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Introduction 

The global mining industry annually 
produces billions of tons of waste—tail-
ings [1]. As a rule, tailings are stored in tail-
ings ponds which are the largest hydraulic 
engineering structures in the world. Dams 
of tailings ponds are highly damageable.
Figure 2 in [1] illustrates 328 accidents at
tailings ponds per continents. The number 
of the largest accidents in the world—from 
2 to 5 yearly as a rule—sometimes grows
to 6–7 (this estimate is obtained by the 
author using the chronological data base 
of the WISE Uranium Project since 1961 
[2]). Between 1961 and 2019 at least 2375
people died because of the dam failure at
tailings ponds in the world [2]. The accident causes can be
grouped into two classes: natural calamities and manmade
accidents. All events associated with accidents at tailings
ponds are named as projects in [1, 2]. For classifying such
projects by risk level, J. R. Oven et al [1] proposed the method
of accident risk level assessment at tailings ponds using envi-
ronmental, social and governance indicators. Many mining
practices feature very high risk level and other projects. The
maps in Figs. 4 and 5 [1] show the location of high risk proj-
ects for the spatial analysis to reveal the main causes of the
disasters. 

One the largest accidents in the world—the Brumadinho 
dam disaster—occurred on January 25, 2019 in Brazil and
was widely exposed in media. That tragedy actually became 
the primary reason for the global-level research and analysis
[1], as well as for this study aimed to solve various issues of
science, technology, engineering and management in local
safety at tailings ponds. 

Safety at tailings ponds: Literature review 

and solution approaches

Spatial analysis. Tectonic and geodynamic factors of haz-
ards for tailings ponds 

Even at first sight, Fig. 1 proves that high risk projects
(Fig. 1a is quoted from Fig. 5 [1]) are corrected with tectonic 
activities (Fig. 1b based on the map from [3]). The phenom-
ena related to geodynamics are the most pronounced at the
western coasts of the North and South America. Here, along 
a narrow coastal strip, 24 out of 55 large accidents at tailings
ponds in the world occurred. The most of these events take 
place in the South America, where the rates of movement of 
tectonic plates reach the absolute maximum (to 15–16 cm
yearly—which is how fast hair grows!). Many projects on the
other contents described in [1] are also connected with the
digital tectonic activity map [3]. 

The other phenomena associated with the Earth’s internal
forces—faults and fractures in the destructional crust—are
imaged in Fig. 1c borrowed from [4]. This map (let it be named
Rebetsky’s map) contains geodetic coordinates and data nec-
essary for solving solutions of engineering geology. The quake 
epicenters are demonstrated in Fig. 1e as per [5]. The com-
parison of the projects analyzed in [1] with the maps in Figs.
1c–1e which illustrate the impact of the Earth’s internal forces 
shows that only 5 out of 55 high-risk projects fall beyond the
hazardous zones: 4 projects within the Baikal–Balkhash–Aral–
Caspian Depression and the Brazilian disaster to be discussed
below in this article. 

Which project belongs to which zones of tectonic activ-
ity when solving local problems of engineering is better to
determine on maps plotted in geodetic coordinates. As it is,
DTAM-1 [4] is not simply a map but a unique cartographic
artwork depicting changes for million years. This map shows
some sections of the Pacific Plate simultaneously on the East
and on the West. This is a visualization of Heraclitus’ identity of 
opposites but it is incapable to offer a similarly accurate rep-
resentation of both parts on a regular geographic map. The
author’s version of DTAM-1 in geodetic coordinates is oriented 
at Russia’s customary Central Asia and is shown in Fig. 1d, and
its application is illustrated below in this article. 

