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Abstract
The new Council Directive 96/82/EC, among other requirements, included provisions for Land Use Planning. The Directive itself does not include any detailed guideline or suggestion on the length of the safety distances around high risk industrial sites. On the contrary, it allows the Member States and the competent authorities to quantify them and to evaluate their adequacy. The political, cultural, structural, technical and other differences of the Member States are thus acknowledged as a parameter of distinction. The main target of this study is, under certain assumptions, to present a framework for the support of decisions concerning land use planning around high - risk industrial sites. The main purpose of this article is to present all factors which are involved in risk assessment. A general framework for risk management is also suggested as well as the configuration of land uses. ¶
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1. Introduction
The importance of Land Use Planning role in the prevention and the restriction of consequences of major hazard accidents were shown, after seriously extent material damage accidents, such as those of Bhopal (India) and in Mexico City. With reference to these accidents, the Land Use Planning close to installations or areas where the storage or treatment of dangerous substances takes place constituted a new requirement of Directive Seveso II with special report to the article of 12 Directive [1]. ¶In the Directive the requirement from the States - Members is formulated in order to the applied policies for the land planning use to include the objectives for the prevention of major hazard accidents as well as the restriction of their consequences [2]. ¶In addition, the field of application is determined and it concerns the planning of new enterprises and the operation of existing industrial ones. Specifically,¶ while the restrictions for the arrangement and the operation of new industrial units are described, they fix the land uses in the areas that surround the existing units, considering the fact that their transport is difficult or economically disadvantageous. It is worth mentioning that in both cases specific measures were not determined in the Directive, but the responsible authorities received the general framework [3]. ¶The article is characterized by the lack of explicit definition of safety distances imposing deliberations where the policy of participation appeared and subsidised in the decision-making. ¶ 

However, during the period after the Directive Seveso II we had the recording of important major hazard accidents such as the Toulouse (France), the Baia Mare (Romania) and the Enschede ones (Netherlands). ¶Each one of the above added a different datum and caused reflection about the level of application of Directive and in the number and the acceptable limits of dangerous substances. [4]. ¶As a result the field of Directive was decided to be extended with the publication of Directive 2003/105/EC that results to constitutes modification of Directive Seveso II. ¶
In the field of application of the new Directive the areas of waste management of the mining industry are included. ¶¶At the same time in the level of planning the growth is included and the socio-economic criteria that are indicated for the first time create a suitable frame for the determination of the optimal point in the relation of safety and growth. ¶
¶In this frame, a general evaluation report of the significance of endangerment and a concise description of factors is included. Additionally¶, is described the process of risk management in the direction of minimisation of consequences, that can be caused from an accident. ¶
2. Factors of risk configuration 
2.1 Generally
It is important to realise that decision-making regarding risks is a very complicated process not only from the technical aspects, but from the political, psychological and social aspects which are of great importance. For the general management of a planning model, the following are essential: a suitable goal, the determination of all essential indicators and criteria that are involved in the question and finally a rational planning. ¶The basic objective in the management of all subjects is the selection of suitable conditions, with the tension to ensure a secure labour and exterior environment, the promotion of competitiveness and growth while satisfying the expectations of employers - workers - public - state. ¶The successful harmonisation of the involved and their balanced attendance presuppose the inclusion of many parameters that influence each interested in a different way and at a different degree. ¶
The rejection or acceptance can be categorized in the following groups: (a) Human safety, (b) Environmental protection, (c) Economic cost and (d) Social acceptance. 

In each category, many indicators are included that determine it. ¶The objective of exercising a public policy such as that of accidents management in installations that manage hazardous substances, many times includes contradictory objectives regarding the fact that it is nature constitutes compromising process of refuted social objectives. ¶ 

2.2 Determination of risk sources 
From a technical point of view, the extent of risks and the effects of risk reduction measures can be quantified in a quantitative risk assessment (QRA). Thus, the QRA can provide a basis for rational decision-making, regarding risks. In literature, 4 phases on quantitative risk assessment are referred [5]:

· Qualitative analysis, which includes definition of the system and the scope, identification and description of the hazards, failure modes and scenarios.

·  Quantitative analysis, which includes determination of the probabilities and consequences of the defined events. 

· Risk evaluation, which includes the evaluation of the risk on grounds of the results of the former analysis.

· Risk control and risk reduction measures, which may have to be taken to reduce the risk.  

