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Abstract – Over the past four years in the power system of the 

Kemerovo region there have been a number of major accidents 

(at the substation 220 kV Uskatskaya, the power line 110 kV 

Belovskay – Novo-Leninskay), that have led to blackouts of 

hazardous industrial facilities – coal mines and open pits. These 

events have demonstrated the vulnerability of the external power 

supply system of coal enterprises. The absence in most of mines 

in the Kemerovo region of standby power sources has led to 

stopping important electroreceivers, which created a threat of an 

accident in the coal mines themselves. The paper deals with the 

problem of low reliability of external power supply of coal 

enterprises. An overview is given of several major accidents in 

the power system of the Kemerovo region. The risk of total power 

blackout of coal mines is described. To reduce the probability of 

outages and increase the level of industrial safety the authors 

suggested conducting technical audits of external power supply 

networks of coal enterprises. The result of technical audits is the 

development of a set of measures to improve the power supply 

reliability of coal mines. 

Keywords – accident; technical audit; coal mines; reliability of 

power supply; backup power supply. 

I.  INTRODUCTION 

Reliability of power supply is determined by numerous 
factors, the most important of which are electrical scheme and 
redundancy [1-3]. Consumers attached to the main substation 
according to the scheme with low reliability (e.g. dead-end 
scheme) might sooner or later be de-energized. Confirmation 
of this is the recent event in the Crimea, when nearly two 
million people lost electricity as a result of damage to power 
lines. Such severe consequences of the accident caused by the 
fact that the Crimean peninsula is supplied with electric power 
in a dead-end mode without redundancy.  

Power supply of the Kemerovo region is characterized by a 
higher degree of redundancy. It is carried out by its own 
generation and power flows from the power systems of the 
neighboring regions. However, the accident at the large energy 
facilities (500 kV substation, power plant) could lead to large-
scale blackouts. The peculiarity of the power system of the 
Kemerovo region is a large amount of hazardous production 
facilities – coal mines and open pits. In this regard, 
emergencies in power system of the Kemerovo region, 
accompanied by massive outages, can lead to disastrous 
consequences. 

The objectives of the paper are to develop the 
methodology of technical audit of external power supply 

networks and the justification for its carrying out in coal mines 
of the Kemerovo region. 

II. MATERIALS AND METHODS 

The object of study in this paper is the coal mines of the 
Kemerovo region. The external power supply system of 
mining enterprises, which includes the electrical installations 
to ensure the transmission of electrical energy from the power 
centers to main step-down substation of the enterprise 
(substation, distributing arrangement and power line), is 
considered. 

For justification of relevance of the considered subject a 
number of major accidents on the objects of power system of 
the Kemerovo region are analyzed. 

III. RESULTS AND DISCUSSION 

Coal and mining enterprises fall into the category of 
consumers, for which the energy consumption constraint could 
lead to economic, environmental and social impacts [4]. 
Interruptions in electricity supply of these objects may be 
associated not only with significant economic losses, but also 
with threat to the life and health of people and the 
environment. According to studies [7, 8], the largest number 
of accidents occurred in mines of the Kemerovo region which 
reasons are including shutdowns of electric energy. Breaks in 
power supply of mines create real prerequisites for the 
occurrence of accidents. 

The mine electroreceivers include consumers of special 
group of the first category of reliability, and features of 
technological process of coal mining require emergency and 
technological reservation of power supply [9, 10]. «Vital» 
electroreceivers of mine (main fan, mine drainage pump, cage 
winding etc.) provide safe labor conditions and must always 
be in work. Also they should be part of the power supply 
technological/emergency reservation. Energy consumption 
constraint of the coal enterprises below the emergency 
reservation level is not allowed. In case of unscheduled 
shutdowns, due to damage to grid equipment of the power 
system or the emergency control schemes actions, power 
supply of hazardous production facilities may be impossible, 
even if there is an approved act of the emergency and 
technological reservation. In such cases, self-contained reserve 
power supplies must be employed to supply electroreceivers 
of emergency reservation [4-6]. However, the vast majority of 
coal mines in the Kemerovo region don’t have self-contained 
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power supplies. In this regard, any accident in the external 
power supply system of coal enterprises is very dangerous. 

