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Abstract. Having enjoyed an economic upsurge in recent years, Vietnam is 
now recording increased demand for electrical energy. Its production, for 
the most part, relies on the coal mining industry, thus resulting in a strong 
upward trend in mining volumes. Being geologically complex, Vietnamese 
mines are characterised by a complicated structure of their headings. The 
local ventilation systems are also affected by there being very few automatic 
dams and an by increases in airflows delivered to the mine. For this reason, 
in order to analyse airflows and maintain the proper control of ventilation 
systems, computer software is required. The article offers a comparison of 
computer programs – Kazemaru, VentGraph and VentSim – as employed 
for use in Vietnamese mines. The assessment covered the manner in which 
these programs are used and how their output data are presented, as well as 
their range of applications in the conditions of Vietnamese coal mines. 

1. Introduction

In recent years, the economy of Vietnam has been growing at a rate of 6-7% (with 6.8%
recorded in 2017) [1]. The primary source of energy security is coal mining. Up to 2011, 
open-pit mines had served as the primary source of coal production [2]. At present, open-pit 
mining accounts for approx. 40% of the entire coal production and continues to drop. This 
results from the maximum depth being reached up to which mining is profitable. The hard 
coal production in the years 2017-2018 and the volume to be mined by 2030 are presented in 
Table 1. 

Table 1. Hard coal production volume in Vietnam in 2017-2018 and the volume to be mined by 2030 

Year 2017 2018 2020 2025 2030 

Volume 
(million Mg) 35.6 40.0 47-50 51-54 55-57 

The main coal producer in Vietnam is Vinacomin, which expects coal production to reach 
40 million Mg in 2019 [3]. Detailed information on Vinacomin’s coal production from 2011 
to 2017 is presented in Table 2. 
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Table 2. Vinacomin’s coal production in 2011-2017 [4]. 

Year 2011 2012 2013 2014 2015 2016 2017 

Production 
(million Mg) 48.232 44.512 42.687 37.430 37.384 34.791 35.037 

 
The planned increase in extraction and the mining of lower coalbeds are connected with 

problems related to ventilation, transport, operational systems used, occupational safety and 
natural hazards. Ventilation plays a very important role in underground mining activities, as 
it is used not only for aerification and air-conditioning, but also for combating fires and 
underground explosions. The main purpose of ventilation is to provide adequate air 
parameters, achieve the required air flow velocity and remove gases harmful to humans. 

2. Ventilation in Vietnamese mines 

The Vinacomin Group, which is responsible for the majority of coal extraction in 
Vietnam, assumes its continuous growth. Therefore, modernisation and increased mining 
mechanisation are being introduced, which is connected with the implementation of more 
efficient machinery and equipment for underground coal mining. This, however, results in 
higher amounts of combustion engine gases and more heat generated by engines, machinery 
and heavy-duty equipment. For the above reasons, the issue of ventilation has taken on an 
increasingly important role. 

Due to their specific nature, Vietnamese mines are facing more and more ventilation 
problems: 
• The complex geological structure makes it necessary to build irregular pathway grids, 

which further complicates the ventilation system and the calculation of ventilation 
parameters. 

• Despite mining depths still being relatively low (up to 300 m), there are problems with 
high temperatures. This is mainly due to high temperatures outside in the summer and 
high humidity, but also the continuous development of mechanisation. These factors 
necessitate increasing the ventilation airflow or, in extreme cases, ceasing coal 
production. 

• Central air conditioning systems have not yet found their place in coal mines. The first 
on-site air-conditioning units appeared in the Halam mine in Halong. 

• The limited number of automatic dams used there contributes to difficulties with airflow 
and its control. 

• Problems also result from dust generated during mining works, transport and processing 
of coal. 

• Coal blasting is often used, which further increases the temperature in the heading and is 
a source of toxic gases. It was only recently that a long-wall coal cutter was introduced 
in the Halam mine – Figure 1. 
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Fig. 1. A long-wall cutter in the Halam mine in Halong. 

 

• The absence of a filling method leads to the occurrence of numerous voids in the 
excavation areas. 

• While increasing their ventilation airflows, many mines have failed to accordingly adapt 
shafts and ventilation ducts. This has led to problems with airflow, in addition to 
difficulties in controlling the distribution of air. 
 