For rockburst-hazardous deposits, Russia has elabo-
rated regulatory documentation. The regulations are based
on the basic concept that “a rock burst is originated when the
rate of change in the stress state in rock mass exceeds the
limit velocity of stress relaxation as a consequence of plastic
deformations” (Petukhov’s law) [6], on the studies by Batu-
gin [7], Batugina and Petukhov [8]. The integrated multi-level 
geodynamic monitoring of waterworks under anthropogenic 
impact (e.g. tailings ponds) is described on [9]. The paper
[10] puts forward a concept of an automated system of geo-
dynamic hazard monitoring and mine safety management. The
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research [11]* focuses on volumetric tectonic flow of base-
ment rocks for predicting impulsive outcrop of islands of gran-
ite mountains. Such prediction can be used to develop escape 
and evacuation activities, or in mine safety management. Phe-
nomena related to geodynamics are proved to be the causes 
of spontaneous ignition of refuse coal [12]. This is found using 
the remote sensing data and the original spline-based algo-
rithm [13]. The most probable causes (predictors, stirrers) of 
emergencies can be revealed using a GIS-technology pro-
posed and substantiated in [14].

Lessons learnt from the Brazilian tragedy 

The Brumadinho dam disaster at tailings pond in Brazil 
ended in death of 300 people (including missing persons). 

Toxic slurry covered ground surface to 100 km along the main 
watercourse of the Paraopeba downstream, planting being 
wiped off and thousands people being losing drink water sup-
ply [1–5, 20].

The analysis showed that the disaster was not induced by
the insuperable Earth’s internal forces. For another thing, it was 
not unanticipated. Personnel reported dilapidated condition of 
the dam long before the disaster. According to some media, 
public prosecutors said that a Brazilian company fired inspec-
tors for they refused to issue safety certificates for the dam 
structure. The dam certification details can be found in [15]. 

The parties involved in the case were the mine’s operator 
and the world’s largest exporter of iron ore Vale Sa and Ger-
man TÜV SÜD auditor’s division in Brazil.

Fig. 1. Global spatial 

analysis of high EGS risk 

projects [1]:

1c — 1 — horizontal tension; 
2 — horizontal tension and2
shearing; 3 — horizontal 
shear; 4 — horizontal 
compression and shearing; 
5 — horizontal compression;5
6 — vertical shear
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* Paper [11] is the last work accomplished in cooperation with A.V. Nikitin, Voronezh State University, Russia, in the research cycle [48–52].
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The European Center for Constitutional and Human Rights 
(ECCHR)), while helping five Brazilian families find their lost 
relatives, established the following. Having failed to get the
required certificate in Brazil [3], Vale set upon hunting for
“proper” auditors at T V S D. The latter, though discovered the
dam failed to meet the required stability factor, being put under
pressure by Vale, confirmed the dam safety in the end [15]. As
a consequence, neither the dam personnel nor the authorities
undertook any prevention activities to stabilize the situation or
to evacuate people. 

The list of the causes: the cheap and unreliable hydraulic-
fill structure of the dam; arrangement of a personnel canteen
right at the toe of the dam and, thus, the presence of the per-
sonnel there at the moment of the dam failure; the wrongful
response to the reports on bad state of the dam long before its
failure, namely, the company actively engaged itself in obtain-
ing false certificate on the dam safety instead of reinforcing
and strengthening the dam. This short list is sufficient to state 
that this tragedy in Brazil is no simply a manmade but a busi-
ness-made disaster. It seems to be necessary to in traduce
this new term to launch development of preventive measures
in anticipations of such disasters.

For instance, ECCHR believes Germany needs a law on 
“due observance of human rights” [15]. Such law can assist 
aggrieved to file civil suits against such companies as T V S D.
The law should be preventive: any companies is to be legally
obliged to accomplish inspection and auditing, and to under-
take proper measures to protect people and nature regularly.
This should be fulfilled in all phases of production, starting
from mining and finishing with waste removal, or starting from
project design and construction and finishing with land recla-
mation. “This will also have an effect on companies engaged 
only in the second or third phase of a production cycle (such 
as T V S D)” [15]. 

The initiative by ECCHR is supported by the American 
non-commercial organization World Mine Tailings Failures
(WMTF). The latter assumes the event at Brumadinho as the 
shocking but not an unprecedented disaster (11th position as
per statistics). WMTF states, “Without essential amendment 
of legislation, control and commercial application in the field 
of innovative technologies, which can mitigate the risks and
to improve damage control, according to our recent forecast, 
in 2018–2027 the number of extremely severe accidents will
reach 19” [16]. Moreover, WMTF believes the mining indus-
try, considered increasingly “dirty” worldwide, needs actually
effective helping [16]. 