In the power system of the Kemerovo region frequently 
occur accidents, leading to energy consumption constraint of 
the coal enterprises. In recent years, the number of such 
accidents has increased dramatically. In 2009 year there were 
five outages of coal mines, in 2013 years – seventeen outages, 
in 2014 year – twenty one outage and in 2015 year – fifty 
outages [11] (Fig. 1). 

According to the studies [12], the greatest number of 
outages is observed in electric networks of 110 kV (Fig. 2). 
Outages can occur for various reasons, but most often 
associated with lightning surge (fig. 3). In internal power 
supply systems of the coal enterprises wire breakage, 
destruction of insulators and falling of trees on wires are the 
main reasons for emergency shutdowns of air-lines [13, 14]. 

 

 

Fig. 1. Number of outages of coal mines in the Kemerovo region. 

 

 

Fig. 2. Number of outages in electric networks of the Kemerovo area in 
10 years by data [12]. 

 

 

Fig. 3. The reasons of outages in electric networks of 110 kV of the 
Kemerovo area in 10 years by data [12]. 

 

Over the past four years, the most serious accidents in 
external power supply system of coal mines in the Kemerovo 
region are [15]: 

1. Shutdown of six mines as a result of damage to 
the transformer on the substation of the West Siberian 
metallurgical steel plant on October 19, 2012 (evacuation of 
294 miners). 

2. Stoppage of main fans on two mines as a result of 
transformer failure on the substation Polysaevsaya-3 on July 
16, 2013. 

3. Stoppage of main fans on the mine Osinnikovskay 
on September 15, 2013 as a result of external power supply 
interruption (evacuation of 278 miners). 

The most serious accident occurred on the double-circuit 
transmission line 110 kV Belovskaya – Novo-Leninskaya on 
January 26, 2014. Shutdown of this power line was the result 
of break and drop of an overhead protection cable of power 
line 220 kV Belovskay GRES – Vostochnaya on the line wires 
of power line Belovskaya – Novo-Leninskaya (fig. 4). The 
accident led to a shutdown of seven coal enterprises and the 
evacuation of more than a thousand miners. Earlier also there 
was a major accident on this line. On May 28, 2002 due to the 
hurricane struck the power transmission pole, as a result four 
coal mines were left without electricity [16, 17]. 

The last major accident occurred on the substation 220 kV 
Uskatskaya caused by fire on the autotransformer AT-2 
(fig. 5) on April 4, 2015. To ensure the safety of fire 
extinguishing, AT-1 had also been shutdown. The accident led 
to a total blackout of substation Uskatskay. As a result nine 
110 kV substations and seven 35 kV substation were  
de-energized, among which there are substations of hazardous 
production facilities. Two coal mines lost power supply and 
had to evacuate the miners. After six hours electricity supply 
to consumers was partially restored. During the post-
emergency conditions, consumers are partially supplied from 
the substation Severniy-Maganak though substation Stepnaya 
and 110 kV switchgear of substation Uskatskaya (fig. 5). Then 
substations of coal enterprises were allowed to turn on the 
feeders, which supplied main fan and mine drainage pump.  
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Substation 110 kV 
Novo-Leninskaya

Substation 110 kV 
Novo-Mochovskaya

Substation 110 kV 
Zarechnaya

Substation 110 kV 
Kostromovskaya

Substation 110 kV 
Belovskaya

 

Fig. 4. The circuit of the overhead line 110 kV Belovskaya – Novo-Leninskaya. 
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Substation 220 kV 
Uskatskaya

From the substation 500 kV 
Kuzbasskaya

Substation 110 kV 
Ilyinskaya-1

Substation 110 kV
Stepnaya

From the substation 220 kV
Severniy Maganak

 

Fig. 5. Post-emergency simplified scheme of the substation 220 kV Uskatskaya. 
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Accident elimination lasted for about eleven hours and there 
were no serious incidents on the de-energized mines. 