With so many changes at hand, the knowledge of airflows and proper control of 

ventilation systems is necessary. Determining airflow routes, values of resultant resistance, 
and air distribution requires that calculations for the ventilation system be made. At present, 
simulations and analyses of such systems in coal mines require the use of computer software. 

3. Computer programs used to simulate ventilation systems in underground mines 

Computer software has come to be widely used in the simulation and analysis of 
ventilation systems. A general comparison of such programs can be found in [5], and more 
detailed descriptions, including analyses of the applied mathematical models, are presented 
in [6]. Computer software mainly serves as a tool assisting engineers in charge of mine 
ventilation. Their main duties include: 
• developing a digital model of all headings; 
• performing ventilation simulations both in normal conditions and during emergency; 
• including in simulations disturbances such as fires, sudden methane influxes, gas 

ejections, and rock bursts; 
• ensuring compatibility with sensors of mine monitoring systems; 
• forecasting ventilation following changes made to the ventilation system. 

 
Many of these programs provide some additional options: 

• simulation of weather conditions; 
• simulation of demethanation systems; 
• employee records; 
• financial calculations. 
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The most popular programs used by coal mines include: VentSim, VentGraph, Vuma3D, 
Vnet, ICAMPS MineVent, Kazemaru, 3D-CANVENT2000, AutoWENT and AERO 2010d. 
The article focuses on Kazemaru, VentGraph and VentSim – three programs which have been 
most commonly used in the analyses of Vietnam’s ventilation systems. 

3.1 Kazemaru 

“Kazemaru”, a program developed by Prof. Masahiro Inoue from the Kyushu University, 
Japan, is now used in the majority of Japanese coal mines. Its sample modes of usage are 
described in [7]. The program is characterised by features such as: 
• simplicity and user-friendliness; 
• data editing using a ventilation diagram; 
• maximum number of nodes: 1000, maximum number of ventilation pathways: 1500; 
• calculation time of less than one minute for systems consisting of around 100 nodes and 

150 pathways; 
• inclusion of natural ventilation parameters and ventilator specifications; 
• graphic simulation of the distribution of air; 
• the possibility of including fires; 
• simulation of temperature distribution, gas concentration, and smoke distribution during 

a fire. 
 

The main program window with a fragment of the ventilation system is shown in Fig. 2; 
the ventilator specification window is presented in Fig. 3. 
 

 
Fig. 2. A fragment of the ventilation system in Kazemaru software. 
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Fig. 3. Ventilator specification window in Kazemaru software. 

3.2 VentGraph 

VentGraph is a program consisting of combined modules, designed to solve complex 
problems in mine ventilation systems. It includes the following calculation modules [6, 8, 9]: 
• GRAS – determining the set distribution of air in a network of headings in normal 

conditions and during emergency. The module makes it possible to change the resistance 
of a selected heading, add a dam with a specific resistance, apply fire depression, change 
the type of siding, modify ventilator specifications, change the delivery rate of air, 
methane or carbon dioxide, etc. 

• FIRE – calculations to determine the impact of the seat of fire on the level of ventilation. 
A module which simulates unspecified air and gas distribution in a network of headings 
following an underground fire. It therefore makes it possible, by simulating various fire 
variants, to predict how the ventilation system will behave during the fire. 

• VentZroby – calculates airflows in the ventilation system and the adjacent goaves, 
accounting for the impact of fire on ventilation. 

• VentWilg – simulates the impact of fire on the distribution of humid air in a network of 
headings. 

• ESCWIN – a module cooperating with the monitoring network to provide support in fire 
prevention. This module can collect data on the status of an actual ventilation system by 
leveraging data collected by the sensors of the mine’s monitoring system. This provides 
the mine dispatcher with a quick overview of the available outposts and escape routes and 
allows them to separate the area subject to fire smoke hazard. 
 
VentGraph has found broad application in Polish and foreign mines. It has been 

numerously validated [10-12] and used in the analysis of ventilation systems and simulations 
not related to coal mine ventilation [13-21]. Fig. 4 shows the VentGraph interface with the 
ventilator specifications and ventilation system structure windows. 
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Fig. 4. The ventilation system, the ventilator specifications, and the structure of the ventilation system 

in VentGraph. 

