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Abstract
Digital simulation of mine fires and explosions is an important stage in the process of developing technical 
solutions and measures aimed at improving the safety of personnel involved in underground mining. Correct 
simulation results determine the effectiveness of decisions in the event of an actual emergency situation. In 
this regard, due attention should be paid to each stage of the simulation, and especially to the initial stage of 
model parameterization. This study formulates a general principle for determining the parameters of mine fire 
and explosion models, in order to assess their development using the AeroNetwork analytical package. Such 
parameters in the event of a fire are heat and gas (afterdamp) releases. In the event of an explosion, excessive 
pressure at the shock front in the explosion origin. It has been established that when simulating a fire, it is 
advisable to use equivalent heat and gas releases determined by the content of combustible components in 
the combustion origin. In the event of burning mining equipment, these parameters can be calculated on the 
basis of the technical characteristics of a machine. Furthermore, when simulating an unauthorized explosion 
of explosives, the excess pressure determined by the dimensionless length of the active combustion area is 
calculated taking into account the weight and specific heat of an explosive, as well as the geometric parameters 
of a mine working. When simulating an explosion of a methane-air mixture (firedamp), the excess pressure 
is calculated taking into account the gas content of rocks in terms of free combustible gases, the length of 
a blast cut, the size of the area of increased fracturing, and the lower explosive limit of methane. Based on the 
proposed principle of the parameterization of emergency models, as an example, a model of fire and explosion 
development in existing extended dead-end workings (more than 1000 m long) passing coaxially to each other 
at different heights was developed. The numerical simulation of different emergency situations in workings 
was carried out, taking into account performing mining in difficult mining conditions.
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Параметризация модели вентиляционной сети при анализе 
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Аннотация
Численное моделирование развития рудничных пожаров и взрывов является важным этапом в процессе 
разработки технических решений и мероприятий по повышению безопасности персонала, задействован-
ного на подземных работах. От корректности результатов моделирования зависит, насколько принятые 
решения будут эффективны в случае возникновения реальной аварийной ситуации. В связи с этим долж-
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Introduction
In accordance with Industrial Safety Law  

No. FZ-116, a mining enterprise is a hazardous pro-
duction facility characterized by an increased risk of 
emergency. The issue of the safety of people is es-
pecially acute in dead-end underground workings 
under construction, which have only one emergency 
exit from a work area. For such dangerous working 
conditions, technical solutions and measures need 
to be developed, in order to ensure the safe evacu-
ation of people and the effective conduct of mine 
rescue operations. At the same time, it is advisable 
to use the capabilities of numerical simulation for 
developing solutions and measures.

According to statistics [1, 2], mine fires and  
explosions are the most destructive and frequent 
accidents. Therefore, in order to develop optimal 
measures to improve the safety of miners, these par-
ticular emergency situations need to be predictable. 
However, adequate parameterization of such models 
is a highly complex task.

For instance, in terms of the spread of combus-
tion products in mine workings, the issue of fire de-
velopment simulation is covered in the studies [3–5]. 
A common drawback of the studies presented here 
and other existing studies in this field is that emer-
gency heat and gas releases are considered without 
reference to a specific origin of combustion. As a rule, 

the abstract parameters that reflect the possible most 
unfavorable aerological and heat-and-gas-dynamic 
conditions are used as input data for simulation, such 
as 100 % gas release [6, 7] or 50 MW heat generation 
[8] in the case of a “severe” fire. This simplification 
is due to the significant complexity of calculating 
these parameters, since they can be determined only 
based on the results of full-scale experiments, such as 
in [9, 10], or in additional fire physical process simula-
tion such as in [11].

Analytical calculation of heat and gas releases in 
the case of a fire, taking into account specific mining 
conditions is optimal. This approach allows for the 
adoption of adequate simulation parameters at rela-
tively low labor costs. To date, since such analytical 
relationships are not available, and no methodology 
for calculating heat and gas releases from a mine fire 
has been developed, scientific research in this area is 
very relevant.

