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The relevance of the research is caused by the need to study hazardous engineering-geological and hydrogeological processes
developing on Almaty city territory that pose a threat to the life of urban residents and to industrial and civil building. In addition, the
relevance of the research is caused by the need to assess the human economic activity impact on the geological environment state.
Purpose: description and zoning of the Almaty city territory according to the type and modern state of development of hazardous
geological processes and identification of the most hazardous areas potential, from the point of view of the development of hazardous
geological processes for their detailed study; selection of an experimental site for assessing and prediction buildings underflooding
development using a geofiltration models.

Objects: landslides, landfalls, mudflow phenomena developing in the foothill sites; the groundwater level rising in the central part of the
city in the sites of existing water intakes facilities; underflooding of certain sites in the northern part of the city.

Methods: research and classification of hazardous geological processes developing in the Almaty city; systematization and analysis of the
main factors of their occurrence and development on the territory, based on the results of earlier field investigations and published works;
field research and mapping of the selected experimental site; creation of a database, including climatic, geological, hydrological,
hydrogeological data; route survey of the experimental site, the groundwater level monitoring in observation wells; observations of the state
of river flow and flood events.

Results. On the territory of Almaty city, there are three main groups of hazardous geological processes associated with certain areas: 1 -
landslides, landfalls, mudflows developing in the foothill areas of the city; 2 — groundwater level rising in central part of the city, where
existing water intakes, leading to increase in the seismicity level; 3 — underflooding resulting from the deterioration of the natural drainage
of territory due to the filling and planning of the existing depressions in the relief and the «karasu» rivers. The assessment of the potential
underflooding of the territory allowed us to class it as the first degree in terms of potential underflooding. The estimated period of the
territory underflooding will be from 4 to 5 years. Taking into account the dynamics of the process of the territory underflooding, it is
concluded about the necessity to create a geofiltration model for predictive assessment of the process development of buildings flooding
on this territory.
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Introduction

Hazardous  engineering-geological (HGP) and
hydrogeological processes refer to geologic phenomena
that are formed under the influence of natural or human
factors and cause losses to human life and property, as
well as damages to the environment [1]. Common types
of geologic hazards in urban areas include earthquakes,
ground subsidence, landslides, mudflows, ground fissures,
soil erosion, underflooding and water pollution [2]. The
research on geologic hazards mainly focuses on the
establishment of disaster prediction models. To predict
the landslide disaster, Liu and Wu [3] proposed a
landslide recognition framework. Bovolenta, Bianchi [4]
in their research uses three-dimensional numerical model
to predict slope behavior in occurrence of water table
fluctuations in Ville San Pietro. In addition, Nsengiymva
and Valentino [5] uses GIS-based machine learning
simulations to forecast landslides susceptibility and risks.
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Orozco, Caballero and Nader [6] studied the early
warning system of the flood disaster, developed
intelligent disaster prediction application program. Leng,
Liu and Mei [7] established a geologic hazard prediction
model, which could provide decision support for disaster
prevention and mitigation, also accesses warning model
services and realizes comprehensive information
management, monitoring, and warnings of multiple types
of geological disasters. Causes of some HGP on urban
territories was described on the example of a
representative part of Kiev city. It was found that
violation of the safe habitation conditions in cities is
related to the unsuccessful placement of objects in
different functional zones that have different degrees of
safety of the inhabitation. It happens in case of HGP,
together with emergency situations. Changing the
groundwater level and soil water content have the most
dangerous influence among the considered effects [8].
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Anker et al. assessed the effect of rapid urbanization on
Mediterranean karstic mountainous drainage basins in
Israel. In order to prevent flooding, the urban areas
should be planned with runoff infiltration zones in a way
that will prevent their hydrological effect on the adjacent
natural drainage systems. In addition to flood mitigation
and groundwater recharge, the vacant land used as runoff
absorbing strata provides social benefits for the
surrounding community [9].