In view of the Brazilian tragedy, WMTF’s opinion and lack 
of the term of tailing point in the document [17], it is expedient 
to support ECCHR’s initiative [15] and to amend the related
legislation in Russia. 

Engineering approaches to fail-safety of tailings ponds 

Recycling of tailings ponds—which is the main route to the
ecological safety—means processing of tailings with removal
of liquid phase and at the simultaneous improvement in pro-
duction performance. An illustrative example is given in [18]
as a case-study of an original technology proposed for waste
processing at Kamysh-Burun Plant closed in 1993 in Crimea.
In [19] it is suggested to use waste from Samarco Tailings
Dam in Brazil to synthesize zeolite known to be capable to
absorb and desorb water. The efficiency of synthesized zeo-
lite in removal of metals from electroplating wastewater is

described. It is worthy of mentioning that synthesis of zeolite
A runs under high temperatures, which also facilitates removal
of liquid phase from tailings ponds. The studies [18, 19] prove
feasibility of the integrated environmental and economic solu-
tion to the problem of extraction of toxic substances which are
harmful for nature and beneficial for production at the same
time. A good way may also be enhancement of production
profitability without loss in safety as is proposed, for instance,
in [20]. 

The systematized list of engineering objectives related
with safety of tailings ponds is presented in [21]. When imple-
menting these problems in the risky and hazardous territo-
ries imaged on maps 1b–1e, it should be taken into account 
that they affect efficiency of all engineering tasks. As far as
the region of Central Asia is concerned, it is advised to use
author’s map 1d plotted in geographical coordinates assumed 
in the Russian Federation. 

The map in Fig. 2 is of particular importance for long-term 
planning, identification of prospects and strategies toward
safety of mines and tailings dams, and for meeting long-term 
challenges in the mining industry as a whole. This is the map
of the modern trends in transition of countries and continents
from Earth’s classical history—Pangaea by Wegener—to Pan-
gaea Ultima [22]. This work describes the current trends in 
transformation of countries and continents to be included in
strategic decision-making and geopolitical self-organization 
of nations. 

In [23] designs and methods are proposed for drainage
facilities earthen dams using mostly dry reed. Such drainage
facilities get overgrown with planting with time and turn into 
bio-positive structures which improve reliability of dams, lower 

Fig. 2. Modern trends in territorial transformations by coun-

tries and continents (used generalized lithosphere stress

map under the International Lithosphere Program, according

to M. L. Zobak 1992) [Khanin V. E., Lomize M. G. Geotecton-

ics and elements of geodynamics : Textbook for university

students in geology. Moscow : MGU, 1995. 480 p.]

1 – tension, initiation of downthrows; 2 – compression with2
initiation of upthrows and overthrusts; 3 – compression and
initiation of diagonal shears; 4 – absolute movement trajectories
of lithospheric plates by the Minster&Jordan model (directions are 
shown by arrows); 5 – intense diving belts;5 6 – intense upwelling6
belts; 7 – movement directions of substance in layer D and in the7
upper layer of liquid core

1 2 3 4 5 6 7

PanPanPPannnnPP nnPPPPPPPPPPPPPaPPPPPPPPPaPPPPPPPPPPPPPPPPPPPPPPPPPPPP gaeaeaeaaeaaeaeaeeg eegggggagggggggaeggggaa aaaaaaaaaaaaaaPangaea
UltUltUUUltUUltttttttlttttttUUUUUUUUUUUUUUUUUUUUUUUUUU ttttimaaimaimmmimmmmammammmmmmmmmmmmmmmmmmmmmmaaaUltima

DomDomDomDDDDDoDDDDDDDDDDDDoDDDDoDDDDDDoDDDDDDDDDDDDDoDoDDDDDDDooooooDooo ainainiiinainnainainainaiinnnnnnnnnnnnnnnDomain

