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Patterns of formation of the thermal regime of the mine workings in oil mines are experimentaly studied. Results are
described on example of oil mine No. 1 of the Oil Mine Control Unit Yareganeft of LUKOIL-Komi LLC. In the example
given the thermal regime of mine workings is largely determined by the unique technology of oil extraction by the thermal
mining method used in the Yaregskoye field of high-viscosity oil and involving the injection of superheated water vapor
into the reservoir. That leads to subsequent heating of an oil reservoir and oil contained. Measurements of microclimatic
parameters in mine workings (temperature, relative humidity, air velocity) were used to develop a computer model of the
mine ventilation network in the AeroSet analytical complex and further analysis of the distribution of microclimatic
parameters on this model. During the experimental survey the effectiveness of various mining engineering measures
currently used at the oil mine and reducing the influence of the heavy thermal regime in the workings of oil mines was also
investigated. The research conducted allowed to identify factors that form microclimatic conditions in various mine
workings such as in the main air supply and ventilation workings, in the opening and development workings, and also in the
process chambers. The most significant processes that caused nonstationarity of the thermal regime of the mine workings of
the oil mine are described. Classification of these factors was carried out depending on the direction of their thermal effect,
on the location of the source and on the final mechanism of heat transfer. Classification in terms of the microclimatic
parameters of air in oil mine No. 1 presented in graphics is the main result of the work. This classification is the basis for
the development of mathematical models of unsteady heat and mass transfer processes occurring in oil mines.

Omnucanbl pe3yIbTaThl YKCIEPHMEHTAIBHOTO HCCIICOBAHUS 3aKOHOMEPHOCTEH (JOPMHUPOBAHHS TEIIIOBOTO PEKMMA TOPHBIX
BHIPABOTOK He(TsAHBIX maxT Ha mpuMepe medsHoi maxter Ne 1 HIIY «Speranedtsn OO0 «JTYKOMII-Komm».
B maHHOM ciiydae TEIIOBOH PEXKUM TOPHBIX BBIPAOOTOK BO MHOTOM OIPEAEISCTCS YHHKAIbHOM TEXHOIOTHEH M3BICUCHNUS
He()TM TEPMOIUIAXTHBIM CIOCOOOM, MPUMEHSeMOHl Ha SIPerckoM MECTOPOXKICHHH BBICOKOBS3KOH HedTH U
MO/Ipa3yMeBaroLICH 3aKadyKy B IUIACT MEPErpeToro BOISHOTO Iapa, MPUBOSIILYI0 K IMOCICAYIOMEMY HarpeBy He(TSIHOro
miacTa u copepikaiueiics B Hem He(Tu. IIpoBeaeHHBIE M3MEPEHHS MUKPOKIMMATHYECKHX MapaMeTpOB B BBHIPAOOTKAxX
IaXThl (TEMIIEPATyphl, OTHOCHTEIBHON BIAXXHOCTH, CKOPOCTH BO3/yXa) MCIONB30BAHBI /IS Pa3pabOTKH KOMIIBIOTEPHOIT
MOJIEIM BEHTHSIIMOHHOM CEeTH INAaxXThl B AHAIMTHYECKOM KoMIulekce «AlpoCeTb» U JalbHEHIIEro aHaiusa
pacnpeziesIeHns] MUKPOKIMMATHYECKUX IapaMeTpOB Ha JaHHOW Mojeiad. B Xole 9KCHepUMEHTAIbHOIl ChEMKH TaKke
uccnenoBaHa d(GGEKTUBHOCTh PA3IUYHBIX TOPHOTEXHUUYECKHX MEPONPHATHI, NPUMEHSEMbIX B HACTOSIIEE BpEeMs Ha
He()TSHOW IIaXTe M MO3BOJLIOIIMX CHHU3HTh BIMSHHE TSDKEJIONO TEIUIOBOTO PEKMMa B BBIPAOOTKaxX HE(TSAHBIX IIAXT.
ITpoBeneHHbIE UCCIIEIOBAHUS O3BOJIMIN BBISIBUTH (DAKTOPBI, (HOPMHUPYIOIINE MUKPOKINMATHUECKHE YCIOBHS B PA3IMYHbBIX
TOPHBIX BBIPAOOTKAX MIAXTHI: B IJIABHBIX BO3AYXOIOJAIOMINX M BEHTHIIIUMOHHBIX BBIPAOOTKAaX, BO BCKPBIBAIOIIUX H
MO/ATOTOBUTEINIBHBIX BBIPAOOTKAX, @ TAKXKE B TEXHOJIOTHMYECKHX Kamepax. OmucaHbl HauOosee CyIIECTBEHHBIC MPOLECCHI,
SIBJIIOIINECS MPUYMHON HECTAlMOHAPHOCTH TEIUIOBOIO PEXHMMa TOPHBIX BbIpaOOTOK He(TsHON maxThl. IIpoBeneHa
ki1accu(UKaLus JaHHBIX (AKTOPOB B 3aBUCUMOCTH OT HAIPABICHHOCTH UX TEIUIOBOTO BO3JCHCTBUS, OT MECTOHAXOMKICHUS
HCTOYHHKA M OT KOHEYHOrO MeXaHM3Ma TemooTaaud. OCHOBHBIM HTOrOM pabOThl SIBISETCS MNPEJCTABICHHAS B
rpaduueckoM Buje Knaccudukaims GakTopoB U3MEHEHNSI MUKPOKIMMATHYECKUX apaMeTPoB BO3LyXa B HE(TSAHOIT MmaxTe
Ne 1. annas kiaccuduKaims SIBISCTCS OCHOBOW s pPa3pabOTKM MaTeMaTHYeCKHX MOJENeH HeCTalMOHAPHBIX
TEIIOMACCOOOMEHHBIX MPOLIECCOB, MPOTEKAIOIINX B HEMTSAHBIX IIAXTAX.
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Introduction

