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Gromkova: The use of regulatory PLUME model

The use of the regulatory PLUME model for the industrial source complex of “Maritza-Iztok” coalmine

N.Gromkova

Geophysical Institute, Bulgarian Academy of Sciences, Atmospheric Physics, Acad.G. Bonchev St., bl. 3, Sofia 1113, Bulgaria, e-mail: gromkova@geophys.bas.bg 

Abstract. The dispersion model PLUME has been used to calculate the ground-level concentration for sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon oxide (CO) and dust (PM) from the Maritza-Iztok Ltd. coalmine stacks’ configuration. The meteorological data file, representative for this region, contains sequential hourly records of meteorological parameters, from the month of October 1995 to the month of September 1996. It is shown that the averaged for the all-period pollution fields do not exceed the annual Limit Admissible Concentrations (LAM) for the respective admixtures. The maximum concentration value for all pollutants is evaluated too. The comparison with single LAM shows that only the transient concentration value for sulphur dioxide is higher for the stability class A and wind velocity of 1 m/s.

Key words.  Regulatory dispersion model PLUME, industrial stack, ground-level concentration, sequential hourly meteorological data.
Introduction

The dispersion model PLUME has used a steady-state Gaussian plume equation to model the emission from continuous point sources, such as industrial stacks, and has been created in the Geophysical Institute for a regulatory application (Bulletin of Construction and Architecture, 1998). The model accepts sequential hourly meteorological data records to define the conditions for plume rise, transport and diffusion of the pollutant. 

In the present study, the calculation of the ground-level concentration for sulphur dioxide (SO2), nitrogen dioxide (NO2) carbon oxide (CO) and dust (PM) from the Maritza-Iztok Ltd. coalmine stacks has been performed. The source and meteorological input parameters have been provided by the National Center for Environment and Sustainable Development. 

A.  Analysis of the Input Information

I. Meteorological input parameters
The meteorological data file, representative for this region, contains sequential hourly records of meteorological variables, from the month of October 1995 to the month of September 1996. Each row consists of : 

	
	Column
	Parameter sequence
	Example

	date 
	1
	(YY)
year
(last 2 digits)
	96

	and time 
	2
	(MM)
month
(2 digits from 01 to 12)
	01

	of the
	3
	(DD)
day
(2 digits from 01 to 31)
	03

	observation
	4
	(HH)
hour
(2 digits from 01 to 24)
	01

	
	5
	(WD)
wind direction
(deg from North)
	110

	observed 
	6
	(WS)
wind speed
(m/s)
	5

	parameter
	7
	(Tmp)
temperature
(º K)
	288

	
	8
	(Stb)
stability
(by Pasquill)
	5


Table 1.  Parameter’s sequence in the input meteorological file
In Fig. 1 the wind rose for this period is shown. The rose is drawn up with respect to blow-to wind direction. Each circle represents 5% of the cases in each rose’s ray with such a wind direction: 


[image: image1.wmf]
Fig.  1.  1995/96 wind rose
It is found that the winds are from the west (W) - 22.24%, southwest (SW) - 17.22%, west-southwest (WSW) - 11.07% and south-southwest (SSW) - 7.95%. This means, that the areas of higher concentration of the pollutant should be expected in the northeastern quadrant with respect to the sources’ configuration, depending on their emissions. 

Table 2 shows the results of the statistical evaluation of 11 wind categories in 16 wind directions. The wind speeds are between 0 and 1 m/s in 64.07% of the cases. The highest observed speed is 5 m/s. The average speed values of the wind do not exceed 2 m/s. The column and row “total” consisted of 8626 cases, instead of the full number of cases 8784 = 24 hours x 366 day (1996 was a leap year), because in 158 cases the speed values were missing. 