AmeAmeAmeAmeAAmeAAAAmeAmAmAmAAmAmAmAmeAAAmememeAmAmAmeAmeAmeAAAmAAmmAmmeAmeAmAmAA emeAmeAAAmemmemAmAmeAmeAmAmAmmeAmeA emAAAmAmemmmAmemeAmeAmAmemAmeeAAAmemAAAAmemeeAmeAAAAmemAmemeAAmmAAAmAAAmmmmeAAAAmAmmmmAAAmmmmeAAmmmAAmAmAAAmmmmmmmemAAmmmmAAAmAAAAmmmAAA iricriciiricricricricricricricccccccricccccricrrrrr crr ccccrrr cr ccr crr ccccccrriccccr cccccrr ccr ccan–an–an–anan–an–anananan––an––––an–aaaaan–an––an––––aan––an–––––aaa –aanAmerican–
GGGGGreGGGrGrGreGreGreGGGGGGGrerreGreGrereGreGGreG eGreGreGreeGrGrGrGG enenenenlennnennnneeeeeeeeeeennennne ananannddanananddddddanddddddddanaaannnnnddnnnnnnannddGreenland

AfrAfrAfAfrAfrAAAfrfAAAAAfffrrAfrAfAAAAfAfrfAfrAfAAAAAfrAAAAfffrAAAfAAfAAAAAAA rrfffAfffrfffrfrfffrrrrrrrrrA rAA caccccccaacaccaacacacaaaacccccaaaaaaccaaaaaacaaaaaccccccccccccccccccccccccccccaaccac nnnnn–En–En–En–En–E–En–En Enn Enn–n–nn–n–En–Ennnnnnnnnnnnnnnn Enn Enn uraurauu araurauraraar siasiaisiasiasiasiasiasiasiaaaasiassiasiasiasiass aasiaaaaas aaaas nn–nnn––n–n–n–nn–nnnnnnnnnnnnnAfrican–Eurasian–
AAAAAAAAusAusAusAusAAusAAAAAAAususAusAuAAAAAuAAusAAAuAuAAAAAAAAAAAAAAAAuAuAAAAAAuAAAAAusAAAAAAuuuuuusAAAAAAuuAAAAAuuusAuuAuAAAuuAAAAAuuAAuuuuusAuuussuAAAAAAAAAAAA traratraaaaaaaatra aiaiaaaiaaiaaaaaaaaan–Wn–Wn–n–Wn–n–Wn–Wn–n–WWn–Wn–WWnn–n–n–Wn–n–W–W––W–Wn–WWn WWWWn WWWWWWWWWWWWWWesteseeeseseseseseeseeeeeeeeeestsstssteeeee  PaPaPPaPaPaPaPPaPaaaaaaaacifcifcifffcifcifcifciciffc fffcc ffffciffc fc ffc fffffffffffffff ccccccccccccccccccccccccccccccAustralian–West Pacific

AntAAAnAA arcticAntarctic



INDUSTRY SAFETY AND LABOUR PROTECTION

77EURASIAN MINING. 2021. No. 2. pp. 74–81

water level in tailings ponds and facilitate self-clarification of 
water at the same time. 

The final phase in any mineral mining should be not pro-
duction shut-down but reclamation of disturbed land. What 
was taken from the nature for temporary use should be given 
back in the form suitable for the further natural development. 
The master word here should be said by biologists and ecolo-
gists. A method of binding of tailings pond surface using inert 
materials and the innovative proposals on reclamation of tail-
ings pond surface, protected by the Russian Federation pat-
ents is described in [24]. Phyto-stabilization of soil and appli-
cability of bio coal as a sorbent is discussed in [25]. 

The papers [26, 27] put forward a cardinally new and 
general-duty procedure for reclamation of mining-disturbed 
land. The procedure is based on the long-term remotes sens-
ing data which are interpreted using a technology capable 
to enable quantitative evaluation. The resultant estimate is 
percentage of undisturbed land, and it is used to control the 
process of reclamation. In terms of the abandoned iron ore 
deposits (Teya and Abagass) in Khakassia, Russia, the result 
on 8.8% of undisturbed land is a call for help, and the helpful 
hand is given in the form of specific and efficient guidelines 
[26]. Regarding the open pit coal mine Troyan in Bulgaria, the 
disturbed land phyto-reclamation percent is evaluated for the 
period of 30 years [27]. All technologies mentioned above 
meet the basic requirements formulated in [28]**: they are 
non-destructive for the wild-life and take into account the eco-
logical imperative constraints.

