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Received in revised form: 07.04.2020 both parameters, formation and recovery schemes to use natural-technogenic and capacity
Accepted: 14.05.2020 resources of the mined coal deposits with the help of a set of geo-modules providing

their activation, extraction, and storage depending on seasonable irregularity of energy
consumption. Methods. Complex approach has been applied to achieve the purpose. The approach involves collection, systematization,
and analysis of actual data concerning filtration as well as physical and mechanical characteristics of enclosing rocks, and seam
mining conditions effecting formation of natural and technogenic deposits in addition to analytical and numerical methods to solve
hydrogasodynamic, heat and mass transfer equations. The models reflect thermodynamic processes of a geocirculating system
performance providing both heating and conditioning of industrial facilities and civic buildings since it accumulates summer heat and
winter cold within the disturbed aquifers. Numerical modeling has been applied to simulate formation dynamics and a pattern of heat
resource within an aquifer located over the coal seam being burnt depending on its inclination angle, coal mining stage, and aquifuge
thickness. Originality. Spatial nonstationary model of heat transfer, simulating filtration direction, velocity of underground water and
its temperature while carrier pumping and extracting from an aquifer for heat and cold supply of buildings according to ambient
temperature has been developed and tested. Heat transfer mechanism within the flooded rock massif in an abandoned mine, followed by
periodical injection and extraction of mine water from different levels, and its heating with the help of natural geothermal heat as well
as underground burning of residual coal reserves has been analyzed. Practical implications. Operation parameters of a geotechnological
module for reuse of thermal resource of the flooded mine workings while extracting and injecting water from different levels for
heat and cold supply of buildings have been substantiated. It has been proved (in terms of the “Novohrodivska 2” mine being during
liquidation) that the thermal flow, which is formed while coal burning and heated water pumping, is quite sufficient to meet calorific
requirements of a town with 15 thousand inhabitants.

Keywords: coal deposits, hydrothermal resources, thermal energy, geocirculating systems