The stratification rose is shown in Fig.2. - stability classes in 16 wind directions for this period (drawn with respect to blow-to wind direction). Each circle represents 5% of the stability classes in a given direction. 
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Fig.  2.  1995/96 rose of the stratification
As is seen, in the predominant wind’s directions - first quadrant of the rose, the stratification is mostly stable - D, E and F classes, i.e. in these directions the concentration will be spread over a longer distance. The situation in the second and in the beginning of the third quadrant is similar - in most cases the stratification is stable. In the rest third and fourth quadrant the stratification is unstable - А, B and C classes, i.e. the diffusion of the pollutants will be achieved very fast and the higher concentration can be found close to the sources. Therefore, the southeastern area of coalmine Maritza-Iztok I, II, и III would be expected to be cleaner than the northwestern one. 

In Table 3 the detailed results of statistical processing of the stratification rose are shown. From the last row of the table it is seen that for this period the predominant stratification is E, i.e. the average stratification rose is stable. 
Fig. 3 shows the frequency of the wind velocities distribution for a twenty-four-hour period. As is seen in the afternoons - from 1 p.m. until 7 p.m. , the wind speeds are calm (1 m/s) in more than 243 cases.
Fig. 4 shows that in the winter’s months – November, December and January, the wind velocities were 1 m/s - in 74% of the cases. Taken as a whole, the wind speeds do not exceed 5 m/s. This means that during the period October 1995 - September 1996, the meteorological conditions permitted the observation of higher pollutant concentrations.
Fig. 5 shows that the highest temperature of 39 °C is observed during July 1995 and the lowest temperature of minus 6.9 °C - during February 1996. The latter is a very high absolute winter value for this region. The permanent curve shows the average temperature. 

Fig. 6 shows the 24-hour stability class frequency. It is known, from the atmospheric dynamic theory, that during the day-time hours (one hour after sunrise until one hour after sunset) the stability classes might be A, B, C or D (neutral state), while during the night-time hours the classes are stable - F, E or D. It can be seen from Fig. 6, 9 a.m. is the first diurnal hour, when the unstable atmospheric conditions begin. For afternoon hours, however, the separation is not so clear - the last daytime hour is 4 p.m. and the first nighttime hour is 9 p.m. The outlined zones 1 and 2 on the figure show, that the observed or calculated solar radiation values are incorrect for the hours between 5–6 p.m. and 7–8 p.m., which leads to the improper stability classes determination. The atypical classes would affect the calculation of the plume rise heights [1]. For the hours 5–6 p.m. these values would be lower and for hours 7–8 p.m. higher than the real ones. All this affected the estimated by Gaussian plume equation hourly concentrations.
	95/96
	Wind Directions
	Total

	Speed

[m/s]
	S
	SSW
	SW
	WSW
	W
	WNW
	NW
	NNW
	N
	NNE
	NE
	ENE
	E
	ESE
	SE
	SSE
	cases
	%

	0 - 1
	173
	566
	809
	565
	1228
	358
	293
	223
	394
	411
	114
	69
	77
	64
	88
	95
	5527
	64.07

	1 - 1.5
	36
	53
	303
	207
	348
	117
	83
	77
	147
	147
	57
	11
	15
	10
	45
	47
	1703
	19.74

	1.5 - 2
	28
	37
	175
	120
	152
	36
	21
	1
	25
	25
	14
	2
	8
	7
	18
	31
	700
	8.12

	2 - 2.5
	20
	13
	121
	42
	43
	6
	0
	0
	1
	5
	2
	3
	1
	3
	18
	35
	313
	3.63

	2.5 - 3
	10
	10
	42
	15
	25
	1
	2
	0
	4
	2
	2
	0
	1
	0
	9
	26
	149
	1.73

	3 - 3.5
	6
	3
	27
	4
	4
	0
	0
	0
	0
	4
	1
	1
	1
	0
	2
	18
	71
	0.82

	3.5 - 4
	7
	1
	5
	2
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	9
	28
	0.32

	4 - 4.5
	1
	3
	3
	0
	1
	0
	0
	0
	0
	2
	0
	0
	0
	0
	2
	2
	14
	0.16

	4.5 - 5
	3
	0
	0
	0
	116
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	121
	1.40

	> 5 
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	-
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	1.45
	1.14
	1.38
	1.26
	1.42
	1.14
	1.1
	1.07
	1.1
	1.15
	1.2
	1.13
	1.15
	1.15
	1.5
	1.78
	
