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Abstract
To ensure a higher level of safety in the zones endangered by leakage of hazardous substances on the territory of the Moravian-Silesian 
region, a CHEmical MONitoring system project was implemented - CHEMON. Th e project aims at reducing the risks of a potential 
accident with hazardous substances. 
Th e article describes the process of selecting the major sources of risks, opportunities and goals of continuous monitoring of hazardous 
substances (which not only serves to identify the accident occurred, but also to ensure observation of the spread of a toxic cloud), pos-
sibilities to use the existing transmission paths of the unifi ed warning and notifi cation system for alerting the population, informing 
system to alert people at risk in signifi cant buildings and procedure of notifi cation of the Integrated Rescue System of an accident.
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Introduction
The overall objective of the environmental safe-

ty is to protect and to improve environmental qual-
ity as one of the basic principles of sustainable de-
velopment [1]. Environmental quality is rudimental 
for the health of the population and increases the 
attractiveness of an area to live, work and invest in. 
One of the key elements of environmental quality is 
also the environmental safety with regard to serious 
accidents with leakages of hazardous substances.

The aim of the chemical monitoring system 
(hereinafter "CHEMON") is to improve environ-
mental quality and to reduce environmental risks 
by limiting the consequences of accidents of life, 
human health and the environment. Chemical 
Monitoring Process includes the following:
• limiting the amount of leaked hazardous sub-
stance;
• monitoring of the progress of toxic cloud
spreading;
• warning of the population;
• notifi cation of security forces (integrated res-
cue system components).

CHEMON project is implemented within the 
local self-administration unit of the Czech Re-
public (hereinafter "CR"), on the territory of the 
Moravian-Silesian Region. Chemical monitoring 
system was acquired from subsidies drawn from 
the Environment Operational Programme.

Limitation of the consequences of accidents 
with leakages of hazardous chemicals in such a 

comprehensive scope is completely unique, both 
in the Czech Republic and abroad. Usual are rath-
er the "local systems" that allow only some of the 
functions of CHEMON system and without direct 
active involvement of the security forces (eg. for 
monitoring of the spread of a toxic cloud). In terms 
of complexity these commonly used systems are 
at qualitatively lower level.

The standard "monitoring systems" can also 
include fi re detection devices, where some of the 
information can be transmitted to the centralized 
protection desks of operational centres of rescue 
components. Here, however, it is usually only the 
monitoring of onset of fi re, without linkage to 
leakages of hazardous chemical substances.

Characteristics of the Moravian-Silesian 
Region

Moravian-Silesian region is the northeastern 
part of the Czech Republic with an area of approx-
imately 5500 km2. Seven percent of the territory 
of the Czech Republic is inhabited by 12.5% of 
the population, i.e. approx. 1.2 million people. 
Moravian-Silesian region is characterized by in-
dustrial complexes, whose activity is linked with a 
number of facilities and installations dealing with 
hazardous chemicals. Potential serious accidents 
with spills of these hazardous substances threaten 
the urban environment. 

Prevention has crucial importance to protect 
the environment from disasters caused by humans 
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Fig. 1. Ammonia leakage modelling SW Fluent [8] and SW Aloha 5.4.1. (15 minute leakage, range of displayed scale 
150 to 1100 ppm, winter stadium CEZ Arena)

Rys. 1. Model wycieku amoniaku za pomocą SW Fluent [8] I SW Aloha5.4.1. (Wyciek 15 minut, zakres skali 150-
1100 ppm, Stadion zimowy CEZ Arena)

Fig. 2. Schematic representation of the CHEMON system 
Rys. 2. Schemat systemu CHEMON

Fig. 3. Diagram of absorption scrubber
Rys. 3. Schemat płuczki absorbera
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and natural disasters [2]. The aim is to achieve a 
higher level of protection against disasters and 
ensure greater environmental resistance against 
them. Assessment of risks and their management 
is crucial for accident management, preparedness 
and response of environment.

Identification of significant sources of danger
Accidents with spills of hazardous substances 

belong to the socially significant sources of envi-
ronmental risks that threaten human health or the 
environment around the site of accident. It relates 
not only to operators within the diction of Seveso 
Directive [3], but also the so-called unclassified 
operators, particularly entities dealing with com-
pressed or liquefied toxic gases. 

Experience from similar accidents in the world 
shows that it is not possible for the intervening 
branches to warn and to protect the population in 
a timely manner and effectively in case of an ac-
cident, to start tracking the spreading of the toxic 
cloud and then implement measures to minimize 
the consequences. This finding are confirmed also 
by emergency preparedness exercises.

