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ABSTRACT. The paper shows a study of dispersion pollutant modelling at local scale is carried out due to the functioning of energetic groups from Rovinari CTE.
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РЕЗЮМЕ: Статията представя изследване на модели за разпръскване на замърсители на местно ниво, които се получават в резултат на работата на ТЕЦ Ровинари.
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Pollution due to particles

This paper presents the way in which the particles resulted from coal combustion pollute the environment. The large quantities of particles must be dispersed on a surface as extended as possible, because particles have negative effects on flora and fauna. The higher the concentration is, the more significant the negative effects are. 

The particles with dimensions exceeding 10 μm are retained in the superior airways and are eliminated fast. 

The particles with inferior dimensions to the sedimentary ones are extremely important from a meteorological point of view, since they constitute water vapour condensation nuclei. The particles with a diameter smaller than 10 μm remain suspended in the atmosphere and are called “breathable aerosols” and can reach during respiration up to the level of pulmonary alveoli, having a high noxious potential. The individual particles are classified into coarse and fine particles, depending on their diameter, if it is bigger or smaller than 2,5 μm.

Because of the small particle dimensions, and thus of their specific large surfaces, they have characteristic properties: absorption, aggregation, electrical charge, radiation absorption. They absorb at their surface atmospheric pollutants, soot and penetrate breathing apparatus reaching the pulmonary alveoli, and causing the following effects: asthma, allergies, bronchitis, and cancer. 

There are many common terms for atmospheric particles: “dust” and “soot” refer to solid particles, “fog” and “mist” refer to liquid particles, the latter designating a high concentration of water drops. 

Intuitively, it can be thought that all particles must remain and fall fast on Earth under the gravity influence, but this is not true for small particles.

Dispersion of atmospheric pollutants

The forecasting levels of environmental air generated by all the sources corresponding to the studied objective were made through the mathematical modelling of concentration fields. 

The assessment of concentration levels was made by reporting to the limits laid down by regulations in force: QRD MAPM no. 592/2002 and STAS no. 12774/1987.

The role of pollutant dispersion modelling in the process of air quality assessment is very important, representing an important instrument in the development of action plans for the improvement of air quality, which represents the final aim and objective environmental public authorities. 

The modelling improves the efficiency of air quality management. By modelling, the contribution of different categories of sources to the limit value exceedance can be identified.

Another major advantage of using pollutant modelling in the air in managing and assessing air quality is the improvement of the capacity to represent the distribution of pollutant concentration spatially.
Furthermore, the modelling will contribute to the establishment of the compliance or non-compliance to the quality objectives laid down by the legislation in force, laid down by the legislation in force helping in the same time to the identification of regions which could contain areas where the limit values are exceeded. 

With this regard, the paper comprises a study of pollutant dispersion modelling at local and regional scale which would concentrate on the assessment of the impact on air quality generated by high combustion installations of Rovinari thermoelectric power plant, namely: two large combustion installations type I, with a thermal power higher than 500 MWt formed of 4 energetic groups which comprise a tower boiler of 1035 t/h, steam turbine FIC type with condensation, electric generator of 330 MW and transformer of 400 MVA, 24/400 kV.

The forecasting of air pollution – mathematical modelling of pollutant dispersion in the environmental air and the elaboration of dispersion maps were performed for the following situations:

- the functioning of all four energetic blocks without desulphurisation installations of combustion gases (IDG);
- the functioning of three energetic blocks without desulphurisation installations of combustion gases and of an energetic block with a desulphurisation installation of combustion gases;
- the functioning of two energetic blocks without desulphurisation installations of combustion gases and of two energetic blocks with a desulphurisation installation of combustion gases;
- the functioning of an energetic block without a desulphurisation installation of combustion gases and of three energetic blocks with desulphurisation installations of combustion gases;
- the functioning of all four energetic blocks with desulphurisation installations of combustion gases.
Apart from the functioning of energetic blocks corresponding to desulphurisation installations, there were taken into account the modernisation of the existent filters of every group and the mounting of burners with reduced NOx.

The dispersion study will take into account the values of fund concentrations.

Due to its geographical position, the area of the locality of Rovinari is affected by the regional pollutant transport, especially sulphur dioxide, came from the following thermoelectric power plants: Rovinari ; Turceni ; Halânga, in Mehedinţi County; Craiova II, in Dolj county; Paroşeni, in Hunedoara County; Govora, in Vâlcea County.