3.3 VentSim 

Developed in 1993, in 2009 the program received the 3D simulation functionality. It is 
now used all over the world, including, since recently, selected mines in Poland. Its enhanced, 
Premium, version features the following functionalities [22, 23]: 
• 3D presentation with accurate object sizes; 
• animations of the airflow in the ventilation system; 
• maximum number of ventilation pathways: 60000; 
• calculations for variable air density; 
• inclusion of changes to the ventilators’ rotational speeds and ventilator reversions; 
• simulations of thermodynamic parameters (cooling and heating, thermal properties of 

rocks, sources of heat, natural ventilation); 
• transport of contaminants (distribution of smoke and contaminants, concentration of 

contaminants, coal blasting smoke, diesel engines); 
• detection of flow recirculation; 
• financial calculations. 

 
Similarly to VentGraph, VentSim has many applications, also outside the mining 

industry. Study [24] describes how the VentSim program is used for the analysis of the 
ventilation system in the Donghai mine, China. The manner in which VentSim can be applied 
to analyse the behaviour of a ventilation system after the introduction of mine pit sealing is 
presented in article [25]. [26] discusses the results of modelling of a ventilation system in the 
Romanian mines of Lupeni and Uricani. Brake [27] addresses modelling in three fire 
scenarios: in an underground diesel installation, an underground explosive storage magazine, 
and on an ore belt conveyor. The simulations of various solutions to increase air flow in the 
Rosh Pinah mine, Namibia, are described in [28]. The software has also been used to optimise 
and analyse the ventilation system in the Redeemer [29] and Bronzewing Gold Mines [30] in 
Australia, the Majiagou mine in China [31], the Western-Razmja mine in Iran [32], and the 
Konkola Copper Mine in Zambia [33]. [34] presents changes made to the ventilation system 
to reduce the costs of ventilation in the Zhangcun mine, China. 
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 VentSim was used to perform an analysis of the ventilation system in the Mông Duong 
mine in Vietnam. Figures 5-7 provide a view of the ventilation system as 2D (Fig. 5) and 3D 
(Fig. 6) images and as fragments depicting the complex layout of pathways (Fig. 7). 
 

 
Fig. 5. A 2D diagram of the ventilation system in the Mông Duong mine. 

 

 
Fig. 6. A 3D diagram of the ventilation system in the Mông Duong mine. 
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Fig. 7. A fragment of the ventilation system in the Mông Duong mine. 

 

4. Summary 

 A ventilation system is indispensable in every underground mine, not only contributing 
to the comfort of work, but also, and primarily, enhancing worker safety. For the purpose of 
analysis, optimisation or planning of ventilation systems, specifically designed software is 
used. Vietnamese coal mines use the following three programs: Kazemaru (in the Campha 
region), VentGraph (selected mines) and VentSim (in the regions of Uongbi and Halong). 
Having worked with them, the authors could formulate a subjective assessment of these 
programs (the more stars, the better), as presented in Table 3. 

 

Table 3. Comparison of Kazemaru, VentGraph and VentSim software in Vietnamese mines 

Assessment criterion Kazemaru VentGraph VentSim 

Computing speed    

Data entry speed    

Graphical user interface    

Production tracking -   

Ventilation planning    

Calculations for a duct line 
ventilation system - -  

Connectivity with the monitoring 
network -   

 
The assessment pertains exclusively to the specific conditions of the Vietnamese mining 

industry. Currently the computer programs are mostly used to verify the correctness of 
calculations, not for production tracking or the monitoring of ventilation systems. As coal 
production and work mechanisation are growing, however, computer software is gaining in 
popularity and is being deployed on an increasingly broad basis. 
 



