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IPAC: Industrial Planning Air Control System

User’s Guide

IPAC, version 1.0, was developed in 1990 for the Department of Industrial Operations,
Industrial Planning Branch, of the United Nations Industrial Development Organization
(UNIDO). Comments and inquiries should be addressed either to UNIDO, or directly to the
authors: Dr. Viadimir Litwin, Laboratory for Natural Environment and Climate Monitor-
ing of the State Committee for Hydrometeorology of the USSR Academy of Sciences, Gle-
bovskaya str. 20b, Moscow 107258, USSR | Telephone: 457 9607); or Dr. Sergei Golovarov,
ITASA, A-2361 Laxeaburg, Austria (Telephone: (02236)71521 +0, Telefax: (02236)713 13,
E-mail: ... Ituvieliiasalsergei).

Introduction

The IPAC System is designed to provide valuable decision support for the problems of atmo-
spheric protection and air quality management in industrial planning at the national. sectoral
and enterprise levels. It can be used in areas up to 400 x 400 km (about 300 x 300 miles). The
system can be applied to a variety of industrial areas, cities and relatively small states.

_ System Information

The software is divided into two main systems:

¢ a system designed for the IPAC “City” - urban areas up to 40 x 40 km (approximately
30 x 30 miles),

e asystem designed for the IPAC “Regjion” - larger areas, up to 400 x 400 km, with different
landscapc features.

Both subsystems should be installed, stored in separate subdirectories.

Hardware Regquirements

The following hardware is required to run IPAC:

e an IBM PC/AT, PC/386 or PS/2 running DOS 2.nn or greater, at least 512 KB RAM,
an 80-87 coprocessor, a hard disk, and either an EGA or 2 VGA graphics adapter. The
system currently supports the EPSCN FX type dot matrix printers or good compatibles.
Support for other types of printer will be provided in the later versions.

e a PC/XT could generally handle the software as well; however, on account of the sophis-
ticated mathematical models incorporated in the th~ IPAC system, it is preferable to use
a PC/386 with a coprocessor and RAM cache or RAM virtual drives to speed up model
runs.’
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. Installation

The entire distributed system is contained on one 5.25” high density diskette in compressed
mode. To install ihe system:

1. Check that at least 3 MB of space is available on the hard disk where IPAC is to be
installed. If only one of the two subsystems (“City” or “Region™) is to be installed, 2 MB
of free space is sufficient.

2. Insert the IPAC system disk into drive A and type:
a:install (d:) .-

where d is the the name of the hard disk drive where the system is to be installed.

3. When the installation is complete, answer the appron-iate questions.

4. Enter
city o
. to run the “City” version of IPAC, or
reg o

to run the “Region” version of the IPAC system.

Working with the System

IPAC is a menu-driven system. Each menu consists of a choice of commands in the upper
section, and a comment line in the lower section. The comments correspond to the command
in the menu currently being highlighted. The comment line remains visible throughout each
session with the system. Fig. 1 depicts the main menu of the IPAC system.

Data Preparation

The information required during the data preparation phase of the IPAC system is divided
into 5 parts, as presented in Fig. 2. A more detailed description is presented in the IPAC

‘ Systern Handbook. Similar forms of data entry are used during each stage of data preparation.
The comments on the bottom line describe the control key functions and identifv appropriate
actions. It is important to enter suitable data before starting system simulations. Inproper data
input can lead to unpredictable results.

During data entry, the system checks the validity of all data entered. The absolute values of
all integers are checked against a predefined interval; all real numbers are checked by the number
decimal places to the left and right of the decimal point. It may happen during data entry that
the user {. unable to leave the data entry cell where he just entered data. This means that the
number entered is outside of the range allowed by the system and it must be rep «ced by one
that is in-range.

Two types of form are used for data entry: singular and multiple. In the singular data entry
form, only one set of data can be seen or input. In the multiple data entry form, each form
represents only one set of data within the database; the whole database consists of many data
sets.

Singular data forms are Geography, Meteorol gy, Chemistry, and the Measures Group. Mul-
tiple data forms are Emission Sources, Measures, Sigma, and Pairs. A detailed description of
cach of the forms follows,
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—— IPAC - Industrial Plamning Air Control ——
Data preparation
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decisions Optimization
optimized Measures set definition
Show results
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=

Drissions
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Max, conc| TSP
—1 Gas 1
Cas 2
Gas 3
Gas 4
Gas 5
Gas 6

Particles (dust) 2istribution of emission Esc-exit

Fig. 1: Main menu.
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—— IPAC - Industrial Plamaing Air Contro] =——y
Data preparaticn

Ceography
Neteorology
Chenistry
Sources
Landscape

Fig. 2: Data preparation menu.

Enter geographical data about the region one dataset must exist

Region Name Dirty Smokes Valley
Nusber of cells for West-East direction (X-axes) 12
Mumber of cells for _.uth-North direction (¥-axes) 9
Crid step (km) 10.0

Average population density (per sq.la) 900.0
Fig. 3: Data entry form “Geography”.

Geographical data

The data entry form “Geography” is depicted in Fig. 3. This form requires 2 minimal set of
geographical data about the city/region to be entc-ed into the system.

Meteorological data

The “Mlateorological™ data entry forms for the city and the region are presented separately in
Fig. 4 and Fig. 5, respectively, The region forms contain data not included in the city forms
on: average wind reiter: tion for the boundary layer, height of boundary layer. wind speed
distribution (atmospheric stratification parameter), and precipitation.

Chemistry data

Chemistry data consists of the names and aggressiveness coefficients of pollutants for which
calculations will be made. In the city forms, values of maximum occasional permissible concen-
trations (MOPC) are also included. Sample “Chemistry” data eatry forms for the city and the
region are presented in Fig. 6 and Fig. 7, respectively.