	

	cases
	284
	686
	1485
	955
	1918
	518
	399
	301
	571
	597
	190
	86
	103
	84
	186
	263
	8626
	

	%
	3.29
	7.95
	17.22
	11.07
	22.24
	6.01
	4.63
	3.49
	6.62
	6.92
	2.2
	1
	1.19
	0.97
	2.16
	3.05
	
	100


Table 2. Wind rose statistical evaluation
	95/96
	Wind Directions
	Total

	Stb.

class
	S
	SSW
	SW
	WSW
	W
	WNW
	NW
	NNW
	N
	NNE
	NE
	ENE
	E
	ESE
	SE
	SSE
	cases
	%

	A
	5
	4
	6
	10
	55
	53
	58
	49
	113
	104
	18
	6
	1
	0
	8
	3
	493
	5.82

	B
	12
	15
	67
	69
	174
	115
	99
	98
	151
	158
	47
	10
	7
	7
	13
	18
	1060
	12.51

	C
	15
	21
	106
	72
	113
	70
	57
	32
	81
	67
	17
	12
	10
	5
	14
	21
	713
	8.41

	D
	71
	115
	399
	249
	592
	137
	91
	55
	129
	127
	36
	13
	30
	19
	40
	83
	2186
	25.8

	E
	27
	80
	213
	100
	175
	26
	27
	10
	22
	35
	20
	7
	13
	13
	17
	33
	818
	9.65

	F
	152
	450
	683
	449
	732
	110
	63
	52
	68
	99
	47
	37
	40
	39
	82
	100
	3203
	37.8

	class
	E
	E
	E
	E
	E
	D
	C
	C
	C
	C
	D
	D
	E
	E
	E
	E
	
	


Table 3.  Stratification rose statistical evaluation
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Fig. 3.  Scatterplots of 24 hour wind velocity frequency for 1995/96.

Fig. 4.  Scatterplots of monthly wind velocity frequency for 1995/96. 

Fig.  5.  Scatterplots of monthly temperature frequency for 1995/96.

Fig.  6.  Scatterplots of 24-hour stratification frequency for 1995/96

II. Source input parameters

The input physical and technological stack characteristics are as follows:

	Stack ID
	Stack Height [m]
	Stack Diameter [m]
	Exhaust Gas Temperature [°C]
	Exhaust Gas Flow Rate [m3/s]
	Pollutant
	Actual 
Emission [t/yr]

	MIz-I-1
	150
	6
	190
	575.6
	SO2
	98639.7832

	
	150
	6
	190
	575.6
	NO2
	3567.8486

	
	150
	6
	190
	575.6
	CO
	165.3349

	
	150
	6
	190
	575.6
	PM
	5801.3645

	MIz-I-2
	120
	5
	60
	433.3
	SO2
	13296.3488

	
	120
	5
	60
	433.3
	NO2
	276.3144

	
	120
	5
	60
	433.3
	CO
	22.1048

	
	120
	5
	60
	433.3
	PM
	14688.8269

	MIz-I-3
	120
	5
	60
	288.9
	SO2
	7998.9952

	
	120
	5
	60
	288.9
	NO2
	166.2482

	
	120
	5
	60
	288.9
	CO
	13.2996

	
	120
	5
	60
	288.9
	PM
	8836.4640

	MIz-II-1
	325
	12
	120
	2325.6
	SO2
	386322.5152

	
	325
	12
	120
	2325.5
	NO2
	15924.1794

	
	325
	12
	120
	2325.6
	CO
	736.7524

	
	325
	12
	120
	2325.6
	PM
	18218.7074

	MIz-II-2
	325
	10
	120
	493.9
	SO2
	84451.2634

	
	325
	10
	120
	493.9
	NO2
	3475.8177

	
	325
	10
	120
	493.9
	CO
	160.51408

	
	325
	10
	120
	493.9
	PM
	5860.0502

	MIz-III-1
	325
	12.4
	140
	1960.0
	SO2
	519344.8087

	
	325
	12.4
	140
	1960.0
	NO2
	13580.3780

	
	325
	12.4
	140
	1960.0
	CO
	627.7799

	
	325
	12.4
	140
	1960.0
	PM
	9016.2032


Table 4.  The input stack parameters for Maritza-Iztok coal-mine

In the first column, the symbols MIz-I-1, 2, 3, MIz-II-1, 2, MIz-III-1 denote the six stacks of Maritza-Iztok coal mine regions: I, II and III respectively. 

