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Abstract. The paper is aimed at the analysis of the results of geological engineering surveys of an active tailings
pond to identify the dangerous dam areas and to define the reasons of deformation process progress within the dam to
develop measures concerning geomechanical stability of the structure.

The paper involves both practices and monitoring results of an active tailings pond where concentration plant slurry
is accumulated. The research subject is a dam of tailings pond Kryvi Luky belonging to Ordzhonikidze Mining and Pro-
cessing Plant PJSC.

The international experience of accidents within the dams of tailings ponds was analyzed as well as all possible
causes of the emergencies. It was proved that potentially dangerous processes and occurrences take place inside the
mass. The necessity to monitor geomechanical stability of the hydraulic structure was substantiated.

The monitoring took several stages, which made it possible to trace through dynamics of the processes. Primary
well drilling helped identify areas of the tailings pond dam where deformation processes take place; namely, zones of
homogeneous pile clays; a zone of technogenic laminar filtering; and a zone of heterogeneous structure of the dam.
Four years after, new inspection wells were drilled within the areas. Treatment of cores showed significant enlargement
of sandy rock lenses differing in plastic consistency, which influences deformation processes in the dam. To identify the
reasons of the geomechanically heterogeneous unstable zone, mining, hydrogeological, and engineering-geological
conditions of the structure use were studied. It was defined that the problem dam area is located along a ravine; histori-
cally, land plot under the structure experienced flooding for many years; and geological framework of mass being the
tailings pond basis was not prepared for the hydraulic structure building. To improve efficiency of further monitoring, it
was proposed to set monumental benchmarks within the dam areas right in the zone where the layer of sandy rocks
differing in plastic consistency becomes thicker.

The obtained results can be used for the development of measures to prevent emergency situations at tailings stor-
age facilities, as well as to improve the efficiency of monitoring hydraulic structures.

Keywords: hydraulic structure, technical condition monitoring, geomechanical stability, deformations, tailings pond.

1. Introduction

Mineral mining and processing is followed by the accumulation of significant
amount of dry and wet industrial waste. Dry waste of mining industry (i.e. overbur-
den rocks and off-grade rock mass fragments at preparation plants) is stored within
the mine dams. In turn, fine and dusty waste resulting from treatment process is de-
livered to tailings ponds by means of hydraulic transport [1].

Such hydraulic structures as tailings ponds experience significant loading by natu-
ral factors, namely water pressure; temperature variations; precipitation; and erosion.
Stability of the facilities depends upon their ability to withstand such loads without
failure or deformation, which would factor into serious accidents. Analysis of geome-
chanical stability of a hydraulic structure is critically important to provide its safe and
reliable operation. Identification of the deviations from normal behaviour is the key
aspect of stability analysis of such facilities.

Objects of this importance class are subject to relevant monitoring and control
level involving both verification of correspondence with ratings/design parameters
(monitoring of compliance with inwash technology-based standards; impounding;
filtration mode; threshold pressure etc.) and constant monitoring of engineering status
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as well as serviceability of the set of hydraulic facilities being a part of the tailings
pond.

Since 2011, Ukraine has been developing a new local monitoring concept con-
cerning compliance by subsoil users with special requirements for mineral use, and
implementation of scientific and technical support of the subsoil use. In other words,
obtaining a special permit for subsurface use includes a clause on the obligation to
perform monitoring and scientific support for fulfilment of special requirements.

Monitoring and scientific support of the subsoil use by environmental manage-
ment facilities is a new procedure of government control over activities in the field of
subsurface use. It is aimed at the improved efficiency and rationality of geological
exploration and mining; substantiation of safe operation conditions etc.

The topicality and necessity to implement activities as for control of hydraulic
structure state are stipulated not so much by regulatory documents as the need for
timely identification of problem dam areas, and elaboration of measures to preserve
their integrity. Unfortunately, numerous tailings pond accidents in many countries are
known. They varied in their scope — from local emergencies up to catastrophes with
human losses. Professor David John Williams in his paper [2] analyzed large-scale
events happened in the first half of 20th century in South America, North America,
Africa, and Australia. He studied not only causes of negative conditions of tailings
pond use but also described further impact on updating the legislative documents of
the mentioned countries.