Providing the amount of air necessary to
maintain an explosion-proof and breathable
atmosphere in underground mines is traditionally
one of the main tasks of the ventilation systems of
shafts and mines [1, 2]. Nowadays, the share of
highly efficient equipment and technologies hard-
to-access mining reserves increases. Therefore, in
order to provide miners with safe working
conditions that affect competitive production costs
and labor productivity, it is extremely important to
ensure favorable microclimat in underground
mining operations [3-5]. Under these conditions,
ventilation systems of shafts have to provide air
conditioning that serve to ensure and maintain
comfortable and safe microclimatic conditions in
the underground work areas [3, 6-9].

The problem of ensuring safe microclimatic
working conditions is relevant in relation to the oil
mines of the Yaregskoye high-viscosity oil field
developed using the thermo-mine method [10-12].
Thermal method of extraction of high-viscosity oil
involves the injection of coolant (superheated
water vapor) into the oil reservoir through vertical
or inclined injection wells. Due to the filtration of
the fluid injected into the reservoir, the oil
reservoir gradually warms up. When the oil
contained in the reservoir warms up, its viscosity
drops by several orders of magnitude, as a result of
which oil flows under the influence of gravity into
inclined production wells drilled from the shafts of
the oil reservoir gallery (see Fig. 1).

Steam injection wells

Tuffites

011 formation
Production wells -

Dﬂé:

Water-oil contact

Fig. 1. Schematic diagram of the location of wells and

shafts of the slope block of an oil mine in an

underground-surface scheme of oil reservoir development
using a thermo-shaft method, vertical section

The high temperature of steam injected into the
reservoir (more than +100 °C) leads to a
significant increase in the initial temperature of the
rock mass (reservoir) and oil contained in it. This,
in turn, leads to a deterioration of the

microclimatic parameters in the atmosphere of
mine shafts, exceeding the maximum allowable air
temperature in mines according to “Safety rules...”
[13, 14]. At the same time, the thermal regime of
mine shafts is one of the production factors and
should, first of all, ensure labor safety, eliminate
the occurrence of accidents, occupational diseases,
and help preserve the health of workers [15].
Therefore, the topic is relevant and devoted to
the experimental study of the laws governing the
formation of the thermal regime of the mine
workings of oil mines on the example of oil mine
No. 1 of OMCU Yareganeft LUKOIL-Komi LLC.