In turn, in the case of mine explosions, the stu- 
dies of Abinov A. G., Vasenin I. M., Lukashov O. Yu., 
Paleev D. Yu., Plotnikov V. M. et al. should be men-
tioned. Their findings form the basis for the Gas  
Dynamic Calculation Methodology1, currently used to 

1 Order No. R-7 of Federal Mining and Industrial 
Inspectorate of Russia “On implementing the “Methodology 
for gas-dynamic calculation of the parameters of air shock 
waves from gas and dust explosions” dated April 27, 2004, 16 p.

ное внимание необходимо уделять каждой стадии моделирования, и в особенности начальной – стадии 
параметризации модели. В настоящем исследовании сформулирован общий принцип определения па-
раметров моделей рудничных пожаров и взрывов для оценки их развития при помощи аналитического 
комплекса «АэроСеть». Такими параметрами в случае пожара являются тепло- и газовыделения, а в слу-
чае взрыва – избыточное давление на фронте ударной волны в очаге взрыва. Установлено, что при моде-
лировании пожара целесообразно использовать эквивалентные тепло- и газовыделения, определяемые 
содержанием горючих компонентов в источнике горения. В случае горения горнопроходческой техники 
данные параметры возможно рассчитать на основании технических характеристик машины. В свою оче-
редь, при моделировании несанкционированного взрыва взрывчатых материалов избыточное давление, 
определяемое безразмерной длиной активного участка горения , рассчитывается с учетом массы и удель-
ной теплоты сгорания взрывчатого вещества, а также геометрических параметров выработки. При моде-
лировании взрыва метановоздушной смеси избыточное давление рассчитывается с учетом газоносности 
пород по свободным горючим газам, длины буровзрывной заходки, размеров области повышенного тре-
щинообразования, а также нижнего предела взрываемости метана. На основании предлагаемого прин-
ципа параметризации аварийных моделей в качестве примера выполнена разработка модели развития 
пожара и взрыва в существующих протяженных тупиковых выработках (длиной более 1000 м), проходи-
мых соосно друг другу на разных высотных отметках. Произведено численное моделирование различных 
аварийных ситуаций в выработках с учетом ведения горных работ в сложных горнотехнических условиях.
Ключевые слова
рудник, подземный пожар, взрыв, аварийная ситуация, ударная волна, моделирование, АэроСеть, па-
раметризация, безопасность
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define the parameters of air shock waves generated 
by explosions in mines. This methodology introduc-
es the concept of an “active combustion area”. This is  
a mining area filled with an explosive mixture, and 
determines the initial excess pressure at the shock 
front in an explosion origin. However, the focus of 
the methodology on emergency calculations does the 
length of this area to be established without actual-
ly measured gaseousness (gas hazard) parameters of 
a mine working. In other words, this methodology 
does not answer the question of how to calculate the 
length of an active combustion area for a non-emer-
gency working conditions. This requires evacuation, 
and for mine rescue measures to be developed in ad-
vance. In the event of an unauthorized explosion of 
explosives, the required length can be determined 
by the analytical relationships presented in [12].  
However, in the event of an explosion of a methane-air 
mixture (firedamp), this question remains open and 
therefore requires investigation.

In connection with the above, and using the  
example of extensive dead-end workings at one of 
the Russian mines, this paper proposes a methodo- 
logy for calculating the parameters of a mine fire and 
explosion development model in the AeroNetwork 
analytical software package. This is one of the main 
tools for solving problems in the field of mine venti-
lation and mine safety.

The findings of this study are expected to be use-
ful not only for AeroNetwork users digitally simula- 
ting the development of accidents in mine workings, 
but also for other aerological safety specialists in-
volved in calculating mine fires and explosions.

Subject of research
The research considers two extensive dead-end 

workings in a Russian mine. The workings were dri- 
ven, in order to perform geological and geotechnical 
studies and to provide a ventilation connection be-
tween the mine shafts. A schematic diagram of the 
spatial location of the workings is shown in Fig. 1.

