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ABSTRACT

Problem Statement and Purpose. Abandoned or non-operating coal mines that were closed due to flooding pose environmen-
tal hazards, primarily due to the risk of groundwater contamination, subsidence, and waterlogging of surrounding areas resulting
from flooding and rebounding groundwater levels. Estimating the risk of flooding with the help of the numerical hydrogeological
modelling for areas inhabited by coal mines that were built at the beginning of the last century is challenging, since information on
operational parameters (such as mine workings’ features, pumping rates, etc.), has not been preserved to date or is limited. A study
examined the capabilities of groundwater flow numerical modelling in predicting groundwater rebound and its accuracy in areas
surrounding old, closed coal mines.

Data and Method. As pilot study areas, the Saxony coal mine region (Germany) and the Central Donbass (Ukraine) coal
mines group area were established. Both pilots integrate more than 20 minefields of former interconnected coal mines with more than
100 years of mining history and a similar excavation method. In this study, the numerical modelling software packages were used as
a tool for the numerical groundwater flow simulations and predictions in a three-dimensional groundwater system of coal mines
areas. All of them contain a three-dimensional (3D), finite-element groundwater flow code. Additionally, adjustments in the form of
calculation decisions (such as sensitivity analysis and multivariate simulations on a block-simplified model) were developed and
implemented to address hydraulic system parameter uncertainties and the insufficiency of historical mining data (lack of pumping
rates information, number of mining horizons, mine workings features, and geometry).

Result and discussion. This study demonstrates the conceptual approach and numerical groundwater flow evaluation for the
condition in which pumping isn’t maintained and no dewatering measures are provided in the area to prevent flooding at the critical
level. The developed numerical hydrogeological model covers all common steps of precise and complete numerical simulations,
including transient conditions simulations, that reconstruct the full range of mining stages during the mines' life. The special method-
ology of calibration was adjusted for this purpose — the cycle of steady-state, transient, and prediction simulations of the groundwater
level until the lowest possible RMSEs between observed and simulated groundwater levels in the model were achieved.

Keywords: non-operational coal mines, groundwater rebound, groundwater numerical modelling, conceptual hydrogeological
model, drain nodes hydraulic condition, hydrogeological parameters.

In cites: Boiko Kateryna, Ulitskiy Oleg, Boiko Pavlo (2025). Groundwater level modeling during the coal mines” decommissioning. Visnyk of V.
N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (63), 23-34. https://doi.org/10.26565/2410-7360-2025-63-02

1. Introduction. The numerical modeling has
been extensively tested recently as a tool for predict-
ing hydrogeological problems associated with mines
flooding at the pilot sites in countries where the
typical situation with abandoned coal mines takes
place — England, China, Ukraine, Germany, and
Spain. The reason we need to use numerical hydro-
geological modeling at sites like old worked-out
coal mines (Ukraine, Germany) is that modern sci-
entific approaches can simulate groundwater level
rebound, predict flooding, and address data gaps on
the technical parameters of the mineral extraction
process. The range of environmental issues posed by
coal underground mining includes soil degradation,
pollution of groundwater and surface water, and
surface subsidence, which occur during the opera-

tional period and continue into the postmining peri-
od. Partly, deformational subsidence zones forming
during the postmining period are caused by
groundwater table recovery and iterative changes in
the pore-fluid pressure state in the rock mass. The
rock mass, characterized by significantly altered
mechanical and groundwater conductivity properties
during caving and extraction, exhibits reduced re-
sistance to geostatic pressure during uncontrolled
flooding in mines and during groundwater table
recovery [1]. Assessing the risks of area flooding
due to the groundwater rebound during the post-
minig period as for coal mines that were operating
from the beginning of last century and were closed
also then proved to be very difficult [2], especially
when high-risk sites are flooded [3], because infor-
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mation about the condition of mine workings, the
presence and features of voids and the integrity of
the worked-out space, and then about operational
parameters such as the intensity of excavating, the
number of worked-out seams and the depth step, has
not been preserved to our times, or is limited.
Hence, what is common for ‘usual® parameters for
the transient calibration, namely, parameters of "his-
toric stresses’ for the groundwater flow during the
excavation, seems to be unknown. Moreover, transi-
ent calibration cannot be performed on some prelim-
inary models, as the following predictions for
groundwater rebound may fail. On this basis, some
solutions that apply analytical and mapping ap-
proaches, as well as the decision to use transient
calibration during modelling of the area of old (in
some cases, abandoned) mine workings, were de-
veloped. It was first tested in the Central Donbas
area, where the groundwater rebound process is
more detectable and visible nowadays, and then
proposed for groundwater level prediction at the Lu-
gau-Oelsnitz coalfield (the Saxony mining region).

