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Abstract

The study analysed the phenomenon of diving (Div) and the diving distance (DivD) of the land under the influence
of coal mining in the specific conditions of the Jiu Valley, Romania. 16 control points (CPI to CP16) placed
randomly on the study area were used. Measurements of control point coordinates (X, Y, Z coordinates) were made
at a reference time (tg) and at an interval of 3 months (t;). ANOVA test confirmed the statistical safety of the data
and the presence of variance in the data set (p<0.001, F>>Fcrit, for Alpha = 0.001). The variation of the Div
parameter according to Z; and Zy was described, in general conditions of statistical safety at the level of R> =
0.999; p<0.001. The variation of the Div phenomenon according to Xy and Zy was described under reduced
statistical safety conditions (p = 0.895). The variation of DivD according to Z; and Zy was described in statistical
safety conditions at the level of R> = 0.697, p = 0.0142, and according to Xy and Zy it was described in statistical
safety conditions at the level of R> = 0.722, p = 0.0095. The cluster analysis led to the grouping of control points
based on affinity, in relation to the values Div and DivD, in statistical safety conditions (Coph.corr = 0.850).

Key words: 3D model, diving, diving distance, isoquant,t mining area.

INTRODUCTION

The underground mining, the coal mining or
the mining for various ores, generate a
number of side effects on the environment,
topography and quality of natural and
agricultural land, human habitats and human
health (Banash et al., 2016; Garci-Gomez &
Perez-Cebada, 2020; Lechner et al.,, 2014;
Schueler et al., 2011). Among the effects of
underground mining operations can be
mentioned the displacement and deformation
of the lands following the exploitation of the
useful mineral substance.

The different models have been developed for
the study of objectives of interest,
measurements and evaluation of spatio-
temporal variation of surfaces (Bhattacharjee
et al., 2020; Leibovici et al., 2020; Merciu &
Paunescu, 2013; NourEldeen et al., 2020;
Paunescu et al., 2015; Scaunas et al., 2019).
The need for underground resources obtained
through mining and the negative impact of
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these operations already recorded, has led
some studies to address issues for the
sustainability of mining for the future (Sahu et
al., 2015). In this context, there were
introduced some concepts such as "ecological
mining" respective "intelligent coal mining"
(Wang et al., 2019; Wang et al., 2016).

The surfaces of the lands affected by the
underground exploitations need to be
monitored in time in order to know their
dynamics and to take measures to protect the
surfaces, the natural and anthropized
ecosystems, as well as the existing
constructions on them (Abaidoo et al., 2019;
Dlamini & Xului, 2019; Ren et al., 2019). It is
also necessary and very useful to forecast the
phenomena that affect over time the areas in
the mining perimeters, in order to sustainably
develop these areas, these being generally
mono-industrial and disadvantaged areas
(Carvalho, 2017; Dubinski, 2013; Que et al.,
2018; Segerstedt & Abrahamsson, 2019;
Segura-Salazar & Tavares, 2018).
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The ecosystems affected by coal mining have
the ability to recover naturally, and the
phenomenon of natural restoration has been
recorded in various regions around the world
(Cui etal., 2019).

Some studies have evaluated methods of
bioremediation of areas affected by mining
activities, especially in relation to heavy
metals, by establishing and optimizing
mixtures of tree species (Gorman et al., 2001;
Samara et al., 2020).

From the analysis of a number of articles, that
addressed the subject of mining, it was found
increasing interest in addressing issues related

to this sector, a low interdisciplinary,
intersectorial and international
interdisciplinary approach, but also the

formation of trans-continental clusters in more
collaborative countries, which indicated the
need for research collaboration for solutions
in sustainable mining (Bemke-Switilnik et al.,
2020).

To assess the impact of mining on land
surface morphology, certain models were
used that took into account parameters such as
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land slope, slope gradient, slope type, but also
other parameters capable of capturing small
variations in land (Ning et al., 2019).