B.  Analysis of the Ground-Level Concentration
In Fig. 7 the field (40 x 40 km) of ground-level concentration for sulphur dioxide (SO2) is shown, averaged for the entire period, i.e. yearly. 
The black points mark the position of the six Maritza-Iztok coal-mine stacks. The isolines show that the SO2 concentrations do not exceed the annual Limit Admissible Concentration (LAC) of 0.05 mg/m3, which is stated by Bulgarian standards. The maximum concentration of 0.037 mg/m3 is obtained north-northeast of Maritza-Iztok II. 
Fig. 8 shows the ground-level concentration for nitrogen dioxide (NO2). The maximum concentration of 0.00083 mg/m3 (with annual LAC of 0.05 mg/m3) is obtained west of the Maritza-Iztok II. 
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Fig.  7.  SO2 concentration isolines
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Fig.  8.  NO2 concentration isolines
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Fig.  9.  CO concentration isolines

Fig.  10.  PM concentration isolines
In Fig. 9 the yearly averaged field for carbon oxide (СО) is shown. The value of maximum concentration - 6.8 x 10-5 mg/m3 is obtained north-northeast of Maritza-Iztok. 

In Fig. 10 the yearly averaged field for dust (PM) is shown. The value of maximum concentration  (0.0065 mg/m3) is  obtained to the east Maritza-Iztok I. The annual Limit Admissible Concentration for dust is 0.15 mg/m3.

Conclusions
The obtained ground-level concentration (Figs. 7 - 10) for the configuration of Maritza-Iztok coal-mine industrial stacks shows that the averaged for the selected period (October 1995 - September 1996) pollution fields do not exceed the annual Limit Admissible Concentrations for the respective admixtures. 

However, the transient concentration values could have been exceeding  the single Limit Admissible Concentrations. In that case, by the model PLUME , the maximal concentration value for all stacks at more disadvantageous meteorological conditions is made - Table 5. 

	Admixture
	Маx concentration [mg/m3]
	Single LAC [mg/m3]
	Distance

[кm]
	Stability class
	Wind Speed [m/s]

	SO2
	1.8381
	  0.5
	  2.4
	А
	1.0

	NO2
	0.0620
	  0.2
	18.1
	А
	1.0

	CO
	0.0029
	60.0
	18.1
	А
	1.0

	PM
	0.3099
	  0.5
	  2.0
	B
	2.5


Table 5.  Maximal Concentrations for Maritza-Iztok coal-mine stacks.
As is seen, only sulphur dioxide (SO2) maximal concentration is 3.68 times higher than the single LAC’s one at stability class А and wind velocity 1 m/s. That’s easy to explain, because the emission of sulphur dioxide is the highest - see Table 4.

Topical Editor thanks K.Ganev and D.Yordanov for their help in evaluating this paper.
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Оценка на замърсяването от комините на мини “Марица-Изток” чрез регулаторен дифузионен модел PLUME 

Н. Громкова

Резюме.  Регулаторният дифузионен модел PLUME се използва за пресмятане приземните полета на концентрация за серен диоксид (SO2), азотен диоксид (NO2), въглероден оксид (CO) и прах (PM) от комините на мини “Марица-Изток” ЕООД. Файлът с метеорологичните данни за този район съдържа последователни почасови записи за тези параметри от месец октомври 1995г. до месец септември 1996г. Показано е, че средно-годишните полета на замърсяване не надминават годишните Пределно Допустими Концентрации (ПДК) за разглежданите замърсители. Максималните концентрации са пресметнати също. Сравнението им с моментните ПДК показа, че само тези за серен диоксид са по-високи при клас на устойчивост A и скорост на вятъра 1 m/s.
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