In contrast to half-analytical and box-type
models previously developed for the Saxony mining
region [4] and for other mining regions across the
EU, the numerical groundwater flow model enables
the reconstruction of the specific features of ground-
water behavior within the entire desired catchment
area, including coal mine fields. The latter has been
demonstrated by the example of a numerical
groundwater model, built for the Central Donbass
study area [5, 6], the finite difference numerical
models of groundwater flow throughout the entire
life cycle of the Western Donbass area, taking into
account the stochastic heterogeneity of disturbed
rock masses, were proposed and tested in the fol-
lowing works [7, 8].

2. Materials and Methods

Study Areas. In the Toretsk-Yenakiieve mining
and urban agglomeration (which is geographically
linked to the Central Coal Mining Region of Don-
bas, Fig. 1), 28 mines were operating before the
restructuring of Ukraine's coal industry, most of
which were constructed in the early 19th century.
Today, more than 90% of the mines in the agglom-
eration are flooded. Only the mines of the “To-
retskvuhillya™ State Enterprise remained operational
until early 2022. Due to military operations, mines
are switching to emergency mode, leading to uncon-
trolled flooding and potentially significant disturb-
ances in the area's hydrogeological regime, ground-
water contamination, and extensive flooding.

The hydrogeological stratification scheme of
the studied territory is represented by aquifers of
modern and Upper Quaternary alluvial deposits of
floodplains, first supra-floodplain terraces and val-
ley bottoms (a, adQmrrv), undivided Lower-Upper

Quaternary aeolian-deluvial deposits (vd Qrm), as
well as the aquifer complex of Upper and Middle
Carboniferous deposits (C2-C3) [5].

The Lugau-Oelsnitz coalfield region (Fig. 2) is
one of the large coal deposits’ industrial sites in
south-west Saxony (Germany), which has been
mined continuously. Namely, the region was re-
nowned for its coal deposits and significantly
shaped Germany's industrial revolution and eco-
nomic growth in the 19th century [9] and achieved a
production capacity surpassing 2 million tonnes of
extraction produced by the 11 coal trades, reaching
an excavation depth of 800-900 m [10] by the be-
ginning of the 20th century.

The geological structure in the study area be-
longs to the Permo-Carboniferous formation, while
the stratigraphical cross-section is built from Ordo-
vician, Carboniferous, Permian, and Cenozoic de-
posits. Productive coal seams compose the upper
Carboniferous formation, which is presented as
coarse and fine sandstones with layers of claystone
and siltstone in grey facies. The Permian Rotliegend
is the thickest unit in the study area [11], consisting
of a distinctive alternating sequence of conglomer-
ate, siltstone, and mudstone, thin lacustrine car-
bonates, pyroclastic horizons, and alternating layers
of siltstone, medium- and coarse-grained sandstone.
The Carboniferous-Permian boundary is marked by
the occurrence of the "grey conglomerate" of the
Lower Rotliegend. Similar to the Carboniferous
units, the Rotliegend sediments represent erosion
debris, which, after a long period of dormancy in the
Upper Carboniferous, accumulated in an overlying
Rotliegend depression formed above it.

Thus, the upper part of the Rotliegend (Miis-
seln formation) may play the most crucial role in
groundwater recharge zones and groundwater stor-
age. The permeability of Mussel formation can
reach 10-10"° m/s in some cases [12].

Upper Carbon layers and deposits of the
Haertensdorf formation are considered low-perme-
ability deposits and are classified as an aquitard, as
are volcanic and siltstone deposits of the Planitz
formation. Ordovician phyllites are characterized by
low permeability properties (permeability — 10°-107
m/s). That’s why in hydrogeological modelling, they
serve as the last division of the hydrogeological
system without assuming the discharge into the up-
per layers.