The workings involved can be characterized by 
the following routing features and driving conditions:

– the workings are being driven simultaneously 
towards Shaft No. 2;

– working No. 1 is located at a depth of 1750–
1850 m (ascending slope 3° towards Shaft No. 2), while 
a depth of working No. 2 is 1950 m (with no gradient);

– the design length of the workings is 1840 m; 
No.  1 is curvilinear, while No. 2 is rectilinear with 
a minimum number of turns;

– the cross-sectional shape of the workings is 
arched, the cross-sectional area is 17.8 m2 in drivage 
and 17.0 m 2 in clear;

– a drilling and blasting complex used to drive the 
workings consists of: an Epiroc Boomer 282 drilling 
rig, an Epiroc ST-1030 bucket LHD, and a Sandvik TH 
320 dump truck;

– a ventilation system for ventilating the wor- 
kings consists of: 3 fans on the surface, 5 flexible ducts 
in Shaft No. 1, 2 ventilation chambers, 4 underground 
booster fans, and 2 rigid ducts in the workings (Fig. 2);

– the intake air consumption in each working is 
20 m3/s; the booster fan (located in ventilation cham-
ber) performance is 19.3 m3/s; the booster fan (loca- 
ted in the niche) performance is 17.2 m3/s; the air con-
sumption at the face is 15.1 m3/s;

Shaft No. 2

Shaft No. 1

Working No. 1

Working No. 2
Geological research niches

Shaft stations

Fig. 1. Schematic diagram of the spatial location of the workings
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– the average temperature of the intact rock mass 
surrounding working No. 1 is 44.5 °C, and that for 
working No. 2, 46.6 °C;

– at an outdoor temperature of 21.0° C, as a re-
sult of hydrostatic compression, friction, and heat ex-
change, the temperatures of the intake air in workings 
No. 1 and No. 2 are 33.3 and 34.4 °C, respectively.

Fire development model parameterization
The most dangerous endogenous fire is one 

caused by a fire in process vehicles. Such a fire is cha- 
racterized by rapid development and accompanied by 
significant heat and gas releases. In this regard, in or-
der to predict an emergency air-gas dynamic situation 
in workings, a fire of a vehicle containing the maxi-
mum fire load should be taken into account.

The main fire load of a mining vehicle can be as-
cribed to fuel, luboil, and rubber [13]. The content of 
other combustible components is negligible, so their 
impact on the development of fire can be neglected. 
An approximate fire load of a vehicle can be deter-
mined using its technical cer-tificate. For instance, 
the fuel tank volume reflects fuel content, the volume 
of the hydraulic system reflects the luboil content, 
and the tire size reflects the rubber content.

The key parameters of a mine working fire de-
velopment model are specific heat and gas releases.  
These parameters are time-varying, since a fire pro-
ceeds in several stages with differing combustion 
intensity [14]. In order to simplify the simulation, 
equivalent values should be set throughout all stages 
of a fire (Fig. 3).

Sh
af

t N
o.

 1

Sh
af

t N
o.

 2
Working No. 1

Working No. 2

Surface fans

5 flexible ducts (∅ 0,9 m), including:
2 – to the ventilation chamber of working No. 1,
2 – to the ventilation chamber of working No. 2,
1 – to the shaft sump

Ventilation chambers
in shaft stations

2 rigid ducts (∅1,2 m), 
including:
1 – in working No. 1,
1 – in working No. 2

Underground booster fans
in ventilation chambers

Underground 
booster fans

in niches
Legend:

intake air
return air

Fig. 2. Workings ventilation schematic diagram

Heat and gas releases:
actual
equivalent

t, s

W, kW
V, m3/min

Fig. 3. Principal presentation of equivalent heat and gas releases during the combustion of vehicles
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Sandvik TH 320 dump truck is most hazardous when 
burning, since it has a maximum fire load. In this 
regard, the specific heat and gas releases should be 
calculated for this vehicle only.

The results of calculating the equivalent heat 
releases during combustion a Sandvik TH 320 dump 
truck are presented in Table 1.

According to the calculation results, the bur- 
ning time of a Sandvik TH 320 dump truck will be 
108.0 minutes. At the same time, the average heat 
generation will be 4.67 MW.

In order to calculate the specific gas releases, it 
is necessary to know the specific volume of a certain 
equipment component combustion products and the 
composition of the combustible mass.

According to the Fire Extinguishing Manager’s 
Handbook [15], the specific volume of combustion 
products when burning diesel fuel, oil, rubber is: 
11.95, 11.86, 10.79 m3/kg, respectively. At the same 
time, the basic composition of the combustion pro- 
ducts originating from the combustion of diesel fuel, 
oil, and rubber [16] is as follows:

– diesel fuel – 86.3 % CG, 13.3 % HG, 0.3 % SG, 0.1 %  
(OG + NG);

– luboil – 86.5  %  CG, 12.6  %  HG, 0.4  %  SG, 0.5  %  
(OG + NG);

– rubber – 85.5 % CG, 11.8 % HG, 2.0 % SG, 0.7 %  
(OG + NG).