February 24, 1990 -4




Enter meterological data about the city: one dataset must erist

Nean anmual surface air tesperature (C) 5.0
Average surface air tesperature in July or Jansary () 19.0
Rean anmual surface vind speeds (n/s) 5.5

Wind reiteration from South 0.150  frow Borth 0.100

Wind reiteration from S-West 0.170  from W-East 0.100

Wind reiteration from West 0.130 from Esst 0.110

Wind reiteration from F-¥est 0.100  from S-East 0.140

Bdit | i-Nert 1-Prev F2-Accept Esc-Cancel

Fig. 4: Data entry form “Meteorology™ for the city.

Enter meterological data and wind reiterations one dataset must exist
Surface air temper. (C) 5.0 Precipitation  (m) 600
Surface wind speed (n/s) 5.1 Wet period duration 0.12

Wind from South 0.400  S-West 0.100  West 0,100  N-West 0.050
Wind from North 0.050  N-Bast 0.050  East 0.050  S-East 0.200

Mean annual boundary layer height (m) 750

Direction 1 0.2000  Dir.2 0.2000 Dir.3 0.0500  Dir.4 0.0500
Direction 50.0500  Dir.6 0.0500  Dir.7 0.0500 Dir.8 9.0500

Direction 9 0.0500  Dir.10 0.0500  Dir.11 0.1600  Dir.12 0.1000

Viev | Enter-edit Esc-Bxit

Fig. 5: Data entry form “Meteorology™ for the region.
5
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Erter pollutants data: one dataset must exist

Pollutant Kame Mressiveness  M0PS
TSP Cement Dust 5.0 0.500000
Gsl M 16.5  0.500000
Gas2 MO 411 0.085000
G} WD 4.6 0.200000
Gst P 90.0  0.020000
Gass 1.0 5.000000
Gasé 0.0 0.000060

Edit | I-Next t-Prev P2-Acept Bsc-Cancel

“ebruary 24, 1990

Fig. 6: Data entry form “Chemistry” for the city.

Enter pollutant data: one dataset must exist

Pollutant Xame Mressiveness
1% Cement Dust .0
S02  Sulfur Dioxide 2.0
Wr  Nitrogen Oxides 1.1
Gasl  Amonium 4.6
Gas4  Carbon Dioxide 1.0
Gass 0.0
(as6 0.0

Viev |

Enter-edit Esc-Exit

Fig. 7: Data entry form “Chemistry” for the region.
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Enter data about the city esission sources: 12 sources entered

Source Number 1} Emission Rate (mi/s) 225.%0

Height ({m)20d X coord.(km) 2.25 Fmission Tesperature (21138.0

Diameter (n} 8.1 Y coord.(km) 3.50 TSP Separatios Ratio (%) 0
TSP Bwission Nean (Kt) 0.500 TSP Emission Nar (g/s) 40.
Gasl Pmission Nean (Kt} 25.600 Gasl Ewission Max (g/s) 9%0.0
Gas2 Emission Mean (Kt) 1.150  Gas2 Emission Max (9/s) 312.0
Gas) Emission Nean (Kt)  0.000  Gas) Emission Kax (g/s) 0.0
Gasé Ewission Mean (Kt]  0.000  Gasd Emission Nax (g/s) 0.0
Gas5 Pwission Mean (Kt) 1.334  Gas5 Pmission Max (9/s) 107.5

Gasé Ewission Nean (Kt)  0.000  Gasé Ewission Max (g/s) 0.0
Viev | I-Next t-Prev Enter-dit Ins-Insert Del-Delete Esc-Exit

Fig. 8: Data entry form “Sources” for the city.

Emission sources data

Sample “Sou:rces” data entry forms for the city and the region are presented in Fig. 8 and
Fig. 9, respectively. These forms include 2 standard set of parameters about each chimney to
be considered. In the case of the city, the maximum emissions values should also be included.

Each new source entry is initiated by depressing the (Ins) key on the keyboard. The total
number of sources entered is indicated in the upper right-hand corner of the screen. Up to 300
sources can be entered into the database; they can be 1eviewed and/or modified when the data
entry procedure is complete.

Landscape data (SIGMA matrix values)

After the geographical data has been entered, the SIGMA matrix - used to store landscape
data - is filled with the average estimations of the relative danger coefficients. These values are
derived from the average population density for the area.

The “SIGMA” data entry form is depicted in Fig. 10. Using this form, the values can be
corrected, adjusting them to the particul~r landscape. This is usually necessary only when
estimating economic damage to certain area cells.

In the “SIGMA” multiple data entry forms, one form represents one line of the matrix.
Because the array of SIGMA values can be as large as 35 x 35, the total array canno: be
presented on the screen at once. Several lines « f data can be entered sequentially, saved using
the (F2) key, and corrected later for particular case study.

Before exiting the form, the system prompts:

Update the file?

If the user responds with N0, the modified data will not be npdated!
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February 24, 1990

Enter data about the regional emission sources:

Source Number
Beight (m}ISO

Diameter {n) 4.0

1

11 sources entered

Bxission Rate (x3/s) 97.00

X coord.(ks) 17.46 Enission Tesperature (C}220.0

Y coord. (km) 52.70 TSP Separation Ratio (%)%

TSP Emission Nean (It)

Gas] Baission Mean (Kt)

Gas2 Bission Mear (Kt)

Gas) Enission Nean (Rt

Gasé Ewission Nean (Kt)

Gas Emission Mean (Kt)

Gas6 Pxission Mean (Kt)

1.400

18.000

6.000

0.000

Viev | i-Bext I-Prev Emter-Bdit Ins-Insert Del-Delete Esc-Exit

Fig. 9: Data entry form “Sources” for the region.