Mine ventilation overview

Oil formation of the oil mine No. 1 of the
OMCU Yareganeft contains three shafts such as
lifting shaft, ventilation shaft, and ventilation shaft
No. 2. Aeration of oil mines of the shaft No. 1
OMCU Yareganeft is performed by the exhaust
system of central circuit [16]. Lifting and
ventilating shafts are designed to supply fresh air
to underground mine workings and are equipped
with air heaters. Ventilation shaft number 2 is used
for the issuance of exhaust air from the mine. The
shaft is connected to the air way, where the main
fan VCD-31.5 is installed.

The main air path through the oil shaft can be
described by the following sequence of mine
workings:

— lifting shaft and ventilation shaft No. 1;

—main air supply mine workings of tuffit
formation,;

— man way;

— production (drilling) gallery;

— slope;

— main airways of the tuffit formation;

— ventilation shaft No.2.

The Fig. 2 shows a computer model of an oil
ventilation network of the oil mine No. 1, built in
AeroSet analytical software [17]. Tuffit mine
workings are highlighted yellow; the blue color
indicates the production of slope blocks, green
and gray ones indicate the vertical workings
(shafts, wells).

Experimental survey results

The subject of research during the experimental
survey was the micro-climatic parameters of air in
the mine workings of various types: the main air
supply and ventilation; revealing and preparatory,
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as well as technological chambers. Measured
Parameters are as follows:

1) air temperature (thermal moisture tester
Fluke-971),

2) relative humidity (thermal moisture tester
Fluke-971),

3) average velocity of the air jet over the
section (anemometer APR-2),

4) cross section of mine workings (laser
rangefinder Leica Disto D2),

5) surface temperature of mine workings and
other sources of heat transfer (Flir SC660 thermal
imager).

Temperature-humidity —and  air-depressive
surveys were conducted by the Mining Institute of
the Ural Branch of the Russian Academy of
Sciences with the participation of the authors. The
Fig. 3 presents the generalized results of
temperature and humidity surveys conducted in

2017. Gradient painting shows temperature
distribution throughout the mine ventilation
network. Blue color corresponds to air

L‘

|
h
|
_l_

temperatures of +26 °C and lower. The Fig. 3 also
shows the intensity of heat release on individual
sloping blocks of the mine (highlighted with a
dotted line).

Heat and mass transfer processes occurring
when air moves through the air ways of oil shafts
do not have pronounced specificity associated with
the development system used. It is characterized
by insignificant heating due to hydrostatic
compression (1-2 °C) and heat exchange with the
rock mass having temperature at that depths of
about +5 to +10 °C.

The main air ways of the tuffit formation are
characterized by a smooth change in air
temperature along the path from the air ways to the
inclined blocks. At the same time, the cold period
of the year is characterized by heating the air from
a temperature of 2-5 to 18-20 °C, depending on the
distance of the slope block from the air way or
wells. In the warm period of the year, both heating
and cooling of the air can occur depending on the
temperature of the atmospheric air.

Air way 2

Fig. 2. Oil mine ventilation network No. 1

1,823 kW

264kW.__m36°C

Fig. 3. Distribution of air temperature in the ventilation network
of the oil shaft No. 1, temperature and humidity survey
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Fig. 4. Distribution of temperature (a) and air humidity, g/kg (b) along the length
of the drilling galleries of sloping oil mine blocks

There is no significant moistening of the
air flow in the main air supply workings
observed. There are local sources of moisture
supply in the form of steam breakthroughs
in crack systems, which influence the
microclimatic conditions of the main air supply
openings (a limited time until their liquidation
by mining means).

The moisture content of the air entering the
slope unit is generally determined by the initial
moisture content of the atmospheric air. There is a
smooth but more intense heating of the air in the
climb of the slope block, as well as in the main air
ways, which is also accompanied by more
substantial moisture gains.

There are processes similar to the ratio of heat
and moisture inputs observed in all existing slope
blocks. Slope block 3T-9 is exception. The heat
exchange there has a fundamentally different
character — air cooling is observed with moisture
condensation. This is explained by the fact that this
section is at the initial stage of mining, when the
temperature of the rocks is close to the natural
temperature at a given depth, i.e. 5-7 °C.

Processes of heat and moisture supply are
significantly intensified and usually reach
maximum values for the mine as a whole in the
production gallery of the slope block, where oil is
being produced. In terms of microclimatic
conditions, this process is further enhanced by the
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fact that the production gallery is characterized by
the minimum air flow rate for the corresponding
path. Thus, the minimum air flow accounts for the
maximum heat flow, which leads to a sharp
increase in air temperature as well as contact with
the oily liquid, which contributes to a sharp air
humidification.