Mining features. The group of Central Don-
bass mines is characterised by the exploitation of the
geological environment of most coal mines in the
region throughout the entire period of operation, to
maximum depths of 1,000-1,300 m (-1,000 -1,100
masl.), and by a total volume of excavated space of
705 thousand m’. The total mine water inflow
amounted to 193.8 thousand m*/day.
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Fig. 1. The location of the Central Coal Mining Region of Donbas study area
(including the geological extract in the lower right frame)
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Fig. 2. The location of the Lugau-Oelsnitz study area (Base map — the Precenozoic geological map —
the source: https://www.luis.sachsen.de/fachbereich-geologie.html)

-25-


https://www.luis.sachsen.de/fachbereich-geologie.html

Cepisa «[eonoeisa. [eoepagpis. Ekonoeisa», 2025, eunyck 63

The excavation within the Lugau-Oelsnitz coal
field expanded through the carbon operational layers
(coal seams). It covered the depth interval from the
absolute mark +180 m a.s.l. to the absolute mark -
450 m a.s.l. The average thickness of coal seams
varies from 0.5 m to 5.0 m. Mining operations took
place at 21 primary mines and operational cross-
sections.

According to the calculations, provided by Dr.
M. Eckart [4] a raw volume of 150 million m?® can
be considered as a total volume of extracted depos-
its, while only 30% - 45-47 million m* - of that vol-
ume, considering the reduction of the initial vol-
umes by subsidence and backfilling, that happened
during the mining history, may be used as a defining
value of the residual underground volume and could
be reasonable for the prediction calculations of
mines flooding.

According to the long history of mining, min-
ing plans and other technical parameters, such as
pumping rates, groundwater inflows to the mining
horizons, the location of horizons and horizon depth
intervals, as well as production progress for each
period of time, etc., are not saved. Hence, no refer-
ence information for the water rates information in
the form of groundwater inflows into the mine
workings, nor in the form of pumping rates recorded
values, exists. To estimate the importance of the
numerical modelling calibration criteria, which, in
normal database conditions, act as measured inflow
rates during the mining stage, the approach de-
scribed below was developed.

Modelling tools and approaches. To simulate
the groundwater rebound process, recent worldwide
scientific studies [13, 14, 15] employ a numerical
model that integrates various hydrogeological pa-
rameters of a three-dimensional hydrogeological
system, including void storage information, water
inflows during the excavation or pumping records,
as well as hydrogeological data — the strata permea-
bility, porosity, and storativity, etc. By inputting
these parameters, the numerical model predicts the
spatial and temporal distribution of groundwater
recharge and enables the estimation of geofiltration
parameters, as well as the effects of fluctuations in
water budget components, in a post-mining ground-
water system [16] and during groundwater table
rise. These predictions are critical for anticipating
potential environmental risks and formulating ap-
propriate management strategies for water manage-
ment and ecological sustainability.

In this study, the numerical modelling software
packages were used as a tool for the numerical
groundwater flow simulations and predictions in a
three-dimensional groundwater system of coal
mines areas. All of them contain three-dimensional
(3D), finite-element groundwater flow code (equa-

tions). They are used worldwide to design dewater-
ing or depressurization systems, predict local and
regional environmental impacts of mine dewatering,
and to solve various popular hydrogeological issues.

Whereas the 3D numerical modeling requires
the incorporation of mine workings™ features plans
in addition to geological (hydrogeological) structure
scheme, the scientific approach proposed and de-
scribed in the article substantiates the possibility of
using drains nodes for the transient calibration to
simulate the extraction stage and corresponding
groundwater table drawdown, the subject to appro-
priate calibration with a known amount of water
inflow into the mine workings. It is a reasonable
argument that the restoration of groundwater levels
in a coal basin depends not only on the cavity.
Throughout all stages — both excavation and mine
closure — groundwater inflow velocity and volume
are key factors in understanding the drainage of aqui-
fers within the coal fields' catchment areas [5, 15].

The study presents the results of a numerical
experiment, based on a deterministic model, to cal-
culate the time required to flood a 100-meter-thick
rock strata (reflecting the typical step between the
horizons of mine workings in the Central Donbas
region).

The physical character of the experiment's con-
clusion enables to state that the amount of water
inflow into the mine, which can be determined by
the modified Darcy‘s formula (1) [17], is the main
operating parameter of the positive water balance
during the modeling of groundwater level rebound,
but taking into account the increased hydraulic con-
ductivity due to the intensification of man-made
fracturing of coal rocks during the caving.