In the context of the research, Associate Professor Leonid Rudakov performed ca-
pacious review of accidents within the dams of tailings ponds over the last thirty
years. In his paper [3], the author listed countries where the accidents happened; min-
ing enterprises and tailings ponds involved; reasons of the accidents; human losses;
state losses; and environmental consequences. The analysis helped him draw a con-
clusion that ‘for the period, the majority of accidents happened in 34 world countries.
The largest number of them was recorded in the USA (22.4%), China (10.4%), Brazil
(7.5%), Chile (6.7%), the Philippines (6.0%), Canada (5.2%), the Great Britain
(4.5%), and other countries’. Moreover, accident causes were listed relying upon the
global experience: subsidence as a result of operations; erosion and suffosion; under-
ground water impact; structural integrity disturbance; filtration processes; disturbance
of the basis; seismic activity manifestations; rated capacity overflow; and dam stabil-
ity disturbance. Consequently, the researcher developed a diagram as for percentage
distribution of the causes, and the following conclusion was made ‘that instability of
a dam slope (37%); overflow of the rated tailings pond capacity (12%); seismic activ-
ity manifestations (11%) etc. are the basic accident causes’.

Search for publications by such a key combination as ‘tailings dam accident’ in
the largest eLibrary of special-purpose resources ScienceDirect made it possible to
find more than 1900 scientific papers emphasizing worldwide interest in this prob-
lem. In addition, the Central Office of the INTERNATIONAL COMMISSION ON
LARGE DAMS (ICOLD) performs extensive statistical work as for global register-
ing, controlling, and monitoring of dams and dams. It is mentioned on the Office site
[4] that their database includes more than sixty-two thousand facilities; the list 1s up-
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dating constantly. The problem of accident occurrence is global. World Information
Service on Energy site [5] contains information as for the current methods to analyze
tailings ponds as well as security measures concerning their use. In addition, discus-
sions and research presentations in the field are also on the site. According to the data
by the International Commission on Large dams, United States Society on Dams,
Australian National Committee on Large Dams, and Canadian Dam Association, the
major accidents in mining since 1960 have been recorded chronologically; moreover,
a separate list of accidents within the tailings ponds of uranium mines is also availa-
ble.

In view of considerable negative experience, the world practices pay much atten-
tion to mining waste management; safe handling of technogenic objects; and monitor-
ing for timely response. The problem is common to Ukraine too [6]. In 1983, one of
the largest environmental disasters happened in Soviet Ukraine, i.e. failure of Stebnyk
tailings pond dam contaminated the Dniester River and even the Black Sea. Eventual-
ly, five million cubic meters of highly mineralized brine got to the Upper Dniester
River basin [7]. In 2001, certain share of toxic dust waste spread to dozens of square
kilometers due to a tailings pond damage at Mykolayiv alumina plant [8]. In 2008,
accident at Kalush potassium plant resulted in waste getting into the Dniester River.
In 2023, accident happened within central tailings pond (ArcelorMittal Kryvyi Rih)
[9]. Due to the partially ruined dam, several suburban areas were flooded by industri-
al water in Myroliubivka.

Consequently, the paper purpose is to analyze the results of a series of engineering
and geological surveys of an active tailings pond to determine the dangerous dam ar-
eas and identify the reasons of deformation process progress within the dam to devel-
op measures concerning geomechanical stability of the structure.

2. Methods

Stage one involved a set of field observations (both visual and instrumental) as for
the structure state; composition of the dam rocks; and base of the structure. For this
purpose, following engineering and geological surveys were performed along the tail-
ings pond dam Kryvi Luky in 2017:

1. Drilling of thirty wells (their initial diameter was 127 mm; their depth was
9.8-11.5 m; and the total boring volume was 323 r.m.).

2. Soil sampling (both disturbed and undisturbed structure). The samples of dis-
turbed and undisturbed structure were taken using point sampling technique with
their further packing in the sealed containers.

3. Laboratory-based determination of physicomechanical soil characteristics;
chemical composition of ground water; formulation of soil-water extract etc.

4. Cameral treatment of the materials of the field and laboratory studies. Sections
were developed with the description of lithological structure of rocks.

Relying upon the analysis, dam areas with non-homogeneous structure were iden-
tified as well as the areas for further monitoring.

Stage two (the year of 2021) involved the repeated engineering and geological
surveys within the mentioned areas. Five wells were drilled (their initial diameter was
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127 mm; their depth was 10.6-10.9 m) with soil sampling for further determination
of physicomechanical properties of the soil.