The goal and objectives of risk zone assessment 

to be prepared for an emergency at a tailings pond 

The conflict between nature and man is a matter of prin-
ciple [28]. For this reason, when extracting mineral reserves 
from the subsoil, it is necessary to be prepared for a response, 
e.g. failure of toxic tailings dam. Three main factors of the 
adverse effect exerted by such waste flow in the environment, 
biota and population include: 1) shock wave of the destructive 
flow; 2) flooding with smooth water and 3) contamination of 
natural water and soil. The first factor is the most dangerous as 
it can bring death to people. 

The goal of the research is to develop a ‘nature-like’ [28] 
geoinformation technology for the assessment of risk zones 
due to destruction, flooding and pollution because of tailings 
dam failure. This technology should present the results in the 
form of a map suitable for decision-making on emergency pre-
paredness in accord with the law [29]. To reach to goal, it is 
necessary to meet three objectives: 1) to justify the research 
procedure; 2) to carry out computational experiments; 3) to 
assess the accuracy of the risk zone assessment models. 

Research procedure 

The problems connected with assessment of failure risk 
zones at tailings dams have no accurate mathematical solution 
as a rule, as they are associated with idealization of real-life 
relief for the slurry pulp to flow down the slope toward the near-
est water body. These problems are difficult to solve mathe-
matically. It is logical to deal with such ‘unsolvable’ problems 
using jointly mathematical calculations and cartographic 
transformations using the dedicated ArcGIS technologies of 

the spatial and geostatistical analysis. Integration of differ-
ent class models (mathematics and cartography) into a single 
model was fruitfully used earlier in detection of the environ-
mental safety zones [30]. Integration of models in mining is 
illustrated in [31–33]. These studies offer a new approach to
mine planning and management with regard to the stress–
strain behavior of rocks. This approach in implemented in the 
mining and geological information system MINEFRAME which 
transfers data on subsoil geometry (map) [33] to software 
SIGMA GT for the numerical stress–strain analysis of rock 
mass [32]. The calculated results are sent to MINEFRAME 
[33] and used in mine planning and design [31]. Today MINE-
FRAME is the world’s only MGIS which integrates technologi-
cal safety and control in mining. 

Now we can speak about a new type of modeling—the 
mathematical-and-cartographic (MC) modeling as the most 
relevant approach to predictive quantification of spatial 
objects. Recently there are many examples of application of 
MC-modeling to solving real-world problems unsolvable indi-
vidual using mathematics or cartography, which allows assum-
ing this approach as the method to solve unsolvable problems.

It is worthy of mentioning that the Russian language litera-
ture often contains “mathematic and cartographic” collocation 
to describe models and modeling with a map as a visualization 
tool simply. MC-modeling (mathematical-and-cartographic) is 
an organic and living connection between mathematical cal-
culations and cartographic transformations. In evert modeling 
cycle, an input map is an information source for the mathemat-
ical model which provides calculation data for the subsequent 
cartographic transformations to create a new knowledge
imaged on the resultant output map. The new knowledge is an 
obligatory component of the mathematical-and-cartographic 
modeling. In this manner, MC-modeling is a tool for getting 
new knowledge. 

The computational experiments were carried out as a 
case-study of Krivoi Rog Iron Ore Basin in Ukraine for a few 
years though were published for the first time in [34]. This
work presents assessment of risk zones for two mining-and-
processing integrated works (GOK): Ingulets and Severny in 
the city of Krivoi Rog, Ukraine. The risk zones were assessed in 
ArcView GIS Spatial Analyst.

 according to the above-given guides, we first identify
whether the Krivoi Rog region is a tectonically hazardous zone. 
Using the authorial map (Fig. 1d) as a bottom layer for ESRI-
DATA’s vector map which is also plotted in geodetic coordi-
nates, we find that this region is not a tectonically hazardous 
zone and needs no hydrodynamic technologies [35]. Thus, the 
first procedure in the emergency potential analysis is detect-
ing all possible flows of toxic water with the follow-on assess-
ment of risk zones for each flow. The source of information of 
dam failure points and on characteristics of water in tailings 
ponds is a company. 