Enter Correct Landscape and Population Density matrix:

Successively enter current matrixrov { 1

Col. 1 0.90

Col. 6 0.9

Col.11 0.90

Col.16 0.00

Col.21 0.0

Col.26 0.00

Cal.31 0.00

20.9

70.9

12 0.90

17 0,00

22 0.00

27 0.00

32 3.00

10.9

80.90

13 0.00

18 0.00

23 0.00

28 0.00

330,00

40.90

90.90

14 0.00

19 0.60

24 0.00

29 0.00

34 0.00

9 lines entered

50.90
10 0.50
15 0.00
20 0.00
25 0.00
30 0.0

350,00

View | i-Next t-Prev Enter-Edit Ins-Insert Del-Delete Esc-Bxit

Fig. 10: Data entry form “SIGMA".




. Pollution Estimation

Emission distribution, economic damage and pollutant transport estimations are calculated
during this phase. The calculation runs should be performed only after all data preparation
has been finished complately. During the calculation runs, comments reporting the current
status of the calculations appear on the bottom line of the screen.

Several means of validating that the data are consistent and meaningful are incorpcrated in
the system. Messages reporting the current status and intermediate results are displayed on the
user’s screen. If error messages appear, the user should select the “Show results™ option in the
system’s main menu for clatification of the situation.

The following types of error can be identified:

Error 1: Check the step of the regular grid.
Regular grid steps should be within the range 0.5-2 km for cities and 5-10 km
for regions.

Error 2: Check average population density.
The population density should be within the range 10-30,000 persons per km2.

Error 3: Check mean annual surface air temperature.
. The mean annual surface air temperature should be within the range 0-30 °C
Error 4: Check surface air temperature in July/January.
Surface air temperature in July/Jznuary must be in the interval —40,...,40°C.
Error 5: Check annual surface wind speed.
Annual mean wina sped should be within the range 0.5-10 m/s.

Error 6: Check surface wind reiteration.
The sum of al} the wind reiteration values should be equal to 1.
Error 7: Check MOPC and aggressiveness for the X.

There is a difference between the number of MOPCs and the number of aggres-
siveness coeffirients entered for pollutant X.

Error 8: Unacceptable aggressiveness for the X.

The aggressiveness coefficient of pollutant X is less than 1.
Error 9: Unacceptable MOPC value.

MOPC values should be greater than 0.

Error 10: Check diameter! Source #N.
. The diameter value for source N should be within the range 0.3-50 m.

Error 11: Check emission temperature! Source #N.
Emission temperatures for source number N should be within the range 0-600 °C.

Error 12: Check emission rate! Source #N.
Emission rates for source number N should be within the range 0.01-2000 m?/s.

Error 14: Check X-coordinate! Source #N.
X-comdinate is not within the area of the source N.

Error 15: Check Y-coordinate! Source #N.
Y-coordinate is not within the area of source N.
Error 18: There are no emissions for the X.

At least one pollutant emissions data should be entered if onec wants to have
useful results.

Error 17: Check annual emission! (Source #N for X).
Only one annual emission or maximum emission of pollutant X for source & has
been entered. The situation can happen only for the city and it means that one
should enter hoth data values.
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Error 18: Check annual and maximal emissions! Source #N for X.
There is discrepancy b-tween average and maximal emission values. The aver-
age emission, represented in g/fs, is greater than maximum emission value for
pellutant X in source N.

Error 19: Unacceptable SIGMA value!
All S'GMA values must be within the range 0.05-30.

Error 20: Check wind reiterations in the mixing layer.

The sum of all the wind re.teration values in the mixing layer should be equal
tol.

Error 21: Check aanual wet period ratio.
The wet period ratio should Le within the range 0.07-0.15.

Error 22: Emission variation value is not correct! Source #N for X.
The value should be in the interval (—100,...,100%).

Error 23: Wrong information about new source #N!
New parameters should be entered for the source allocated.

The following errors may occur when optimization begins:

Error 24: Source #N has been included in the measure twice.
Check information about measures and remove redundant references to the
sources mentioned.

Error 25: Emission decrease for pollutant X in group M exceeds 100%!
There is not enough information in the matrix of alternatives or some initial
measures data is not correct.

Error 26: Wrong information about investments.
Investment values are less than zero.

Error 27: Measure is indefinite.
There are errors in the measure or group numbers.

Technological Measures Simulation

Technological measures are defined and entered into the system during the technological mea-
sures simulation phase. Accuracy is of utmost importance in the formulation of these meas:res
by the user. The data forms presented in Fig. 11 are intended to be an aid in entering the
appropria‘e data and carryving out the technological measures simulation.

The in. crent feature in this phase is to remember which source - new or old - is to be
included. Tl.e forms may be used many times sequentially. Thisis interpreted as being equivalent
to carrying o it measures for several sources simultaneously.

The method for entering new source parameters into the form is similar to the method
described on page 7 for entering source data. The measures for the old sources are described for
the system by the variations in their emissions (in %). The value should be entered with a *-"
or “4” sign, designating a decrease or increase in emissions, respectively. Other parameters of
the old sources may be entered together with new values, (height, diameter, etc.), but this is
rarely required.

While the form is being modified, help and comments are visible on the bottom line of the
menu screen. After the measure has been updated, the system will pause while data checks
are made. The user should correct all errors reported by the system. The list of errors may
be printed out using the “Print results” option in the system’s main menu. When the data is
error-free, the measure is simulated by many criteria.

At the end of the simulation, the user is prompted to enter a new measure.
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Enter technological measures for the region sources:

New allocated source numbers MUST be greater than max existing source number

2 sources entered

and nev full parameters set NUST be entered for thes.
Annual emission variations in ¢ MUST be given for existing sources.

