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Dispersion regulatory model for designing new industrial stacks - software PLUME

N. Gromkova
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Abstract.  The product PLUME is one PC utility tool for environmental impact assessments in the vicinity of industrial stacks. The name is borrowed from the conventional Gaussian plume equation, utilized in the physics part of the dispersion model. The method developed, has been funded by the PHARE program, through the Bulgarian Ministry of Environment and Waters (Contract No. 166-1618, 1996) and the project outputs have been approved as a national regulatory standard for designing a new industrial stack with a view not to exceed the environmental standard concentration values as well as for evaluating the air pollution and calculating the maximum preceding pollution from the existing stacks’ configuration. The software package has been coded in Visual Basic and works under WINDOWS’ 9X or NT. Its structure provides an easy way across the tasks, the users had to carry out. The input information is user-friendly, well-provided-to warning messages of missing or restrictions on supplied data.
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Introduction

The product PLUME has been developed for the purpose of environmental policy for construction or reconstruction of the industrial facilities (the model option for designing new industrial sources - stacks) as well as for the air pollution prevention monitoring. The program consists of three branches, described in details below and the impact assessment is done by simulation of the admixture transport and dispersion in the surface layer.

The core of the algorithm is a conventional Gaussian plume dispersion model from continuous elevated point sources - Hanna (1982). The processes considered in the model are: plume rise; horizontal advection; vertical and cross-wind turbulent diffusion and gravitational deposition - Bulletin “Construction and Architecture” (1998). As the model aims at the pollution calculations in the close surroundings of the industrial sources, the horizontal heterogeneity of the meteorological fields, the chemical transformations and dry deposition of the pollutants are not taken into account. An advantage of the program is that it is designed to use the surface routine meteorological input information, provided by the national station network.

The wind profile is reconstructed by the power law, where the power exponent depends on the Pasquill stability class and the underlying surface characteristics - urban or rural conditions. The rural and urban crosswind and vertical dispersion parameters are a function of the downwind distance and Pasquill stability classes - User’s Guide ISC2 (1992). The Briggs formulae for stable, unstable and neutral atmospheric conditions are taken for plume rise equations - User’s Guide ISC2 (1992). 

The software package has been coded in Visual Basic and works under WINDOWS’ 9X or NT . Its structure provides an easy way across the tasks, the users had to carry out. The input information is user-friendly, well-provided-to warning messages of missing or restrictions on supplied data.

Program Architecture
The visual elements of chosen programming software offer the easiest way to select the necessary task, the users had to carry out. 

In the main menu - DISPERSION MODULE - Fig.1, there are three branches of dispersion models, determining: 

1. The Physical Design Height of a New Stack;

2. The Expecting Ground-Level Concentrations;

3. The Maximum Preceding Pollution from Existing Stack Configuration.

After picking out one of the options above, the logic of these kinds of programs require stimulating information. Here, it is sorted out as model, meteorological and source input for each task. The last two have no need of any pre-processing.

1. Physical Design Height of a New Stack

The scope of the module is to determine the optimal physical parameters of a planned new stack, so that the pollution from it (the sum of absolute maximum and background level concentrations) does not exceed the single Limit Admissible Concentration (LAM) for any emitted admixture.
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Fig. 1
The Start Panel of the Software PLUME.

1.1 Model input

The calculations here are done along the direction of plume travel. The input requires (Fig. 2):

· number of steps and distance between them in meters; 

· rural or urban conditions; 

· single limit admissible concentration (LAC) [mg/m3] (by national standard) for pollutant considered in calculations; 

· background concentration [mg/m3] for this pollutant. If it is not available, the user could calculate its level by running the third branch of the product for functioning stacks. 

1.2 Meteorological settings
The dispersion calculations here, make a loop over combinations of meteorological parameters (Table 1), representative for a wide range of wind speeds and the respective stability class. The ambient temperature is set to 25 °C. The procedure is coded in the algorithm.

	Wind Speed [m/s] (at 10 m)
	1
	2.5
	4
	5.5
	7

	Stability Class
	A , B
	B , C , E
	B , C , D , E
	C , D
	D


Table 1.The Combination of Wind Speeds and Respective Stability Class, Coded in Algorithm.
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Fig. 2
Model Input for Physical Design Height of a New Stack Module
1.3 Source input
The optimal physical stack height is searched between two fixed values - the minimum and the maximum possible ones, with a view to technological considerations. The input form is (Fig. 3):

· temperature of released gases [°C]; 

· volumetric flow [m3/s]; 

· gravitational settling velocity [m/s]; 

· emission rate [g/s]; 

· minimum project height [m]; 

· maximum project height [m]; 

· inner radius [m]. 