Stage three involved analysis of mining, hydrogeological, and engineering-
geological conditions to build and operate the structure, which made it possible to
identify reasons of deformation process progress in the dam.

3. Results

There are 465 tailings ponds in Ukraine [8]. Their majority is in the east of the
country and in Dnipropetrovsk Region. For the comparative analysis, tailings ponds
with similar parameters were selected (five tailings ponds are in Nikopol manganese
basin, Dnipropetrovsk Region). Table 1 demonstrates their generalized basic charac-
teristics [10].

The current demands for design of hydraulic structures involve the detailed study
of the land plot for construction as well as the adjacent territory; geology and hydro-
geology which helps develop measures as for engineering environmental protection
against negative impact by technogenic facility, and in turn a structure protection
against impact by external factors. In the last century, no technological processes
were available in our country as for preparation of both basis and shielding while
building almost each tailings pond. In addition, lack of project documents raises a
question concerning identification of the basic parameters of a structure building.
Hence, we have such tailings ponds built mainly in the form of dams or enclosing
walls (see Table 1). Sometimes, the mined-out areas of open pits were used for the
purpose. Actually, all mining-and-processing integrated works operate for a long
time; in such a way, rated capacity of the tailings ponds is almost exhausted. Visual
condition of the dams indicates existence of potholes under them, opening of seams,
and reed invasion. A state of water-intake and water discharge structures, slopes,
berms, and dam edges need measures to be strengthened/renovated. Consequently,
the current trend as for monitoring under scientific and engineering support makes it
possible to analyze the structure state and develop timely measures for provision of
maximum safe conditions of its use.

The total monitoring of technogenic objects includes complex of field observa-
tions (both visual and instrumental) controlled strictly by the national and industrial
standards at different levels.

Dams of Kryvi Luky tailings pond (Ordzhonikidze Mining and Processing Plant
PJSC) was selected for such monitoring. Initial studies were aimed at the analysis of
geomechanical stability of the objects through geological engineering surveys with
determination of geological and lithological composition of the ground cover; engi-
neering and geological as well as hydrogeological conditions; physicomechanical soil
characteristics etc.

Preparation step involved geological engineering surveys to actualize the topo-
graphic basis and form benchmark basis for following network of control points

(Fig. 1).
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Table 1 — Tailings ponds of Nikopol manganese basin, Dnipropetrovsk Region
. . _y Waste char-
Location Envi- Characteristic (volume, area, sur- ..
acteristic
(settle- | Mode of | ronmen- face, underground)
Name . . ; (name, group,
ment, operation | tal safety Sanitary protection zone area
district) category (SPZ) class
of danger)
Marhanets Mining and Processing Plant PJSC
Volume: sector 1 — the total vol-
ume is 42.4 million cubic meters,
and usable volume is 41.4 million | Sludge and
Tailings | 14 km cubic meters; sector 2 — the total ore pro-
pond in | northeast Active B volume is 29.0 million cubic me- | cessing tails;
Morozov | of Mar- ters, and usable volume is 28.1 group 13;
ravine hanets million cubic meters. Area is 230 | class of dan-
ha, and 466.7 ha taking into con- ger 4
sideration SPZ. Open; deepened
in the ground.
Volume: the total volume is 16.0 | Sludge and
Tailings 1.3 km million cubic meters and useful ore pro-
pond in | northeast Active B volume is 14.8 million cubic me- | cessing tails;
Baburin | of Mar- ters. The tank is pumpable. group 13;
ravine hanets Area is 147 ha, and 225 ha taking | class of dan-
into consideration SPZ. ger 4
Volume: the total volume of sec-
tor 1 is 4.720 million cubic meters
(where useful volume is 4.52 mil-
lion cubic meters; and water vol-
ume is 0.2 million cubic meters). | Sludge and
Tailings 1.8 km The total volume of sector 2 is ore pro-
pond in | northeast Active B 5.230 million cubic meters (where | cessing tails;
Berehove | of Mar- useful volume is million cubic | group 13;
ravine hanets meters; and water volume is 0.2 | class of dan-
million cubic meters). Area of ger 4
sector 1 is 34 ha/71.7 ha; area of
sector 2 is 34.8 ha/103.4 ha (tak-
ing into consideration SPZ).
Open; deepened in the ground
Sludge and
Tailings 0.9 km Volume is 0.36 million tons. ore pro-
pond in south of Closed B Area is 142 ha, and 410.7 ha tak- | cessing tails;
Marievka | Marhan- ing into consideration SPZ. group 13;
open pit ets Open; deepened in the ground | class of dan-
ger 4
Ordzhonikidze Mining and Processing Plant PJSC.
Tailings
pond in South- Volume is 93.996 million tons. Eﬂudgesof.
natural west . Area is 410 ha, and 953.6 ha tak- ore treatme.nt,
boundary | suburb of Active B ing into consideration SPZ. group 13;
. i class of dan-
Kryvi Pokrov Open,; surface ger 4

