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Abstract  
Teaching and training of road tunnel operators “how” to operate road or highway tunnel before its 
existence is according to European legislation fully in the competence of tunnel safety officer and 
tunnel administrator. Slovak method is in contrast to other EU countries different because of the 
possibility to use a unique device “Tunnel Traffic & Operation Simulator (Simulator). This Simulator is 
used for teaching of new tunnel operators and for training of existing tunnel operators with annual 
periodicity from 2013. The possibilities to simulate various emergency events, that don’t often occur in 
real tunnels, are never-enough-to-be-regretted. Different results from the event test of problem-solving 
are very interested but not unexpected. Many times, it depends on the operator’s experience and daily 
practice which is dependent on the type of road tunnel they control (one tube or twin tube) and the 
traffic volume (high or low). Mentioned vocational training has got its own so-called “small” 
accreditation. The main objective is to increase road tunnel safety through the regular retraining and 
training. Gradual implementation of this device into the educational process, methodology of teaching 
and evaluation of participants will be described in detail in the paper. 

Keywords: training, education, operator, simulator, road tunnel.   

1 INTRODUCTION 
Safety of road tunnels is very complex problem and depends to many factors. One of them is position 
of road tunnel operator and his/her interventions to the tunnel control system. In regard to European 
Directive 2004/54/EC on minimum safety requirements for tunnels in the trans-European road network 
the administrative authority shall ensure organisational and operational schemes (including 
emergency response plans) for the training and equipping of emergency services and defining the 
procedure for immediate closure of a tunnel in an emergency. The personnel involved in the operation 
(tunnel operators, tunnel specialists, safety officer) as well as the emergency services shall receive 
appropriate initial and continuing training [1]. In regard to [2] safety officer is responsible person to 
verify that operational staff and emergency services are trained, every four years conducts exercises 
of emergency services and participates in organizing training at regular intervals of maximum two 
years. In Slovakia we have five road tunnels in operation under the administration of the National 
Motorway Company (NMC). Three of them are uni-directional and the other two are operated bi-
directionally. They are operated from four independent tunnel control centres. Other seven tunnels are 
under the construction process. In summary, about 30 road or highway tunnels on the road network of 
Slovakia are in consideration which will be operated from only three central tunnel control centres in 
the future. Teaching and training of all Slovak road tunnel operators is provided every year at the 
University of Žilina through an accredited education program with the participation of safety officer for 
Slovak road tunnels.   

2 EDUCATION AND TRAINING PROGRAM FOR TUNNEL OPERATORS 
“Management of tunnel operation” is accredited education program of the Faculty of Civil Engineering 
at University of Žilina. It consists of five training modules: 

− Basics of operations management (BOM), within the range of 100 h, 
− Management of technology (MT), 30 h, 
− Operation of technological devices (OTD), 30 h, 
− Tunnel management (TM), 10 h, 
− Operation and management processes (OMP), 10 h. 
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In regard to internal company regulation, NMC’s staffs have to pass through the basic course (BOM). 
All tunnel operators have to be trained every year by other modules (TM or OMP), tunnel specialists 
every two years by OTD. The module MT is designed for staff from the management position. Detail 
description of all modules was presented in [3]. 

3 TUNNEL TRAFFIC & OPERATION SIMULATOR 
Simulator (Fig. 1) is main part of Slovak road tunnel operators training. It allows simulate incidents 
which are rare in the real tunnel traffic with the aim of verification of correctness and philosophy of the 
tunnel operation. Visualizations of the tunnel traffic and technology management are the same as on 
the real operator workplace of a two-tube tunnel. It is possible to control a virtual tunnel by two 
independent operators (for traffic and technology) and their work is changeable, so it means that 
single operator can control entire tunnel from his/her workstation. In contrast to real traffic, simulation 
of video surveillance shows a virtual traffic in the tunnel tubes and in front of them. Simulator 
(technology equipment of virtual tunnel) was created in accordance with all Slovak legislation valid at 
that time (2013). 

 
Figure 1. Scheme (left) and real photo (right) of Simulator. 

4 TRAINING OF OPERATORS 
Training of operators is generally carrying out under the supervision at minimum of two responsible 
persons: safety officer of Slovak road tunnels (responsible person for verifying the training of tunnel 
operational staff) and guarantor of accredited educational program (coordinator of simulations). Other 
possible persons can be from the order of the customer (NMC).Training of two operators who work in 
real together takes two lessons and is carried out by simulating various standard and non-standard 
situations, many different faults, notifications and as well as emergency events (accident, fire, etc.). 
This is very important because in real operation of road tunnel they happen very rare and possibility to 
train proper procedures without negative impact on the real situation in the tunnel (on the users and 
the tunnel itself) is never-enough-to-be-regretted. 