The first phase of the process of estimating risk, studies the pointing out all the sources of danger, which is the determination of this work for which the experience, the existing statistical elements and the more general perception of specialists (scientists, researchers) in the particular areas show that bring dangers for the safety of workers. ¶ 
According to the above, a concise classification of possible dangers, which characterizes the industrial enterprises, is the following: ¶
1. Dangers related to mechanical and technological equipment of the installation. ¶
2. Dangers related to the natural risk of the recommended materials and the ability for creating explosive mixtures in contact with other substances. ¶
3. Dangers from the use of explosives, liquids or gases of fuels. ¶
4. Dangers from the exposure of workers in radiation, noises, dangerous  biological or chemical agents, etc  ¶
5. Dangers related to the operation phases of production units of installation. ¶
6. Dangers that result from the existing arrangement of various units in the installation (i.e. reservoir of flammable material placed near the areas of offices, etc.). ¶
7. Dangers related to the rules of fire fighting that have been received. ¶
8. Dangers emanated from the level of noise in the installation especially in internal spaces (i.e. disorientation of workers with the continuous noise of visible danger due to error of handling, not valid notice of workers in case of accident for evacuation of the area, etc.). ¶
Apart from the above dangers of tecnological origin, other dangers also exist. These dangers emanate from natural reasons and many times constitute the initial cause of challenge of accident or other times play important role in the spread of consequences of accident. These are: ¶ (A) The earthquake risk of the region, (V) Topography of the region and the morphology of territorial area, (C) Existence of areas that include dangers in case of intense natural weather phenomena (i.e. in cases of floods - mainly filled with rubble, or forests which can be exposed to fire risk e.t.c.) ¶
¶The role of human activity in total management and support in the phase of operation at an installation is identified at the level of prevention, as well as at the level of management of crisis. ¶Certain anthropocentric parameters that influence the degree of risk are reported below: ¶
1. The briefing and know-how of workers regarding subjects related to the correct operation of phases of production but also substances and mechanic parts that they manage. 

2. ¶The specialisation of workers in the particular work they carry out in their unit that renders so capable on issues relating to prevention to rational management to unexpected events. 

3. ¶The suitable arrangement of workers in the unit ensures comfort in work, created flexibility of escape in case of accident. ¶ 

4. ¶The time fluctuation of work. ¶The alternation of work time not only weekly but also on daily base reduces the workers’ sychological advantage of complete repetition and it decreases the stability that lends "usual". ¶
5. ¶The stability of labour relation. ¶The uncertain labour situation and the seasonal work usually affect the psychology via the economic insecurity that lends to the practice of work. ¶
6. ¶The hygiene of working place. ¶The cleanliness of working places, the environment surrounding and protection from the diffusion of other annoying tobacco particles, and dangerous substances for man affect considerably the effectiveness and the secure implementation of his work. ¶
7. ¶The measures of labour place protection that inspires the worker a sentiment of safety. ¶
¶Except from the above process of localisation of dangers, it is possible to use solid methods and techniques. The most important of them are: ¶¶
· Analysis of human error: ¶The method is used for the localisation of equipment operations, which are probably responsible for the human error. ¶
· Safety inspection: ¶It is used in order to estimate installation dangers and it aims in the localisation of conditions, which are functional parameters of productive process and possible to lead in accident. ¶It includes interviews with all workers participating in each productive process. 
· Preliminary analysis of danger: ¶It seeks for the localisation of dangers in the initial stage of planning of an installation or a productive process and records the dangers and the dangerous situations. 
· Lists of control: They s¶eek the determination of known types of danger, errors of planning, reduction of dangers based on previous experience, guarantee of equipment operation according to the applied practices and the present models.
· Consequences¶ Analysis: ¶It includes the analysis of undesirable facts consequences by experienced technicians with the system of questionnaires. ¶
· Failure and Result Analysis: ¶The mechanic equipment failure categorized, the results and their repercussions are determined and a list of equipment is drawn up, including the possible ways of failure and their repercussions. 

The above techniques that analyze the various parameters of danger should include the uncertainty of conditions in which it is possible for an accident to take place as well as the way and the importance of the event. ¶It is known that the risk constitutes a composition of significances, ¶the undesirable consequence and the uncertainty that characterizes realisation [5-6]. ¶At the process of risk assessment, uncertainty can indicatively result: ¶¶¶
1. By the lack of knowledge with regard to the future situation of system (uncertainty of script). ¶
2.    ¶By the rarity of data, as the phenomena of accident are not usual and the experimentation is propitiatory. ¶ 

¶3. 
By the false estimation of probability in each case. ¶ 

¶4. 
By the imperfections in the software and mathematic models of description. ¶ 

¶5. 
By the faults of coding and numerical approaches 

¶6. 
By the territorial and time fluctuation of meteorological cases that can influence the duration of phenomenon. ¶
¶7. 
By the uncertainty in the population’s behaviour.  