Almaty city is situated on the lle Alatau foothill zone.
Currently, in Almaty agglomeration is place more than
1,5 million people with high density. The territory is
characterized by a high concentration of industrial
facilities, residential buildings, summer cottages,
engineering communications. Begining from the 90s of
the last century, here the intensive housing development
was began in the foothills of the lle Alatau range, which
is most susceptible to HGP [10]. The building was carried
out without installation of a drainage canals network for
intensive surface runoff. Irrigation of sites located on
landslide slopes was uncontrolled. As a result, in recent
years there was an activation of slope gravitational
processes, which, unfortunately, led to human losses [11].
Since HGP in the foothill zone is extended in time, its
intensification is expected in the near future. Considering
that the foothill zone of lle Alatau locate in the zone of
9-10 magnitude earthquakes [12], even an earthquake
with an intensity of 5-6 magnitudes may provoke here
numerous gravitational displacements. The map of
engineering-geological zoning of the territory of Almaty
city and its suburbs according to the conditions of
development and intensity of HGP at a scale of 1:50,000
was composed by Mustafayev et al. [10]. On this map
the points for organizing monitoring of HGP in the area
of Almaty city were recommended.

From 2004 to 2006, «Almatyhydrogeology» LTD
carried out the work for monitoring dangerous geological
processes at Kaskelen-Talgar test site. The work was
carried out according to the VSEGINGEO methodical
guide [13-15]. Regular observations were carried out to
study the dynamics of development of hazardous
geological processes at 27 stationary observation posts in
Almaty region on the area of Kaskelen-Talgar test site.
The observation results were submitted in report [16]. For
a proper feasibility study the engineering works for
preventing HGP development it is necessary to
comprehensively investigate the engineering-geological
situation of HGP manifestation areas, to analyze their
intensity, to research the physical and mechanical
properties of soils and rocks, and also to reasonably
predict the dynamics of these processes’ development in
time.

The main types of the hazardous engineering-geological

and hydrogeological processes on Almaty city territory

Overview map and layouts of the studied sites on the
Almaty city territory shown on Fig. 1.

Based on the results of studying HGP development on
the territory of Almaty city, the following types of HGP
have been identified (Fig. 2): type 1 — associated with the
movement of the mass of soil and water under the
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influence of gravity and the energy of the water flow;
type 2 —associated with the urban area underflooding.

On the territory of the city of Almaty and the areas of
prospective development adjacent to it, there are two
main zones for development of hazardous geological and
engineering-geological processes. The first zone includes
a group of HGP associated with the movement of the
mass of soil and water under the influence of gravity and
the energy of the water flow. This group includes:
landslides, collapses, land subsidences, mudflows, land
runoff and solifluction processes. Geographically, this
zone is located in the southernmost foothill areas of the
city and along the built-up river valleys. The second
group of HGP is associated with the underflooding of the
urban area and we referred it to the second zone of the
development of these processes. Plots belonging to this
zone are located in the northern plain part of the city to
the north of Ryskulov Avenue.

Landslides, landfalls and mudflow phenomena

Significant development of these processes in the basins
of the rivers Kaskelen, Aksay, Bolshaya and Malaya
Almatinka. Along the streams Akzhar, Kokshukyr,
Malyutinsky, Kyzylzhar, which are the centers of
mudflows due to intensive precipitation, it led to significant
changes in the structure of the valleys of these streams,
with the activation of landslides, collapse, lateral and
bottom erosion. Along the mudflow channel the
overlapping debris roads, river beds, destroyed engineering
communications were recorded. Areas exposed to HGP are
also associated with the slope trimming during road
construction,  terracing  slopes under large-scale
construction on slopes located near Butakovka, Krasny
Vostok, Mechet, Priroda, Alga, Arai, 1,5 km south-west of
the village Kamenka and others. The location of the
recorded landslide areas and the damage caused by them to
buildings and engineering structures are shown in Table 1.

As an example for describing the development of
landslide processes, we selected an experimental site
located on northwestern slope of Kok-Tobe Mount, as the
most dangerous, on which complete information was
collected and work was carried out aimed at slope-
strengthening this landslide (slope-strengthening work
was carried out by JSC «Gidrospetsstroy»).

Landslide on the northwestern slope of Kok-Tobe
Mount. The studied site is located in a low-mountainous
part on the right bank of Malaya Almatinka River at
elevations of 1054, 1102 m. Geomorphologically, the site
is confined to the area of denudation of tectonic low-
mountain relief. The shape of mountain structures is
represented by smoothed watersheds and convex, steep
slopes covered with dense herbaceous vegetation (Fig. 3).