1.4 Test run

The run values (also shown on Figs. 2-3) are: 
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Fig. 3
Source Input for Physical Design Height of a New Stack Module.

Inputs:

	Number of Steps
20
	Temperature of Released Gas [°C]
55

	Distance [m]
200
	Volumetric flow [m3/s]
235.6

	Conditions
rural
	Gravitational Settling Velocity [m/s]
0

	Single LAC [mg/m3]
0.003
	Emission Rate [g/s]
1

	Backgr. Concentration [mg/m3]
0.0002
	Minimum Project Height [m]
10

	
	Maximum Project Height [m]
100

	Ambient Temperature [°C]
25
	Inner Radius [m]
5


Outputs: 

	Minimal Physical Height [m]
18.438
	

	Max Concentration [mg/m3]
0.00296
	at Distance [m]
1060

	Wind Speed [m/s]
5.5
	Stability Class
C


On Fig. 4, the calculated optimal height for designing new stack is shown.
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Fig. 4
Output for Physical Design Height of a New Stack Module.

2. Expecting Ground-Level Concentration
For a particular pollutant the program makes statistical or episodic simulation of the expecting concentrations. The necessary input parameters must be chosen from: 

2.1 Model input
These inputs (Fig. 6) supply the program run with the spatial field, where the disperse calculations will be done as well as the local characteristics of the site:

· receptor grid - number of steps and distance between them (in meters) in West-East and South-North direction of the concentration field; 

· rural or urban conditions; 

· latitude and longitude of the site (default parameters for Bulgaria) - obligatory, when sequential hourly records of meteorological variables are used; 

· name of output file - The button Select File Name , creates an ASCII format file, that will storage the concentration values in field points, convenient for visual post-processing, after the program ended. 
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Fig. 5
Initial Form for Expecting Ground-Level Concentration Module.
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Fig. 6
Model Input for Expecting Ground-Level Concentration Module.
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Fig. 7
Concrete Meteorological Situation Input for Expecting Ground-Level Concentration Module.

2.2 Meteorological input
This menu consists of three items, calling individual input-forms for : 

Concrete Meteorological Situation (Fig. 7)  - requires:

· wind speed [m/s]; 

· wind direction (degree from the North); 

· ambient emperature [°C] at the anemometer height; 

· stability class (by Pasquill). 

Wind Rose (Fig. 8) - requires:

· ambient temperature [°C]; 

· wind speed [m/s] and frequency [%] for wind rose; 

· stability class. (Here, apriori a neutral stratification D is set.) 
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Fig. 8
Wind Rose Input for Expecting Ground-Level Concentration Module.
Hourly Meteorological Records (Fig. 9) - require as input information a file that contains sequential hourly records of meteorological variables, representative of a given region.

The file is of the free formatted (ASCII type of hourly records, separated by space, or one day, month, season or year

Fig. 9
Hourly Meteorological Records’ Input for Expecting Ground-Level Concentration Module. 
Each row consists of two groups of records as follows :
Identification group -

· Year (YY) ;

· Month (MM);

· Day (DD);

· Hour(HH); 

Meteorological group -

· wind direction (WD) [deg]; 

· wind speed  (WS) [m/s]; 

· temperature (Tmp) [K] at the anemometer height (10 m); 

· stability category (Stb) or cloud cover (Cld) in oktas. 

If the cloud cover parameter is available, the values for Pasquill atmospheric stability classes, according to hourly insolation, wind speed categories and cloudiness are determined (Safety Guide, 1980). The insolation is estimated from the solar elevation angle (deg), determined by a standard technique in astronomy, using longitude and latitude of the site. The procedure is incorporated in the source code of the program.
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Fig. 10
Source Input for Expecting Ground-Level Concentration Module.

2.3 Source input
The working parameters of the source or configuration of sources (Fig. 10) are supplied here:

· number of sources - not more than 10 sources. The restriction is automatically controlled in the program code and brings out an warning message. Depending on this, a grid with the same number of rows has appeared, where the respective information about a particular chimney is provided in the columns: 

· x- and y-coordinates [m]; 

· height [m]; 

· inner radius [m]; 

· temperature of released gases [°C]; 

· volumetric flow [m3/s]; 

· gravitational settling velocity [m/s]; 

· emission rate [g/s]. 