Based on satellite technologies, some studies
have evaluated the impact of mining on the
environment using remote sensing and GIS
(Bian et al., 2011; Padmanaban et al., 2017,
Paull et al., 2008; Rudke et al., 2020).

In the context of these aspects, the present
study analysed an area affected by
underground coal mining operations and
proposed models for assessing the diving and
diving distance of the land in relation to the
X, Y, Z reference coordinates of some control
points.

MATERIALS AND METHODS

Based on the X, Y, Z reference coordinates
and the regression analysis, the study
proposed models to describe the phenomenon
of landslide as a side effect associated with
coal mining activities. The study area was
located in the Jiu Valley, Romania (Figure 1),
on a representative surface of 95,403.89 ha.
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Figure 1. Map of digital elevation model, Jiu Valley, Romania

Land diving (Div) and diving distance (DivD)
were assessed. To monitor the study area, 16
control points were established (PCl to
PC16), placed randomly on the surface of the
affected land and taken into study.

For each control point, the reference
coordinates (X, Y, X) were measured in the
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national projection system, Stereographic
1970, using GNSS satellite technologies, at
two different times, to as the initial moment
and a moment t1 at an interval of 3 months.

Diving is a vertical component of the
displacement vectors, of the points located at
the ground surface, in the diving bed. As a
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theoretical model, the point P (Figure 2) was
considered to have moved during the period

of influence in the P' position, along a
curvilinear trajectory.

£

a

Figure 2. Scheme of principle for moving a point - a; The components of the ground surface movement above a
critical extracted area: vertical components, horizontal components, plan view of the critical area - b

The line segment joining the starting point P
with the end position P' defines the
displacement vector V in a system of three-
dimensional axes X, Y, Z, with the angle of
inclination m and the orientation @o. This
spatial vector can be projected on the
horizontal plane XY obtaining the size of the
horizontal displacement v and can be
decomposed and analysed on the components
VZ (immersion), VX and VY.

In other words, diving is the lowering of the
surface area of the area in relation to the
initial level of the same area, according to
relation (1).
Div, =H; - H, (1)
where: Div - Diving the ground; Hi" - height
of the landmark at zero measurement; Hi -
height of the current landmark.

It is necessary that the surface immersion be
determined by topographic measurements of
geometric-geodetic levelling. An observation
mark is considered to be stable from a level
point of view if its final immersion is less than
20 mm.

The horizontal movement (D;") represents the
horizontal component of point displacement
vectors. It is the horizontal displacement of a
point relative to its precedent, located in the
area of influence of the operation. It is
determined by the difference between the
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current distance and the same distance

initially measured (before the sinking
phenomenon), respectively:
D: = Di,i+l - D()i,i+] (2)

where: Di;i+1 - the horizontal distance between
the two marks on the current measurement;
Doii+1 - the horizontal distance
between the same two marks at the "zero"
measurement.
The experimental data processing was done
by ANOVA test, regression analysis, PCA
and Cluster analysis. Parameters p, R?, Coph.
corr were used to express the statistical safety
of the experimental data. ArcGis software was
used to take over the data acquired from the
field and to develop the DEM. PAST software
(Hammer et al., 2001), mathematical module
from EXCEL, and the Wolfram Alpha soft
(Wolfram Research, 2020), were used for
statistical analysis of the data.

RESULTS AND DISCUSSIONS

For the analysis and evaluation of the diving
phenomenon in the study area, measurements
were made in 16 control points for which the
X, Y, Z coordinates were measured using
GNSS satellite technology.

The data on the elevations at two different
measurement moments (to - initial reference
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moment and ti - evaluation moment), as
well as the values for land diving (Div)
and diving distance (DivD) are presented
in Table 1.

The ANOVA test confirmed the safety of the
data and the presence of variance in the data
set collected in the study (p<0.001, F>>Fcrit,
for Alpha=0.001).