The Fig. 4 shows graphs of temperature and
moisture content of the air as it moves through the
production galleries of sloping blocks 345 “Sever”,
IT-2 and 1T-9 of oil mine No. 1. It is also
indicated during how many years presented slope
blocks were into production.

In all the cases air heating is accompanied by
its substantial humidification; these values
correlate quite well.

When the outgoing air stream moves from the
production gallery along the slope of the slope
unit, it mixes with less heated air streams coming
from the pumping chamber and through the
ventilating facilities of the inclined part of the
slope. Air usually cools due to heat exchange with
the rock during the movement along a slope.
Moisture in the slope is weak. In some cases, there
is an additional heating emanating from the slope
of the air stream.

Air also cools in the main air ways of the oil
mine due to leaks through the ventilation structures
and service chambers. There is a heat exchange
with the rock mass. Due to these processes the
temperature of the air flow decreases along the
path to the air way No. 2.

Microclimatic conditions of sloping blocks
change significantly while mining the reserves of
the corresponding section of the shaft field. The
change occurs from the cooling of microclimate
during the period of excavation of mine workings
and start of production to the heating during
the period of working out and preservation of the
slope block. This period usually takes from 10 to
15 years, depending on the mining and geological
conditions of the site being produced and adopted
parameters of the development system.

Field observations of applied mining
engineering measures

Various measures to reduce the impact of
heavy thermal conditions in the workings of oil
mines are being tested with the introduction of the
thermal mining recovery method. The most
effective ones are currently used.

Under the conditions of oil mines, irrigation
systems (“foggers”) were implimented using water
from the central water supply system with
discharging water through mine drainage (open
circuit). Water enters this system from a reservoir
with a temperature of about 5-7 °C and is sprayed
through nozzles into the mine atmosphere. These
systems are usually applied directly in the drilling
galaries of the slope blocks. Air is moistened and
cooled during the heat and mass exchange of air
with chilled water.

The irrigation systems used in the oil shafts
represent a system of two pipelines located 5-7
meters apart from each other with a spray nozzle at
the end (see thermal photograph in Fig. 5).

The efficiency of the existing irrigation system
can be characterized by a decrease in air

temperature with initial parameters of 40 °C at the
relative humidity of 30 % in the amount of 10 m*/s
to 37.8 °C with the relative humidity of 38 %.

Fig. 5. Thermal image of the irrigation system
installed in the operating gallery

The action is aimed at additional protection of
miners from splashing of the heated oil-containing
liquid when purging production wells. In addition,
these shelters reduce the intensity of air mixing in
the volume of the production gallery.

The action is aimed at eliminating the drip of
heated oily liquid from the roof of the mine. In
addition, these shelters reduce the intensity of heat
exchange of air with the surface of the mine and
the array in the area of the roof.

In the production gallery, the tightening of the
mountain lining, in addition to the enclosing, also
has a heat-insulating function. Timely monitoring
of the condition and repair of the inhaling reduce
the intensity of heat exchange between the air and
the heated rock mass.
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Study of factors that set a thermal regime
in oil shafts

Existing factors that set microclimatic
parameters in the mine workings of oil shafts can
be classified into three groups depending on the
direction of their heat exposure:

1) air heating,

2) decrease in air temperature,

3) alternating action.

Factors of each group are analized in the next
section.

Air heating factors

Mine air is heated for one of the following
reasons: transfer of the heat of steam injected into
the reservoir, hydrostatic air compression, heat
transfer from mining equipment, heat emission
from viscous heating of the air flow caused by
internal friction.

Air warming up due to the heat of steam
injected into the reservoir. Transfer of heat from
the warmed up steam injected into the reservoir
through the wells from the surface is carried out by
various mechanisms:

o Diffusion thermal conductivity in the oil
reservoir and adjacent layers of the rock mass.

e Convective heat transfer in the massif
together with the oil-containing fluid flowing
inside the formation.

o Heat transfer through the production wall.

e Heat transfer from oil transported through
the mine workings system from oil wells to the
surface.

e Mass exchange heat transfer due to steam
outflow from large reservoir cracks to the mine
atmosphere.