This form visualizes the receptor points in scaling examining field and the respective stacks position. The user could change the position if any wrong x- or y-coordinates have been put.

2.4 Test run

Two stacks are considered

Inputs: 
	Both Number Steps
20
	
I stack
II stack

	Distance [m]
200
	X-coordinate [m]
2000
2100

	Conditions
rural
	Y-coordinate [m]
2000
2100

	Latitude [deg]
42.66
	Temperature of Released Gas [°C]
55
50

	Longitude [deg]
23.408
	Volumetric flow [m3/s]
85
80

	
	Gravitational Settling Velocity [m/s]
0
0

	Amb. Temp. [°C]
15
	Emission Rate [g/s]
1
1

	Wind Speed [m/s]
2
	Stack Height [m]
100
80

	Wind Direction [deg]
110
	Inner Radius [m]
5
4

	Stability class
A
	


Outputs: 
The distance, where the maximum concentration is obtained, gives the space between it and the stack with the last position in the input grid for the sources. For the preliminary analysis, in the final output form (Fig. 11) for this branch there is a possibility for visualization of the stack configuration position in the concentration field as well as for drawing some isopleths, whose value could enter a specified box (not more than 10 isopleths). 

Fig. 11
Output for Expecting Ground-Level Concentration Module.
The run of task ends with ASCII output file, containing the input information as well as the concentration values in x- and y-points of the grid, convenient for visual post-processing with software packages, such as WINSURF, STATISTICA or other familiar to the user. 

3. Maximum Preceding Pollution from Existing Stack Configuration
This dispersion module calculates both the maximum preceding pollution and the background level concentration of functioning stacks for a particular pollutant.

3.1 Model input
The procedure requires: (see section 2.1, Fig. 6)

· receptor grid - number of steps and distance between them (in meters) in West-East and South-North direction of the concentration field; 

· rural or urban conditions; 

3.2 Meteorological settings
This meteorological block is coded in the algorithm (see section 1.2, Table 1) and the wind direction is taken every 45 degree, starting from the North. 

3.3 Source input
The procedure is identical as the one in section 2.3, Fig. 10.

3.4 Test run

Two stacks are considered.

Outputs:
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Fig. 12
Output for Maximum Preceding Pollution Module.
Inputs:
	
	
I stack
II stack

	
	X-coordinate [m]
2000
2100

	Both Number Steps
20
	Y-coordinate [m]
2000
2100

	Distance [m]
200
	Temperature of Released Gas [°C]
55
50

	Conditions
rural
	Volumetric flow [m3/s]
85
80

	
	Gravitational Settling Velocity [m/s]
0
0

	Amb. Temperature [°C]
25
	Emission Rate [g/s]
1
1

	
	Stack Height [m]
100
80

	
	Inner Radius [m]
5
4


Conclusions

A software package PLUME has been developed as a user-friendly PC tool for environmental consultant specialists or engineers in their impact assessment projects. The main advantage of the product is that the users have not necessarily deep knowledge on the air transport, diffusion or atmospheric dynamics to analyze the outputs. Furthermore, the developed method, legalized by the Ministry of Environment and Waters, the Ministry of Regional and Urban Development and the Ministry of Health as a national regulatory standard for designing a new industrial stack with a view not to exceed the environmental standard concentration values as well as for evaluation of the air pollution and calculation of the maximum preceding pollution from the existing stacks’ configuration. 

The study demonstrates the applicability of PLUME in the above stated goals.
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Регулярен дифузионен модел за проектиране на изпускащи устройства (индустриални комини) - софтуерен продукт PLUME
Н. Громкова
Резюме.  Програмният продукт за персонален компютър PLUME е приложението на цялостна методика за извършване на Оценка Въздействието на Околната Среда (ОВОС) и екологични експертизи при определяне на замърсяването на въздуха както от новопроектирани, така и от съществуващи индустриални източници (комини). Физическата основа на методиката е Гаусов струен дифузионен модел за точкови източници. Методиката, разработена в рамките на програма PHARE, възложена на колектива на Геофизичен институт от МОСВ е одобрена като нормативна разпоредба (РД 02-14-211 от 25.02.1998г.), тъй като удовлетворява изискването да е съобразена и съпоставима със съответните стандарти в страните на ЕС. Програмният продукт е написан на Visual Basic и работи под WINDOWS’ 9X or NT. Визуалните елементи на този софтуер осигуряват бърз и лесен начин за работа с PLUME не само от специалисти. Той е user-friendly и снабден с предупредителни съобщения за липса или грешно въведени входни данни.
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