Table 1. The experimental data regarding the slope of the land, Jiu Valley

Current measurement (t;) Reference measurement (to) Diving parameters
Fe Northing X; Easting Y, VA Northing X, Easting Yo Zy D(%:rlgjrg ¢ Divin%nc::i)stance

PC1 375545.4 436724.4 753.2381 375545.44 436724.37 753.2509 12.80 0.00
PC2 375561 436735.4 751.926 375560.99 436735.44 751.9441 18.10 19.090
PC3 375156.5 436244.8 824.3654 375156.46 436244.86 824.442 76.60 635.860
PC4 3751453 436247.6 823.6287 375145.25 436247.61 823.7567 128.00 11.534
PC5 375083.1 436036.5 773.9746 375083.13 436036.56 773.0532 -921.40 220.002
PC6 374894.3 435984 752.8033 374894.34 435984.04 752.8398 36.50 195.967
PC7 375829.6 435197.4 824.734 375829.65 435197.41 824.7341 0.10 1222.123
PC8 375838.1 435229 824.2524 375838.1 435229 824.3261 73.70 32.702
PC9 374007.4 436017.2 647.994 374007.43 436017.22 648.0599 65.90 1993.150
PC10 373716.7 436636.2 687.221 373716.73 436636.18 687.2205 -0.50 683.830
PC11 373708.6 436587 679.6566 373708.63 436586.99 679.6912 34.60 49.855
PCI2 375014.9 436186.5 806.1427 375014.94 436186.49 806.2434 100.70 1366.326
PC13 375442.8 436121.3 830.6045 375442.8 436121.26 830.6333 28.80 432.802
PCl14 375828.1 436275.2 775.8731 375828.09 436275.2 775.8539 -19.20 414.906
PCI15 374418.6 435822.4 676.3189 374418.57 435822.45 676.3487 29.80 1480.448
PCl16 375185.1 436083.8 786.0972 375185.15 436083.77 786.1562 59.00 809.898

A digital model of the study area is presented
in Figure 3. The graphical distribution of the
terrain diving in relation to the diving
distance, based on the measured values, is
presented in Figure 4, and real images from
the terrain are shown in Figure 5.

& &

Figure 3. Digital model of the studied area
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Considering the overall appearance of the area
under study, and the variation of the values
recorded for diving and the diving distance of
the land under specific conditions in the Jiu
Valley, Romania, an analysis was made of the
variance of these elements (Div, DivD) in the
report with the values of the elevations of the
16 control points (PC1 to PC16).

Multiple regression analysis was used which
analysed the variation of the studied elements
Div and DivD depending on the elevations of
the control points at the reading times to and
ti.

Based on this analysis, models of variation of
Div and DivD were found, in statistical safety
conditions only in relation to Xo, Zo and Zi.
The models found were of the form f (Xo, Zo)
and f (Zi, Zo). The variation of the Div
parameter according to Zi and Zo was
described by equation (3), in general
conditions of statistical safety (R? = 0.999;
p<0.001).
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Figure 4. The diving and the diving distance of the land in the study area, Jiu Valley

Figure 5. Images of the diving process in the studied area, Jiu Valley, Romania

The 3D graphic representation is shown in b =-6.50970;
Figure 6, and the isoquant graphic ¢ =-999.99998;
representation is presented in Figure 7. d =999.99998,;
Div=ax’ + by +cx +dy +exy+f ?3) e=1.30726;
where: x - Z1; . f=0.
y - Zo; For high accuracy, the values of the
a, b, c d e f- coefficients’ of the coefficients of equations were 16 decimal
equation (3); digits.
=-6.56289;
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Figure 6. The 3D graphic representation of the Div
variation in relation to the Z; (x-axis) and Z (y-axis)
elevations of the land in the study area
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Figure 7. Isoquant distribution of Div values as a
function of Z, (x-axis) and Z, (y-axis) in the study area