¶8. 
By the statistical nature of consequences size. ¶
The existence of many sources of uncertainty imposes the need of quantitative determination of risk as a condition for the existence of a reliable model of forecast and confrontation [7]. ¶The presence of such models renders also feasible the possibility of definition of distances safety delegates, which are the decisive element for the rational planning of land uses around installations and areas that where dangerous substances management takes place. ¶
2.3 Calculation of accident probability and the consequences 

This action refers to the calculation of probability of accident challenge, after the undesirable development in the space of installation that manages dangerous substances and activates danger in the source. T¶he collection of essential data and information, as well as the calculation of frequency which is expected for the realisation of a damage or an undesirable fact is required. ¶Consequently, the use of statistical elements and secure proof of experience is necessary for the quantification and the essential calculations. Considering ¶the given frequencies of damage or appearance of undesirable facts, a selection of participants (technicians, workers), all frequencies exceed a given and an acceptable value (eg for frequency 10 -10 / year). ¶For the calculation with the use of models, the determination of their parameters is essential. ¶These parameters include the frequencies of appearance for undesirable facts, the probabilities of various human energies, etc. In case sufficient elements do not exist, it is possible to be used empiric values from the implementation of similar work. ¶ The calculation of consequences of accidents in the health of workers follows. ¶The process of this calculation requires particular attention due to the likely depreciation of work danger. ¶The possibility to follow the reverse course exists. ¶That is to say, the calculation of consequences cost precedes and follows the calculation of probability of undesirable facts appearance. ¶ 

2.4 Risk estimation 
Risk measures play an important role in communicating the whole risk assessment process. A risk measure is defined as a mathematical function of the probability of an event and the consequences of that event. The risk measure constitutes the basis for the evaluation of risks by the decision-makers. Limits and standards, set an acceptable risk level, and the risk measure can be used as an instrument to show the effect of risk reducing actions. 

The risk quantitative analysis follows the above mentioned phases. With the risk quantification, we put the bases to get over problems that are focused in the absence of common acceptable limits of risk for many parameters. ¶Similar problems are also located in the case of critical limits quantities determination. ¶The limits of report that have been established up to now by various organisations (IDLH, ERPG etc) are checked for their effectiveness with regard to the protection of special categories of population [8]. ¶In addition, disagreements have been formulated with regard to the degree of reliability of intensity of natural phenomenon (stocking of toxic substance, intensity of thermic radiation, overpressure etc) as a criterion for the characterization of the repercussion of an accident in health, electing the need for calculation of the relation between doses - response. ¶According to this proposal, the effect in health is interrelation of exposure time in the phenomenon of dose (eg toxic substance). ¶The relation between doses - response reduces a concrete dose in probability of specific damage in human health. ¶A different formulation constitutes individual risk, which makes the same reduction but determines the probability of death. The individual risk of an accident is fixed by the frequency (probability per unit of time) of an accident challenge in a worker, who works in a place (x,y). ¶A mathematic expression of individual risk is given by the relation: ¶¶
	R=
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Where: 

	R
	=
	Indicator of individual risk.

	i
	=
	Indicator that takes values from the field of definition events that can cause an accident. 

	fi
	=
	Indicator of frequency of appearance for event i.  

	Ei
	=
	Indicator of time duration of workers’ exposure in danger. ¶

	Si
	=
	Indicator of danger consequences.


The relation one allows the comparison of accidental risk of different causes and different intensities. ¶Besides the individual risk, as mentioned above, four other expressions are described [5,9]. ¶A different definition is used by the UK's health and safety executive board [5]. ¶According to this body, the individual risk is a risk that a typical user of a development is exposed to a dangerous dose of toxic substance, heat or blast overpressure. ¶To limit the risks usually the next constraint is set r 10 -6 (per year) [10]. ¶The measure of individual risk is used to determine the risks of hazardous sources and it is possible locations with equal individual risk levels to be shown on maps that facilitate land use planning applications. ¶Figure 1 shows a typical risk contours for a hazard source. 
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Figure 1: Characteristics individual risk contours 
¶¶Then the relation of collective risk allows the comparison of accidents involving different individual risks but in a region with different demographic density and distribution. The c¶ollective risk is depicted in the form of the relation of the curves between   frequency and number of accidents (F, N) and is estimated by the following equation:  ¶
	N=
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Where: 
	Ν
	=
	The number of accidents that can be caused in an entrepreneurship by the event i.

	pi
	=
	The probability for the event i to take place.

	wi
	=
	The number of workers who work in the entrepreneurship or in a part of it which is affected by the event i. 