I'eoTexHoJI0TiYHI 0CHOBH PO3POOKHU NPHPOIHO-TEXHOTeHHUX poaoBuil londacy
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AHoTanisi. MeToro 1anoi poO0TH € TEOPETUYHE 1 TEXHOJIOT1YHE OO PYHTYBaHHS apaMeTpiB 1 cxeM pOpMyBaHHS Ta BAKOPUCTAHHS TPH-
POTHO-TEXHOTEHHOTO TEIIOBOTO i EMHICHOTO PeCypCiB BiIpalbOBAHUX BYTUIBHUX POJOBHIIL 32 JOMOMOIOI0 KOMIUIEKCY T€OMOIYJIIB,
110 3a0e3MeuyIoTh X aKTHBi3allilo, BiiOip i 30epiraHHs CHHXPOHHO i3 CE30HHOIO HEPiBHOMIPHICTIO CIIOXKHMBaHHs eHeproHociiB. J{is
JIOCSITHEHHSI IIOCTABJICHOT METH 3aCTOCOBAHMI KOMIUIEKCHUH IiJIX1, [0 BKIFOYaE 30ip, CHCTEMATH3aIl[0 Ta aHaNli3 (aKTHYHNX JaHUX
po ¢ineTpamiiiHi i (izuKo-MeXaHiuHi BIACTUBOCTI BMIIIYIOUYHX TTOPiM, 1 TIPHUYOTEXHIYHI YMOBH PO3POOKH IIJIACTIB, IO BILTHBAIOTH
Ha (HOpMYBaHHS MPUPOIHO-TEXHOTCHHUX POMOBHIL, a TAKOXK aHATITHYHI Ta YACEIbHI METOIM PIlICHHS PiBHSAHB TiIPOTra30qHMHAMIKH
1 Terutomaconeperocy. OuiHeHo AnHaMiKy (GOpMyBaHHS 1 KOHQITypalis 00cAriB TEIUIOBOTO Pecypcy B BOZOHOCHOMY FOPU3O0HTI, 1110
3ajra€ Haj BYTUJIBHUM IUIACTOM, IO CHAJIOETHCS, B 3aJEKHOCTI BiJ KyTa WOro majiHHs, cTajii pO3pOOKM BYTULIS i MOTY)KHOCTI
Bo#OTpUBY. OOIPYHTOBAHO T'€OTEXHOIOTYHHI MOYJIb, IO 3a0e3nedye e()eKTUBHE OCBOEHHS TEIUIOBOTO PECypCy 3aTOIUICHO] MaxXTh
3a paxyHOK BiI0Opy Ta 3aKadyBaHHS BOJ| PI3HHX TOPU30HTIB JJISI TEILIO- i XOJIOJOIOCTadyaHHs OyaiBesb BiAMOBIIHO 10 TeMIeparypu
30BHIIIHBOTO MOBITPSI, a TAKOK HOTO MEPIOANYHY aKTHUBI3AIIIO IIUTSIXOM ITiI3¢MHOTO CIIATIOBAHHS 3aJMIIKOBHX BYTUIbHUX 3aracis. Po3-
PpOOIIEHO 1 MPOTECTOBAHO MPOCTOPOBY HECTALIIOHAPHY MOJEIb MEPEHECEHHS TEIlIa, 0 BiITBOPIOE HAMIPSIMOK (iNbTparii, IBUAKICTh
i TeMmeparypy MiI3eMHHUX BOJ NPHU HArHiTaHHI i BiAOOpI TEIIOHOCIIB 3 BOJOHOCHOIO TOPU3OHTY JUISl OMAJCHHS Ta OXOJIOMKEHHS
OyIMHKIB 3 ypaxyBaHHSAM TEMIIEPATypU 30BHINIHBOTO TMOBITPs. JlOCHIIIKEHO MEXaHi3M TEIUIONEPEHOCY B 3aTOILUICHOMY TipChbKOMY
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MacHBi JIIKBIJIOBAaHOT IIAXTH, [0 CYNPOBOUKYETHCS MEPIOANYHIM 3aKadyBaHHSM 1 BiIOOPOM IIAXTHHUX BOJ Pi3HHX TOPU3OHTIB, a Ta-
KO 1X HarpiBaHHSM MPUPOJHUM TC€OTEPMIUYHUM TEIUIOM 1 MiJ3EMHHUM CIIAIIOBAHHSIM 3aJIMIIKOBUX 3anaciB Byriuisi. OGrpyHTOBaHO
rapaMeTpH eKCIUTyaTallii Fe0TeXHOJIOTYHOr0 MOJY/Ist [UIsi 6araTOKpaTHOTO BUKOPHCTAHHS TEILIOBOTO PECYpCy 3aTOINICHHX TipHHYHMX
BHPOOOK HIISXOM BiZOOpPY 1 3aKauyBaHHS IIAXTHUX BOJ Pi3HUX TOPU3OHTIB AJIS TEIUIO- 1 XoJomonocTayanns OyaiBens. Ha mpukmani
nikBinoBanoi maxti « HoBorpozischka 2» 10BEICHO, 110 TEIUIOBUI MOTIK, KUl yTBOPIOETHCS IIPH CHIATIOBAHHI BYT1JIUISI 1 BiiKaqyBaHHS
HArpiTHX BOJ MMPAKTHYHO MOBHICTIO MOKPUBAE TEIJIOBI MOTPEOH HACEICHOTO MYHKTY 3 15 THCSY )KUTEIIiB.

Kniouosi cnosa: eyeinwhi podosuiya, 2iopomepmanbhi pecypcu, menaioea eHepeis, 2e0yupKyIayiliHi cucmemu

Research  problem  statement.  Significant
technogenic reorganization of geological structures
being mined as well as critical environmental
situation is typical for old coal-mining regions.
Taking into account the severe problem of energy
carrier deficit, the situation signifies technological
inferiority of the industry in terms of use of natural
and technogenic resources concentrated within the
worked-out areas (Ermakov, 2001; Gavrilenko, 2003;
Falshtynskyi, 2017). Incoordination of different
stages of exploration, extracting as well as scaling
down of mining operations, especially in the context
of coal deposits, are the main reasons of the current
situation. Neither techno-economic nor geotechnical
predictions of the efficient development of mine
fields pays sufficient attention to the prerequisites
concerning formation of associated commercial
components and a collectors, the hydrothermal
resource of which is considered negative at the stage
of coal seam development; moreover, it is not taken
into account at the stage of the mining termination.