Landslide is related to the domestic and storm water
drainage problems, immediately after construction of the
cable car and «Aul» restaurant on Kok-Tobe Mount. By
the middle of 1980s, a landslide was formed here due to
water leakage from pipes. The landslide descended into
Solonovka river valley without causing any harm, except
for a small flood. In 1998, due to a water leakage from
the main water conduit laid along the northwestern slope of
the mountain, a landslide-stream descended, consisting of
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waterlogged masses of soil with a volume of 700-900 m®.  crack began to form and the soils of the northwestern
The soil natural state was disturbed by the road and  slope began to slide slowly. Slope-strengthening work
construction sites planning. In the second half of the  using bored piles was carried out in the period from 2002
1990s, due to the increase in soil moisture, a breakaway  to 2005 and stopped landslide formation (Fig. 4).
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Fig. 1. Overview map and layouts of the studied sites on the Almaty city territory: 1 — underflooding; 2 — landslide

Puc. 1. Ob630pHas kapma u Kapma SKCNEPUMEHMATLHBIX YUACMKOS8 HA meppumopuu 2. Atmamel: 1 — npoyecc noomonienus;
2 — ononsxesoll npoyecc
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&% - Underflooding zone
- Almaty city border

Fig. 2. Zoning map of Almaty city according development of HGP
Puc. 2. Kapma pationuposanus 2. Aimamsi no pazeumuio ONAcHbIX 2e0J102UeCKUx npoyeccos

Soils composing the landslide slope, leveled watershed
and near-watershed surfaces are lithologically represented
by a two-layers stratum: upper layer represented by loess-
like loam, macroporous, dense, slightly moist. And the
underlay part of the soil profile is boulder-pebble with
sandy-loamy filler. The physical and mechanical properties
of the upper layer have the following values:

o Natural moisture 16,6-22,9 %

o Dry unit weight 1,19-1,33 g/cm?

o Porosity 50,9-55,4 %

o Plasticity index 8,9-11,9

o Subsidence capacity 0,01-0,034

o Natural cohesion 0,018-0,22 MPA
e Underwater cohesion 0,004-0,018 MPA
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o Natural internal friction angle 25-29°
o Underwater internal friction angle 24-28°

Thus, along with geological, geomorphological,
climatic conditions, the technogenic factors, such as
overloading the slope, artificial waterlogging of soils,
undercutting of slopes, are of great importance for HGP
activation. All this reduces the slope stability and may
lead to collapse of the cable car station, observation
platforms, as well as houses located at the foot of Kok-
Tobe Mount (Fig. 4).

The necessary parameters characterizing the landslide-
prone area, which will be used in the further calculation
of the slope stability, were entered into the documentary
database of the landslide area.
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Table 1. Location of the recorded landslide areas
Taonuya 1. Pacnonodicenue 3aQhuKcupo8anHbix ONON3HEBbIX YUACMKO8

HGP damage to buildings and engineering structures
ToBpexeHne 00bEKTOB HAPOAHOTO X034HCTBA 32
cyer OI'TI

HGP type Location
Bux OI'TI MecTomnomnoxeHue

Kyrgauyldinka river basin, middle reaches, road on the dacha
«Gornyi sadovod»

Bacceiin p. KBIpI‘ayHI)lII/IHKa, Cpe€aHee TEUCHUE, N0pora Ha Javue
«I"opHblii caoBOI»

Landslides
Ornoy3HU

Road blockage/3aBan noporn

Kyrgauyldinka river basin, Koklai sai tract

Bacceiin p. Kelprayneaunka, ypounme Kokiaii cait Road blockage/3asan goporu

Electric substation site 131a Gorny Gigant, on the crest of
trampolines mountain

YuacTok snekrponojacraniuu 131 a lopHblii ruranT, Ha
rpeGHe ropsl TPAMILIHHOB

Landslide and erosion
Onou3HeBbIE U 3pO-
3HOHHBIE IIPOLECCHI

Collapse of power transmission line supports,
equipments
Oopyenue onop JIDII, o6opynoBanust