4.1 Simulated events 
Coordinator of the training can choose from many different emergency events, e.g. (Fig. 2): 

− pedestrian in tunnel and possibility of collision, 
− animal in tunnel and possibility of collision, 
− slowly moving vehicle, 
− breakdown of vehicle (stopped vehicle), 
− stopped heavy good vehicle (HGV) with dangerous goods (DG) and possibility of leakage or 

fire, 
− lost cargo and possibility of collision of fire, 
− leakage of chemical substance, 
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− demonstration of people in tunnel, 
− threat of terrorist attack, 
− vehicle in bad direction, 
− oversized vehicle, 
− stopped bus, 
− accident of two cars and possibility of fire. 

 

 
Figure 2. Examples of possible simulated emergency events. 

4.2 Simulated situations and faults 
All emergency events presented in Chapter 4.1 can be simulated in combination with different 
standard and non-standard situations with possibility of technology equipment faults, e.g.: 

• changes of operational parameters (day, night, fog, smog), 

• changes of physical values (opacity, level of carbon monoxide, luminosity, temperature, airflow), 

• changes of traffic flow (sporadic, normal, tailbacks, stop and go), 

• faults and breakdowns of tunnel technologic equipment (cameras, various detectors, traffic 
signs, power supply, local connections, etc.), 

• emergency calls (from SOS cabin, with tunnel specialists, integrated emergency rescue system, 
rescuers, fireman and many other responsible persons), 

• evacuation radio and radio broadcasting.  

4.3 Training and evaluation 
Operators also have a tunnel operating cards at the disposal. They are gradually subjected to different 
situations, from simple to complex, and evaluated by safety officer of Slovak road tunnels if 
appropriate by coordinator, who reviews the whole course of simulation. The evaluation is very 
subjective, it consists of evaluation points of the individual situations and the result is in percentage of 
total points obtained. 
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Content and test evaluation 
Focus of simulation activity Evaluation criteria
A Control of technological devices 1 - correct reaction
B Control of traffic feautures 2 - partly correct reaction
C Extraordinary regime of traffic operation 3 - slow reaction / correct
D Extraordinary regime of tunnel technology equipment 4 - more or less correct reaction
E Emergency regime of traffic operation 5 - reaction totally incorrect
F Emergency regime of tunnel technology equipment
G Fire

Process and test results

No. Value of 
task [points] Evaluation Obtained 

points
A - 14 2 1 2
A - 7 2 2 1,5

B - 12 1 1 1
B - 3 1 1 1
C - 5 3 2 2,25
E - 9 7 2 5,25

D - 11 10 1 10
F - 1 10 2 7,5

G - 25 10 2 7,5

Traffic accident - collision with animal
Failure of variable traffic signs
Tunnel power supply failure
Fire in TT - Linear fiber laser in Left TT - beyond entry to TT - zone 107

Assignment

6
7
8
9

Decrease of CO value in left TT at min. 0.5 ppm
Turning the Guide Light On to blink mode in right TT - left lane
Closing the right lane in left TT with a reduction of maximum permitted speed to 60 km/h
Short-term closing of left TT without redirecting traffic
Slowly mooving vehicle

Sr.no.

1
2
3
4
5

 
Figure 3. Part of the evaluation form. 

Operators are evaluated individually and criterion of success is 70 %. There are some reasons of 
different results by years (Fig. 4). For example, change of traffic situation because of new crossing 
near the tunnel (Čadca) which caused numerous traffic jams every day in peak hours. In this tunnel 
operators are still under „constant stress“ and still resolve various situations for the good of their 
affairs. In another tunnel control centre (Mengusovce) results at the beginning (2013) were really good 
but this centre control only one two tube highway tunnel with very low traffic volume (few possibilities 
to deal with situations) so its reason of their sufficient results in the next year but situation is improving 
gradually.  

 
Figure 4. Average results of all Slovak tunnel control centres for the last 4 years. 

5 CONCLUSIONS 
One of the primary objectives of each tunnel is to advance the high level of traffic and users safety. 
Changes of the traffic-operation states and other equipment are reflecting at the simulated traffic, as 
well as simulations of various emergency events in traffic initiate changes in tunnel detecting and 
measuring devices. Training of tunnel operators by simulator and possibility to try different situations 
and to verify the correctness of their solutions repeatedly is never-enough-to-be-regretted. 
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