Luky
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red boundaries are the zones of pile clays; blue boundary is a technogenic laminar filtering zone;
and dark blue boundary is a zone of non-homogeneous structure of the dam basis

Figure 1 — Arrangement of wells of the geological engineering surveys in 2017

Relying upon the results of drilling and laboratory-based soil analysis, five engi-
neering and geological elements were identified within the studied rock mass in terms
of nomenclature characteristics and physicomechanical properties. The data were
summarized in relevant tables of normative and design characteristics of physicome-
chanical characteristics of soils.

Geologically, the tailings pond is based upon the non-homogeneous mass of pile
heavy clay loam with interlayers and lens of light clay and rare sand inclusions with
complex internal structure of dams. In the neighborhood of wells 14, and 14-18, a
layer of relatively homogeneous pile clays was defined in the basement of a tailings
pond. Predominantly, the clay loam was heavy and silty with interlayers and inclu-
sions of light clay. In the context of water extract composition, the soil was very inju-
rious in terms of a sulfate activity degree. Moreover, the soil is of high corrosiveness
as for lead coating and aluminium one.

During the period of the first engineering and geological surveys (i.e. during
2017), no ground water was available within the studied territory down to the ex-
plored depth being 9.8—11.5 m. However, in the neighborhood of wells 24-30, tech-
nogenic laminar filtering occurred at 2.1-8.2-m depth. The filtering did not have a
constant level; nevertheless, certain watered areas were available (see Fig. 1). Water
mass filtration took place through formation of light clay loam and sandy clay. Mass
of heavy clay loam and light clay served as an aquifer (Fig. 2). A light sandy clay lay-
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er was of rather non-homogeneous structure. Near well 30, sandy loam lens was iden-
tified at 2-m depth. Sandy fraction had characteristic predominance within the lens.
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Figure 2 — Engineering and geological section (scheme) (the year of 2017)

Analysis of the tailings pond rock composition made it possible to understand that
in the neighborhood of wells 23-30, lens-shaped layer of sandy-loam is spread in the
basis of the mass; the layer underlies a light loam stratum. Potentially, such a dam
structure is dangerous since it creates conditions for the development of suffosion
processes resulting from a filtration crossflow of water mass from the Western section
of the tailings pond to its Eastern section. Hence, a non-homogeneous structure zone
of the dam basis and technogenic filtration zone where separate watered areas arise
are of similar periphery. At the expense of such a non-homogeneous structure of a
dam basis, rock consolidation was not achieved.

The analysis of rock composition within the dam basis helped identified that any
impermeable membrane was not applied while building.

The availability of the non-homogeneous mass of pile heavy clay loam with inter-
layers and light clay lens provoked formation of laminar filtering zone of technogenic
water. Consequently, a decision was made to continue monitoring of the hydraulic
structure state. Therefore, the second set of engineering and geological surveys was
performed in 2021 within the area differing in dangerous conditions. Five inspection
wells were drilled to control a zone of non-homogeneous dam structure as well as a
technogenic filtration zone (Fig. 3).

Well core processing analysis helped construct stratigraphic columns; in addition,
geological section of the dam area was upgraded (Fig. 4).

In the neighborhood of 1-3 wells (corresponding to wells 26-28 drilled in 2017 re-
spectively), significant increase in thickness of plastic consistency sandy loam layer
was identified.