Besagash township, AKNM micro-district, no 3 and 5 houses | Deformation and destruction of homes

IMocénok becaram, mukpopaifon AKHM, noma Ne3 u § Jleopmarust u pa3pyIieHHe JIOMOB
Right side of Aksay river at the exit from mountains, in the area | Homes destruction on the top and at the foot of the
of 4 built cottages slope
I1pasbiit 6GopT p. Akcaiil Ha BbIXOJIE U3 TOp, B paiioHe 4 mocTpo- | Pa3pymieHune 10MOB Ha BEpIIHHE U y TIOAHOXKbS
€HHBIX KOTTEKEH CKJIOHA
. Remizovka river basin, Kotyrbulak dachas Homes destruction

Landslide N

Onomsens bacceitn p- PemuzoBka, naun KorypOynak i Paspymenue 1auHbIX JOMOB
Kaskelen river, 1 km southern of the landslide dam, on the
slope of northern exposure Destruction of houses, buildings Pa3pyueHne 1omos,

Pexa KackeneH, 1 KM [0XHee CeleBOii INIOTHHBI, HA CKIIOHE Ce- | CTPOEHMI
BEPHOH YKCHO3UIINH

Kaskelen river, 1 km western of the landslide dam, on the slope
of southwestern exposure Destruction of houses and country sites
Peka KaCKeJ’IeH, 1 km 3armagHee ceJIeBOM IIJIOTHHBI, HA CKJIOHE Pa3pymeHHe Ja4q, Ta4HbIX YYaCTKOB

FOro-3ana/{HoN SKCIIO3ULHU

——pffh—i=a¥))

i

Fig. 3. Landslide on the northwestern slope of Kok-Tobe Mount. Photo is from «Monitoring of hazardous geological
processes at Kaskelen-Talgar test site in 2017-2018»

Puc. 3. Ononsensv na e. Kok-Tobe. @omo 63samo u3z omuema «Bedenue MOHUMOPpUHeA ONACHBIX 2€0102UYECKUX NPOYECCO8
na Kackenen-Taneapckom nonueone 3a 2017-2018 22.»

Underflooding of certain sites in the northern part [17], that decrease in natural drainage, leads to

of Almaty city underflooding of buildings and other engineering structures.

Underflooding of the urban territory takes place on the  «Karasu» rivers are formed on the foothill plain in the
foothill plain of Zailiyskiy Alatau [3]. The filling and groundwater discharge zones and have spring feeding, to
planning of existing topographic lows and «karasu» rivers ~ which snow and rain precipitations are added [17, 18].
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Fig. 4. Layout of the experimental site 2 on the slope of Kok-Tobe Mount

Puc. 4. Kapma skcnepumenmanvhozo yuacmra 2 Ha 2. Kok-Tobe

¥ . & . ',\ * b
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Fig. 5. One of the «karasu» rivers in winter. Photo of A. Zhakyp, 2020
Fig. 5. Oona u3 pex kapacy 6 sumnee gpems 200a. @omo coenano Kaxvin A., 2020

50



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2021. V. 332. 10. 45-56
Zhakyp A.E., Mirlas V.M., Auelkhan Ye.S. Assessment of hazardous engineering-geological and hydrogeological processes on the ...

Currently, these natural rainwater and groundwater
drains in the north part of Almaty city are mostly filled up
and planned and this process continues (Fig. 2).When the
ravines are filling, a local increase in the level of
groundwater is observed due to the decrease of their
drainage conditions. Partial backfilling of ravines during
construction of roads crossing them is accompanied by
water dampening and formation of swampiness and
underflooding (Fig. 5). The process of underflooding of the
territory of the northern part of Almaty city was studying at
the experimental site located north of Ryskulov Street
(Fig. 1). The phenomenon of underflooding was most
clearly developed on the territory of the Akbulak micro-
district in 2016, when groundwater level rose to ground
surface, and basements in nearby houses were flooded.
This was the reason for choosing this area as an
experimental site for a detailed description and assessment
of the potential flooding of the territory of Almaty.