In Fig. 3 the flow directions (blue-color broken lines) are 
detected using option FLOWDIRECTION in Spatial Analyst. 
The terrain is an input factor. At the outlet we have a network of 
flow directions from each cell. For each spill point in Fig. 3 (red 
points at the dam), using the mathematical model data [36], 
we calculated flow volumes and, then, with the help of option 

** To prove the depth of the basic research [28], it is demonstrated in [53] that the top region of using forests for the sake of health and nation’s 
economy (instead of clearance) is Bashkortostan which is the only populated region in Russia with no COVID-19-related incidence rate (official 
statistics as of November 2021).
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FLOWACCUMULATION we assessed the risk zones. The
resultant zones of flooding are depicted in Fig. 4. 

MC-modeling allows imaging these zones as semi-trans-
parent site, which enables experts at the Ministry of Emergency 
Situations to identify buildings and structures in the flooding 
zone. The situation in Fig. 3 proved that the classic mathemati-
cal model can lead to wrong solutions as they showed that the
breakthrough wave ‘stroke’ against the high left-hand coast
of the river and turn sharp right to the river valley, which was
discarded by the water control agency. The author of this arti-
cle proposed to analyze the emergency situation in GIS. The
results (Fig. 3) were approved, and simple flooding protection
measures were undertaken at VEL 500 USSR–Bulgaria station
at the estimated economic effect equal to the amount of pre-
vented damage. 

Final phase of emergency situation is flooding of the river-
adjacent areas with polluted water (Fig. 5). 

The water pollution level was assessed using the statistical 
models of water quality [37]. In case of soil pollution, it is bet-
ter to use ArcSWAT [38] to model the water and spoil quality
simultaneously. This program allows re-adjustment of a model 
and is applicable in case of emergencies from the category of 
‘chemical incidents’ [39]. 

Model accuracy and reliability 

Accuracy of risk zone identification to get prepared for an
emergency is an individual problem. In this case, the methods
of analogies are usually used: accuracy of a model is esti-
mated using test data similar to potential parameters of a real-
time emergency.

It is recommended to assess accuracy of a mathemati-
cal model by RR-criterion [40] formulated in accordance with 
the fundamental idea of Academician Kolmogorov that for the 
continuous random processes the main notion is “the amount
of information I(ξ, η) in a random object ξ relative to an object
η” [41]. Indeed, RR-criterion enables finding amount of infor-
mation on a real-time object in another object (model) [40].
Furthermore, RR-criterion enables distinguishing between
a positive information and a negative information (disinfor-
mation) which appears when RR > 1 [40]. This means that

RR-criterion totally conforms with Academician Kolmogorov’s
ide above and has a distinct boundary (RR = 1) between suit-
able and unsuitable data for the predictive modeling. RR-crite-
rion value should be found in model testing by the data which
never participated in the model identification but which pro-
vide a sufficient characterization of the model process. When 
RR > 1 in the testing, the model provides disinformation and
is inapplicable. In this case, this model should be refined, or 
another model is to be found. The modeling can be rejected all
in all, with assumption of the real-time random process under
modeling to be constant, invariable and average in value. 

The applications of RR-criterion are the research works
of classic cybernetician Ivakhnenko [41, 42]***. Immediately 
after the publication [43], he introduced his Group Method of
Data Handling with obligatory check of condition that RR > 1
with filtration (withdrawal) of unsuitable models. In [44] the 
computation of RR-criterion revealed ‘unreliable’ values in
the input data, which allowed withdrawal of estuaries of rivers
flowing into the Black Sea from the category of “continental
day water” and turned the unsuitable model into the reliable
water quality model. High effect was reached in water qual-
ity improvement in the Seversky Donets River in the period 
of operation of the automated water protection control [45]
owing to the controlled discharge of waste water under effec-
tive commanding. The volume of the discharge was calculated 
from the models approved after testing by RR-criterion [40].