AH
Qi = KF 2, (M)
where K — the hydraulic conductivity, m/day; F —
the filtration area, sq m, my — the aquitard thickness,
m, AH — the hydraulic head difference, m.

Groundwater inflow rates also served as a crite-
rion for the model calibration, after they were calcu-
lated for each drain node, as a proposed missing
transient simulation parameter — mine workings’
plans — at the Lugau-Oelsnitz coal-field site. The
rebound phenomenon occurs when these voids are
slowly refilled with groundwater after mining ceas-
es, leading to a 'rebound' of the water table towards
its pre-mining position. Thus, the process of ground-
water rebound should be considered to consist of
several stages and hydrodynamic processes — mine
workings flooding (which is mainly subject to the
laws of hydraulics) and groundwater table recovery
to the priming stage (which is subject to the laws of
geofiltration).

Setting up a numerical experiment to vali-
date geofiltration conditions. A deterministic hy-
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drogeological model was created during the re-
search, reflecting the actual geological structure of
the section at a specific interval between working
horizons of the “Central” mine (“Toretsvugillya”
State Enterprise, Toretsk), allows assessing the na-
ture of the interaction between the “mine workings —
groundwater — rock mass” system in terms of the
flooding of mine workings at the inter-horizontal
interval and determine the degree of influence of
changes in the coefficient of voids filling (Cr) and
the hydraulic conductivity (K) and other parameters
of geofiltration on the rate of water saturation of a
100-metre-thick rock mass with existing mine work-
ings (Fig. 3).

The interval between the mining horizons of
816 m and 916 m of the “Central” mine was ana-
lysed. Within the specified interval, the total volume

g

of mine workings, the geometry of which can be
accurately reproduced, is 2% of the calculated cube
of the rock mass, the volume of which is 3-10° m’.
This value was obtained based on information about
the location and area of the mining workings at the
horizon. Hydraulic boundaries were set due to the
tectonic structures (non-permeable fractures) around
the mine fields, so that the only sources of ground-
water recharge are inflows from adjacent aquifers
and infiltration. The aquifer system is represented
by sandstones of series Cy°, C2°, and C,’. According
to the results of formation tests conducted within the
research area [18], aquifers at depths of 816 and 916
m are associated with the zone of slow water ex-
change. They are characterised by hydraulic conduc-
tivity values of 0.0015-0.0004 m/day.

First, the amount of inflow on the horizon 916 m

e
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Fig. 3. Scheme of a deterministic hydrogeological model developed for a rock block at an horizon interval
of 100 m with an approximation by a finite difference mesh

with the help of Eq.1 was estimated. The obtained
value (1215 m*/day) is well correlated with the rec-
orded long-term average inflow. The flooding simula-
tion was performed using a groundwater inflow value
estimated from the total water inflow. The time inter-
val was set at 30 days, and the model was stationary,
reflecting the period of disconnection of the hydro-
geological conditions of the mine workings as a
disturbing factor. An additional geofiltration param-
eter was used — the specific yield coefficient, taken
from the literature on the study of the hydrogeologi-
cal conditions of the territory, 0.0012 [18].

The results obtained were compared with the
current observed groundwater level data. Based on a
graphical analysis of actual observations of rising
groundwater levels in mines of the southern wing,
as well as a comparison of the calculated (Eq.1) and
the exact time of flooding of inter-horizon intervals
using the example of the mines of the Gorlovka-
Yenakiieve group, it was established that the current
rates of mine flooding are pretty compatible with the

hydraulic conductivities, which are increased rela-
tive to natural ones. After all, the average calculated
groundwater rebound time for the studied group of
mines (taking into account recalculating the
groundwater level rise time for some intervals at a
100 m thickness) is 185 days. In contrast, the aver-
age actual rebound time for the specified thickness
is 138 days. This acceleration in the rate of ground-
water level rise is explained by an increase in the
permeability of the rock mass around the mine
workings, resulting from prolonged undermining by
extraction operations.

To assess the degree of influence of increased
hydraulic conductivity or porosity of the rock mass
on the acceleration of mine flooding and rising
groundwater tables, a sensitivity test was performed
for the specified parameters. The dependencies
shown in the first graph (Fig. 4a) indicate a signifi-
cant acceleration in the flooding rate as hydraulic
conductivity changes. Thus, at the maximum (within
the range of the given values) hydraulic conductivi-
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ty (K =0.03 m/day) and at a constant volume of the
excavated space (V=6635.8 thousand m’, coefficient
of voids filling C#=1), the flooding time increases
from the calculated 180 to 120 days.