Adequate quantitative assessment is required
to determine formation conditions and a potential
of technogenic hydrothermal deposits, as well
as technological substantiation for integrated
development of energy intensive resources of
coalfields and mining enterprises during liquidation,
which can satisfy current thermal requirements of the
country. Thus, coordination of development stages
of coal deposits on the unified theoretical foundation
with characterization of geotechnological modules
concerning the use of natural and technogenic energy
resource and capacity properties of the worked-
out rock massif and adjacent areas is both topical
and strategically important theoretical and practical
problem.

The paper presents theoretical and engineering
substantiation of parameters as well as schemes to
form and use natural-technogenic thermal and capac-
ity resources of the worked-out coal deposits with the
help of a system of geo-modules providing their acti-
vation, extraction, and storage depending on season-
able irregularity of energy consumption.
Substantiation of models for accumulation of heat
carriers within aquifers. A system of underground
heat accumulation is profitable if only its mining con-

ditions and operating schedules avoid mutual effect of
heat envelopes of wells; in this context, thermal losses
should not be more than 25% (Dickinson, 2009; Sa-
dovenko, 2015). Taking into consideration complex
nature of physical processes and recommendations
of the world theory and practice (Andersen, 1985;
Inkin, 2018), the geotechnology application must be
substantiated by numerical modeling of filtration and
heat transfer within an aquifer used as a collector of
heated and cold water.

The equation of filtration during injection and
pumpout in water forced mode has the following
form:

(1)

where K and m are filtration coefficient and aquifer
thickness respectively; K, and m , K, and m, are iden-
tical parameters of its roof and bottom respectively;
H, H, and H, are pressures within an aquifer, in over-
lying and underlying aquifers, respectively; and O
is time-variant total intensity of water extraction and
injection by means of wells

Oy :ZQia(x_xi’y_yi)’

where Q. is i" well capacity; x, and y, are its
coordinates; and S, is compressibility of the seam.

Two-dimensional (in horizontal plane) heat
migration within underground water is described by
means of the equation:

2)

where A is heat transfer coefficient of aquifer
rocks; p , p, are densities of water and rock matrix;
T is underground water temperature; q, and q, are
thermal flows from an aquifer to its roof and bottom,;
C,, C, are specific densities of underground water
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and rock matrix; g, is intensity of heat sources and
heat sinks distributed within a seam

N

ds :Zqi5('x_xi’y_yi)’

i=l1

where ¢, is intensity of i™ heat source (heat
sink) corresponding to a location of /™ well for water
injection (extraction).

In the context of water injection and extraction
through a well, thermal flow intensity is determined
using the formula

qi :prw Qi A]-;’
where AT, =T, —T, is during water injection;

AT, =T(x;,y;,t)—T, is during water extraction. In
this context, 7, is the temperature of water being

injected through i well; T'(x;, y,,t) is temperature of

water being extracted from i well; and 7, is current
temperature of underground water.
Thermophysical properties of water are
determined for the area of an aquifer near the well.
Thermal flows, passing through the seam roof
and bottom, are determined using the formulae

AoT

qt:_;a ’

_Aodr
" n ooz

z=0

z=m

After dividing both parts of equation (2) by a

product nC,,p,, it is possible to proceed to the equa-
tion

3)

where 1s a coefficient

being similar to so-called coefficient of delay in terms
of mass transfer equation within underground water;
and n is porosity.

Numerical model, based on equations (1) and
(3) with nonstationary sources and sinks of water
and heat, makes it possible to describe transient
processes of heat transfer with random arrangement
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of several wells, various temperatures of water being
injected and extracted, nonhomogeneous structure,
and variable thickness of the aquifer. It is impossible
to solve analytically such a boundary heat transfer
problem.

Thermal balance evaluation within aquifer rocks
over underground gas generator. Substantiation of
rational parameters of heat energy extraction should
involve the modeling of propagation of geothermal
fields being formed within an aquifer in the process
of coal burning.