The variation of the Div parameter according
to Xo and Zo was described by equation (4),
under reduced statistical safety conditions (p
= 0.895). The 3D graphical representation is
shown in Figure 8, and the graphical
representation in the form of isoquants is
shown in Figure 9. Similar results for the Div
variation were obtained in relation to the
values Xo and Z1.
Div=ax’ + by’ +cx+dy +exy+f 4)
where: x - Xo;

y - Zo;

a, b, ¢, d, e, f - coefficients of the
equation (4);

a=7.47012;

b=10.03307;

¢=-0.23027;

d=90.39512;

e =-0.00037;

f=0.
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2 %108

Figure 8. 3D graphic representation of the Div variation
in relation to X, (x-axis) and Z, (y-axis) of the field in
the study area
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Figure 9. The isoquant distribution of Div values as a
function of X, (x-axis) and Z, (y-axis)

Similarly, multiple regressions were used to
find the variation of the diving distance
(DivD) depending on the values of the X and
Z elevations. Equation (5) resulted which
described in statistical safety conditions (R?> =
0.697, p = 0.0142) the DivD variation
depending on Zi and Zo. The 3D graphical
distribution is shown in Figure 10. Based on
equation (5), the optimal values for x (Z1) and
y (Zo) were found in the amount of and for
Xopt = 805.0131243, and yopt = 805.0387029.
The graphical distribution in the form of
isoquants is shown in Figure 11. In relation to
these values x (Z1) and y (Zo) found for the
DivD variation, between the control points 10
were positioned with lower values (PCI6,
PC14, PC5, PCI1, PC6, PC2, PC10, PCII,
PC15, PCY, in descending order), and 6 with
higher values (PC13, PC7, PC3, PC8, PC4,
PC12, in descending order).
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DivD = ax’ + by’ +cx+dy +exy +f &)
where: x - Z1;

y - Zo;

a, b, ¢, d, e, f - coefficients of the
equation (5);

a=15681.51674;

b =5501.25820;
=-144828.33875;

d=144825.18381;

e=-11182.77013;

f=0.

Figure 10. The 3D graphic representation of the DivD
variation in relation to the Z; (x-axes) and Z, (y-axes)
elevations of the land in the study area
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Figure 11. The isoquant distribution of DivD values
according to Z; (x-axes) and Z (y-axes)

Regarding the variation of DivD as a function
of Xo and Zo, the multiple regression analysis
led to equation (6) in statistical safety
conditions (R? = 0.722, p = 0.00952). The 3D
graphical distribution is shown in Figure 12.
From the analysis of the values but also of the
3D graphical distribution, it was found that
under the study conditions, the DivD variation
in relation to Xo and Zo was very strongly
influenced by the Zo quota (y-axis) for which
the optimal value yopt = 777.24169 was found.
Under the same conditions, the contribution of
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the Xo quota (x-axis) to the DivD variation
was reduced. The distribution of the graph in
the form of isoquants is shown in Figure 13.
DivD = ax” + by’ + cx+dy +exy +f 6)
where: x - Xo;

y - Zo;

a, b, ¢, d, e, f - coefficients of the
equation (6);

a=0.000017,
b=0.18259;
¢=-5.99179;
d=2894.59422;
e =-0.00846;
f=0.
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Figure 12. The 3D graphic representation of the DivD
variation in relation to the Xo (x-axes) and Z (y-axes)
elevations of the land in the study area
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Figure 13. The isoquant distribution of DivD values as
a function of X, (x-axes) and Z (y-axes)

The cluster analysis led to the grouping of
control points based on affinity, in relation to
the Div and DivD values, in statistical safety
conditions (Coph.corr = 0.850), Figure 14.