TSP Eniss. or E».Var.-100.000
S02 Emiss. or Bw.Var.-100.000
M0x Eniss. or Ba.Var.-100.000
Gas3 Bwiss. or Bn.Var. 0.000
Gas4 Eniss. or Ew.Var.-100.000
Gas5 Emiss. or Ba.Var. 0.000

Gasé Emiss. or Ew.Var. 0.000

Source ! 5

7P Sen.Ratio (%) 0

Beight (x) 0.0
Diameter (n) 0.00
Temperature(C) 0

Rate (myfs) 0.0
X coord. (km) 0.000

Y coord. {ks} 0.000

View | iMext t-Prev Enter-Edit Ins-Insert Del-Delete Esc-Exit

Enter technological measures for the region sources:

Nev allocated source numbers NIST be greater than max eyisting source number

2 sources entered

and nev full parameters set NUST be entered for thes.
Annual emission variations in ¢ MIST be given for existing sources.

TSP Ewiss. or Em.Var. 1.500
S02 BEmiss. or En.Var. 8.000
Nox Pmiss. or Em.Var. 6.000
Gasd Eeiss. or Ew.Var. 0.000
Gasé Pmiss. or Ew.Var. 7.000
Gas5 Ewiss, or Ba.Var. 0.000

Gas6 Ewiss. or Pw.Var. 0.000

Source { 12

TSP Sep.Ratio (3)95
Height (m) 300.0
Diameter (n) 10.00
Temperature(C) 150
Rate (m3/s) 100.0
X coord. (k@) 41.000

¥ coord. (km) 35.000

View | I-Next 1-Prev Enter-Bdit Ins-Insert Del-Delete Esc-Exit

Fig. 11: Data entry form “Technological Mcasures Simulation”.
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Decision Optimization

When all measures have been entered into the system, the user may begin the decision opti-
mization phase. It might be the case that alternative measures that cannot be implemented
simultaneously occur within some measures group (see Section 2.1.4 of the JTPAC Systcm Hand-
book). Using the alternative measure “Pairs” data entry form, these measures can be identified.
If no alternative measures exist in the groups formed, this step may be omitted.

A number of data checks are performed during the initizl stages of optimization (emissions
by each measure entered for each group, etc.). If errors are identified, the calculations stop and
the user should correct the errors.

When the data is error-free, single and multicriteria optimization begins. The name of the
criterion being optimized and the the current status of the calculations are reported at the
bottom of the user’s screen.

Optimized Measures Sei. Definition

The results of the decision optimization phase can be found in the “Show results” selection of
IPAC’s main menu (sub-menu “Listings” under the title “Multicriteria Optimization™). The
listing contains optimal strategies sorted according to the preferences formulated by the algo-
rithmic rules of the IPAC system. Each of these strategies is described by the summarized
“cost-effect” parameters. The “criterion number” for each strategy is known. It is the key to
the optimal set formulation.

The user should choose the strategy that he prefers and that meets his expectations. Since
several strategies are possible, he should remember their “criterion numbers” and the corre-
spondirg estimations of investments. This information should be entered into the data entry
form that appears when the user selects the “Optimized measures set definition” item in the
system’s main menu.

An in-depth analysis of the situation in the modelling area requires a thorough study of the
results prepared by the IPAC system. These results can be viewed on the screen or printed.

Show results

The results provided to Decision Makers by the IPAC system can be divided into four main
categories:

1. Three-dimensional maps that present spatially-distributed data for the raster grid. The
numeric values of the distribution data can be found in the corresponding listings (emis-
sions, economic damage and concentrations, depositions, etc.).

2. Graphs that present optimization results by each criteria used. These graphs can be espe-
cially useful if particular problems of atmospheric protection are expressed and emphasized.

3. Data lists that present the results of system runs for analysis by the user. Both final data
as well as the initial data entered by the user can be found in these lists.

4. Listings of the optimal measure sets, prepared after the multicriterial optimal strategies
have been selected by criterion number and investments volumes. These listings can be
prepared after graphical analysis if data about criterion number and investments, or cri-
terion number and percent pollution decrease are identified.

Printing Results

All the data described in the previous section can be printed out using the “Print results” option
of the system’s main menu. The sub-menus are arranged in the same way as the “Show results”
submenus.
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IPAC, version 1.0, was developed for the Department of Industrial Operatiors, Industrial
Planning Branch, of the United Nations Industrial Dcvelopment Organization (UNIDO).

1 Introduction

The IPAC System is a software system designed for dec... . support in problems of atmospheric
protection and air quality management for industrial planning on national, sectoral and enter-
prise levels. It can be used within areas up to 400 x 400 km (approximately 300 x 300 miles).
The system can be applied to a variety of industrial areas, cities and relatively small states. The
following features of the system can prove useful in various applications:

o database of stationary pollution sources;

¢ database of technological measures (e.g. optional filters, fuels, liquidation of emission
source, etc.);

¢ data on industrial and source-specific impacts on the atmosphere;

o ecological and economical effectiveness analysis of industrial innovations;

o optimized investment allocations for air quality protection;

e maximum resource calculation required for atmospheric protectior options;
¢ air pollution minimization within the specified expenditures;

¢ definition of effective set of measures that could be applied to each emission source.

Solutions can be calculated simultancously for a given set of pollutants.

The system requires minimal data input for its runs, taking into consideration the application
environments in the developing countries. Most of these data are widely available from statistical
hooks and special publications. Where possible, default data have been provided in IPAC.

Data input is supported by a set of menus and on-line help. Samples of input data can
be found in the documentation, along with a clear explanation of the overall structure of the
package. The interface is user-friendly and easy to use for inexperienced users. Interactive work
with the system is supported by on-line explanations and illustrations.