Reasonable formulation of a boundary condition
in terms of temperature at the aquifer bottom
over reaction channel is of crucial importance. To
determine underground water temperature, three-
dimensional shallow-thickness module in a form of
a parallelepiped is singled out within the share of
the aquifer. The module is located directly over a
heated separating seam (i.e. aquifuge) where thermal
exchange is taking place (Fig. 1) (Sadovenko, 2015).
Heat balance within the module is established on the
basis of equality of heat amount (U, ) incoming the
block or leaving it during time interval 7, and amount
of heat consumed to warm up both underground water
and rocks within the block (U, ).

Changes in temperatures of water and rocks
within the block can be determined with the help of a
heat balance equation (Sadovenko, 2012)

“)

and (5,6)

(7, 8)
©)
(10)

where T, and T, are temperatures of water and rocks
within a volumetric grid with AxAyAz dimensions at
the beginning of time interval T, and at its end respec-
tively; v is filtration velocity; ¥, , and V are volumes
of water and rocks within the block; ¢, is thermal
flow from a reaction channel; ¢, and g, are convective
thermal flows along the filtration flow direction; g, is
conductive thermal flow from this block to the block
located above; A is thermal conductivity of the aqui-
fer; p , C ,and V are density, thermal capacity, and
amount of water within the block; p , C , and V are
density, thermal capacity, and amount of rocks within
the block.
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Substituting expressions (5) — (10) in (4), we ob-
tain an equation for time temperature series

9, —(4+D)- (T, -T,)
B+(4+D)/2

T=0_+

i b

where T’ is temperature within the volumetric grid
during ™ averaging period.

tectonic disturbance is a fault with an amplitude of
more than 9 m. Stratigraphic cross-section of coal
rocks consists of several blocks (A, B, C, D), which
are deposited from older to younger ones. Block D,
which consists of silt shales, has a thickness from 5
to 30 m, and block C with a thickness of 30-45 m
is mostly represented by sandstones, which alternate
with aleurolite and clay sediments. Blocks A and B
are the roof of the coal seam and are predominantly
represented by aleurolite and sandstone inter layers.

b
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Fig. 1. Heat balance scheme within aquifer block over a reaction channel roof

Evaluating the model accuracy while epignosic
problem solving. The developed parametrically
modeled technique, aimed at the activation of water-
saturated rock massif of the flooded mine, has been
tested using the published actual data of a large-scale
industrial experiment on underground coal gasifica-
tion (Rocky Mountain area, the USA) (Berdan, 1993).
In the context of the experiment, the effect we used
was considered as a side problem.

According to recommendations, suggested in
(Sadovenko, 1991, 2015; Rudakov, 2011), layout of
the studied area Hanna — 1 (Berdan, 1993) with 500
x 500 m dimensions is approximated by means of a
grid with 25 x 25 m pitch, and its 5-time decrease
near burning modules making it possible to register
accurately a pattern of thermo- and piezo-isohyps
(Fig. 2).

According to the data of geological structure,
filtration is considered as a multilayer stratum where
average thickness of a coal seam is 10 m, average
thickness of an aquifuge is 7 m, and average thickness
of an aquifer is 15 m. Seam Hanna — 1was subjected
to underground burning. The seam thickness is 10 m
and depth of seam roof deposition is from 100 to 300
m. Coals of the seam don’t heave, are bituminous,
have large amounts of volatile components and coal
interlayers with 40-75% ash content. Their only

An aquifer is located within the boundaries of
blocks A and B, which is confined to coarse-grained
sandstones, located between layers of aleurolites.
Rocky Mountain, located within the area and
extending from the south-east to the north-west,
is a barrier for water movement; it is specified as
impenetrable hydrodynamic boundary. Detailed in-
formation on feeding and discharging area of the
aquifer is not available. Then, boundary conditions of
the first type are defined for the remaining contour
of Hanna — 1with water head values, which simulate
actual hydraulic gradient of underground water (i.e.
0.006).

Burning cavities are internal boundaries of
the model. The cavities are also displayed with the
help of boundary conditions of the first type with a
hydrodynamic head value being equal to absolute
elevation of a coal seam floor. The placement of
these boundaries is performed by tracing the contours
of worked-out areas on the calculated layers. While
modeling the operation of UCG (underground coal
gasification) modules, internal boundary conditions
were switched off after the blow stopped to be
supplied.

