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The paper examines main sources of heating microclimate in order to develop technologies of microclimate 
parameter normalization in mine workings as a part of thermal mining technology of high-viscosity oil extraction. 

Operations under conditions of heating microclimate, whose parameters exceed threshold criteria, can pro-
voke dehydration, fainting and heat stroke among workers. In order to guarantee safe working conditions, provi-
sions are made to introduce norms on threshold values of temperature and humidity parameters, going above 
which is probable when applying existing thermal mining technologies of high-viscosity oil extraction. 

Basing on temperature-humidity survey, a comparative analysis of dependency between air temperature in 
the producing galleries and their configuration has been performed.  

A hypothesis has been suggested that, from the position of temperature limits, the period of efficient service 
of circular producing galleries is shorter compared to extended panel ones. 
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Introduction. Modern systems of labor protection have a great number of systems and 

methods improving labor conditions for a wide scope of professions in various sectors, but 
sometimes these methods have to be implemented in field-specific or experimental enterprises, 
where normalization of working conditions is complicated by specific character of the technol-
ogy. One of such technologies is thermal mining development of Yarega area at Yarega oil-
titanium deposit of high-viscosity oil (YOTD).  

In the process of thermal mining oil extraction from Yarega area, currently carried out by 
method of single-plane and underground-surface development, one factor of industrial environ-
ment is microclimate of mine workings, which is characterized by constantly rising values of 
temperature and humidity of return air from producing galleries in the operational block. Accord-
ing to data from research on microclimate parameters, temperature values in mine workings, at-
tended by oil mine workers, can reach 45 °С at relative humidity of 80 %. 

Consequences of working under conditions of heating microclimate include feeling unwell, de-
cline in performance and productivity, as well as heat stroke risk, in certain cases followed by death 
[12, 13, 15]. Besides, it should be noted that health conditions of workers, subject to such harmful 
and hazardous effects, deteriorate because of arising dysfunctions of cardiovascular and central 
nervous systems [7, 9, 14]. With this in mind, temperature limits for microclimate parameters in 
operational zones have been introduced [2, 4, 6]. 

The purpose of this research is to carry out comparative analysis of two methods of operational 
block development – using extended panel galleries and circular ones – from the viewpoint of tem-
perature-humidity characteristics of microclimate.   

Research methodology. Analysis of thermodynamic processes, occurring in saturated bed-
rocks, at this stage is decidedly generalized – in the context of specific academic disciplines. Speak-
ing of conditions at unique deposits, only results of field-specific operations matter, but they can 
only be obtained in the course of particular object development and for this reason such information 
is often commercial (i.e. classified). 
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Modeling of thermophysical 
processes is carried out for the 
conditions of mine workings, 
based on results of research on 
microclimate parameters of mine 
air and can produce only a very 
superficial thermal model, based 
on statistical data; however, it 
offers no help in understanding 
thermodynamical processes.  

Currently there is no complex 
model of thermal mining develop-
ment of Yarega field, and forecasts 
can only be based upon results of statistical processing of research data on microclimate parameters (air-
depression and temperature-humidity surveys), compared to modeling data from thermal processes in 
the oil reservoir (e.g. software module CMG) and technological development processes. 

Results and discussions. At present, operational blocks of Yarega area at YOTD are devel-
oped using technology of thermal steam treatment of the formation. Application of this method 
heats the formation throughout, which causes heat emissions into the air of mine workings, located 
directly in the productive beds [1, 8, 10, 11]. 

In the course of mathematical modeling of thermophysical processes for this technology three 
sources of heat emissions have been identified:  

1) rock mass; 
2) wellhead equipment; 
3) outflowing liquid. 
At initial stages of development, temperature of extracted liquid can vary across a wide interval 

(from 35 to 80 °С in the first 2-3 years of block exploitation), whereas heating of the air stream de-
pends on the rates of extracted liquid withdrawal. 

Temperature of wellhead equipment varies from the lowest temperature of extracted liquid to 
the temperature of steam injected into the formation. The influence of wellhead equipment on air 
temperature directly depends on the number of heated wells. 

Due to specific features of the development process, the rock mass (according to field data and 
modeling) has an uneven temperature distribution across thickness (see the figure), which basically 
depends on the oil recovery factor [5]. 

According to the chart (recovery factor = 0.244), when oil recovery reaches 0.8, the formation 
temperature at the level of producing gallery (3-6 m) will correspond to the equilibrium temperature 
of heat transfer agent, changing due to diffusive mixing in the interval from 50 to 65 °С at constant 
injection volumes of the heat transfer agent. 

Results of conducted temperature-humidity survey of mine workings in the operational blocks 
«Panel №1, block 345-North» and «1-T9» have shown that in case of five-fold difference in pro-
ducing gallery lengths (500 and 110 m respectively) and identical temperature-humidity parameters 
of intake air, temperature and relative humidity of return air are approximately equal for both cases 
(deviation – 5 %): 

 
 

Panel N 1 
block 345-North Block 1-Т9 

Intake air temperature, °С . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 20 
Intake air humidity, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 15 
Return air temperature, °С  . . . . . . . . . . . . . . . . . . . . . . . . . . 38 39 
Return air humidity, %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 40 
Heat difference from the rock mass, kW/ % . . . . . . . . . . . . .  154/64 100/58 
Heat difference from extracted liquid, kW/ %  . . . . . . . . . . .  82/34 69/39.3 
Heat difference from wellhead equipment, kW/ % . . . . . . . . 5.1/2 4.7/2.7 
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Average wall temperature in the workings across the block is approximately 40 °С (38-43 °С). 
Thus, obtained data allow to suggest that the heating of the rock mass in case of circular gal-

leries is to a greater extent predetermined by high density of producing and steam-distributing 
wells, which results in a higher percentage of heated rock area in the overall rock mass, and in 
case of extended panel galleries – only in rock mass heating across the formation. However, aver-
age wall temperatures for both workings are equal, which causes a logical contradiction provided 
that development period is the same for both cases. Compared blocks have different development 
periods: 345-North – 10 years (recovery factor = 0.5), 1-T9 – 4 years (recovery factor = 0.24). 

Performed analysis allows to suggest that the system of underground-surface development with 
circular galleries has a «temperature limit» on the direct involvement of personnel in the processes 
of producing well drainage. 

This limit is set at the level of 36 °С for short-term presence of personnel in the operational 
zone, not more often than 1-2 times per working shift [3]. 

Reduction of the ventilation stream temperature by increasing the airflow rate has its own limit 
too – maximum speed of the air stream (6 m/s). 

Percentage share of heat emission sources into the air of producing galleries will allow to cal-
culate threshold exploitation period of circular galleries from the position of permissible tempera-
tures in case of constant oil withdrawal rates, which are responsible for the need to apply specific 
technologies to reduce the temperature in mine workings, applying the technology of thermal min-
ing development. 

 
 

Conclusion 
 
1. The method of thermal mining development has a significant disadvantage – high air tem-

perature in the producing workings, which can limit applicability area of this efficient technology of 
extracting hard-to-recover high-viscosity oils. 

2. Performed analysis showed advantages of using workings with smaller concentration of pro-
ducing and steam-distributing wells as related to the length of producing gallery. 

3. It is feasible to create a forecasting model of thermophysical processes in mine workings for 
the case of thermal mining technology of high-viscosity oil extraction, which will account for in-
creased complexity of process modeling for Yarega deposit. 
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