The following data sets are required for system runs:
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emission source data (height, diameter, coordinates, gas temperatures and volumes, annual
and maximum emissions);

measure data (investments and operational costs, emissicn changes by each pollutant);

meteorological data as averaged for ten or more years (annual air temperature, speeds and
probabilities of surface and boundary winds, height of boundary layer, air stratification
and turbulent parameters);

physical and chemical parameters (dry deposition speeds, wet deposition coefficients, life-
time of SO,, NO, NO,, sulfates and nitrates).

The following types of data and maps are available to the decision maker at the end of a run:

maps of emission distribution;

maps of economical damage distribution;

maps of pollutant concentration distribution;

maps of wet and dry deposition sulfates and nitrates;

sulfate and nitrate transportation diagrams out of the area considered;
maps evaulating danger (through acid rain) to coniferous forests;

graphs of optimal strategy as a function of expenditures for atmospheric pollution reduc-
tion by each selected criteria (emissions, concentrations, depositions, transportation out
of the region, danger to coniferous forests) and any combination thereof.

The system is directed toward a wide range of applications and user groups, inciuding city
councils and regional management offices, industrial enterprise management, state governments
and business management schools. The package was tested and used in a number of countries,
including the USSR, Bulgaria and the GDR. A variety of regions with different geographic and
climatic conditions we:e used as test fields.

A number of new models and subsystems intended to expand the capability of IPAC as an
analysis and decision support system (DSS) tool are under preparation. These include:

car and traffic impact analysis;
surface water DSS;

resource distribution for atmosphere and water quality protection.

The IPAC system currently runs on IBM PC/DOS and compatibles. A UNIX version is also to
be developed for running on the PC/386 and workstation environments.
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2 System Data Information

The initial information required by the IPAC syst .n could be divided into two parts. The user
data consists of concrete data on a city/region, which the user should take some care in preparing
if he intends to obtain usefui results.

The default data consists of parameters that the user might be unaware of when he starts the
case study. The values that have been assigned to thes. parameters were defined during long-
term studies based on real applications. In crder to correct these parameter values, one should
have a clear and deep knowledge of atmospheric physics and chemistry, as well as complex system
simulations experience. Users interested in obtaining a better understanding of the details and
mathematical formulae of IPAC are encouraged to read this section.

2.1 User Data

The complete set of user data necessary for system runs is presented in Table 2.1.

2.1.1 Characteristics of the raster grid representing a city/region

The name of the simulated city/region should be entered into the system by the user. The area
must be represented by a regular grid (i.e. a rectangle divided into square cells), as shown in
Fig. 2.1. Three parameters characterize the regular grid:

¢ number of raster cells along the X-axis (from West to East),
¢ number of raster cells along the Y-axis (from South to North),
o size of raster cell (regular grid step), in km.

The origin (0,0) of the coordinate system is located in the lower left-hand corner of the grid.
The simulated area (rectangle) could be larger than is necessary for the city/region. Usually a
step size of up to 1 km is considered for a city, up to 10 km for a region. This implies 35 x 35 km
cities and 350 x 350 km regions - sizes convenient for most applicaticns.

NOTE: The regular grid size must not ezceed 35 x 35 (1225 cells total).

The average population density can easily be calculated. In geographical atlases one can
find the area of the city/region as well as the number of people living there.

The maximum number of pollutants for IPAC-UNIDO is seven. One of these pollutants is
always TSP (Total Suspended Particulars) and up to 6 gases are allowed.

The selection of the necessary gases can be made by the user, but this is not an easy task.
One should know the particular situation in the city/region. No common universal advice can
be given for this case, but some generai comments may prove useful:

Y -

6

> 7

3 yi

1 [ -— X

0o 1 2 3 4 5 6 7 8 9 10

Fig. 2.1: Presentation of city or region in the IPAC system.
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Table 2.1: User data necessary to run IPAC.

1. Characteristics of the raster grid representing a city/region

1.1.
1.2.

1.3.
1.4.
1.5.
1.6.
1.7.
1.8.

Name of city/region

Simulation site size (number of raster elements from West to East and from South
to North)

Grid spacing (raster element size), km

Average density of population, per km?

Number of pollutants included in IPAC system

Agressiveness coefficient of each pollutant

Landscape map of the city/region

Maximum occasional permissible concentration for each pollutant (only applicable
to city)

2. Meteorological characteristics
2.1. Mean annual surface air temperature, °C
2.2.  Mean annual surface wind speed, m/s
2.3. Mean annual surface wind reiteration within 8-point wind rise (only applicable to
region)
2.4. Mean annual precipitation, mm/year
2.5. Average number of wet days in a year
2.6. Mean annual height of mixing layer, m
2.7. Mean annual wind reiteration in the mixing layer within 12-point wind rise (only
applicable for city)
2.8. Surface air temperature in J uly/January at 1 p.m., °C
3. Emission source parameters (individual for each source)
3.1. Height, m
3.2. Diameter, m
3.3. Emission rate, m3/s
3.4. Emission temperature, °C
3.5.  Mean annual emission of pollutants (individual for each pollutant), 103 t/yr
3.6. Source coordinates, km
3.7. Dust removal coefficient, %
3.8.  Maximum pollutant emission (individual for each poliutant), g/s (only applicable to
city)
4. Technological and economic characteristics of atmospheric protection activities (individual
for each type of activity
4.1.  Capital outlays required to implement the activity, 103 monetary units
4.2. Total expenses required to implement the activity, 103 monetary units
4.3. Changes in pollatant emission after the implementation of the activity at cach rcle-
vant source (% of the initial emission from the source)
4.4. Changes in the other parameters (3.1,3.2,3.3,3.4, 3.6,3.7) after the implementation
of the activity at each relevant source (new values)
4.5. Expert estimations to combine activities
February 24, 1990 -4-