Description of «underflooding» experimental site
and investigation methods

«Northern part of Almaty city» — the experimental site
is located in the northwestern part of Almaty city, north

8L 2

() (%) _xngb
y",,

746 742

0 100 200m
|

of Ryskulov Street, in Akbulak micro-district, along
Yessenin - and  Armavirskaya streets (Fig. 6).
Geomorphologically, the township is located on an
alluvial-proluvial foothill plain. In lithological terms, the
experimental site is confined to the Upper Quaternary
alluvial-proluvial deposits (apQy).

Water-bearing rocks in this area are represented by
gravel-pebble and gravelly sands. Granulometric
composition of gravel and pebbles: content of clay
particles — 1,3 %; silty — 2,9 %; sandy — 39 %; gravel —
578 %. Soil density — 1,65 g/cm® at maximum
compaction — 1,8 g/cm®, natural angle of repose — 32°,
underwater — 25°. The aggregate is medium-grained sand
with the following particle size distribution: clay
particles — 0,8 %; silty — 4,3 %; sandy — 59,1 %,; gravel —
35,8 %; natural angle of repose of dry soil — 31°,
underwater — 24°.

During the construction of the settlement, planning of
the territory and backfilling of «karasu» rivers were
carried out, which is the basis for drainage of
groundwater and rainwater, especially in a high-water
year.

Fig. 6. Layout of the factual material of the Northern part of Almaty city experimental site, Akbulak micro-district: W2 —

monitoring wells

Puc. 6. Kapma ¢paxmuueckozo mamepuana 3xcnepumeHmanbHo20 y4acmka 8 ceeepHoll yacmu 2. Aavameol, Mkpn. AxOynax:

W2 — nabnooamenvhvie ckéadicurvl

This caused a rise in groundwater levels, and, as a
result, underflooding of wurban utility services
communications and industrial and residential buildings.
The processes of underflooding especially manifested in a
high-water year, when, during the period of heavy rains,
the monthly norm of precipitation fell per one day. A
negative role in this process was also played by a large
area of asphalted territories located hypsometrically south
of Ryskulov Street, as well as the absence of storm

sewers necessary for the collection and outflow of rain
and melt water. These wells are used for systematic
monitoring of the influence of the groundwater level on
the development of waterlogging and soil salinization.
Monitoring of underflooding process development was
based on the data received from the observation post at
the experimental site. One of the criteria for choosing
these observation posts for monitoring was the degree of
their impact on the vital population activity, buildings and
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communications. At the same time, special attention was
paid to the seasonal periods of groundwater fluctuations
and periodic underflooding of the territory by
groundwater. Monitoring of underflooding development
included the following: observation of groundwater levels;
condition of the river runoff; atmospheric precipitation;
flood phenomena. The observation results compiled a
documentary database of the experimental site for the
study of the underflooding. In addition, this database
includes: temporally data on the «karasu» river flow, set
maps of the «karasuy rivers location from 1967 to present
time; topographic plans of the Almaty city in 1967, 1995
and 2017; maps of the groundwater depth and
hydrodynamic pressure of the upper soil layers. The
condition of the river runoff and flood phenomena were
monitored by means of visual observations after the
occurrence of floods and heavy rainfalls. The
groundwater levels depth was recorded according to the
data of regular measurements in observation wells. The
observation wells layout is shown in Fig. 6. Five wells,
up to 15 m depth, were drilled on the site. The frequency
of measurements was three times a month. At the same
time, operational changes in the hydrogeological and
hydrodynamic conditions of the territory, which
determine the activity of flooding, were also monitored.

0,00 45+
1,00 +—
2,00 +—
3,00 +
4,00 +—
5,00 +—
6,00 +—
7,00 +—
8,00 +—+
9,00 +—+

10,00 +—+

Growndwater level depth, m /
I'ryOHHA YpOBHS TPYHTOBBIX BOJ, M

11,00 +—

12,00 +—

Assessment of potential underflooding of the territory
was carried out based on the use of the potential
underflooding criterion P [19]:

P = (he— Ah)/H,, Q)
where heis  the groundwater level before flooding,
determined according to engineering survey data, m;
Ah=f (x, ¥, t, wg) is the value of the possible (predicted) rise
of groundwater for the estimated period of time, m
(determined on the basis of filtration calculations in
accordance with the «Recommendations for the forecast of
underflooding of industrial sites with groundwater» (VNII
VODGEO, 1976) [20]; Hcis the critical level of
underflooding with groundwater, from the ground surface, m.
While P<1 and t<T, (t; is the period of time during which
H.=he—Ah occurs), the territory is potentially underflooded.