Accuracy of a spatial model can only be assessed at the 
moment in ArcGIS Geostatistical Analyst. It evaluates quality
of a spatial using 5 kinds of estimates, including the normal-
ized mean-squared interpolation error in the end [46]. This
estimate conforms with RR-criterion and is applicable for dis-
carding unreliable models. Moreover, ArcGIS Geostatistical
Analyst allows using a preset family of points (elevations) to
construct several variants of surface which best interpolate (by
different criteria) the space between the reference points and
to select (amongst the models meeting the reliability condition 
of RR < 1) the best interpolation GRID, which is considered to
be a predictive model of a real-time spatial event. Accuracy
of such models is limited by the errors of the remote sensing

Fig. 3. GIS-based detection of possible waste flows from 

tailings pond at Ingulets GOK

Fig. 4. Flooding with breakthrough wave

NNikkkkkkkkkkkkkkkN kkkkkkN llolallolaolao aaevkevevkkkkvkkkkkkkkkkkkkkkkkkkkvvev aaNikolaevka

MMMogMoMogMogMoMoMogMoMoMogMoMogMogMogMMMMogMogMogM ggggggileil vkakkaMogilevka

AAAAAAAnAAAnA dddAndAAAAA dAAAAAAAA dAAA dddAAAAAAAAAAAAAAAAA rreeeeeeeeeeeerer er eer eer eeee kkvkkkakaaaAndreevka

MogMogMMMMMog leileeevkavkaavkaaaaaaMogilevka

AndAAA dAAAAndAAAAA dAndAndAA dAAAndddAnddA dAAAA ddAAAAAAnAAAAAAAAAAAAAAAAAndAAAAAAAAAA ddreeeeeeeeeeevkavkakavkavkakakkAndreevka

AndnddddddddddreevkakkkaaaAndreevka

NovNNovvvovoooovvvvvvoovovvvokukukuokuoooooo rskskkkrskkkkrskrskr kr kkr kkoeoeeoooooeeooeeNovokurskoe

*** Unfortunately, the unique model suitability criterion [40] has been forgotten by many researchers and even has found no application in the water
modeling studies quoted in this paper [9, 54].
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data in open access. The errors can be treated using such 
technologies as ArcHydro, ArcSWAT [38], or some authorial 
approaches (for instance, a map with contour lines of 5 m and 
10 m by Shumakov in [47]. 

Conclusions 

1. Miner is one of the oldest professions in the world. Min-
ers enabled a man to pass from the Stone Age to the Iron 
Age. Exposed to the direst dangers, miners produced miner-
als—resource for novel technologies. Being face-to-face with 
the invincible forces of the Earth’s interior, a miner has right 
to possess the up-to-date information about these forces on 
the spot. 

2. A miner needs juridical support in terms of the amended 
legislation in mining. A miner is to have guaranteed right of 
safety and juridical protection of claims put forward to owners 
before a disaster occurs. 

3. Technologies, non-destructive relative to the nature 
but respectful toward ecological imperative is a route toward 
weakening of the conflict between the nature and man. These 
technologies include waste recycling, bio-positive tailings 
dams, binding of surfaces of tailings ponds and reclamation 
of disturbed land, which simultaneously enhances safety and 
improves efficiency of mining. 

4. While overcoming subsoil constraints, a miner needs 
them to be computer-aided visualized toward modeling-
based decision-making. The best way is the mathematical-
and-cartographic modeling which integrates the computation, 
the space and the analysis. The MC-modeling accuracy and 
reliability are ensured by RR-criterion which helps distinguish 
between the suitable and unsuitable models. MC-modeling 
enables reliable solution to the problems connected with zonal 
risk assessment and engineering control with regard to safety. 
The reliability is a route to the economic efficiency owing to 
preparedness for emergency situations.
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Introduction

The operation mode of the mine airing system and the 
stability of the ventilation process determine the safety of the 
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influenced by a large number of disturbing factors [5]. The 
volume of the incoming airflow is constantly changing, the 
capacity of the MMF is exceeded by 5–15% [6, 7]. Consider-
ing that up to one half of the total electricity consumption at an 
underground mining working is spent on ventilation [8], such a 
method for air supply is highly energy demanding.

The situation further complicates during the cold season 
when air heating becomes a necessity. The inertia of the ven-
tilation process results in the need to heat the air up to a much 
higher level than required by the safety regulations: tempera-
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instead of the assigned +2 °C [9]. Therefore, ventilation dur-
ing the cold season brings another problem – overspending of 
energy resources on the air heaters running. 
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