It is advisable to classify the factors for
heating the mine air depending on the location of
the source and the final mechanism of heat
transfer:

1. Heat transfer at the interphase “massif — air”:

e Heat transfer from the heated surfaces of
mine workings of sloping blocks (oil reservoir).

o Transfer of heat from the heated surfaces of
the mine workings of the main air supplying and
ventilation ways (tuffite formation).

2. Heat transfer through the liquid-air interface:

e Heat transfer from an oily liquid to air
through the metal wall of the pipeline.

e Heat dissipation from the transported oil-
containing liquid in the production gallery.

e Heat dissipation from oil outlets from the
walls of workings.

3. Heat transfer due to convective mass transfer
when steam enters the mine atmosphere and mixes
it with air:

o Steam entry into the mine atmosphere during
oil production in the production gallery.

o Steam entering the mine atmosphere during
the transportation of oily liquid in an open way.

e Steam entering the mine atmosphere through
a system of cracks in the massif.

4. Other sources of heat gain.

e Heat from mining equipment.

e Viscous air heating.

The physical mechanism of the factors
responsible for heat transfer at the mass—air
interface can be described as follows. The rock
mass has the property of absorbing or releasing
heat into the space of mine workings, filled with
air, depending on the temperature ratio of the rock
mass, walls of mine workings and air. Ha Rock
media absorb heat of the air of a temperature
above +30 °C that moves through the air ways of
oil mines of the OMCU Yareganeft. The higher
the average air velocity in the mine and greater
the area of air contact with the rock media or
lining the more intensive heat exchange of the
mine air with the rock media. That heat exchange
is convective and is determined by the parameters
of flow turbulence in a thin temperature boundary

layer near the walls of mine workings (see Fig. 6)
[3, 18-21].

Fig. 6. Change in air temperature
in the boundary layer

Air at the border with the mining output has a
temperature equal to the temperature of the massif
(or lining) T},. There is a convective vortex mixing
of the flow in the temperature boundary layer of
small thickness oT. In this layer, the air
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temperature varies from the temperature of the
mine working wall to the temperature 7, in the
flow core. The intensity of heat exchange of mine
air with the rock mass is determined by the
intensity of the vortex turbulent movement of air in
the boundary layer and is described by the
empirical linear Newton-Richmann law [19, 22]

q:(x‘(]:/_Tm)’

where o — heat transfer coefficient, integrally
taking into account the intensity of vortex mixing
of air flows in the boundary layer, W/(m*-°C).

Heat transfer between the oil liquid and air
through the pipe wall is determined by following
parameters: thermal resistance of the thermal
insulation of the pipe wall, thermal resistance of
the boundary fluid layers at the boundaries “metal
wall-o0il” and “metal wall-air”.

The heat transfer law at the “metal wall-oil”
boundary is characterized by the following Nusselt
number for convective fluid flow in pipes [23-25]:

Pr

wall

0.25
Nu = 0,021Re’® Pr®* (P—rj £,

where Re, — Reynolds number for flow of oil
liquid; Pr, — turbulent Prandtl number for an oil
liquid in the flow core; Pr,,, — turbulent Prandtl
number for an oil liquid the pipeline wall, g, =1 —
coefficient taking into account the change in the
average coefficient of heat transfer along the
length.

Heat transfer at the “metal wall-air”
boundary 1is characterized by the following
Nusselt number [26]:

Nu =0.018Re",

where Re, — Reynolds number for air flow.

Heat dissipation from the transported oil-
containing liquid in the producction gallery.
Primary transportation of oily liquid from
production wells to the sump of the inclined block
is carried out by the open method along the
groove, and sometimes across the soil of the
production gallery or the workings of the manway
and slope. The movement of oil liquid occurs by
gravity due to the design slope of the workings of
the production gallery. During the flow of oil
liquid through the operating gallery, air is heated
by forced convection and evaporation of water
vapor contained in the produced oil. The

magnitude of heat generation is determined by the
initial temperature and flow rate of the flowing
fluid, heat exchange surface area, velocity and
pattern of motion of liquid media, and heat
exchange time.

Heat dissipation from oil outlets from the walls
of workings. The mine workings of the production
galleries of the oil mines are passed through the oil
reservoir. As a result, the gravitational runoff of
heated oil occurs both in production wells and
directly to the walls of the mine workings of the
production gallery. As a result, a liquid film is
formed on the walls of mine workings, intensifying
heat exchange. The mechanism of heat transfer in
this case can be described in the framework of the
theory of heat transfer in liquid films [41].