Thus, carbon compounds are the key compo-
nents of the combustion products of the involved 
materials. At the same time, a fire will largely release 
only carbon dioxide CO2. Carbon monoxide CO, as 
a by-product of the combustion reaction, will be sig-
nificantly released only in the conditions of oxygen 
shortage.

In order to simplify the solution of the emergen-
cy gas distribution problem, the oxygen content in 
the air arriving at a fire origin is assumed to be suffi-
cient for the combustion reaction to occur normally. 
As a result the content of carbon monoxide CO in the 
combustion products is negligible. Then, as charac-
teristic gas releases from a fire, we can take carbon 

In order to calculate the maximum heat releases, 
kW, from the combustion of a certain fuel compo-
nent at some instant, a well-known formula can be 
used [15]:

,i i iW Q= ψ η  (1)

where ψi is mass rate of burnout of a material of the 
fire load at a time, kg/s (ψi  = ψspec i  Si, where ψspec i is 
specific burnout rate of a material, kg/(s ⋅ m2), Si is 
combustion area at a time, m2); Qi is lower calorific 
value of a material, kJ/kg; η is combustion rate factor 
(assumed to be 0.85 in accordance with [15]).

In this case, the burnout time (s) of the combus-
tible load is determined by the formula:

,i
spec i

spec i i

m
t

S
η

=
ψ

 
(2)

where mi s mass of fuel component, kg.
For expression (2), it is proposed to take, the sur-

face area of a sphere as a combustion area, into which 
the entire mass of the fire load for each component is 
inscribed. Then the equivalent of heat releases, kW, 
from a burning vehicle throughout all stages of a fire 
will be of a certain average value. This can be deter-
mined by summing up the average heat releases from 
each of the components:

.spec spec i
i

W W=∑
 

(3)

At the same time, the average value of heat  
generation, kW, from each of the components can be 
determined based on the maximum burning time of 
a vehicle tmax. This corresponds to the time of com-
plete burnout of the last burning component:

max

.i i
spec i

m Q
W

t
η

=
 

(4)

In the conditions of these workings, the po-
tential origins of significant fire are the following  
mining machines: Epiroc Boomer 282 drilling rig; 
Epiroc ST-1030 LHD; and the Sandvik TH 320 dump 
truck. A comparison of technical data shows that the 

Table 1
Heat generation from dump truck burning

Dump Truck Component Weight, kg Maximal heat 
generation, MW Burnout time, min Equivalent heat 

generation, MW

Sandvik TH 320 fuel 283.0 4.32 39.5 1.58 

luboil 340.2 4.54 44.3 1.87 

rubber 278.0 1.22 108.0 1.22 

a dump truck burning time and the fire heat release: 108.0 4.67 
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dioxide CO2 releases, m3, determined by the following 
formula [16]:

2

G

CO G

C0.0187 ,
100

V V
 

= + 
   

(5)

where CG is carbon C content in a combustible ma-
terial, %; VG is total volume of combustion pro- 
ducts, m3.

In this case, the specific gas releases, m3/min, of 
carbon dioxide CO2 will be:

2

2

CO
CO ,

V
v

t
=

 
(6)

where t is an equipment burning time, min.
According to the calculation results, the spe-

cific gas releases of carbon dioxide CO2 during the 
combustion of a Sandvik TH 320 dump truck will be 
72.2 m3/min.

Explosion development model  
parameterization

In mining conditions, the most probable explo-
sions are those connected with:

– explosives (unauthorized firing);
– methane-air mixture (firedump);
– dust (coal or sulfide) [12].
The current study analyzes the unauthorized 

explosion of explosives and the explosion of  
a methane-air mixture. The study of explosions of 
coal and sulfide dust present in the mine workings 
of coal and pyrite mines, respectively, is outside the 
scope of our work. Thus, the paper focuses on the 
study of explosions in gas-hazardous mines with 
low dust hazard.

