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Abstract: In order to ensure the microclimate conditions for the exploitation of useful mineral substances 

underground, it is necessary to ensure the control of gas emissions from the field and from the exploited space. For 

this it is necessary to ensure a balanced air flow at the level of each active mining work in order to dilute the gases. 

Specialized programs are used to ensure the optimal distribution of air flows at the level of each mining work. The 

paper presents the modelling and solving of the ventilation network related to Livezeni Mine with the help of the 3D 

CANVENT program. 
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1. Introduction 

 

Mine ventilation is an extremely sensitive and complex domain that includes several disciplines used to 

accomplish and preserve safe conditions in underground [1, 2, 3]. In this sense, solving the ventilation networks 

with the help of the calculation technique allows the practitioners to visualize in real time the changes occurred 

in the network and, what is even more important, they can anticipate the possible disturbances in the ventilation 

system. 

 

2. Presentation of the problem 

 

In order to extract the upper coals underground, it is necessary to carry out a complex of mining works 

for opening, preparation and exploitation, which require their location both horizontally and vertically. The 

shape and dimensions of the mining works are different and have free surfaces for the migration of gases from 

the deposit or from the massif [4, 5]. 

The gases present in the active mining works can be explosive, toxic or suffocating in nature. Additionally, 

on the alignment of mining works and workplaces, the relative humidity is high and can reach the value of RH 

= 100%. At the same time, the thermal gradient manifests itself permanently and leads to an increase in the 

ambient temperature with depth. 

To combat gas accumulations, excessive humidity and heat, the general ventilation system is used, which 

involves the presence of one or more main ventilation stations located on the surface and which are equipped 

with two main fans, one of which is active and one is Reserve. 

In order to ensure the necessary flows on each active mining work, specialized programs are used, with 

the help of which the modeling, solving and optimization of the ventilation networks can be performed. 
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3. Mine ventilation network 
 

The ventilation network of Livezeni mine includes three fresh air inlet shafts: Schip shaft, auxiliary shaft, 

auxiliary shaft no. 3 and two ventilation shafts: east ventilation shaft and ventilation shaft no. 2. It also includes 

underground mining located on four horizons (horizon 100; horizon 300; horizon 350; and horizon 475). The 

ventilation network is divided vertically by horizons and horizontally by operating blocks. The whole 

ventilation network includes 201 junctions (knots) and 267 branches [6, 7, 8, 9]. 

The connections between the horizons are made by means of shafts, inclined planes or risings. The 

horizontal connection is made through directional, transverse or diagonal galleries. 

The intersection of two works in the ventilation network or the change of direction of a work, defines a 

node. Mining between two successive nodes, defines a branch. 

The ventilation network related to Livezeni mine includes 201 junctions (nodes) and 267 branches [6, 7, 

8, 9]. 

 

4. Ventilation network modeling 

 

Internationally, several specialized programs are used to model a ventilation network such as: VentSim, 

VentGraph, VentPri, Canvent, etc. The specialized 3D Canvent program was used to model the ventilation 

network for Livezeni mine. This program is based on the use of the Hardy Cross successive approximation 

method [10, 11, 12, 13]. 

The solution of the aeration network related to Livezeni mine required certain steps, namely: 

a) Identification of nodes on topographic drawings; 

b) Identifying the coordinates for each node; 

c) Entering the values specific to the coordinates in the program database (fig. 1); 

 

 
Fig. 1. Nodes - input data 

 

d) Carrying out the measurement campaign which includes: 

 measurements regarding the aerodynamic parameters of the mining works; 

 measurements regarding the geometric parameters of the mining works; 

 measurements regarding the physical parameters of the air. 

e) Calculation of the aerodynamic resistances specific to each branch; 

f) Entering the values of the parameters specific to the ventilation network, in the database of the specialized 

program CANVENT (fig. 2); 
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Fig. 2. Branches - input data 

 

g) Data entry for fans (fig. 3.);  

 

 
Fig. 3. Fans - input data 

 

h) Representation of the ventilation network, which can be done in a flat system or in a spatial system; 

i) Balancing the ventilation network; 

j) Solving the ventilation network. This stage provides the values of the air flows on each branch (fig. 4; fig. 

5; fig. 6; fig. 7).   
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Fig. 4. Livezeni mine ventilation network solved with 3D CANVENT in 3D projection -x-y-z 

 

 
Fig. 5. Livezeni mine ventilation network solved with 3D CANVENT in 2D projection -x-0-y 

 

 
Fig. 6. Livezeni mine ventilation network solved with 3D CANVENT in 2D projection -x-0-z 

 

 
Fig. 7. Livezeni mine ventilation network solved with 3D CANVENT in 2D projection -y-0-z 

 

k) Obtaining the final data. At this stage, access to program data is provided on both electronic and paper 

support. 

The technique presented above allows solving any ventilation networks, regardless of their degree of 

complexity. 
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5. Ventilation network solving 

 

After entering all the data regarding nodes, branches and fans, the ventilation network of the mine was 

solved. The results obtained after solving the ventilation network are presented in fig. 8 for nodes, fig. 9 for 

branches and fig. 10 for fans. 

 

 
Fig. 8. Output data nodes 

 

 
Fig. 9. Output data Branches 

 



Revista Minelor – Mining Revue       vol. 27, issue 2 / 2021 

ISSN-L 1220-2053 / ISSN 2247-8590       pp. 6-13 

 

11 

 
Fig. 10. Output data fans 

 

Analyzing the ventilation network of Livezeni mine, as well as of the data presented in fig. no. 9, mainly 

resulted in the following aspects: 

 Under the action of the main ventilation Station East, ventilation shafts and Ventilation Station no. 2, a 

fresh air flow of 53.89 m3/s or 3233.4 m3/min is introduced underground, distributed as follows: 

- oriz. 300: 42.47 m3/s (2548.2 m3/min). 