The values fi and Ei is possible to oscillate between 1 and 4, when the probability Pi = fi Ei will get values between 1 and 16, as between 1 and 16 it is possible the values of indicator Si to be oscillated. 
¶
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Figure 2: Risk estimation

A different equation of risk estimation which is possible to be used for the planning is the following [5]:

	N=
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Where R is the individual risk on location (x, y), H(x,y) number of houses on location (x, y) and A is area for which N is determined. By integrating the individual risk and the population density the expected values of the number of fatalities or injuries can be determined:

	    E(N)=
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where E(N) is the expected value of the number of fatalities or injuries per year and m(x,y) is the population density on location (x, y). 
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                                                      Consequences
Figure 3: Interrelation between Probability and Consequences for different risk degrees.
A different form of the cross-correlation of probability for challenge of industrial accident and the consequences that will be caused for different risk areas is presented in Figure 3. It is obvious that the lines of high danger concern regions in small distance from the risk source, while the removal from the risk source decreases intensity of consequences. ¶  

3. Risk management 

The quantitative analysis of previous phases creates an important background for the extraction of essential restriction rules of dangers for the workers and the minimisation of working accidents. ¶The beforehand taken actions aim to the alleviation of the probability of an accident to happen and the alleviation of the consequences of the accident, if this happens. 
¶









Figure 4: Risk management in plants and units that handle hazardous substances
The process of action taken is displayed in Figure 4 and it is related with the values of R in Figures 2 and 3. If the risk is negligible, it is not required to take actions. In small or medium risk it is required to take actions in a short time. In high risk it is required to take actions immediately, while in critical risk it is necessary to interrupt work, the immediate action taken, the modification of the productive process provided the actions do not limit effectively the danger. ¶¶As it was mentioned before, the endangerment constitutes the resultant of an accident’s probability to happen and the consequences of accident. ¶The risk management aims to the reduction of probability to happen an accident and for this reason prevented actions have to be taken, as well as the restriction of consequences with the taken actions of repression. ¶The taken actions firstly require the acceptance of "bearable level of risk", since the effort for entire risk obliteration is still considered unfeasible or even the cost for the reduction of accidents is disproportionate to the profit that will result. ¶
The actions of prevention in the process of risk management are of particular importance. ¶The effective prevention action taken presupposes the attendance of experienced and capable engineers, especially for dangers related with the natural environment, for which the uncertainty is considerable and the risk quantification requires knowledge and experience. ¶
4. Conclusions 

A general report of the factors that influence the creation of industrial accidents and the way of estimating the individual and social risk has been presented in this study. A description of stages that include the risk of management is shown. Equations and Diagrams of calculating the consequences were given in a general frame. ¶
It was shown that the effective management of risk in the industrial enterprises requires precise quantitative determination of risk sources, the probability of accident and the diffusion of consequences in the area. ¶This will lead to the determination of risk areas from risk sources and will shape proportionally the land uses. ¶The attendance of the involved ones is necessary as in that way it is ensured the better determination the risk sources and probabilities of accident facilitating the management of its consequences. ¶
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CONTROL OF CONDITIONS OF SAFE KEEP AND MANAGEMENT OF DANGEROUS SUBSTANCES 


CONTROL OF PRESENCE OF ADJACENT PRODUCTS IN THE PHASE OF OPERATION THAT CREATING DANGEROUS MIXES ¶


CONTROL OF COUNTRIES OF STORAGE OF RAW MATERIAL AND BY PRODUCTS OF TREATMENT AND OF THEIR CONDITIONS OF KEEP ¶


RENEWAL ENFORCEMENT AND MAINTENANCE OF EQUIPMENT 


PLACEMENT OF METRES OF PROTECTION ¶


CONTROL OF MINIMAL DISTANCES BETWEEN INDIVIDUALS AND CONSTANT SOURCES OF DANGER 


CONTROL OF MINIMAL DISTANCES BETWEEN INDIVIDUALS AND MOBILE SOURCES OF DANGER ¶


CONTROL OF SIZE OF NOISES, RADIATION, CHEMICAL FACTORS, ETC  ¶


ON THE SPOT RETEST OF METRES OF SAFETY FROM EXPERIENCED ENGINEERS  ¶


CONTROL QUALITATIVE AND QUANTITATIVE SUFFICIENCY OF PERSONNEL


¶EDUCATION OF PERSONNEL  ¶











PAGE  
10

_1179469761.unknown

_1179476273.unknown

_1179476679.unknown

_1120244709.unknown