126 Inżynieria Mineralna — LIPIEC – GRUDZIEŃ <2019> JULY – DECEMBER — Journal of the Polish Mineral Engineering Society

References 

1. M. Walewski, Rynki zagraniczne – Wietnam. Raport ekonomiczny, wrzesień 2018, Bank 
Gospodarstwa Krajowego (2018) 
www.bgk.pl/files/public/uploads/graphics/Rynki_zagraniczne_-_Wietnam.pdf 
(15.04.2019) 

2. E. Strzałkowska, P. Strzałkowski, Górnictwo węgla kamiennego w Wietnamie – 
wybrane informacje, Górnictwo i Geologia 6, 1 (2011) 

3. www.vinacomin.vn Vinacomin sets to produce 40 million tonnes of coal and earn 128 
trillion VND in revenue in 2019. http://www.vinacomin.vn/news-of-
vinacomin/vinacomin-sets-to-produce-40-million-tonnes-of-coal-and-earn-128-trillion-
vnd-in-revenue-in-2019-201901181601319628.htm (15.04.2019) 

4. H. Nguyen, Vietnam Mining Industry Webinar, 20 September 2018, Australian 
Government Austrade 
www.austrade.gov.au/ArticleDocuments/1418/2018_webinar-
presentation_Vietnam_mining_industry.pdf.aspx (15.04.2019) 

5. M.S. Morar, S.M. Radu, D. Cioclea, I. Gherghe, Use of IT equipment and specialized 
programs for solving ventilation networks, Quality - Access to Success, Supplement 1, 
Vol. 18, p121-126. 6p. (2017) 

6. W. Dziurzyński, J. Krawczyk, Możliwości obliczeniowe wybranych programów 
symulacyjnych stosowanych w górnictwie światowym, opisujących przepływ powietrza, 
gazów pożarowych i metanu w sieci wyrobisk kopalni, Przegląd Górniczy 68, 5 (2012) 

7. N. Katsumata, R. Yahagi, H. Kurosaki, S. Kubota, Feasibility study of ventilation design 
for underground facilities, 6th East Asia Forum on Radwaste Management Conference, 
November 27-29, Osaka, Japan (2017) 

8. W. Dziurzyński, T. Pałka, J. Krawczyk, Ventgraph for Windows User’s Guide, Strata 
Mechanics Research Institute Polish Academy, Cracow, Poland (2010) 

9. W. Dziurzyński, T. Pałka, Wyznaczenie dróg ucieczkowych w razie pożaru w kopalni 
podziemnej – nowe możliwości system VentGraph, Prace Instytutu Mechaniki 
Górotworu PAN, Vol. 16, 1-2, p.3-16 (2014) 

10. W. Dziurzyński, J. Kruczkowski, Validation of the mathematical model used in the 
Ventgraph programme on the example of the introduction of new headings to the 
ventilation network of mine, Arch. Min. Sci. Vol. 52, No 2, p.155-169 (2007) 

11. C.J. Pritchard, Validation of the Ventgraph program for use in metal/non-metal mines, 
in Proceedings of the 13th United States/North American Mine Ventilation Symposium, 
Sudbury, ON, Canada, 13–16 June 2010, pp. 455-462 (2010) 

12. W. Dziurzyński, A. Krach, T. Pałka, S. Wasilewski, Walidacja procedur programu 
VentZroby z wykorzystaniem systemu monitoringu stanu atmosfery kopalni, Prace 
Instytutu Mechaniki Górotworu PAN, Vol. 11, no. 1-4, p.79-112 (2009) 

13. W. Dziurzyński, A. Krach, T. Pałka, A reliable method of completing and compensating 
the results of measurements of flow parameters in a network of headings, Arch. Min. 
Sci., Vol. 60, No 1, p.3-24 (2015) 

14. W. Dziurzyński, A. Krach, T. Pałka, Airflow sensitivity assessment based on 
underground mine ventilation systems modeling, Energies 10, 1451 (2017) 

15. A.D.S. Gillies, H.W. Wu, Case studies from simulating mine fires in coal mines and 
their effects on mine ventilation systems, Proceedings, Fifth Australasian Coal Operators 
Conference, Ed. N. Aziz and B. Kininmonth, Aus. Inst. Min. Metall., Melbourne, pp 
111-125 February (2004) 

16. A.D.S. Gillies, H.W. Wu, A.M. Wala, Australian mine emergency exercises aided by 
fire simulation, Arch. Min. Sci., Vol. 50, No 1, p.17-47 (2005) 



127Inżynieria Mineralna — LIPIEC – GRUDZIEŃ <2019> JULY – DECEMBER — Journal of the Polish Mineral Engineering Society