Fig. 3 presents a comparison of full-scale data and
simulated data concerning changes in underground
water temperature in wells located near modules
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Fig. 2. Schematization of Hanna — 1 area model in terms of ModFlow software solution: 1 — hydrodynamic
boundaries; 2 — [AF modules; 3 — wells; 4 — piezo-isohyps

for coal burning. Analysis of the graphs shows that
maximum relative calculation error is not more than
5%, which confirms the results reliability. The data
provide support for the heat transfer model adequacy,
and possibility to apply it in the context of practical
tasks concerning evaluation of thermal resource of

-1
)

Parameterizing the development, activation,
and use of thermal potential in terms of the
“Novohrodivska 2” mine being during liquidation.
The mine field is geologically and structurally
located within the southwestern wing of the Kalmius-
Toretska hollow and is confined to the footwall of
a large regional tectonic disturbance — Selidovsky
thrust fault. Mid-Carboniferous sediments (C.° and

L
L

aquifers in the process of underground coal seam
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burning.
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Fig. 3. Dynamics of changes in underground water temperatures within Hanna — 1 area
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C;), overlapped by Paleogene-Neogene sands and
Quaternary loamy soils (Trigub, 1978, Sadovenko,
2019) are present in a structure of the area. Series C’
contains a large amount of sandstones and a small
amount of coal (Krasnopolsky, 2006) in the lower
part. Coal seams and interbeds of variable thickness
are concentrated in the middle part. “Novohrodivska
2” mine developed the coal seam k, out of the seams
of series suitable for industrial development to the
mark —370.3 m, with average water inflows into
mine workings of 100 — 120 m’/h and frequent water
influxes from overlying sandstones and limestones.
This character of groundwater inflow is caused by the
presence of thick aquifers in the k, seam roof confined
to carstified limestone L, and sandstones L s/, and
[,sl,. From the side of soil, the seam was saturated
from sandstones that are 5 — 10 m away from it.

Series C,’within the field of the “Novohrodivska
2” mine is the most coal-saturated and contains
seven coal seams and interbeds. Only the [,
“Shestychetvertovy” seam out of these seven was
industrially developed. It should be noted that water-
saturated sandstone / s/, located directly in the seam
[, caused significant water inflow (200 — 250 m*/h) in
mine workings. Balance reserves of coal are estimated
at 17355 thousand tons, and industrial reserves —
12644 thousand tons, which corresponds to losses of
4711 thousand tons. Off-balance reserves of series C.°,
mainly concentrated in seams /,and /, are estimated at
3215 thousand tons. Accounting the losses and oft-
balance reserves allows concluding that more than 8
million tons of coal are concentrated at the present
time within the boundaries of the “Novohrodivska 2”
mine during liquidation.

The low-amplitude discontinuous disturbance
within the “Novohrodivska 2” mine is caused by the
influence of mid-amplitude faults (Novohrodivska
and Hrodivska) extending from the south-west to the
south-east. A total of 15 low-amplitude discontinuities
were found in k; and /, coal seams, which determined
the disturbance coefficient (the ratio of a sum of
products of amplitudes of discontinuities by their
length to the studied area) of the mine field — 0.93
(Krasnopolsky, 2006, Trigub, 1978).

The hydrogeological conditions of the “No-
vohrodivska 2” mine field are closely connected to
its geological structure (Trigub, 1978, Ruban, 2005).
Thus, two aquifers can be pointed out to be located
within deposits of Quaternary sediments that are first
from the day surface. One of which is the horizon of
Holocene alluvial sediments (aH), it is confined to
modern alluvial formations and fills the valley of the
Solona river and bottoms of ravines flowing into it.