At the same time, the maximum deviation of
the flooding time at the accepted maximum filtra-
tion coefficient (K=0.03 m/day) when the filling

coefficient Cr¢ changes from 1 to 0.38 is only 15 days
(flooding acceleration by 15 days) (Fig. 4b). Thus,
the calculation model is more sensitive to changes in
the hydraulic conductivity, which characterises the
rock mass as a whole within the mine field and is
taken into account in further calculations.

The experiment setup and its results, verified
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Fig. 4. a — the graph demonstrating how the flooding time of a 100-metre block of rock mass varies
with different values of hydraulic conductivity (0.03; 0.0019; 0.0015 m/day) and with the coefficient
of voids filling C¢=1; b — the graph demonstrating how the flooding time of a 100-metre block
of rock mass varies with different values of Cr (1; 0.7; 0.38) and at K=0.03 m/day

<

Steady-State

Calibration based on the water balance
data and hydraulic parameters ranges
only

Calibration based on groundwater
inflow rates amount that corresponds to
the mining stage at each certain horizon

Prediction

-/
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observed water table during the
flooding period

and coincide with calculated conceptual
inflow into mine working at the horizon

Fig. 5. Scheme of the generally accepted sequence of numerical hydrogeological modelling,
taking into account the specifics of calibration in conditions of insufficient input data

by actual data on tracked flooding (groundwater
levels recorded marks) using a semi-analytical nu-
merical hydrogeological model, demonstrate the
importance of considering and calibrating the hy-
draulic conductivity within the 3D geological space
above the mine workings. The transient simulation
of groundwater level dropping (that actually hap-
pened in the past but is necessary to be performed as
a transient simulation stage), considering the state-
ment above, may be a subject of inflow rates (within
drain nodes) calibration into the drain network de-

signed for each working horizon and serving as a
hydraulic head boundary during the excavation.
Setting up the numerical flow model for the
Lugau-Oelsnitz coal mines area. The area of a
constructed numerical model corresponds to a poly-
gon with a maximum 7,8 km spreading from the
North to South, and a maximum of 11 km in the W-
E direction. The total model domain area is 48 km?.
It includes 20 blocks that correspond to the coal
mines fields. Model hydraulic boundaries include
surface zoning into precipitation recharge zones,
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constant-head boundary conditions, and river boun-
daries. Direct recharge by infiltration of precipitated
water occurs throughout the basin considered in the
numerical model.

Steady-state simulation. Steady-state simula-
tions were performed to specify initial hydrogeolog-
ical parameters of the inner hydrogeological struc-
ture and to establish the natural groundwater flow
distribution (groundwater levels), based on the
known topography, 3D geological/hydrogeological
structure, and known water balance components.

Transient simulation. Transient simulations
were conducted to reproduce the mining period and
model the maximum groundwater drawdown result-
ing from mining operations in the investigated area.

The coal layer of the numerical hydrogeologi-
cal model comprises elements of the 11™ operational
coal seams that were mined during the operational
period at the study area. The lowest operational coal
seam, “Kneisel Fl6z”, and the upper productive
seam, “Grund floz” are presented at the central and
western part of the area, and according to the geo-

logical layering and dip direction, were mined at the
final stage of the operational period. Whereas mines
located in the eastern part of the area were pro-
cessing the upper group of the carbon deposits in the
coal seams “Neufloz 1-4”, “Oberfléz”, “Hoffnung-
f6z”. This conceptual understanding enables the
development of ideas about the mine's life cycles
and their average periods, including the number of
productive horizons within operational stages.

The duration of the transient simulations corre-
sponds to the supposed time frame of the mining
operational period at the Lugau-Oelsnitz mining
area, which took place from approximately 1860 to
1871 and 1971. The mining operations were simu-
lated with the help of drains nodes. Drains nodes are
considered as zero-pressure conditions. Each drain
was included in the simulation at a specific time (60
drains in total), corresponding to the start of the new
mine-horizon excavation stage.

As long as any mining plan has not been pre-
served till the present time, the mining schedule and
drains locations were established according to the

335000.000

5625000.000
|

5620000.000

Legend:

D numerical model boundary

I: mine-fields

340000.000

Isobath interpolated surface
m a.s.l.