Assessing the consequences of an explosion and 
developing prevention measures and minimizing the 
damage area requires knowledge of the pressure dis-
tribution at the shock front at some distance from 
the origin of the explosion. At the same time, the 
calculation of shock wave parameters at a distance 
from the explosion origin begins by determining the 
pressure at the point of origin.

According to the Gas-Dynamic Calculation Tech-
nique2 the pressure in the explosion zone, ∆Pf,  MPa, 
depends on the dimensionless length of the active 
combustion area in accordance with the dependence 
shown in Fig. 4.

2 Order No. R-7 of Federal Mining and Industrial 
Inspectorate of Russia “On implementing the “Methodology for 
gas-dynamic calculation of the parameters of air shock waves 
from gas and dust explosions” dated April 27, 2004, 16 p.

1,5

1,0

0,5

0 1 2 3 4 5 6
L

∆Pf , МPа

1

2

Fig. 4. Excess pressure in an explosion zone as a function 
of dimensionless length of a working:  

1 – in the case of a methane explosion; 2 – in the case 
of a methane and coal dust explosion

The dimensionless length of an active combus-
tion area is the length of a working length part from 
the nucleation site for ignition to the “combustible 
mixture-air” interface and can be deter-mined by the 
following formula3:

1

,
4

n
i i

i i

L P
L

S=

=∑
 

(7)

where Li is the length of the i-th section of the explo-
sion zone, m; i = 1, 2, …, n is the actual number of the 
sections; Si is cross-sectional area of the i-th section 
of a working, m2; Pi is a working perimeter, m (in the 
case of an arched working 3.84P S= ).

When calculating an unauthorized explosion of 
explosives in a mine, the required parameter can be 
determined by the following formula [12]:

2 ,
7
es esM q P

L
S

≈
 

(8)

where Mes is mass of an explosive, kg; qes is specific 
heat of an explosive, depending on its type, MJ/kg.

Thus, in order to determine the pressure in the 
origin of an unauthorized explosion of an explosive, 
it is sufficient to know its type and mass.

For example, under the conditions of these 
workings, AS-8 granulite weighing 180 kg is used 
to perform a drivage cycle in each mine working.  
Taking this into account, the dimensionless length 
of the active combustion area is 7.3 m.

It is more difficult to calculate the pressure in 
a methane-air mixture explosion origin. This is due to 
the fact that when calculating a predicted methane-air 
mixture explosion, the required dimensionless length 
of the active combustion area L , actually determined 
by the volume of a working filled with an explosive 
mixture, can be determined only approximately.

3 Order No. R-7 of Federal Mining and Industrial 
Inspectorate of Russia “On implementing the “Methodology 
for gas-dynamic calculation of the parameters of air shock 
waves from gas and dust explosions” dated April 27, 2004, 16 p.
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Abutment pressure zone

Greatest fracturing zone B

Gas releases zone Lsink + B

Fa
ce

Working

Breaking area Lsink

σmax

Fig. 5. Gas releases zone

One optimal approach to determining the maxi-
mum gas volume of a mine working, m3, is to calculate 
the gas content of rocks in terms of free combustible 
gases and their minimum concentration sufficient to 
cause an explosion:

( )100
,sink sink

g
low

gS L B
V

C
+

=
 

(9)

where g is gas content of rocks (free combustible 
gases), m3/m3; Ssink is drivage cross-sectional area of 
a working, m2; Lsink is a blast cut length, m; B is the 
length of the rock mass releasing gases in front of 
the working (a zone of greatest fracturing), m; Clow is  
lower explosive limit of methane, %.

The lower explosive limit of methane under nor-
mal conditions is 5 %. However, under conditions of 
pressure other than normal, it should be recalculated 
using the following formula [17]:

5 ,lowC
k

=
 

(10)

where k is the coefficient for converting bulk concen-
tration of methane to molar one (k = p / 98070, where 
p бis barometric pressure in a working, Pa).

In this case, the dimensionless length of the  
active combustion area is found by the following  
formula:

,g

expl

V
L

S
=

 
(11)

where Sexpl is cross-sectional area of a working in the 
clear, m2.