~wp——

IR T e




e Pollutant selection is the most difficult problem for the city. At least three of the possible
pollutant types are fixed for the IPAC system in the region version. These are TSP (it is
still necessary to decide if it is toxic or not), SO (sulfur dioxide), and NO, (nitrogen oxide).
The IPAC system allows the detailed study of sulfur and nitrogen in the atmospherc. For
the other four pollutants, one can define only emission and economic damage estimations
if they are included in the simulation.

o It is known that there are usually TSP, SO,, NO,, and CO pollutants in a city. This
stems from the common industrial structure of cities, that includes energy plants, food
and municipal services, metallurgy. However, it does not mean that pollution is always
inherent for all the pollutants mentioned.

o There are very polluted cities for which pollutant selection is not a problem. If the number
of pollutants to be considered exceeds seven, one should run the IPAC system more than
once.

As one can see, the selection of pollutants is complicated in itself. But how can one find an
efficient strategy for atmospheric protection for an area when costs must also play a role? Let
us suppose the pollutants have been chosen. Using Table 2.2 one can find the aggressiveness
ratio that is used to compare the given pollutant impact to CO aggressiveness. The latter was
assigned a ratio equal to “1”. In the table, the coefficients of the major chemical compositions
that could pollute the atmosphere in industrial areas are listed. The total number of these
options reaches into the thousands.

The aggressiveness coefficient evaluation method is presented in Section 4.4. Here we point
out that the maximum occasional permissible concentrations (MOPCs) and the maximum per-
missible concentrations (MPCs) for the USSR were considered while calculating the necessary
coefficients. These concentrations are usually national standards, so one can find the appropri-

ate concentrations in reference books and correct the aggressiveness coefficients against them if
necessary.

Let us suppose the following:

. Nég and Ngg are the national standards selected for the CO MOPCs and the CO MPCs
(mg/m?);

o N Ll) and N,(f) are the same but for the k-th pollutant;

) P,ﬁ') and P,Ez) are the values from Table 2.2 (3-rd and 4-th columns).
Then
NB x N x P x PP 4+ 60 x NV x N2

AZCW =
N x NOPM x PP

(2.1)

NOTE: If the calculations are being made for a city, then the MOPC for the pollutants selected
should be taken from Table 2.2 or from national standards.

2.1.2 Maeteorological characteristics

All meteorological data are defined as the average arithmetic mean for a period of at least
10 years. This should average possible weather deviations that could occur during some ycars.
Meteorological data necessary for IPAC system simulation runs can be found in climatic reference
books and regional hydrometeorological services.

While preparing the data, the following should be kept in mind:

o the average surface temperature should be measured in °C;
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Table 2.2: Maximum permissitle concentrations (MPCs), maximum occassional permissible
concentrations (MOPCs), and agresssiveness coefficients of some atmospheric pollutants.

Aggressive-

ness MPC MOPC
Agent ratio mg/m® mg/m3
Carbon monoxide 1 3 20
Sulfuric anhydride 22 0.05 10
Hydrogen sulfide 54.8 0.008 10
Sulfuric acid 49 0.1 1
Nitrogen oxides (by NO,) 41.1 0.04 2
Ammonia 104 0.04 20
Low-molecular hydrocarbons (by carbon) 3.16 1.5 100
Acetone 5.55 0.35 200
Methylmercaptan 2890 9-108 0.8
Phenol 310 0.003 0.3
Acetaldehyde 416 0.01 5
3,4-benzpyrene 12.6 - 105 1076 15-10-4
Hydrogen cyanide 282 0.01 0.3
Hydrofluoric acid and other compounds of fluorine 980 0.005 0.05
Chlorine 89.4 0.03 1
Aluminum oxides 33.8 0.15 6
Silicon dioxide 83.2 0.05 1
Carbon black (without other compounds) 41.5 0.05 4 ,
Oxides of sodium, magnesium, potassium, calcium, iron, 15.1 0.15 10 '
strontium, molybdenum, tungsten, bismuth i
Woody dust 19.6 0.15 6 '
Wanadium pentoxide (dust) 1225 0.002 0.5 :
Inorganic compounds of 6-valencychronium (by C403) 104 0.005 0.01 '
Manganese and its oxides in aerosol (by Mg) 7070 0.001 0.03 !
Cobalt and cobaltic oxide 1730 0.001 0.5 i
Nickel and its oxides 5475 0001  0.05 ‘
Zinc oxide 245 0.05 0.5
Arsenous oxides (by As) 1581 0.003 0.2 |
Inorganic compounds of mercury (by Hg) 22400 0.0603 0.01 !
Inorganic compounds of lead by Pb) 22400 0.0003 0.0t i
Ashes of black diamond (average) - - 80 'E’
Ashes of peat (average) - - 60 P
Ashes of coke and agglomeration dust from metallurgy - - 100 E
(average)
Coal dust - - 40
Dust of nickel agglomerate = - 600
TSP of diesel and of the marut-combustion engines - - 200 V7
Dust of cement plants (average) - - 45 '
Micaceous dust - - 70
Talc dust - - 15
Limestone and gypsum dust - - 25
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Fig. 2.2: Wind directions considered in the IPAC system.
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Fig. 2.3: The pollutant transportation process from the plume.

e th. average surface wind speed should be measured in m/sec;

e the average surface wind speed reiteration should be defined by 8-directions. In references,

such data are either presented dimensionless or as percents. The former is true in the [PAC
system.