B <= 33
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" | -500--385
- | -385--261
T 281 --137
B 13712
| EFEER
B

Fig. 6. Natural interpolated distribution of isobath surfaces created to assign drain nodes

following approach. For these purposes, every coal
seam layer was interpolated within the mining field
(block) and classified based on the natural distribu-
tion of depth interval divisions. The location of po-

tential drains at each interval corresponding to the
operational coal seam distribution was chosen as the
geometrical center, and the relevant groundwater
inflow rates were calculated based on the area and
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interval thickness.

The groundwater inflow rate equivalent for each
drain is calculated as shown in Table 1.

Where:

= Area — is an area of coal seam interval with-
in each block, estimated based on the interpolated
surface;

= Q by area — the inflow rate calculated with
the seam thickness assumed based on the geometries
of coal seams, and the area, established on interpola-

ted surfaces;

= Voids Volume — the volume from the initial
information on existing residual volumes, recalcu-
lated for the identified depth interval;

= Q by Volume — the inflow rate calculated
based on information on residual volumes;

= Average interval of each stage of mining —
10 years. This period was established based on the
duration of “operation life” at each mine and the
maximum depth of each mine.

Table 1
The groundwater inflow to the mining interval calculation example
Block Depth Interval, Area, Q m’/day Voids Q m’/day
No. masl km? by area Volume, m’ by Volume
20 -512 —-641 1.8 246 1350500 370

Predictive simulations. Predictive simulations
were carried out to reconstruct the phase related to
the start and duration of mine working flooding, and
to compare the obtained groundwater level recovery
velocity with measurements from monitoring obser-
vation wells. Results from predictive simulations
were obtained and compared with groundwater re-
bound velocities observed in 2003 and 2014 for two
monitoring wells. The predictive simulation in-
volved 211 time-step intervals. In physical terms,
the duration of predictive simulations corresponds to
the time interval from 1971 to 2061.

3. Results and discussion. Based on steady-
state conditions simulations, the hydrogeological
parameters of the major hydrogeological units were
derived. Initially, parameters were obtained from the
literature review [12, 19, 20].

The main calibrating criteria in a steady-state
simulation were a convergence with conceptual
water balance components. Though the uncertainties
in some values still exist, such as river baseflow
measurements (it was possible to check the appro-
priateness of calculated baseflow for the river
Wiirschnitz only, as a referencing parameter was
given by Kolitsch, S. 2008 [19]), the general distri-
bution of the water balance components satisfies the
features of the groundwater system.

This is demonstrated by the fairly accurate wa-
ter balance inputs obtained during calibration in the
Lugau-Oelsnitz study area (Table 2).

Though uncertainties in some values still exist,
such as river baseflow measurements (it was possi-
ble to check the appropriateness of calculated base-
flow for the river Wiirschnitz only, as a referencing
parameter was given [19]), the overall distribution
of water balance components corresponds to the
characteristics of the groundwater system (Fig. 7).

In general, the depth to the groundwater table
within the area of investigation ranges from 0,5 to
2 m, which could indicate the permanent effect of
hydraulic boundaries unaffected by the mining op-
erations. From initial sets of simulations, it can be
observed that the maximum groundwater level
drawdown occurs at +175 m a.sl., at a depth of 147
m below the surface. The maximum drawdowns are
related to the East-centre part of the investigated
area. The simulation results also show that the pro-
cess of groundwater table rebound was completed
between 2014 and 2017, when natural absolute lev-
els, similar to the modelled initial levels, were
achieved (Fig. 4). Thus, the process of groundwater
rebound might have lasted 43-46 years. The position
of the groundwater level (2018-2020, according to
the predictive simulation results) at the eastern bor-

Table 2

The water balance components calculated based on the numerical simulations

and obtained from the conceptual model

Conceptual value Numerical model value
Recharge, m*/s 0.26 0.18
Constant-Head inflow, m’/s 1.10 1.50
Total inflow, m®/s 1.36 1.68
Constant-Head outflow, m*/s -0.20 -0.18
Rivers baseflow, m’/s -0.97 -1.30
Evapotranspiration, m*/s -0.02 -0.02
Total outflow, m%/s 1.39 1.50
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Fig. 7. Groundwater conceptual flow within the Lugau-Oelsnitz study area simulated in natural conditions

der of the model has been demonstrating the ongo-
ing groundwater recovery.