In the neighborhood of wells 4 and 5 (corresponding to wells 29 and 30 drilled in
2017 respectively), considerable growth in plastic consistency sandy loam lens was
seen. The fact is demonstrated by the engineering and geological section (see I-1
line).
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Figure 3 — Arrangement of wells of the engineering and geological surveys in 2021;
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Figure 4 — Engineering and geological section along I-I line (the year of 2021)

To visualize the data, a comparative section was constructed on the inspection
wells (Fig. 5).
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Figure 5 — Comparative arrangement scheme of the engineering and geological elements along the
section (years of 2017 and 2021) where red line shows the data for 2021;
and brown one shows the data for 2017

In the context of the section, a red line visualizes clearly the increased dimensions
and thickness of plastic consistency sandy loam layer; the fact has a negative impact
on geomechanical stability of the structure in general.

Comparison of the sections in terms of their coordinates made it possible to see
progress of deformation processes in the enclosing rocks. Resulting from suffosion
(i.e. technogenic water penetration through the dam), underwashing of rock layers
takes place. Hence, the flow removes soluble substances and fine mineral particles
from them.

Geomechanical stability of plastic consistency sandy loam is rather a complicated
topic because of special behavior of the soil under load. Plastic consistency sandy
loam 1is a soil consisting mainly of sand particles with inclusion of clay fractions in-
fluencing their strength, water permeability, and stability. Under load, plastic con-
sistency sandy loam demonstrates low strength and tendency for deformation. Plastic-
ity stipulates their ability for crackless deformation.

The plastic consistency sandy loams have several critical properties which may
influence on their stability, namely:

- tendency for subsidence, i.e. high plasticity and significant compressibility un-
der load may provoke nonuniform subsidence of structures;

- decrease in strength under water influence. Low shear stability makes the rock
susceptible to shears which especially concerns slopes and additional load; and
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- filtration deformations. Due to high permeability, water may favour removal of
fine particles which results in formation of cavities and decrease in the overall stabil-
ity.

To provide stability of such rocks, it is required to implement such specific engi-
neering measures as drainage, chemical stabilization, compression, and reinforce-
ment. Use of the integrated approach helps minimize risks, and ensure durability of
structures built on such bases. However, determination of the optimum measures
should involve detailed analysis of the facility, its structure and basis. Hence, archival
data were analyzed which made it possible to identify peculiarities of the terrain and
geological mass where the hydraulic structure was built. OldMaps software helped
understand that the tailings pond is within a high-risk area where there are specific
demands for research and preparation before the hydraulic structure is built. The
matter is that the construction was performed on the site of the former lake; map of
1821 designates it as a Svinorekhove Lake (Fig. 6, a).

Later, when Kakhovka reservoir was being built, the territory was flooded during
several years; the fact is confirmed by a map of 1953 (Fig. 6, b).

Figure 6 — Excerption of cartographic materials of the site under study

Generally, wetlands shaped on the site of the former lake are of complicated geo-
mechanical structure due to availability of water-saturated and loose soils:

« peaty soil. Organic peaty soil could be in the upper layers. The soil type is
characterized by low bearing capacity; high compressibility; and considerable defor-
mations under load;

« water-saturated sand. There were sand deposits in the lake. They can provoke a
risk of soft ground and loss of stability while constructing. Geomechanical stability of
water-saturated sand is quite an important characteristics for risk assessment during
construction of hydraulic structures since the soil type has a number of specific char-
acteristics influencing its ability to bear loads, and maintain stability; and

« silty soil. Rather often, the soil type is very loose, and demonstrates low shear
stability.

Waterlogged territory of the former lake is connected with following risks:
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— subsidence of a structure. Nonuniform subsidence are possible due to com-
pressibility of organic and silty soil which can result in a structure deformation;

— stability of a basis. Soil types with low strength characteristics cannot bear
weight of a hydraulic structure without specific reinforcement;

— shears. The site has a slope; hence, water-saturated soil can provoke shear risk;

— high water permeability. Availability of sand or fissured rock can result in wa-
ter infiltration complicating construction of the structure as well as its operation; and

— hydrostatic pressure. Surplus water in soil may impose extra load on the struc-
ture basis.

Following design approach should be implemented for successful construction
within the former lake wetland:

1. Basis strengthening, i.e.

o loose soil replacement for tighter materials;
o use of geotextile membranes, drainage systems or pile foundations; and
o use of sand or gravel beds to decrease compressibility of the basis.
2. Drainage, i.e.
o 1nstallation of a drainage system to lower a ground water level; and
o use of water-removing channels to stabilize the area.
3. Load optimization, i.e.
o engineering of a structure with minimum load on its basis; and
o use of light materials for building operations.
4. Construction monitoring, 1.e.
o constant control of subsidence, displacements, and water level.