Results and discussion

A significant rise in the groundwater level in April-
May was found which is associated with periods of heavy
rains and melting snow. In 2016, the (rainiest) high
groundwater level remained until August. In wells no. 3,
4, groundwater was at ground level (Fig. 7). Cellars in
nearby houses were flooded. It should be noted that 2016
was the most water-abundant year for the last 10-year
observation period.

13,00 +—

14,00 4
2017 2017 2017 2017 2017 2017 2017 2017
Date / Jlarsi

—o— Well1/ —=Well2/—*-Well3/~*-Well4/-*Well5/
Cks.1 Cks.2 Cxks3 Cksd4 Cksb

20.04. 10‘.05‘ 30.05 20.06 10.07 30.07. 20.08. 10.0¢ 30.,09. 20.10. 1011 30411, 2042 ‘0.‘0“ 30.‘01 20.02 10.03 30:03‘ 20.04.
2017 2017 2017 2017 2017 2078 2018 2018 2018 2018 2018

Fig. 7. Fluctuations in the groundwater level in 2017—-2018. Monitoring post in Akbulak micro-district
Puc. 7. Konebanus yposus epynmossix 600 3a 2017-2018 ze. Ilocm monumopunea 8 mMxkpH. Axoynax

From April 2017 to April 2018, the minimum values
of the groundwater level were typical for the end of
August — the beginning of September (Table 2). The
observation results show that spring snowmelt and
abnormal rains are the decisive factors for underflooding
of this territory. The minimum depths of groundwater
levels are recorded in wells 2-4.

Assessment of potential underflooding of the territory
is shown in Table 3.

Based on the assessment performed, this territory
belongs to the first degree in terms of potential
underflooding.
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Table 2. Groundwater level fluctuation
Taénuua 2. Konebanue yposis 2pyHmossix 600
Groundwater rises levels (depth Amplitude of
Well from ground surface) groundwater level
number | YpoBHH HOxBEMa IPYHTOBBIX BOJ fluctuations
Homep (rmy0OHHA OT HOBEPXHOCTH 3EMJIN) AMmuaTyna Ko-
CKBa- Maximum Minimum NIeOaHUs yPOBHS
JKUHBI MaxkcuMalbHbIe MuHuMaIbHbEIE TPYHTOBBIX BOJ|
m/m
2 0,49 1,04 0,55
3 0,28 1,04 0,76
4 0,11 0,91 0,80
5 2,82 3,81 0,99
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Table 3. Assessment of potential underflooding of the territory
Taonuya 3. Oyenxa nomeHyuaIbHOU NOOMONIAEMOCIIU MEPPUMOPUU
Symbol, unit of measure .
Value names min average max
VcnoBHOe 0003HAYEHHE,
HaumeHoBaHue nokasarens MHUHHM. CpeaH. Makc.
CAUHNIIA UBMEPECHUSA
Natural groungwater level he, m/a 0,29 0,64 0,99
IECTeCTBEHHBIN YPOBEHBb MOA3EMHBIX BOJ
Critical unde[floodmg level He, m/m 1,50
IKputnueckuil ypoBeHb 10ITOIIICHHUS.
Natural conditions of the territory from 1 to 6, scheme 4
[ IpupoHbIe yCIOBUs TEPPUTOPUH ot 1 1o 6, cxema
\Water consumption category from A to D, group
D/
IKaTeropusi o BOJONOTPEOISHHIO ot A no I', rpynna
Specific water consumption m*/day per 1 ha
. 3 50-500
Y AenbHbIA pacxoa BOJbI M’/cyrHa |l ra
Type of underflooding from 1 to IV, type i
Ty moaToIIIEMOCTH ot I no IV, Tun
in the first 10 years
IProbable rate of level rise Beposit- | 3a nepsbie 10 1et 8’(1)(3): 8’(2)(7) 8‘?8
l[Hast CKOPOCTh 10-15 years/ner V, m/year/m/ron 0’03 0’05 0,08
moybeMa YpOBHS 15-20 years/net 0’02 O’O 4 O’ 06
20-25 years/ner ' ' '
in the first 10 years
Estimated rise in groundwater level | 3a nepssie 10 ner 1,00 2,00 3,00
IPacueTHOE MMOBBILIEHUE 10-15 years/ner h=Vt, m/m 1,15 2,33 3,50
[YPOBHSI MOA3EMHBIX BOJ 15-20 years/ner 1,27 2,59 3,90
20-25 years/ner 1,38 2,79 4,20
in the first 10 years
Underflooding criterion 3a mepBbie 10 et 090
IKputepuii 10-15 years/ner P=(he—-Ah)/Hc '
OATOIUIIEMOCTH 15-20 years/ner
20-25 years/ner
IAssessment of the territory for underflooding if P<I, potentially underflooded potentially underflooded
O1ieHKa TEPPUTOPHH 110 NOATOIIIIEMOCTH npu P<I, noreHuMaIbHO NOATOILISIEMAst IOTEHIMAJIBHO ITOATOILIAEMAs
Estimated Perlod of underflooding of the territory te=(he—Hc)/V, years/ner 43
IPacueTHBII CPOK IIOATOIUICHHUS TEPPUTOPUU
Degree of potential underflooding of the territory by the
time of process development
CreneHb MOTEHINATBHON MOATOIUIIEMOCTH TEPPUTOPUH
IO BpEMEHHU ITPOABJIICHUSA MTPOLIECCa
1 degree — up to 5 years/l crenens — 10 5 et Upéossnﬁazei?;:e 1
2 degree — up to 10 years/2 crenens — g0 10 ner A ’
3 degree — up to 15 years/3 cremens — o 15 net
4 degree — up to 20 years/4 cremens — 10 20 yet
5 degree — up to 25 years/5 crenenb — 10 25 net