The owners of the coal enterprises do not always properly 
realize the danger of this situation. Violations of the external 
power supply with the total blackouts of the coal mines 
provoke accidents with possible casualties. The responsibility 
for these events will be on the owner, due to lack of reserve 
power supplies for electroreceivers of emergency reservation, 
the necessity of which is regulated by the normative 
documents [4-6]. To solve this problem and ensure safe 
working conditions in coal mines of the Kemerovo region it is 
necessary to carry out technical audits. 

Technical Audit is an independent, comprehensive, 
documented assessment of compliance with requirements of 
normative documents and the preparation of recommendations 
to improve such activities. The main objective of technical 
audit is to show to the owner of the coal enterprise objective 
overview of the power supply reliability level and the basic 
ways of its increase. The final goal is to reduce the probability 
of total blackouts of the coal mines with shutdown of 
emergency reservation electroreceivers. 

To standardize the procedure of carrying out technical 
audits and identifying common steps of their implementation 
the Methodology of technical audit of external power supply 
networks of coal mines in the Kemerovo region has been 
developed by the staff of the “Department of electrical 
supplies of mining and industry enterprises” of KuzSTU.  

Technical audit consists of two main steps: 

1. Analysis of the actual level of the external power 
supply reliability of the coal mine.  

2. Development of a set of measures aimed at 
improving the reliability of power supply. 

The first step is the analysis of project, executive and 
operational documentations used in the operation of electrical 
installations (substations, switchgears, overhead and cable 
transmission lines), which provide transmission of electrical 
energy from the power centers to the substation of coal mine. 
The main purpose of this step is to identify the weak points of 
the external power supply system of the coal mine and to 
analyze the possibility of accidents. 

In addition, on the first step the audit addresses the 
elements of the internal power supply system of the coal mine. 
Analysis of the mine dispatcher control system and 
verification of proper organization of electricity supply to 
consumers of special group of the first category of reliability, 
are performed. 

Then, the development of technical solutions is carried out 
aimed at addressing the existing shortcomings which have 
been identified on the first step. The proposed technical 
solutions primarily should be aimed at improving the 
reliability of the circuit connection of the mines substation to 
the power system and the organization of reserve electrical 
supply. 

Reserve electrical supply can be provided by self-
contained power supplies (e.g. diesel generator plant) or by a 

separate power line from power source in power system, 
which operation mode is independent of the operation of the 
main power centers of coal mine. The choice of a particular 
technical solution is performed individually for each of the 
audited enterprises. 

In order to increase interest of the owners of the coal 
enterprises in technical audit and the implementation of the 
proposed measures in technical audit, special attention should 
be paid to the feasibility of the proposed solutions. In the final 
report, the economic effect from their implementation should 
be shown in an explicit form. The economic effect of the 
implementation of measures is based on reducing the value of 
the expected economic impact of power failure. 

IV. CONCLUSION 

The high accident rate of electrical networks of power 
system of the Kemerovo region and the lack of reserve power 
supplies threaten with the total blackouts of hazardous 
production facilities that provoke the appearance of their 
emergency situations there. To ensure safe working conditions 
at the coal enterprises of the Kemerovo region it is necessary 
to carry out technical audit of external power supply networks. 

As a result of technical audit of the coal mine, the owner 
receives objective information about the level of reliability of 
electricity supply of the mine, the risk of accidents and 
possible options of their elimination. On the basis of which he 
may take appropriate measures (the adjustment of the 
investment program, custom of project work etc.) to 
implement the proposed measures to improve the reliability of 
power supply. 
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