) The seismic zoning map of the gas pipe line Beyneu — Shymkent

Figure 2. Assessment of the seismic hazard of national economic objects.
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Figure 3. The effects of technogeneous earthquake in the area of Zhezkazgan on 01.08.1994 (M=4,7).

At the gas condensate field Karachaganak, the largest in Kazakhstan, the West Kazakhstan region
Institute carries out continuous seismological monitoring, regularly gives recommendations for the
safe hydrocarbon extraction. Here the development of new effective methods of monitoring the
conditions of the resources on the territory of the field is the critical importance and currentness.
For effective and focused monitoring of the geological environment the Seismology Institute has
developed the methodology and the program of complex geodynamic monitoring and evaluation
of the risk of seismo-deformational processes related to the development of the oil condensate field
Karachaganak, which differ radically from the existing methods of controlling the resource conditions.
If till that time the field only one or two types of research were monitored, then at the Karachaganak
field, on the basis of the collection, processing, analysis and interpretation of the results of previous
studies in the world and the Republic of Kazakhstan, it was proposed the comprehensive method
of tracking the condition of the geological environment, consisting in the usage of all best practices
including ground, mining method and satellite methods (Figure 5).

The complex geodynamic monitoring on the local site of the Karachaganak field will include,
first of all, seismic observations of the manifestations of the natural and technogeneous seismics, as
well as additional geodetic observations (satellite GPS and highly-accurate reveling) over the vertical
and horizontal movements of the Earth’s surface, geophysical (gravity, geomagnetic, geoelectric) and
hydrogeodynamic observation.

The results of such complex monitoring will help to develop a field model, to conduct reliable
control of geodynamic processes, to predict their evolution and to take the necessary measures to
prevent technogeneous earthquakes.

Experimental and theoretical researches are intensively conducted to provide operational and
seismic safety of strategic facilities, such as hydraulic and underground tunnels of underground
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Map symbols:
B Earthquake-detection station
® Combined levelling and gravity station
@ GPS station
A Cased hole for microseisms monitoring conduction

Figure 5. The map of geodynamical networking in the Karachaganak field.

railway systems, tunnels, water pipeline tunnels, industrial facilities like high-rise structures, ground
oil storage facilities in the regions of extraction, processing and transportation of oil and gas [12-16].

The particular attention is paid to the problem of rapid response in case of a powerful earthquake.

In the Institute of Seismology of the Republic of Kazakhstan, the group of prompt response staff is
organized for cases of powerful and destructive earthquakes in Kazakhstan.

Staff objectives are:

- Coordination of preventive measures in scientific and practical researches as for the treatment
of powerful earthquakes;

- Operational collection and analysis of information about happened earthquake;

- Relationships with government and local authorities and the media;

- Assistance in the timely completion of epicentral and macroseismic investigations which take
place after the earthquake.

The further development of the national system of seismic safety of the Republic of Kazakhstan is
planned.

Therefore, National Center of Seismological Observations and Researches JSC (NCSOR JSC) was
created; in the beginning it consists of LLP Institute of Seismology and LLP Seismological Experimental-
Methodical Expedition. In future, it is planned to include of all organizations, involved, to any
extent, into the problem of seismic safety in Kazakhstan to NCSOR JSC.

Planned course:

- Extensions of the seismological observation network in Kazakhstan twofold compared to the
existing (to open 52 new seismic stations);

- Creation of a special international experimental center in Almaty region to study seismic
processes and seismic stability of building objects;

BECTHMK EHY umenu A.H. Tymunesa. Cepus mexrueckiie HaYKi i mexHoA0u Ne 3(132)/2020 13
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- Providing of permanent geodynamic and engineering monitoring of the anthropogenic
environment of the nuclear industry, oil&gas and mining&metallurgical complexes, as well as
hydraulic engineering installations of the Republic of Kazakhstan;

- Ensuring of the seismic capacity of the main social infrastructure objects, life support systems,
including educational and residential facilities located in earthquake-prone regions of the Republic of
Kazakhstan.

In the event of a powerful earthquake in the city of Almaty, the backup Seismological Centre,
which will collect in parallel information from the whole Kazakhstan, is planned to be created on
the territory of Astana. In case of failure of the seismology system in Almaty due to the destructive
earthquake, the backup seismological center in Astana, operating in the normal mode, will take the
entire load.

Currently, the most representative network of seismological observations is concentrated in the
region of Almaty, in the Southeast of Kazakhstan. In this regard, it is planned to open seismology
branches in the South, the East and the West Kazakhstan regions.
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