- oriz. 350: 8.74 m3/s (524.4 m3/min). 

- oriz. 475: 2.68 m3/s (160.8 m3/min. 

TOTAL ENTRY: 53.89 m3/s (3233.4 m3/min). 

 Under the action of the depression created by the main ventilation stations, a polluted air flow at mine 

level is 53.88 m3/s or 3232.8 m3/min and is evacuated from the underground, distributed as follows: 

- Main ventilation station East Ventilation Shaft: 17.80 m3/s (1068 m3/min). 

- Main ventilation station Ventilation Shaft No. 2: 36.08 m3/s (2164.8 m3/min. 

 The air flow achieved at the level of the main fans was of 70.89 m3/s or 4253.4 m3/min, distributed as 

follows: 

- Main ventilation station East Ventilation Shaft: 28.08 m3/s (1684.8 m3/min). 

- Main ventilation station Ventilation Shaft No. 2: 42.81 m3/s (2568.6 m3/min). 

 The flow of short-circuited air with the surface at the level of the main ventilation Station East Ventilation 

Shaft was 10.28 m3/s (616.8 m3/min), and at the level of the main ventilation station Ventilation Shaft No. 

2 was 6.72 m3/s (403.2 m3/min). 

 

In fig. 11 and 12 (fan no. 1, Main Ventilation Station Shaft Est), fig. 13 and 14 (fan no. 2, Main Ventilation 

Station Shaft Est), fig. 15; 16 and 17 (fan no. 1, Main Ventilation Station Shaft no. 2) and fig. 18; 19 and 20 

(fan no. 2, Main Ventilation Station Shaft no. 2) are presented the characteristic curves related to the four fans 

and the resistance curve of the ventilation network at which they operate as a result of solving the mine aeration 

network Livezeni, by using the 3D-Canvent program. 

 

 
Fig. 11. Shaft East, V1, VAD 2.1, α = 15 ° 

 

 
Fig. 12. Shaft East, V1, VAD 2.1, α = 20 ° 

 
Fig. 13. Shaft East, V2, VAD 2.1, α = 15 ° 

 

 
Fig. 14. Shaft East, V2, VAD 2.1, α = 20 ° 
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Fig. 15. Shaft nr. 2, V1, VOD 2.1, α = 20 ° 

 

 
Fig. 16. Shaft nr. 2, V1, VOD 2.1, α = 25 ° 

 

 
Fig. 17. Shaft nr. 2, V1, VOD 2.1, α = 30 ° 

 
Fig. 18. Shaft nr. 2, V2, VOD 2.1, α = 20 ° 

 

 
Fig. 19. Shaft nr. 2, V2, VOD 2.1, α = 25 ° 

 

 
Fig. 20. Shaft nr. 2, V2, VOD 2.1, α = 30 ° 

The last column of fig. no.9 presents the annual cost of air circulation on each branch of the ventilation 

network (at an average price of 0.287 lei/kWh), highlighting the following: 

- The annual cost of air circulation on the East Ventilation Shaft is 28,065 lei; 

- The annual cost of air circulation on the Ventilation Shaft No. 2 is 39,550 lei; 

- The annual cost of air circulation at the level of the two East ventilation shafts and ventilation shafts no. 

2 is 67,615 lei; 

- The annual cost of air circulation on the ventilation plans 15 layer Respectively Stanca is of 1,997 lei 

respectively 145,332 lei; 

- In the case of the ventilation channel of the East Ventilation Shaft, it is of 29,653 lei and on the air short 

circuit a value of 86,498 lei was registered; 

- In the case of the ventilation channel of the Ventilation Shaft No. 2 a value of 45,852 lei was registered 

and on the air short circuit a value of 114,936 lei was registered. 

At the level of the main ventilation station Ventilation Station Shaft Est, the annual cost of air circulation 

was 265,948 lei, and at the level of the Ventilation Station Ventilation Shaft nr. 2, the annual cost of air 

circulation was 777,751 lei. 

 

5. Conclusions 
 

For the modeling and solving of the ventilation network of Livezeni mine, which has a high degree of 

complexity, the method of the iterative technique and that of the successive approximations was used, which 

is the basis of the program for solving the 3D-CANVENT ventilation networks. 
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When drawing up the single-wire ventilation scheme related to the mine, the topographic plans for each 

horizon were used, on the basis of which the nodes and the branches of the networks were established, resulting 

in a number of 201 nodes and 267 branches. 

The 3D - CANVENT program simulates the ventilation systems in operation by taking into account 

parameters such as: air flows and their distribution in the network, frictional pressure losses, fan performance, 

energy required for air circulation and the costs involved mining work in the ventilation process. 

The elements necessary for running the program, which constitute input data, result from the ventilation 

monitoring activity, respectively flow and depressiometric measurements performed in underground. 

Based on the processing of the results obtained from the measurements performed, the ventilation network 

of Livezeni mine was modeled and solved. The modeling took into account the distribution in size and direction 

of flow of air currents. 

For the economic characterization of the ventilation process of Livezeni mine, an average energy price of 

0.287 lei / kWh was taken into account in the initial phase. 

Under the action of the depression created by the main ventilation installations, a polluted air flow at mine 

level of 53.88 m3/s or 3232.8 m3/min is evacuated from the underground; 

The annual cost of air circulation in the initial phase at the level of the main ventilation station ventilation 

shaft Est the annual cost of air circulation was 265,948 lei, and at the level of the main ventilation station 

ventilation shaft nr. 2, the annual cost of air circulation was 777,751 lei. 
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