This approach assumes that methane is released 
into the near-face working space from the broken rock 
volume, as well as from the section of the abutment 
pressure zone in front of the face, which is most sus-

ceptible to fracturing (Fig. 5). The gas releases from 
the walls, roof, and bottom of a mine working exposed 
before blasting are not taken into account. This is due 
to their insignificance with regard to degassing these 
areas in previous driving cycles.

The blast cut length is 2.3 m in the conditions 
of these workings. At the same time, according to 
the findings of the study [18], the zone of greatest 
fracturing extends to a depth of 5.3 m from the face. 
With a gas content of rocks in terms of free combus-
tible gases of 0.15 m3/m3 and lower explosive limit of 
methane of 4.11 % (working No. 1) and 4.02 % (work-
ing No. 2), the required dimensionless length of the 
active combustion area will be 29.1 m and 29.7 m for 
workings No. 1 and No. 2, respectively.

Fire development simulation findings
The creation of a fire development model is 

preceded by the development of ventilation and 
heat-and-gas-dynamic models of mine workings. In 
AeroNetwork software, the development of a ven-
tilation model begins with the construction of the 
ventilation network topology. Then, for all mine 
workings, aerodynamic parameters (cross-sectional 
areas, perimeters, lengths, roughness coefficients) 
are set. On this basis, the aerodynamic drag of the 
network elements is calculated. Subsequently, infor-
mation regarding ventilation facilities and draught 
sources, characterizing their operation modes, is 
entered into the model.

The heat-and-gas-dynamic model is parame-
terized by activating/deactivating the accounting 
of different physical processes that affect heat and 
gas distribution in mine workings. Considering a fire 
in a  dead-end working, the heat-and-gas-dynamic 
calculation should take into account the following: 
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Fig. 6. Air temperature distribution in the mine workings in the event of a fire at the face of working No. 1

air hydrostatic compression; pressure work; heat 
exchange in the “combustion origin  – rock mass  – 
air in a working – air in the duct” system; as well as 
the effect of thermal drop of ventilation pressure. 
A detailed description of the mathematical model of 
thermal and aerodynamic processes in AeroNetwork 
is presented in [19]. The assignment of a heat and 
gas release origin with the calculated parameters 
(4.67 MW, 72.2 m3/min) in the heat-and-gas-dynamic 
model allows the development of a fire to be calcu-
lated, in terms of determining gas and temperature 
distributions in the mine workings over time. At the 
same time, the simulation results directly depend on 
the location of a combustion origin.

In the case of these dead-end workings, the total 
break is hauled by LHDs running between the faces 
and the mine shaft. Therefore, a fire is possible in 
any part of the dead-end workings. However, given 
a concentration of mining works in the face space, 
a fire at the face should be considered

Given this particular problem, in the case of fire, 
the integrity of a duct is assumed not to have been 
violated due to its rigid metal construction and the 
location of the fire origin at the face. However, when 
a fire is located along the length of a dead-end wor- 
king and a flexible non-fire-resistant duct is used, 
a  possible violation of its tightness or breakage as 
a result of thermal exposure should be assumed.
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The results of the air temperature distribution 
simulation, 108 minutes after a fire break-out in 
working No. 1 are presented in Fig. 6. Additionally, 
the Figure shows the values of carbon dioxide CO2 
concentrations at key points in the working.

The simulation showed that a fire at the mouth 
of mine working No. 1 will not lead to a significant 
change in air flow-rate in working No. 2. At the same 

time, in the fire origin, the air temperature will reach 
339.8° C, and the concentration of carbon dioxide CO2 
will achieve 8.43 %. It should be noted that a fire at 
the mouth of working No. 1 will not lead to hazard-
ous air condi-tions in terms of pollution and heat-
ing in working No. 2. This is due to the fact that the 
heated combustion products, with a lower density 
compared to the air in the shaft, will be removed to-
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wards daylight surface. In addition, the operation of 
surface fans supplying air and displacing smoke from  
working No. 1 to the outside will prevent origination 
of gas hazard conditions in mine working No. 2.

Similar results were obtained when simulating 
the development of a fire at the mouth of working 
No.  2. This was due to the identical ventilation pa-
rameters of these workings. However, in the event of 
a fire at the mouth of working No. 2, the combustion 
products will enter the shaft station at working No. 1, 
as a result of diffusion processes and thermal drop of 
ventilation pres-sure.