For the wind directions considered in the IPAC system, it is assumed that the first direction is
the “northern wind” from the South to the North (sce Fig. 2.2). Meteorological data should
provide additional information depending on the type of area (city/ region) under consideration.
In the case of a city, it is necessary to define the average annual temperature of the coldest or
warmest month in °C. The appropriate data. by years and by months, can be found in climate
reference books. if there are many power plants in the city, the 2verage temperature for January
is usually used, as these plants use various fuels and have their maximum emissions during the
cold season. If the energy industry impact is not the major one, the average temperature for
July is used.

Chemical pollutants and the products of their chemical reactions are transported for several
hundred kilometers by winds. This usually occurs in the so-called “boundary” or “mixing” layer
- the layer of atmosphere extending from the earth’s surface to a height of 1000 m. The pollutant
transportation process from the plume is depicted in Fig. 2.3. Pollutants are transported up to
400 km at phase 3 for several dozen hours. During this process they interact with the carth’s
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Fig. 2.4: Boundary wind speed directions in the [PAC system.

surface (dry depositions) and are washed out. Therefore it is important to have information on
precipitation and the boundary layer. The following should be kept in mind:

the annual average precipitation is considered in mm;

the annual wet days ratio is a dimensionless value, less then “1”, which is considered as
the part of a year of 365 days;

the average annual wind reiteration is measured in m;

the average wind reiteration values for the boundary layer, described by the 12-directions,
are less than 1.

Wind directions for the boundary layer are considered counter-clockwise by 30° starting from
the the “northern wind” from the South to the North, as shown in Fig. 2.4.

2.1.3 Emission source parameters

Each chimney or emission source in the simulated area should be characterized by a set of data.
These data are as follows:

[

Geometric characteristics (height of chimney in m, its outlet diameter in m, coordinates
of the source within the area).

“Chimney outlet” is a generalized term. Some “chimneys” are of a rather arbitrary form,
say the entire roof of a plant-section, etc. In such cases i\ .s necessary to calculate the
outlet diameter by representing the chimney as a circle of the the same area.

The source’s coordinates can be casily calculated. If the chimney is round, an error of
several meters in the estimation of its coordinates is insignificant. However, when the
“chimney” is a roof 100 m long the situation is more complicated. For the IPAC system,
the geometric center of the appropriate figure should be considered in such cases.

Emission characleristics (gas emission rate in m3/sec, its temperature in °C, and averane
annual pollutant mass emissions in 10 ).
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Chimney emission parameters are directly related to the technological processes in partic-
ular industries.

NOTE: (1) If one of the simulated pollutants is TSP, it is necessary to estimate (in %) the
TSP separation ratio for the given chimney. The size of the emitted particles is dependent on
the value of this ratio and consequently influences the results of the TSP dissipation calculations.
(2) If the calculations are being done for a city, in addition to the annual emissions averages
one must prepare data on mazimum emissions (in g/sec). In this case one should consider not
emergency cases but mazimum deviations that could happen under normal conditions and could
take place during a relatively short period of time. It is commonly known that every industrial
enterprise operales in such a way that it is impossible to point out absolutely stable and correct
data. Variations in the lypes of raw materials, fuels, production oulput, etc., may always be
present. Each enterprise has its own particular type of work and method of keeping data on
emissions. These points should be taken into consideration when the mazimum emissions are
calculated. These emissions never equal the annual averages, but usually ezceed it by a factor of
1.5-3, especially for such well-knoun pollutants as SO, NO,, and CO.

The geometric and emission characteristics mentioned above can usually be found in special
municipal books or in books on national statistics reports, if there is an emissions monitoring
service in the country. If these data are nonexistent, it may be that the atmospheric pollution
problem in the given area has not yet been formulated. In such cases, only general intuitive
considerations like “clezn air is better than polluted air” can apply. Monitoring and measurement
services should be established to identify and formulate problems before the IPAC system is
applied.

The necessary information can be gathered in a number of ways, some simpler and more cost-
efficient than others. For example, in one case the chimney geometry might be calculated using
its shadow. The estimation of emission parameters, however, is somewhat more complicated.
There are two ways of finding a solution - through relatively simple measurements, or using
engineering methods based on the technologies used.

Thus, the main problem of finding information about the sources lies not in the definition of
source parameters, but in the estimation of the quantity of sources to be included in IPAC system
runs. There are thousands of chimneys in cities and regions, most of which are small sources
of emission. So, for example, of the 1500-2000 chimneys present in a city of population around
500.000, only 50-100 chimneys could be considered as large sources of emission. Consequently,
small sources are aggregated into equivalent large ones - a method widely used in research and
simulation.

Small emission source aggregation on a regular grid with a small step  The first
question is obvious: what is considered to be a small source of emission? In the case of a city,
there is no uniform answer because there is no single parameter that can identify the size of the
emission source. Nevertheless, one could say that a source is small if the following properties
are met:

e small emission sources are usually about 20-25 m high;
e they consume relatively low quantities of fuel or coal {up to 700-800 tons per year);

e classical pollutant emission levels (nontoxic TSP, SO, NOy, CO) are relatively low (less
than 0.01% of the total emissions in the city);

e small emission sources can often be liquidated and their functions transferred to larger
enterprises making it senseless to invest in new technological emission reduction measures;

e in many cases, small emission sources are the section hatches in the roofs of enterprise
buildings;
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¢ many small emission sources are fuel furnaces of homes, municipal services, and public
utilities.