Convective mass exchange of mine air and
steam. Mine air and steam entering the mine
atmosphere through pores and cracks in the massif
or from oil producing wells are mixed according to
the law of equal mass fractions, and the
temperature 7T, of the steam-air flow formed as a
result of mixing two streams with different
temperatures 7, and 75, is determined by the
formula [27]

_GIL +GT,

. , 1
e (1)

where G, and G, — mass flow rate of air and steam,
respectively, kg/s.

Heat release from mining equipment. Mining
equipment with diesel and electric drives emits
thermal energy into the mine atmosphere. For
engineering calculations of heat generation,
process equipment can be considered as absolute
sources of heat. The heat generation power W by
the known useful power of the machine N and
the efficiency n can be determined as follows
[22, 28]:

1—
w=—1N.
n
The increase in air temperature (°C), depending
on heat generation at a known density, heat

capacity and air flow, is determined by the
following formula [22, 29]:

w
AT =——, 2)
pcQ
where p — density of air blowing on the

machine, kg/m’; ¢ — heat capacity of the air
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blowing in the machine, klJkg, Q - air
consumption in mining with a machine, m’/s.

Viscous air heating. The increment of heat
flow due to viscous heating is calculated as work
per unit time spent on overcoming aerodynamic
resistance and movement of air [30-31]:

VVvAh = HQ’

where H — pressure drop in the considered system
of mine workings (in this case throughout the mine
ventilation network) caused by air friction when
overcoming aerodynamic drag, Pa; Q — total air
consumption in the considered system of mine
workings, m’/s.

The increment in air temperature (°C)
depending on the increment of heat W,; with a
known heat capacity and air flow is determined by
a formula similar to (2).

Air temperature reduction factors

Exhaust mine air emanating from sloping
blocks of oil mines, has a temperature above
30 °C. On the way from the slope blocks to the air
way, the air is cooled due to the following factors:

1. Leaks through ventilation.

2. Heat transfer of the outgoing jet with the
rock mass.

There is a decrease in the temperature of the
outgoing air stream along the path to the
ventilation shaft due to air leaks and subsequent
mixing with air streams emanating from sloping
blocks.

Mixing of cold and heated air jets occurs
according to the law of equal mass fractions, and
the temperature 7., airflow resulting from mixing
two streams with different temperatures 77 and 75,
determined by a formula similar to (1):

_GTL+GT,

™G +G,

2

where G and G, — mass flow rates of two air
flows, kg/s.

The physics of the factors responsible for the
heat exchange of the outgoing air with the rock
mass is described above.

Multidirectional factors and factors
of variable action

For the conditions of the oil mine No.l of
OMCU Yareganeft we can distinguish the
following thermal factors of variable action:

1. Seasonal variations in atmospheric air
parameters.

2. Hydrostatic cooling and air heating.

Seasonal fluctuations of the initial parameters
of the air entering the mine determine the different
nature and rate of changes in temperature and
humidity of the air flow in the network of mine
workings during different periods of the year. [32,
33]. In the cold period of the year, air enters the air
ways at a temperature close to its lower maximum
allowable “Safety Rules...” threshold + 2 °C.
Atmosphere air is heated using air preparation
systems. When cold air moves along the air supply
trunk, the workings of the near-barrel yard and
the main air supply paths, it is heated due to
heat exchange with rocks having a higher
temperature due to the natural geothermal
distribution of the temperature of the massif,
technogenic heating of the formation and heat
accumulated by the contour part of the rock mass
in the warm period of the year.

During the warm period of the year, the
temperature of the air entering the air ways can
reach 35 °C (absolutely maximum air temperature
for the city of Ukhta [34]). During this period,
there is a reverse tendency such as air cooling in
the areas of the air-supply trunk, near-barrel yard
and main air supply paths due to lower temperature
of rocks (taking into account anthropogenic impact
on the formation), persistent long-term cooling of
the marginal part of the rock mass in the cold
season.