This fact has been highlighted by the studies of air quality assessment through mathematical modelling at national level. 

Table 1 present the physical parameters of dispersion chimneys and corresponding emissions for every possible functioning situation before and after the implementation of the implementation of the new measures of emission reduction and the modification of source physical parameters. 

Table no.1
Physical parameters of dispersion chimneys within Rovinari thermoelectric power plant (existent and projected situation):

	Chimney
	Height [m]
	Diameter [m]
	Gas temperature
[0C]
	Gas velocity

[m/s]
	Real flue gas flow

[Nmc/h]
	Real flue gas flow

[mc/h]
	The level of oxygen in the flue gas [%]

	Chimney 1 – boilers 3 and 4
	220,00
	8,80
	142,00
	18,43
	2.654.326,49
	4.034.207,00
	5,9

	Chimney 2 – boilers 5 and 6
	220,00
	8,80
	142,00
	18,54
	2.669.894,58
	4.057.868,33
	

	Chimney 1 – boiler 4
	220,00
	8,80
	142,00
	9,68
	1.394.102,73
	2.118.842,21
	

	Chimney 2 – boiler 5
	220,00
	8,80
	142,00
	9,05
	1.303.755,17
	1.981.526,49
	

	Chimney FGD 3 – boiler 3 
	120,00
	7,20
	55,00
	12,79
	1.559.785,14
	1.873.855,01
	8,8

	Chimney FGD 4 – boiler 4
	120,00
	7,20
	55,00
	14,15
	1.725.487,81
	2.072.922,66
	

	Chimney FGD 5 – boiler 5
	120,00
	7,20
	55,00
	13,23
	1.613.664,19
	1.938.582,85
	

	Chimney FGD 6 – boiler 6
	120,00
	7,20
	55,00
	13,87
	1.690.877,46
	2.031.343,36
	


Only the combustion installations within Rovinari thermoelectric power plant have been taken into consideration as emission sources, represented by 3, 4, 5 and 6 energetic blocks, considering their functioning in 5 different cases, corresponding to different implementation stages of the new measures emissions reduction for each energetic block – represented by the functioning of the desulphurisation installations of combustion gases, the modernisation of existent filters and the installation of burners with reduced NOx – as follows:

Case “1” – before the desulphurisation installation starts functioning:

- the functioning of 3, 4, 5 and 6 energetic blocks without desulphurisation installations;
Case „2” – after the first desulphurisation installation starts functioning, to the 3 energetic block (13.06.2011):

- the functioning of the 3 energetic block with desulphurisation installation, with the evacuation of combustion gases through the new FGD chimney no. 3;

- the functioning of the 4, 5 and 6 energetic block without desulphurisation installation, with the evacuation of combustion gases through the existent chimney no. 1

Case „3” – after the second desulphurisation installation starts functioning, to the 6 energetic        block (31.12.2011):

- the functioning of the 3 and 6 energetic block with desulphurisation installation;

- the functioning of the 4 and 5 without desulphurisation installation;

Case „4” – after the third desulphurisation installation starts functioning, to the 4 energetic block (31.12.2013):

- the functioning of the 3, 4 and 6 energetic block with desulphurisation installation;

- the functioning of the 5 energetic block without desulphurisation installation;

Case „5” – after the fourth desulphurisation installation starts functioning, to the 5 energetic block (31.12.2015):

- the functioning of the 3, 4, 5 and 6 energetic block with desulphurisation installation.

The functioning variant for the 5 cases has been chosen in order to observe in time the levels of SO2 pollution generated by the functioning of the 4 energetic blocks, as a consequence of their gradual equipment with the desulphurisation installations of combustion gases, beginning with the most unfavourable situation for environmental air quality, corresponding to case 1. To 2 – 5 variants, apart from the functioning of energetic blocks corresponding to desulphurisation installation, the new values of the efficiency of retaining suspension particles and heavy metals of modernised electrofilters, as well as the use of burners with reduced NOx.

For each of the 5 cases described above, for the situations corresponding to every functioning variant, the functioning parameters of energetic boilers, physical parameters of dispersion chimneys and emissions are those presented above. 