In the CHEMON project significant resources 
were identified based on risk assessment, which 
were subsequently incorporated into the chemical 
monitoring system. Their selection was performed 
not only based on the assessment of toxicity and 
quantity of dangerous substances but also vulner-
ability of the area. Identified sources of risk main-
ly include technologies, which use ammonia as a 
refrigerant (eg. winter stadiums, cold stores, dair-
ies). Approach of the solution corresponds with 
the report of the Ombudsman on the safety of win-
ter stadiums in the Czech Republic [4]. 

In the preparatory phase of the project the re-
searchers elaborated a detailed risk assessment 
of the Moravian-Silesian Region, including their 
identification and modelling of leakage of hazard-
ous substances using software ALOHA [5] EF-
FECT [6] and FLUENT [7] (see Fig. 1).

Based on modelling of the effects of acciden-
tal manifestations the researchers made an assess-
ment of environmental vulnerability of potentially 
endangered area. Vulnerability of the environment 
as a whole was assessed for the following endan-
gered subsystems: 
• population (permanent residents and intermit-
tently residing populations)
• environment (esp. biotic environment, surface wa-
ter, soil environment, hydrogeological environment) 
• economic activities
• infrastructure. 

Subsequently, the researchers selected ma-
jor sources of risk on the territory of the Mora-
vian-Silesian region, ie. 8 areas situated in urban 
areas and municipalities.

Chemical monitoring system
The most effective way to reduce risks result-

ing from possible accidents is to create a system 
enabling in case of emergency "to detect, limit the 
spread, monitor and warn". CHEMON system is 
designed and implemented in accordance with the 
applicable concept of protection of the Czech pop-
ulation [9], which is approved by the resolution of 
the Government of the Czech Republic. 

The system includes:
• technical measures minimizing the risks directly 
on the sources (absorption scrubbers of ammonia 
in the air conditioning systems of the cooling ma-
chine rooms, spray monitors for absorption and 
containment of ammonia in the open air),
• system of sensors capable of indicating a dan-
gerous concentration of hazardous substances in 
danger zones, 
• equipment for the transmission of information 
to operational and information centre of the fire 
brigade of the Region (hereinafter referred to as 
"OPIS"),
• equipment for notification of significant subjects 
visually - by audible signalling device (education-
al, social and health care facilities). 

CHEMON system is schematically illustrated 
in fig. 2.

Sprinkler systems
To reduce the concentration of ammonia leak-

ing from the cooling engine rooms a system of  ab-
sorption scrubbers (more precisely wet membrane 
separators "WMS") is designed, which is installed 
in the air conditioning and ventilation equipment 
of the machine rooms in enclosed buildings or 
sprinkler monitors at machine rooms outdoors.

In the upper part of the absorption scrubbers 
there is a set of sprinklers ensuring uniform spray-
ing of filler, which ensures the fragmentation of 
water drops, thus allowing better washing in wa-
ter. At the bottom of the absorption scrubber there 
is an outlet of the used liquid (ammonia water), 
which flows into the retention tank. Collecting 
of ammonia water generated by the absorption 
scrubbers will reduce the need to use mobile cur-
tain branch pipes used by the emergency services, 
which are problematic in terms of catchment of 
contaminated water. Spraying is activated by a 
solenoid valve when the limit concentration is  
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exceeded. Diagram of the absorption scrubber can 
be seen in figure 3.

For outdoor accident liquidation one of the 
plants uses sprinkler monitors (see Fig. 4). It is a set 
of curtain branch pipes, which are attached to the 
structure by a bayonet flange. Water curtain, which 
can be mechanically controlled, creates a barrier in 
the direction to the residential area and limits the 
spread of toxic cloud of ammonia. Part of leaking 
ammonia is also absorbed by water. Sprinkling is 
started automatically when the preset limit concen-
tration of ammonia is exceeded.

Data sensors and data racks
Monitoring system data sensors are used to de-

termine the extent and intensity of the toxic cloud 
with output to OPIS of the Fire Rescue Squad of 
the region. 

Detectors are placed at both the operators of 
the sources of risks and at selected locations in 
their surroundings (e.g. on lampposts, traffic sign 
portals, facades or roofs of buildings). Concentra-
tion limit for reporting an accident in the engine 
room is 150 ppm indoor and 50 ppm outdoor. The 

individual sensors maintain software multi-detec-
tor interdependence to eliminate false alarms. 

Data distributors are designed to ensure bidi-
rectional communication between the sensors and 
the user software (see Fig. 5). 