Drains network design approach that might rec-
reate the excavation period was also proposed as a
tool for the numerical model of the Central Donbass
specific coal mines area, which combines a group of
mines — ‘K. Marks’, ‘Krasny Profintern’, ‘Krasny
Oktyabr’, ‘Yunkom’ — characterised by the same
flooding regime.

By adjusting the filtration parameters within a
specified range, we achieved piezometric contours
that most accurately reflected the actual flood levels
recorded on the final date of existing observations —
1 August 2019. The most accurate with respect to
the recorded data is the flood level distribution sur-
face shown in Figure 8.

The time interval during which such a distribu-
tion of absolute flood level marks was achieved in
the model is 520 days, whereas the actual time re-
quired to raise the level to the specified marks based
on observation data is 450 days. This can be ex-
plained by the fact that the flooding pattern inferred
from the measurement data in the shafts differs
slightly from the flooding behavior of the array
within the depression cone. Thus, the rise in the
flooding level in the mine shaft apparently occurs
much faster than at the edges of the depression cone
[21]. This is confirmed by the modelling results,
which indicate the influence of the aquifer's capaci-
tive parameters on the nature of groundwater-level
recovery during mine flooding.

4. Conclusion. The hydrogeological conditions
differ at each study area: the carboniferous for-
mation of productive coal layers of Lugau-Oelsnitz
mining field is considered more as aquitard — the
groundwater system consumes main groundwater
inflow from the upper high permeable formation of
the Rotliegend (Miisseln formation) that also plays
an essential role in groundwater storage, while the
Central Donbass hydrogeological conditions are
marked with the outcropping of the carboniferous
formation to the surface, which determines the pre-
dominance of the overall influence of groundwater
recharge from precipitation. Nevertheless, the sensi-
tivity test performed after the deterministic model of
the Central Donbass coal-mines fields reconstruc-
tion, as well as calibrations performed on steady-
state and transient stages of groundwater flow mod-
elling for the totally numerical model built for the
Lugau-Oelsnitz coal-mines area, demonstrate that
the groundwater system and mine waters in most
abandoned coal mines with a long mining history
may be considered as a joint system during the
groundwater table rebound after the mines closure.
The connection can be observed between mines
flooding and dynamic equilibrium with the local
hydrogeological regime.

Based on the calibrations of numerical hydro-
geological models for mining regions in Germany
and Ukraine, which share similar characteristics in
terms of coal mining features, long-term mine oper-
ation and similar post-operational conditions, it has
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Fig. 8. Modelled piezometric contours obtained for the Central Donbass specific coal mines area

been established that the permeability and capacity
parameters of the anthropogenically damaged rock
mass within the interval of flooding levels differ
significantly from natural ones, namely: the hydrau-
lic conductivity and the specific yield can increase
by an order of magnitude from that characteristic of
the water-bearing strata, which is explained by the
presence of technogenic fracturing of the bedrock.

Considering these conditions, the approach,
which enables the reconstruction of the coal extraction
period in mines (if the data has been lost due to the
age of the mines themselves) by approximating the
inflow value at the drainage node at each extraction
interval, has proven itself to be quite effective in the
process of numerical hydrogeological modelling of
the disturbed geofiltration regime within mine fields.
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TIPOBITHHUH 1HXEHep