5. Long-term control, i.e.

o installation of monitoring systems to assess the structure state during its op-
eration.

Analysis of the available materials and archive data helped made a conclusion that
no one of the requirements was met sufficiently; moreover, certain requirements were
ignored.

After the tailings pond construction and during operation period, the dam turned
out to be under constant change in soil water saturation resulting from water level
variation (i.e. it was either full of water or dry completely). The fact is supported by
Google Maps satellite images captured in different years (Fig. 7).

Analysis of the monitoring data helped obtain actual information as for the current
facility state, and zones of potential problems. The information makes it possible to
make decision concerning further actions. Following measures should be implement-
ed under the current conditions within the studied territory. First of all, it is recom-
mended to take drainage, anti-filtration, and water-removal steps. In addition, it is
required to perform measures preventing from water-logging, bogging, and polluting
territory outside the tailings pond. Moreover, the rules of surface water protection
against contamination should also be adhered.

In view of the fact that such engineering and geological operations as well drilling
are expensive techniques for data collecting and facility monitoring, it is proposed to
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monitor through ground benchmarks since it is rather important measure to control
stability and behaviour of the structure as well as adjoining soil (Fig. 8).

Figure 8 — Arrangement scheme of observational monumental benchmarks

It is proposed to set the monumental benchmarks within the dam sites, namely in
the area where a layer of sandy rocks differing in plastic consistency becomes thicker,
1.e. set two lines of the benchmarks in accordance with the proposed scheme (see
Fig. 8).

The set in the ground monumental benchmarks help identify accurately the coor-
dinates to calculate displacement, subsidence, and the object deformation over time.
The monitoring makes it possible to show dangerous tendency, which may impact the
facility stability. This is especially true for causes when hydrostatic pressure or ero-
sion impacts (as in our case).

Analysis of the obtained data helped assess the structure stability as well as its
separate parts. If considerable displacement or subsidence is observed then it may be
a signal to carry out additional research or perform activities for basis strengthening.
Relying upon the data collected using the ground benchmarks, it is possible to fore-
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cast further deformation progress, and define potential risks for the structure. The
abovementioned helps make timely decisions concerning maintenance or strengthen-
ing operations. Taking into consideration displacement tendencies, it is possible to
forecast how long the structure will operate safely before critical condition happens
which helps plan its maintenance or modernization.
Following measures are taken to avoid suffusion:
> limitation of flow and water movement in rocks: land run off is regulated and
underground water is caught by means of drainage systems;
o protection of clay rocks against weathering while laying protective sand or
mixed clay layers;
° installation of surface drainage systems to remove water, and avoid elution of
particles; and
> deceleration of underground water flow through changes in a structure design.
For example, clay blankets can be installed under dams to continue filtration
process and reduce water head.

4. Conclusions

Owing to the set of field observations (both visual and instrumental), it became
possible to identify zones of a tailings pond dam differing in non-homogeneous struc-
ture; a laminar filtering zone; and rock lens of plastic consistency. It was substantiat-
ed that the zones need attention since they are connected with previous manifestation
of hidden processes; ultimately, they result in origination of such negative phenome-
na as subsidence, cracks, failures etc. Among other things, they depend upon disturb-
ance of filtration, water-removal, and damp-proof modes.

It was proved that the performed set of field observations helps control parameters
of zones with negative processes as well as deformation progress in the rock mass.
Reasons of plastic consistency rock lens in the dam and geomechanical instability of
the structure was studied. Scheme of arrangement of benchmarks within the danger-
ous dam area was proposed for further monitoring of deformation processes.

Analysis of geomechanical stability of the tailings pond makes it possible to as-
sess accurately its ability to withstand loads and identify potential hazards. Owing to
the efforts, the opportunity arises to take preventive measures; avoid accidents; and
provide safety for structures and adjoining territories. Such an analysis helps maintain
high reliability of hydraulic objects during their continuous operation.
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PE3YIIbTATU MOHITOPUHI'Y CTAHY AMBU TA OBI'PYHTYBAHHSA
NPUYUH OEGOPMALII AINAHKKU XBOCTOCXOBULLA
babiu K., losopyxa O., KyaHmadu A.