Terminals for notification and information
In the dedicated facilities, which are schools, 

social service facilities, medical facilities or shop-
ping centres located in the vicinity of identified 
sources of risk, there are terminals for notification 
and warning (see Fig. 6). The devices contain in-
formation on the nature of the threat and the re-
gime rules necessary for the implementation of 
measures to protect people. The OPIS dispatcher 
can also use the terminals to transmit certain range 
of information to subjects.

In the event of a chemical accident, the termi-
nal is activated via a radio network from the OPIS 
level of the Fire Rescue Squad of the Region. Af-
ter starting optical and acoustic signalling of the 
terminal the screen displays information about the 
nature of the threat. The terminal operator con-
firms the acceptance of this information by means 

Fig. 5. Position of sensors and data distribution cabinets
Rys. 5. Lokalizacja czujników i koncentratorów danych
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of a button and this information is sent back to the 
OPIS of Fire Rescue Squad of the Region. After 
confirmation, the terminal displays guidelines for 
staff activities on the tabs (eg. the director, teach-
er, janitor), whereby the staff is instructed about 
their obligations and the measures necessary for 
the protection of people of specific facility from 
the effects of hazardous substances. Implementa-
tion of individual steps is confirmed by the opera-
tor with a button on the terminal touch screen and 
thereby sending the message to OPIS. Terminals 
also have predefined modes for terminating the 
emergency, system test and exercise.

User software
User software enables communication, collec-

tion, editing and evaluating data. 

Transfer infrastructure
The benefit of the system data transfer consists 

in the use of the existing transmission routes of 
unified communication and warning system, un-

der which the Czech Republic operates terminal 
warning elements. Installation of sensors with 
data cabinets, which are terminal elements of 
measurement, integrated into a single notification 
and warning system, is one of the measures that 
are implemented in the spirit of the currently valid 
concept of protection of the population [9].

Territorial links
Implementation of the project was accompa-

nied by media coverage and personal delivery of 
information to the public (e.g. information leaflets, 
meetings). To obtain information it was necessary 
to establish a "project information portal" http://
chemon.hzsmsk.cz. Putting of the CHEMON 
project into operation was preceded by an exercise 
of the fire brigade of the Region. 

Discussion regarding the results of the project 
of chemical monitoring 

The CHEMON project consists in the applica-
tion of the "detect, limit the spread, monitor and 

Fig. 4. Sprinkling monitors in front of outdoor stock of ammonia 

Fig. 6. Terminal for informing and warning of population 

Rys. 4. Monitory spryskiwania wewnątrz magazynu amoniaku 

Rys. 6. Terminal informowania i ostrzegania ludności 
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warn" principle, which is the optimal form of pro-
tection of the public against exposure to hazardous 
chemicals. The conducted risk assessment shows 
that the application of these measures on selected 
devices will reduce the risk by one to two orders 
of magnitude.

The described project will reduce the area of 
the affected urban environment by more than half 
and thus proportionally decrease the amount of 
population at risk (see Fig. 7). Figure 7 shows the 
average values of 8 analyzed areas.

Practical experience gained from the exercise 
of emergency preparedness in the past suggests 
that the time to initiate the implementation of 
measures to protect the population in the urban 
environment will be reduced by up to two-thirds 
(blue and red area in Fig. 8). 

Population exposure time, which is crucial to the 
degree of danger to human lives and health in the 
event of emergency is proportional to the time in 
which the emergency can be identified, initiate rescue 
and liquidation works, including measures to protect 
population (especially warning and information). 
The balance of timelines for individual parameters 
determining the duration of exposure of population 
implies that the time of exposure of the population 
endangered by toxic effects of ammonia in vulner-
able areas of the urban environment is reduced by 
about half (blue, red and green area in Fig. 8).

Currently the whole system of chemical monitor-
ing is in trial operation, within which organizational  
links and the flows of information to the involved 
parties are addressed. There is an ongoing "set-
up" of responsibilities and obligations related 

Fig. 7. Percentage reduction of the affected environment and the number of inhabitants at risk 
Rys. 7. Procent zmniejszenia efektu środowiskowego oraz liczba osób narażonych na ryzyko

Fig. 8. Illustrative representation of reduced time of exposure of endangered population
Rys. 8. Reprezentacja graficzna zmniejszenia czasu ekspozycji na zagrożenie 
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to the implementation of measures in relation 
to the system being built. The involvement of 
a large spectrum of partners who are in roles of 
endangered subjects is associated with high or-
ganizational requirements for effective planning 
and increase of the resilience of the territory  
as a whole.