The mathematical presentation of transport and pollutant dispersion war performed for each of the 5 cases, for the following pollutants: sulphur dioxide (SO2), nitrogen dioxide (NO2).

The modelling results were reported in case of every activity and modelling variant to the limit values, target values or relevant critical levels laid down by Law no. 104 from 15/06/2011 on the environmental air quality. 

Description of the dispersion model used

In order to meet these technical requirements for the assessment of pollutant transport, an Eulerian numerical model developed by CSIRO Australia will be used.The mode used is called TAPM (The Air Pollution Model) and is a combined model of meteorology – dispersion developed by CSIRO (Australia).

The meteorological compound of TAPM is a forecast, incompressible, non-hydrostatic model, of primitive equation solved in coordinates which monitor topography. 

The model solve the equations of the impulse for the horizontal wind components, the continuity incomprehensible equation, from which derive the vertical speed and the scalar equations for the potential virtual temperature and humidity specific to water vapours, cloud waters and precipitation water. 

The solution for the field of wind, virtual temperature and specific humidity is sequentially assimilated through synoptic values of these sizes provided by the model database. 

The turbulence terms from these equations were calculated after solving the equations of turbulent cynetic energy and dissipation rate and then by using these values in representing vertical flows through a closing approach, including a gradient reverse term for the heat flow. At surface, a parametrization of vegetation and heat flows in the soil is applied, a parametrization also extended on flows at superior levels. 

The concentration forecast equation is similar with that used for the potential virtual temperature and the specific humidity variables from the meteorological model. 

Conclusions on the impact on air quality

The comparative analysis of the modelling results for the five cases in which we have studied the impact of the functioning of large combustion installations pertaining to Rovinari thermoelectric power plant on environmental air quality lead to the following conclusions:

Case 1 represents a hypothetical situation, the most unfavourable as possible, related to the impact of the functioning of large combustion installations of Rovinari thermoelectric power plant on the environmental air quality, since it treats the simultaneous functioning of all the 4 energetic blocks of the power plant, at maximum load, 8000 hours per year, with a minimum percentage of the use of support fuels (fuel oil, natural gas, less pollutants than coal), without any improvement brought to the systems of emission reduction/control (equipment of energetic blocks with desulphurisation installation (IDG), burners with reduced NOx and modernisation of electrofilters).

The same hypotheses regarding boiler’s load, number of functioning hours per year and participation of fuel used have been made for the scenarios 2, 3, 4 and 5. In addition, it is specified that, until the functioning of all four energetic blocks with the new systems of emission reduction/control, the analysed situations within 2, 3, 4 and 5 scenarios will have a slight occurrence probability, because for the gradual mounting, for every energetic block of these systems, (desulphurisation installation, modernised electrofilter, burners with reduced NOx), one block of 4 will be always in crucial repairs with modernisation, being not functional, and in these conditions the impact on air quality is due to the input of only three blocks of four.
Taking into account these aspects, it can be stated that compared to the real possible functioning situations, in the analysed scenarios the levels of pollution generated by large combustion plants operation within Rovinari thermoelectric power plant through an exclusive impact have been overestimated.
Compared to the situation analysed in case 1 without desulphurisation installations, the other scenarios show a major gradual reduction of the levels of pollution with SO2 generated by the functioning of the large combustion installations within Rovinari thermoelectric power plant, as each of the four desulphurisation installations start functioning. Consequently, the maximum values of the concentrations obtained through modelling in case 5 represent 21% of the maximum values registered in case 1 for short periods of mediation (hour, day) and 40% for long periods of mediation (year).

Spatial distribution of pollutant concentrations for different modeling cases are compared in figure 1 and 2.
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Fig. 1. Spatial distribution of maximum hourly SO2 concentration in case 1 and case 5 (without IDG and with 4 IDG) - impact on a local scale
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Fig. 2. Spatial distribution of maximum hourly NO2 concentration in case 1 and case 5 (without IDG and with 4 IDG) - impact on a local scale

Through the gradual functioning of the new systems of emission reduction/control for particles (desulphurisation installations + modernised electrofilters), it can be observed the impact reduction of the functioning of large combustion installations of Rovinari thermoelectric power plant related to suspension particles, maximum concentrations obtained through modelling, in case 5 being much more inferior than those obtained in case 1. Even in case 1, the maximum values of the concentrations obtained through modelling were well below the corresponding limit values. 
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