Classification criteria (P) for underflooding
IKpurepuii Tunuzauu (P) no moaromisieMocTu

1° degree, potentially underflooded territory
1-s1 cTeneHb, HOTEHIMAILHO MOATOILIIEMAsi TEPPUTOPUS

Conclusions and recommendations

2. Analysis of monitoring

observations

at

On the territory of Almaty urban agglomeration, the
following main groups of HGP associated with
certain areas were studied: 1 — landslides, landfalls,
mudflow phenomena developing in the foothill
regions; 2 — underflooding in the northern part of the
town. Underflooding is related to the decrease in the
natural drainage of the territory due to filling and
planning of existing topographic lows and «karasu»
rivers. Spring snowmelt and abnormal rains are also
the important factors for underflooding of this
territory.
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1 Kasaxckuit HauuoHanbHbIl WccnenoBatensckuin TexHuueckuin YumuepeuteT um. K.M. CaTtnaesa,
Kasaxcran, 050013, r. Anmartl, yn. CaTtnaesa, 22a.

2 Apuanbckuit YHuBepeuTeT, LIeHTp nccnenoBarmin n paspaboTtok BoctouHoro Mapaunns,
W3paunb, 40700, r. Apuansb, yn. Pamat XalonaH, 65.

AkmyanbHocmb uccre0osaHusi 06ycnossieHa He06X00UMOCMbIO U3YYEHUST ONACHBIX UHXEHEPHO-2€0102UMECKUX U 2UOPO2EOI02UYECKUX
NpoUEeccos, passusaloWUXCs Ha meppumopuu 2. Anmamsl, NpedcmassoWUX yepo3y XU3HeOesmenbHOCMU HaCeeHuUs, NPOMbIWIEH-
HOMY U 2pax0aHCKOMy cmpoumesnbcmey, a makxe He0bX00UMOCTBIO OUEHKU 6/IUSHUS X03siicmeeHHol OesmenibHOCMU Yenogeka Ha
KOMNOHeHmb| 2e0n102uy4eckoll cpedbI.