Conclusion
CHEMON project, which is aimed to protect 

the population from leaks of hazardous chemi-

cals, represents in its character and form of im-
plementing a special system to increase the safe-
ty of the population. This project is based on the 
scientific principles of risk analysis, assessment 
of the resilience of surroundings and extensive 
practical experience with the implementation of 
safety measures. With regard to the systemic ap-
proach to chemical monitoring, notification and 
warning of the population and direct connections 
to the intervening subjects it is a project that is 
unique also internationally.



44 Inżynieria Mineralna — LIPIEC – GRUDZIEŃ <2015> JULY – DECEMBER — Journal of the Polish Mineral Engineering Society

Literatura – References 
1. Ministry of Environment of the Czech Republic. State Environmental Policy of the Czech Republic 

2012–2020. 2012 [cff. 2015-01-10]. Available online: <http://www.mzp.cz/C1257458002F0DC7/
cz/statni_politika_zivotniho_prostredi/$FILE/OEDN-statni_politika_zp-20130110.pdf.pdf>.

2. "Decision of the European Parliament and the Council no. 1313/2013/EU of December 17, 2013 
on the Union Civil Protection Mechanism." Official Journal of the European Union L 347, 56/2013: 
924–947, doi:10.3000/19770626.L_2013.347.ces.

3. "Directive of the European Parliament and the Council no. 2012/18/EU on the control of ma-
jor accident hazards involving dangerous substances, amending and subsequently repealing 
Council Directive 96/82/EC." Official Journal of the European Union L 197, 55(18)/2012: 1–37, 
doi:10.3000/19770626.L_2012.197.ces.

4. Motejl, O. 2006. Zpráva veřejného ochránce práv ve věci bezpečnosti zimních stadionu v České 
republice (Report of the Ombudsman on the safety of winter stadium in the Czech Republic). Sp. 
Ref. 3181/2004/VOP/MH. Brno: 1–4. 

5. ALOHA 5.4.2. "Areal Locations of Hazardous Atmospheres. U.S. Environmental Protection Agen-
cy." [cff. 2012-03-30]. Available online: <http://www.epa.gov/oem/tools/ALOHA543Installer.exe>.

6. Environment, Health and Safety: EFFECT [online]. 2009 [cff. 2012-08-07]. Avail-
able online: <http://www.tno.nl/content.cfm?context=markten&content=pro-
duct&laag1=186&laag2=267&item_id=739&Taal=2>.

7. FLUENT: Fluent 13.0, ANSYS FLUENT Theory Guide, ANSYS, Inc., 2010. 

8. DANIHELKA, P. et al. 2011. Matematické modelování únik čpavku v městské zástavbě (Math-
ematical modelling of leakage of ammonia in urban areas). Partial final report to the project. 
CZ.1.02/5.1.00/11.13307. Ostrava: Technical University of Ostrava.

9. Koncepce ochrany obyvatelstva do roku 2020 s výhledem do roku 2030 (Concept of population pro-
tection in 2020 until the year 2030). 2013. 1st ed. Prague: Ministry of Interior – General Director-
ate of Fire Rescue Squad of the Czech Republic.

Poprawa bezpieczeństwa środowiskowego dzięki Systemowi Monitoringu Chemicznego
Aby zapewnić wyższy poziom bezpieczeństwa na terenach zagrożonych wyciekiem niebezpiecznych substancji w  regionie Śląs-
ko-Morawskim, wdrożono projekt polegający na systemie monitoringu składu chemicznego – tzw. CHEMON (od ang. CHEMical 
MONitoring). Celem projektu jest obniżenie ryzyka potencjalnego zagrożenia ze strony niebezpiecznych substancji. 
Artykuł opisuje procesy identyfikacji największych źródeł zagrożenia, możliwości i założone cele ciągłej obserwacji niebezpiecznych 
substancji (która nie tylko służy do informowania o zaistniałym zagrożeniu, lecz również zapewnia obserwację drogi toksycznej 
chmury), dostęp do istniejących ścieżek transmisji zintegrowanego systemu ostrzegania i zawiadamiania służący do alarmowania 
ludności, system informujący, który ostrzega ludzi przed ryzykiem występującym w ważniejszych budynkach oraz procedury zawia-
damiania o wypadku – Zintegrowany System Ratunkow (Integrated Rescue System).

Słowa kluczowe: żywotność, bezpieczeństwo środowiskowe, poważny wypadek, monitoring  chemiczny, ochrona ludności