The control points were found to be grouped
into two distinct clusters Cl1 (12 control
points) and C2 (4 control points), with several
subclusters each. A high degree of similarity
in terms of Div and DivD was found in CP1
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and CP2, CP8 and CPI11 (these five control
points having the common root in the cluster
structure, C1 cluster), respectively CP13 and
CP14.
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Figure 14. The dendrogram for grouping control points
in relation to Div and DivD based on Euclidean
distances

The natural, agricultural or urban areas are
studied by remote sensing and imaging
analysis from the perspective of natural
resources assessment, environmental
monitoring and quality of life conditions, farm
management, so that numerous studies have
addressed such topics and provided
information, models and methods.
(Govedarica et al., 2016; Popescu et al., 2020;
Sala et al., 2020). The lands affected by the
mining activities acquire in time an ecological
stability in natural conditions (Zipper et al.,
2011). Some studies have confirmed a direct
relationship between the content of some
mineral elements in the rock and substrate
(e.g. K) and the volume of the trees (Wang et
al., 2016). At the same time, such areas can be
ecologically  rehabilitated through tree
plantations to consolidate the land (Weijer,
2019; Corréa et al., 2018; Macdonald et al.,
2015). Plantations of fruit trees, vines (local
germplasm is recommended for adaptability
and high resistance), or agricultural crops can
be set up according to specific conditions,
being promoted alternative technologies and
different optimization models (Dobrei et al.,
2015; Sala and Boldea, 2011). Also, some
studies have addressed aspects of urban
development and quality of life in areas where
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mining predominates, especially coal, these
areas being generally mono-industrial areas
and disadvantaged areas (Oncia et al., 2013a;
Obiri et al., 2016; Oncia et al., 2013b; ).

The secondary influence of mining activities
on the distribution of  post-mining
permeability and water regime in the
respective basins was studied based on
numerical models and permeability functions
(Fan et al., 2020).

“Post-mining” areas were evaluated through
different scenarios in relation to the depth of
subsidence and integrated models of
simulation and optimization of their use
structure in relation to the landscape structure,
ecological benefits, agricultural land area,
urban or industrial development (Li et al.,
2020).

Some studies that have considered the
promotion of ecological mining have
proposed models that have integrated as
actors both mining companies and the local
administration and that have taken into
account various factors on the choice of
exploitation (Zhao et al., 2020).

The present study described the phenomenon
of diving and the distance of land diving as a
side effect of coal mining in the Jiu Valley,
Romania.

The diving phenomenon represents the
vertical component (Z) and in relation to the
values Zi (time t1) and Zo (time to) of the
control points the diving process was
described most accurately, R? = 0.999, p <<
0.001, equation (3). When X values were
taken alongside the Z values, the estimation
accuracy of Div decreased (p = 0.899),
equation (4). However, the 3D model, Figure
7, showed that the variation of the Z values
(y-axis, in the graph) has great significance in
the description of the diving phenomenon
(Div).

The description of the diving distance (DivD)
based on the values Zi1 and Zo, equation (5),
was made in low safety conditions (R?> =
0.697, p = 0.014), which confirms that the Z
values are closely associated with the vertical
component, so with the diving process, not
with the diving distance, for which the values
X and Y are necessary.

In the context of the presented aspects, the
present  study evaluated the diving
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phenomenon and the diving distance and
proposed models to describe this phenomenon
in the concrete conditions of the Jiu Valley,
Romania.

CONCLUSIONS

The diving phenomenon and the diving
distance of the land under the influence of
mining operations in the Jiu Valley, Romania,
was analysed based on coordinate values in
the Stereographic 1970 projection system of
16 control points, as current determinations
(t1) compared to a reference moment (to).
Diving (Div) and diving distance (DivD) were
described by mathematical models according
to the values of X, Y, Z coordinates. 3D and
isoquant distributions of the diving variation
were obtained according to the values Xo, Zo
and Zi, as graphical models of behaviour of
the analysed phenomena.

Z-values are recommended for models that
describe the diving phenomenon (vertical
component of the process as a whole), and X
and Y values are recommended in models for
describing the direction of immersion of the
ground.
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