Its water-bearing rocks are represented by sandy silts,
loamy soils, and clay sands with a thickness from the
first meters to 10 m. The depth of groundwater lev-
els varies from 0.5 to 3 — 4 m. The water content of
the horizon is low, the values of filtration coefficients
are usually hundredths or tenths m/day. The second
aquifer horizon of Quaternary aeolian-deluvial loamy
soils is developed on watershed areas and is confined
to loamy soils with a thickness of 5 — 20 m, that are
located on the top of an aquiclude of Pliocene—Lower
Quaternary red-brown clays. This aquifer is devel-
oped almost everywhere in the northern part of the
mine field. It is fed from atmospheric precipitation,
and is discharged through the crossflow to the under-
lying Paleogene-Neogene sands and evaporation. The
prevailing depth of the groundwater level varies from
10 to 20 m. Their mineralization varies from 2.5 to
6.0 g/dm’®, the hardness — 18 —50 mmol/dm® (Ruban,
2005, Sadovenko, 2019). The composition of water is
often sulphatic, less often — chloride-hydrocarbonate-
sulphatic and calcium-magnesium-sodium.

Aquifer of Paleogene-Neogene sands (P,-N) is
confined to fine-grained sands overlying on weath-
ered Mid-Carboniferous sediments. Thickness of
sands within the “Novohrodivska 2” mine reaches 40
m, decreasing to 0.5 — 2 m in its north-eastern part
and wedging out in the south-eastern direction. In the
area of basset under Cenozoic deposits of coal seams
[,and k,, Paleogene-Neogene sands are often com-
pletely drained. The water content of this horizon is
low: well inflow rates are usually 1.5 — 2.0 m*h at de-
scensions of 3 — 10 m, inflows to shafts — 5 — 6 m?/h.
The chemical composition of groundwater is often
chloride-hydrocarbonate-sulfatic, less often — calci-
um-magnesium-sodium, their mineralization varies
from 1.1 to 5.0 g/dm?, the hardness — from 4 — 5 to
30 — 36 mmol/dm®.

Mid-Carboniferous aquifer complex C, and its
horizons are confined to sandstones and limestones,
depositing among clay and carbonaceous shale (Kras-
nopolsky, 2006, Trigub, 1978). In the weathering
zone, which is developed to a depth of 50 — 60 m be-
low the surface of Carbon deposits, all lithological va-
rieties of rocks are flooded to some degree. Sandstone
thickness averages 10 — 20 m, in some cases reach-
ing 40 — 50 m. Sandstones L s/, and / s/, are the most
sustained in terms of thickness and seam strike in the
considered territory. Their filtration coefficients vary
widely; from nx10* to the first m/day and decrease
regularly with depth. Porosity in the interval from 0
to —400 m decreases from 20.6 to 14.5% respectively.

The chemical composition of underground water
of coal deposits within depths reached by the mine

535



Olexander V. Inkin, Anatolii S. Kobets, Nataliia I. Dereviahina

Journ. Geol. Geograph. Geoecology, 29(3), 530-538.

is predominantly chloride or hydrocarbonate-sulphat-
ic or calcium-sodium with mineralization from 1 to
3.5 —4.5 g/dm®. Water is generally hard (total hard-
ness of up to 34.4 mmol/dm?), foaming with a large
amount of solid boiler sediment when boiling. The
aquifer complex is fed from the flow of groundwater
from the overlying Paleogene-Neogene sands, and is
less often associated with bassets of black coal rocks
to the surface. In mine fields the leading role in feed-
ing belongs to absorption of surface discharge.

Mine water of the “Novohrodivska 2” mine, as
well as water of adjacent mines, was characterized by
sulphatic magnesium-calcium-sodium composition
and mineralization of 3.1 — 3.4 g/dm’ during the
operation period. In this case, the flooding of a

significant volume of workings of k and /, seams
(around 4 million m?) practically did not affect their
chemical composition. At the present time, the mine
water has mineralization of 3.3 — 3.7 g/dm’® and
contain the following basic microcomponents (mg/
dm?): lithium — 0.039 — 0.05; bromine — 0.01 — 0.022;
lead—0.017—0.05; manganese —0.55—1.82. It should
be noted that the content of almost all components
does not exceed the MPC (maximum permissible
concentration). After discharge to the surface and
settling in the Maslovsky pond-clarifier, located in the
upper reaches of the Solony stream, the mine water
practically does not change its composition. However,
at a distance of 100 m downstream, after the municipal
wastewater from the Novohrodivka treatment plants