AHorTauisi. MeToto poboTn € aHanis pe3ynbTaTiB KOMNEKCY iHXEHEPHO-TE0NOrNYHMX BULLYKYBaHb Ait04Oro XBOCTO-
CXOBWLLA A9 BU3HAYEHHS! HEOE3NeYHNX QiNsHOK 4ambum Ta BCTAHOBMEHHS NPUYMH PO3BUTKY AehOopMaLiiH1X NPOLECIB B
nambi 3aans po3pobku 3aX0AIB LLOAO reoMexaHi4YHoi CTINKOCTI cnopyau.

Y TeKCTi HaBedeHi JOCBIA i pesynbTaTh NepeBipku CTaHy Lito4oro XBOCTOCXOBULLA, B IKOMY 36epiraloTbes Lwiamm
3baravyBanbHoi thabpukn. O6’ekTom aocnimpkeHb € aamba xoctocxosuia «Kpusi Jlykuy AT «OpaKOHiKig3eBChKIIA
ripH1yo-36aravyBanbHAN KOMGIHATY.

lMpoaHaniaoBaHWI CBITOBMIA AOCBIS aBapilt Ha Aambax XBOCTOCXOBWLL Ta BCi MOXIIMBI MPUYKMHI BUHUKHEHHS aBapi.
[loBegeHo, Lo NoTeHLiNHO Hebe3neyHi npoLecy i SBuLLa NPOTiKaTb B cepeaunHi Macusy. O6rpyHTOBaHa HeOOXIaHICTb
BUKOHAHHSI MOHITOPUHIY FeOMEXaHiuHOI CTIKOCTI MigPOTEXHIYHOT Cnopyau.

MOHITOPUHT BUKOHYBABCS Y AeKirbka eTanis, L0 JO3BOAUIO NPOCMIAKYBaTW AnHaMIKy npouecis. 3a pesynbTatamu
nepeuHHOTO OypiHHSA cBEPANOBUH BYNno BUSBMEHO OiNsHKM Aambu XBOCTOCXOBWLWA 3 AedopMaLliiHUMKU npouecami, a
came 30HW OAHOPIAHWX HACWMHUX [MWH, 30Ha NamiHapHoOi (iNbTPaLil TEXHOrEHHOTO NOXOMXKEHHS, 30Ha HEOAHOPIAHOI
Oyposu nambu. Yepes 4oTUpKM POKM Ha LKUX AinsHKax 6yno BUKOHAHO BypiHHS HOBMX KOHTPOMbHUX CBEPANOBUH. [licns
00po0KM KepHIB BU3HAYMNOCH 3HAYHE 36iMbLLIEHHS PO3MIPIB MiH3W CyniLLaHMX NOPiA NNacTUYHOI KOHCUCTEHLT, Sika Bnu-
Ba€ Ha PO3BUTOK AedhopMalLliiHix npouecis B Aambi. [insi BCTAHOBNEHHS NMPUYMH PO3BUTKY rEOMEXaHIYHO HeCTabinbHOI
30HW Bynu JOCMIMKEHI TPHUYO-reonoriyHi, fApPOreonorivHi Ta iHXEHEPHO-TeOMOriYHi YMOBM BUKOPUCTAHHA CMOPYAM.
BcTaHoBneHo, LWo npobnemHa ginsHka gambu posTalloBaHa B3goBx 6anku, 3eMenbHa AinsHka nig Cropyaor icTopuy-
Ho Byna 3atonneHoto Harato pokis, reonoriyHa 6yaoBa MacuBy, L0 € OCHOBOK XBOCTOCXOBULUA, He Byna nigrotoBneHa
Ans 6yaiBHUUTBA TigPOTEXHIYHOI cropyaun. 3anponoHOBaHO Ans 36iNMbLUeHHS ePEKTMBHOCTI NOAAMNbLIOTO MOHITOPUHTY
3aKnacTu rpyHTOBI penepu Ha AinsHkax 4ambu came B 30Hi 36iMbLUEHHS NOTYXHOCTI Wapy CyniliaHnx nopig nnacTuyHoi
KOHCUCTEHLil.

KntouoBi cnoBa: rigpoTexHiyHa crnopyaa, MOHITOPUHI TEXHIYHOTO CTaHy, reoMexaHiyHa CTilKICTb, aedopmalyii,
XBOCTOCXOBMLLE.
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