Results of shock wave propagation simulation
A model of shock wave propagation, equivalent 

to a fire development model, is based on the model 
of mine workings ventilation. Setting an explosion 
origin in the model with initial parameters (the type 
and mass of an explosive or the dimensionless length 
of the active methane-air mix-ture combustion area) 
allows the distribution of excess pressures in the 
workings at the time of the explosion to be calculated. 
However, the simulation results will depend on the lo-
cation of the explosion origin.

An unauthorized explosion of explosives is possi-
ble in any part of a dead-end mine working, since the 
explosives are delivered from the mine shaft to the 
face. In turn, an explosion of a methane-air mixture 
is most likely at the face of a working. This is because 
the face is prone to bleed-ing and sudden gas release.  
We considered the consequences of explosive and 
methane-air mix-ture explosions at the face of a dead-
end working and performed a comparative analysis.

The pressure distribution at the shock front at an 
explosion of explosives / methane-air mixture at the 
face of working No. 1 is shown in Fig. 7. In accordance 
with the Gas-Dynamic Calcu-lation Methodology4, an 
excess pressure at the shock front equal to 0.006 MPa 
was taken as a shock wave hazard criterion for people 
in a mine.

The simulation showed that an explosion of ex-
plosives at the face of mine working No. 1 will cause 
excess pressure in the explosion origin of 0.25 MPa. 
At the same time, the zone of haz-ardous impact of 
the shock wave will spread over a distance of 560 m, 
corresponding to 30 % of the total length of the dead-
end working (1840 m). When a methane-air mixture 
explodes at the face of mine working No. 1, the excess 
pressure in the explosion origin will be 0.6 MPa. The 
zone of hazardous shock wave will spread over a dis-
tance of 643 m, corresponding to 35  % of the total 

4 Order No. R-7 of Federal Mining and Industrial 
Inspectorate of Russia “On implementing the “Methodology 
for gas-dynamic calculation of the parameters of air shock 
waves from gas and dust explosions” dated April 27, 2004, 16 p.

length of the dead-end working. Similar simulation 
results were obtained when considering the explosion 
at the mouth of working No. 2, the only difference 
being that in this case the zone of hazardous shock 
wave will have a larger propagation radius due to the 
rectilinearity of working No. 2. Thus, the explosion of 
methane-air mixture is of the greatest hazard in the 
conditions of the involved workings.

Conclusion
This study formulates a general principle for de-

termining the parameters of mine fire and explosion 
models. The aim was to assess their development us-
ing the AeroNetwork analytical package. According to 
this principle, a fire development model paramete- 
rization consists in determining heat and gas relea- 
ses from a combustion origin, taking into account the  
following fea-tures:

– to predict the potential most unfavorable con-
ditions of a mine air in the event of an exogenous 
mine fire, a fire of equipment (a vehicle) only with 
a maximum fire load is advisable to be considered;

– the main fire load of a vehicle is fuel, oil, and 
rubber. In this way the fire load can be approximate-
ly determined based on the technical characteristics 
of a vehicle, such as the volume of the fuel tank, the  
volume of the hydraulic system, and the tire size;

– as heat and gas releases from a burning vehicle, 
the equivalent values determined by the recalculation 
for individual combustible components is advisable to 
be taken;

– taking into account the chemical composition 
of the fire load, it is sufficient to consider the pro- 
pagation of carbon dioxide CO2, in order to assess the 
toxicity of a mine air if a fire breaks out.

Parameterization of the explosion development 
model consists in determining the excess pressure at 
the shock front in an explosion origin. This takes the 
following features into account:

– excess pressure at the shock front in an  
explosion origin, determined depending on the  
dimensionless length of the active combustion  
area  L ;

– in the event of an unauthorized explosive  
explosion, the parameter L  is determined by the 
weight and specific heat of an explosive, as well as the 
geometric parameters of a mine working;

– in the event of a methane-air mixture explo-
sion, the parameter L  takes the following into ac-
count: the gas content of rocks in terms of free com-
bustible gases; the length of a blast cut; the size of 
the area of increased fracturing; and the lower ex-
plosive limit of methane, calculated on the basis of 
the actual pressure in a working.
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