Fig. 4. Technological scheme of geomodule within the territory of “Novohrodivska 2”” mine field: 1 - a building; 2 - productive stra-
tum with the flooded mine workings; 3, and 4 — “cold well” and “warm well”; 5 - off-grade coal seam; 6 - packer; 7, and 8 - a path of
mine water flow from “cold well” and “warm well”; 9, and 10 - the directions of blow (gas) flow and thermal flow while coal burning

536



Olexander V. Inkin, Anatolii S. Kobets, Nataliia 1. Dereviahina

Journ. Geol. Geograph. Geoecology, 29(3), 530-538.

e
e I
= B
ch,Im : %
E :
s : %
g 700 : %
£ s
100 - ’ ‘
0
XII I
Month

i

E

ol
S

e
B

5

5

o

Na—————
SRR

T

DN
el
p e

i
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ty equivalent required by a pump to heat up buildings with the help of mine water (variant one) as a source of low-potential energy

enter the stream, water salinity and hardness in it
decrease to 2.2 — 2.7 g/dm? and 15.0 -21.7 mmol/dm?
respectively (Trigub, 1978, Ruban, 2005).

Preliminary calculations have helped to deter-
mine that the total amount of the thermal energy, ac-
cumulated by the water from the flooded workings of
the “Novohrodivska 2” mine, is 1300 TJ (Sadovenko,
2014; Sotskov, 2017). Its use with the help of geo-
module can be considered in terms of two technologi-
cal variants (Fig. 4). One of them is connected with
the development of natural thermal resource of a mine
(“cold well”); another one is connected with its extra
activation at the expense of underground burning of
residual coal (“warm well”) (Inkin, 2016; Falshtyn-
skyi, 2017).

Analysis of the diagrams in the Fig. 5 explains
that thermal resource, generated by the geomodule in
terms of variant two, is quite sufficient to meet the
thermal requirements of Novohrodivka town during
its heating season. That gives a ground to consider
the technological scheme as the most advanced one
while using resources of the “Novohrodivska 2”” mine
being during liquidation. If the geomodule operates in
terms of variant one, when mine water is used as low-
potential energy in thermal pumps, the energy, con-
sumed by them to heat up buildings, is 150 GJ/day.
It is four times less than that of the required thermal
flow. Efficiency of the first technological scheme may
be improved through replacing expensive thermal
pumps by such heating solutions as heat-insulated
floor system.

Conclusions. Long-term coal mining as well as mine
liquidation in Ukraine has resulted in the formation
of natural and technogenic environment in the territo-

ries of coal-mining regions; the environment contains
substantial reserves of energy resources in a form of
residual coal and off-grade coal, warm mine water as
well as warm underground water. The disturbed rock
massif involves significant capacity resource capable
of accumulating heat carriers in the amounts suffi-
cient to smooth up seasonable irregularity of energy
consumption.

The developed models of filtration and heat trans-
fer within water-saturated rocks are the key tools of
the research. The models reflect thermodynamic pro-
cesses of geocirculating system performance provid-
ing both heating and conditioning of industrial facili-
ties and civic buildings since it accumulates summer
heat and winter cold within the disturbed aquifers.

Numerical modeling has been applied to simu-
late formation dynamics and a pattern of heat resource
within an aquifer located over the coal seam being
burnt depending on its inclination angle, coal mining
stage, and aquifuge thickness. The model has been
identified basing on epignosis simulation of industrial
experiment concerning underground coal burning in
the context of Rocky Mountain deposit (the USA).
Relative calculation error does not exceed 5%.

Geo-technical module, providing the efficient
development of a thermal resource of the flooded
mine has been substantiated. It operates due to ex-
traction and injection of water from different levels
for heat and cold supply of buildings depending on
ambient temperature with its periodical activation by
means of underground burning of residual coal. It has
been proved in terms of the Donbas "Novohrodivska
2” mine being under during liquidation that a thermal
flow of 500-580 GJ/day formed while coal burning
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and heated water pumping out is quite sufficient to
meet calorific requirements of a town with 15 thou-
sand inhabitants.
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