In working areas on sloping blocks located at a
distance of more than 1 km from the near shaft, the
temperature of the mine air usually reaches its
established average annual value due to heat
exchange with the rock mass throughout the entire
path of the air stream from the surface to the
working zone [22, 35-37]. Thus, this factor does
not have a significant effect on the microclimatic
parameters of the working zones of sloping blocks.

When calculating heat exchange processes in
vertical and inclined mine workings, it is necessary
to take into account the presence of hydrostatic
heating/cooling of air during movement in the field
of gravity and the influence of this process on the
formation of the temperature field and geothermal
gradient of the natural temperature field of rocks.
In the conditions of oil mines with a depth of about
200 m, the influence of this factor leads to a
change in air temperature within 2 °C [38-39].
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Factors

/\

Heating

Equipment
* Pump
* Drilling
* Transport
* Oil heating in oil storages

Reservoir heating

Rock media-air

+ Oil formation

* Tuffite formation Vapour-air

* In production

of the Tuffite formation

Oil-air
+ Open transportation
* Pipeline transportation
« Oil seepage

* Through the cracks into the drilling gallery
* Through the cracks into closed workings

Cooling

Viscous friction

Hydrostatic
* Slope

* Air way
Hydrostatic

* Man way
* Air supply shaft

Rock media
+ Tuffite formation

Air leakage

« Tuffite formation
*» Sump block sump
« Blind jumpers of an inclined block

Fig. 7. Classification of microclimate formation factors in the oil mine

The dependence of the increase in air
temperature due to hydrostatic compression from
the depth of the shaft L is determined from the
following formula [40]:

r-_ 8
c+R/M

where g — gravitational acceleration, m/s?;
¢ — specific mass heat capacity of air at constant
volume, J/kg/K; R — wuniversal gas constant,
j/mol/K; M — molar mass of air, kg/mol.

In addition to cooling the heated air stream
emanating from the slope block, heat exchange has
a seasonal variable effect on the temperature of the
air entering the mine. In a given constant mode of
air distribution at the entrance to remote inclined
blocks, a quasi-stationary heat balance is
established when the air temperature in the
workings is almost equal to the temperature of the
walls of the rock mass.

A general classification of the factors described
above, leading to a change in microclimatic
parameters in oil mines, is presented in Fig. 7 as a
diagram.

As a result of field studies, the parameters of
heat and mass transfer processes and the range of
values of physical quantities characteristic of the
conditions of oil mines were determined. The most
significant processes that require consideration in
the development of a mathematical model of heat
transfer are identified:

e heat exchange with a solid heated surface
(massif, lining, well bindings, pipelines);

e heat exchange with the surface of the
heated oily liquid;

e steam flow into the mine atmosphere (from
an oily liquid, through breakthroughs through
wells and cracks);

e flow oil and steam in an media;

e non-stationary heating of the media.

The range of input parameters for the
development of a mathematical model is presented
in the table.

Table

Range of parameters of the drilling gallery
for various slope blocks of oil mine No. 1

Value
Parameter — -
minimal |maximum
Section of workings, m” 7 12.8
Tightening thickness, m 0.05 0.05
Heat conductivity of a tightening, W/m/°C|  0.15 0.4
Pressure of bursting steam, bar 1 1.2
Steam breakthrough temperature, °C 100 120
Temperature of the oil liquid, °C 6 110
Diameter of well pipelines, m 0.05 0.25
Length of production gallery, m 100 1000
Length of production wells, m 100 800
Distance to steam wells, m 50 800
Conclusion
The paper presents the results of the

experimental study of the patterns of formation of
the thermal regime of the mine workings of oil
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mines on the example of oil mine No. 1 of the
OMCU Yareganft LUKOIL-Komi LLC The
studies were carried out by the Mining Institute of
the Ural Branch of the Russian Academy of
Sciences with the participation of the authors of
the article from 2011 to 2018. The main results of
the experimental study are:

e graphically presented classification of
factors for changing the micro-climatic parameters
of air in an oil mine (see Fig. 7),

e values of the microclimatic parameters
of the mine air and the power of heat release

in various
Table).

Resulting classification and measured
air parameters are the basis for the development
of mathematical models of unsteady heat
and mass transfer processes occurring in oil
mines.

mine workings (see Fig. 3-5,

The study was carried out with the financial
support of the Council on grants of the President
of the Russian Federation in the framework of the
research project No. MK-6244.2018.5.
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