17. E. Yaslioglu, E. Simsek, I. Kilic, Estimation of minimum ventilation requirement of 
dairy cattle barns for different outdoor temperature and its affects on indoor 
temperature: Bursa case, Pak J Biol Sci. 10(8), p.1264-9 (2007) 

18. A.D.S. Gillies, H.W. Wu, Challenges in undertaking inertisation of fires in underground 
mines, in 12th U.S./North American Mine Ventilation Symposium, Reno, Nevada, June 
9-12, 2008, pp. 539-546 (2008) 

19. R. Hansen, Smoke spread calculations for fires in underground mines, research project: 
Concept for fire and smoke spread prevention in mines, Studies in Sustainable 
Technology, Mälardalen University (2010) 

20. H.W. Wu, S. Gillies, Analysis of Blakefield South Mine (BSM) Explosion, Technical 
Report for Investigation Unit, Mine Safety Performance, Industry & Investment NSW, 
Australia (2012) 

21. P. Zapletal, V. Hudecek, V. Trofimov, Effect of natural pressure drop in mine main 
ventilation, Arch. Min. Sci., Vol. 59, No 2, p. 501-508 (2014) 

22. Ventsim Visual™ User Guide, Ventsim Software By Chasm Consulting 
23. Ventsim™ 3D Mine Ventilation Simulation Software, Feature & Pricing Chart, 

http://www.ventsim.com/wp-content/uploads/2014/09/features_table_USD.pdf 
(20.04.2019) 

24. F. Weia, Z. Fangpingb, L. Huiqing, The use of 3D simulation system in mine ventilation 
management, Procedia Engineering 26 1370-1379 (2011) 

25. M.O. Bustamante-Rúa, A.J. Daza-Aragón, P. Bustamante-Baena, Simulation software 
VENTSIM™ the influence of implementation of work abandoned sealings ventilation of 
an underground coal mine, Boletin de Ciencias de la Tierra 37, pp. 1-2 (2015) 

26. M. Şuvar, D. Cioclea, I. Gherghe, V. Păsculescu, Advanced software for mine 
ventilation networks solving, Environmental Engineering and Management Journal Vol. 
11, No. 7, 1235-1239 (2012) 

27. D.J. Brake, Fire Modelling in Underground Mines using Ventsim Visual VentFIRE 
Software, The Australian Mine Ventilation Conference, Adelaide, 1-3 July (2013) 

28. E. Develo, M. Pillalamarry, E. Garab, Improving the ventilation system at Rosh Pinah 
zinc mine, The Journal of The Southern African Institute of Mining and Metallurgy. Vol. 
116, 301-305 (2016) 

29. E. Widzyk-Capehart, B. Watson, Agnew Gold Mine expansion mine ventilation 
evaluation using VentSim, Proceedings of the 7th International Mine Ventilation 
Congress: June 17-22, 2001, Cracow, Poland (2001) 

30. E. Widzyk-Capehart, C. Fawcett, Life of mine ventilation requirements for Bronzewing 
mine using VentSim, Proceedings of the 7th International Mine Ventilation Congress: 
June 17-22, 2001, Cracow, Poland (2001) 

31. J.G. Zhang, C.Y. Suo, Study of Coal Mine Ventilation System Optimization based on 
Ventsim, MATEC Web of Conferences 44, 02016 (2016) 

32. S. Maleki, F. Sotoudeh, F. Sereshki, Application of VENTSIM 3D and mathematical 
programming to optimize underground mine ventilation network: A case study, Journal 
of Mining & Environment, Vol. 9, Issue 3, Page 741-752 (2018) 

33. K. Dzwiti, V. Mutambo, Optimization of the Ventilation System Using Ventsim Visual 
Considering the Full Mine Mechanization Drive at Konkola Copper Mines, First Zambia 
National Conference On Geology, Mining, Metallurgy and Groundwater Resources: The 
Future Mining in Zambia Held at Mulungushi International Conference 22nd – 23rd 
November 2018, Lusaka, Zambia (2018) 

34. X.D. Zhu, Z.L. Lu, H.L. Wang, Analysis and Application of Energy Saving and 
Consumption Reduction of Mine Wind Network Based on Ventsim, Journal of Scientific 
and Engineering Research, 5(12):21-26 (2018) 