Lenb: onucaHue u palioHuposaHue meppumopuu anMamuHCKol aeioMepayuu no onackbIM 2e0/102UYECKUM npoueccam Ons 8bibopa
Hauboriee xapakmepHbIX y4acmkos 01 ux emarbHO20 U3ydeHus; 060CHO8aHUe 8bI6opa IKCnepuMeHmarnbHo20 yyacmka onsi co30aHust
2e0¢hubmpayUoHHol Modenu, OUeHKU pasgumus npoyecca nodmonneHus 30aHull U coopyxeHuli daHHOU meppumopuu.

O6bekmbl: 0NON3HU, 068asbl, CENesble ABMEHUS, PassusaloUUecs 8 nped2opHbIX palioHax; NodbeM ypoeHS NOO3EMHbIX 800 8 LeH-
mpanbsHol Yacmu eopoda Ha y4acmkax Oelicmayroujux 80003abopos u nodmonsneHue omaenbHbIX patioHo8 8 cegepHoll Yacmu 2opoda.
Memodbi: uccredosaHue U Knaccughukayus passualoluXcsi OnackbIX 2e0102UHECKUX NPOUECCos 8 e. Anmambl, cucmemamu3sayus u
aHarnu3 0CHOBHbIX (hakmopos UX BO3HUKHOBEHUS U Pa38UMUS Ha Meppumopuu no peynbmamam paHee nposedeHHbIX NOesbIX Uccie-
0osaHuli u onybnukogaHHbIX pabom; noneeble uccnedosaHus U kapmoepaghuposaHue 8bIbpaHHO20 IKCNEPUMEHMAIBHOZ0 yYacmka; Co-
30aHue 6a3bl OaHHbIX, 8KMKOYaloWel Knumamuyeckue, 2eonoaudeckue, eudponoauyeckue, 2udpozeonoaudeckue daHHble; MapwpymHoe
obcnedogaHue nnowadku, KOHMPOb yPOBHS 2PyHMOebIX 800 8 Habmo0amesibHbIX CK8axXUHax; HaboOeHUe 3@ COCMOSIHUEM PEYHO20
cmoka U nagodKoBbIMU SBMEHUSMU.

Pe3ynbmambi1. Ha meppumopuu anmamuHckol 20podckoli aenomepayuu 8bI0eneHo0 mpu OCHOBHbIE pynnbl ONACHBIX 2e0/102UYECKUX
Npoueccos, NPUypPOYEHHBIX K onpedeneHHbIM patioHam: 1 — ononaHu, obearbl, cenesble SIBMEHUS, pasgusatoLyuecs: 8 nped2opHbIX palio-
Hax eopoda; 2 — nodbeM yposHsi no03eMHbIx 800 8 ueHmpasbHoU Yacmu 20poda Ha ydacmkax Oelicmayrouwjux 80003abopos; 3 — nod-
monneHue omdesbHbIX palioHos 8 cesepHoll yacmu 2opoda. [lodmonneHue yyacmkos 8 cesepHol yacmu 2opoda AriMamsi npoucxodum
ecrnedcmeue YMeHbWEHUS eCmecmBeHHOL OPeHUPOBaHHOCMU MePPUMOPUU 3a CHem 3achINKU U NAAHUPOBKU CYUECMBYIOWUX NOHUXE-
Hull & penbeche U peyek «kapacy». OueHka NomeHyuanbHol nodmonasieMocmu meppumopuu No38onuna OmHecmu AaHHy meppumo-
pUKO K nepeoli cmeneHu no nomeryuansHol nodmonnsiemocmu. pu 3momM pacyemHbili CPOK NOOMONSIEHUS MepPUMOpUU cocmasum
om 4 do 5 nem. Yyumsieas duHamuky npouecca nodmonsieHusi meppumopuu 8 cegepHol Yyacmu eopoda, 803HUKaem Heobxo0umocme
co30aHus eeobunbmpayuoHHol Modenu Ans npoeHO3HOU OUeHKU passumusi npouecca nodmonseHus 30aHull U coopyxeHul OaHHOU
meppumopuu.
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OnacHble 2e01102U4€CKUE NPOUECCHI, 20p0dCKas meppumopusi, NodmonneHue meppumopuu, No03eMHbie 800bI, MOHUMOPUHe.
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