Henitoui ByruneHI maxTy, siki OyJiM 3aKpHTI IUIIXOM 3aTOIUICHHS (MOKpOi KOHCEpBallii), CTaHOBIISITh HeOe3MeKy
JUISl HABKOJIMIITHBOTO CEePEOBUIA, HacaMIIepe ]l Yepe3 PU3UK 3a0pyTHEHHs IPYHTOBUX BOJ, MPOCIIaHHS IPYHTY Ta 3a-
6oJstouyBaHHS NpHIETINX TepuTopid. OLiHKa PpU3HKY 3aTOIUICHHS 32 JOTIOMOTOI0 YHMCENIBHOTO TipOreoIoriYHOro Mo-
JICIIIOBAHHS JJIsl TEPUTOPIH, HA SKUX PO3TALIOBaHI BYTUJIbHI LIAXTH, 110 MOOY0BaHI HA MOYaTKy MHHYJIOTO CTOJITTS, €
CKJIQJIHUM 3aBIaHHSM, OCKUIbKH iH(oOpMalis Ipo eKcIulyaTaniifHi mapaMeTpd He 30eperJiacst A0 HalIMX THIB abo €
obmesxenoro. ITix yac qocmipKkeHHs 0yJ10 BUBYCHO MOTEHITIAT YHCEITBHOTO MOICTIOBAHHS JMHAMIKH ITII36MHUX BOJ IS
MPOTHO3YBAaHHS BiMHOBIICHHS PIBHS MiJ3€MHHUX BOJ MiJ Yac 3aTOIUICHHS IIAXT Ta CTYMiHb HWOTO TOYHOCTI. B skocTi
NUIOTHUX JIOCHIPKYBaHUX TEpUTOpiii Oynu oOpaHi AULIHKA BUIOOYTKY y ByrimbHoMy Oaceiini Cakconil (Himeuuunna)
ta rpyna maxt Lenrpansrnoro lonbacy (Ykpaina). O0uaBa MJOTHI MPOEKTH XapaKTEPU3YIOTHCS TUM, IO 00'€HYIOTh
noHay 20 MIaXTHUX IOJIB KOJHIIHIX TiJPaBJIiYHO TMOB'SI3aHUX BYTUIBHUX MIAXT 3 Oinbil Hix 100-pidHOIO icTOpi€o BU-
NOOYTKY, Ta € MoJIOHMMH 32 cxeMaMHu ekciutyaTanii. [IporpaMHi npoaykTy, 1o OyJin BUKOPUCTaHI ITiJ] Yac JOCIHiIKEeH-
HS, MICTSTh TPUBUMIPHUH KOJ KiHIICBUX C€JIEMEHTIB, [0 BUKOPUCTOBYETHCS JJISI OOUMCICHHS XapaKTepy pyxy Hia3eM-
Hux BoJ. Kpim Toro, Oysim po3po0iieHi Ta BIPOBaXKeH] MiIX0M KaniOpyBaHHS y BUIVISAI pO3PaxyHKOBUX pillIeHb (Ta-
KHX K aHaJli3 YyTJIIMBOCTI Ta 0araTOBHMipHI MOJICIOBAHHS Ha CIIPOIICHIN OJIOKOBiii Momeni) sl yCYHEHHSI HEBU3HA-
YEHOCTEH T'iJIpOreoNIOTIYHUX MapaMeTpiB Ta MpoOJieM HEAOCTATHOCTI ICTOPUYHMX TEXHIUHHMX JAaHHWX, TaKUX SIK IIBUJ-
KICTh BiZIKa4yBaHHS, KUTBKICTh TOPH30HTIB BHIOOYTKY, OCOOMUBOCTI BUIOOYTKY Ta KOHTYPH TipHHYUX BUPOOOK. Po3-
polJieHa y3arajbrioroya YuceIbHa T1IporeosioriyHa MOJIeb OXOIUTIOE BC1 3arajibHi €Tar MOBHOTO LUKITYy YMCEIBHOTO
MOJICIOBaHHS Teo(]ibTpallii, BKIOYal0Ul MOJEIIOBAHHS €Tally HeycTalieHoi (iIpTpamii, XapaKTepHOTO came s
nepiony ekcruryatamii. J{is miei metn Oynia po3poOJieHa crieliaibHa METOMOJIOTIS, 10 BKIIIOYAE UK KaaiOpyBaHb
yCTaJeHOI Ta HEYCTalleHOi (ilbTpallii, a TAKOX KalliOpyBaHHS MPOTHO3HUX ITapaMeTpiB 3 METOIO JOCATHEHHS HailMEH-
HIMX TTOXUOOK MOJICITIOBaHHS MIXK CIIOCTEPEKYBAILHUMH Ta MOJICIIbOBAHUMH PIBHSMH HiI3EMHHX BO/I.

Knruoei cnosa: nediroui 8yzinvHi waxmu, i0HOGNEHHs Pi6H NIO3eMHUX 800, YUCEIbHe MOOeN08AHHs 2e0iibm-
payii niozemMHux 800, KOHYENMyaibHa 2i0PO2eo02iUHA MOOENb, SPDAHUYHA YMO8A OPEHU, 2i0PO2eoNio2iuHi napamempu.
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