If small sources have been identified, they sliould be aggregated into several equivalent large
ones. A group of small sources can be aggregated into one if:

¢ the maximum or minimum source coordinates vary by not more than = 1/5 of the regular
grid step (i.e. by 200 m when the grid step is 1 km); this produces errors during calculation
within 20-25%, which is acceptable for the IPAC system;

e the maximum and minimum heights of the sources differ by less than 10 m;
¢ the maximum and mirimum emission rates differ by less than a factor of 2;
¢ the maximum and minimum emission temperatures differ by less than a factor of 1.5.
The corresponding emission source parameters for this case are as follows:
Hg = (Hmin + Hmax)/2 - height,
Dg = (Dmin + Dmax)/2 - diameter,
VE = (Vmin + Dmax)/2 - emission rate,
TeE = (Tmin + Tmax)/2 - emission temperature,
XE = (Xmin + Xmax)/2 - X-axis coordinate,
YE = (Ymin + Ymax)/2 - Y-axis coordinate,
Fg = (Finin + Fmax)/2  — TSP separation ratio (if there is a TSP emission release),
n

M g = E M,-A — average yearly emission for the n aggregated sources,
iﬁl
MM = Z M,-M - maximum emission for the n aggregated sources.

=1

Small emission source aggregation in the region on a regular grid with an averaged
step A chimney 50 m high can be considered a small one. This feature is associated with
the meso-scale transport model of sulfur and nitrogen compositions in the IPAC system. It is
recommended to aggregate small emission sources for each regular grid raster. The corresponding
emission source parameters for this case are as follows:

Hg =50m - height,

Dg = (Dmin + Dmax)/2 - diameter,

VE = (Vmin + Dmax)/2 - emission rate,

Te = (Thmin + Tmax)/2 - emission temperature,
XE = (Xmin + Xmax)/2 - X-axis coordinate,

YE = (Ymin + Ymax)/2 - Y-axis coordinate,

FE = (Fnin + Fmax)/2 - TSP separation ratio (if there is the TSP emission release),

n
M = Z MA ~ average yearly emission for the N aggregated sources.

=1

The notation in the formulae corresponds to the above-mentioned.

NOTE: One should remember that the number of aggregated sources in the IPAC system cannot
czceed 300. The resulting sources should be enumerated ufler aggregation.
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2.1.4 Technological and economic characteristics of atmospheric protection activ-
ities

Suppose for a city there is a set of sources and the corresponding set of parameters. These
data are used in the IPAC system to estimate atmospheric air pollution. Thus data ‘repared
according to the specifications of section 2.1.3 describe the regional air pollution situa.’on. Any
new technological, economic or geographical innovation in the city/region leads to changes in
some emission source parameters. If such changes are defined quantitatively and are technically
feasible, it is considered by the IPAC system to be a “technological measure”. “Quantitatively”
means that the expenditure estimations for the neasure’s implementation as well as new emission
source characteristics are known. “Technically feasible® means the possibilities for a measure’s
implementation for the given sources can be determined only by experts and only for measures
defined quantitatively.

The general scheme for defining measures in the IPAC system is shown in Fig. 2.5. It provides
a2 universal technique for analyzing new measures in regional or city industries.

The following data are necessary for each measure shown in Fig. 2.5:

¢ investments and annual costs;
¢ numbers of the sources whose characteristics changed (modified sources);
o characteristic variations by each source to be modified and defined as follows:

— as percentage of the base level for annual and maximum pollutant emissions (“+” if
the emission increases, “—" if it decreases),

— as new values for the rest of the parameters, e.g. height, diameter, emission rate,
temperature, TSP separation efficiency, coordinates;

¢ new source numbers, allocated at the city/region area when the measure is implemented;

NOTE: New source numbers should be greater than the last ezisting source number.

¢ new source parameters, as described in Section 2.1.3.

This is the complete set of data about each technological measure in particular. No data are
necessary for “simple” (from the simulation point of view) technological measures, e.g. the
measures to be applied to the only existing city or regional source. In the case of new source
allocation, one needs data only about the new sources.

The IPAC system provides unique possibilities to simulate any possible number of situations
in a city/region while undertaking a variety of possible technological atmospheric protection
measures. The price paid for achieving these benefits is the necessity to arrange the complete
set of possible measures into groups to simplify the interpretation of calculation results. For
example, one could group together sources by industry, by quantities of fuel used, etc.

NOTE: (1) The only formal requirement is that all measures that refer to the same source
should be included in one group. (2) The number of measures in one group should not exceed 15
and the total number of measures should not exceed 30. (3) For each measure the group number
should be known as well as the measure number within the group.

The IPAC system and its optimization subsystem analyze a variety of possible combinations
of initial measures during the run. If measures from the same group cannot be implemented
concurrently, this case should be explicitly pointed out. in order to do this, one should pair the
numbers of the measures that cannot be implemented simultancously. Usually these measures
can be applied to the same source. The following are examples of incompatible measures:

o the conversion of boiler fuel to natural gas and the installation of sulfur filtering equipment;
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Fig. 2.5: Scheme for defining measures in the IPAC system.
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Fig. 2.6: Raster (i, j), where S, is the raster area part occupied by the n-th recipient ($, < 1),
and g, is the table of values of the relative danger coefficient.

o for the same emission source, a power reduction by 10% and by 20%;

e liquidation of a source and the installation of new filtering equipment.

NOTE: The mazimum limitation of {50 initial measures (15 measures by 30 groups) could
hardly be met in city simulations. Therefore, one should not aim at having the marimum group
size. The optimal group size is about 8-12 measures.

Nowadays, much is being published describing data about emission reduction measures for a
number of industries. One can hardly recommend universal methods of defining the technical and
economic characteristics of the available measures. Usually the most appropriate way to achieve
the goal is to have experts who are familiar with the particular industries of the city/region
simulate the atmospheric protection problems.

2.1.5 Landscape coefficient correction

Some o;; estimation is put into correspondence with each raster grid. This estimation shows
the relative danger level of the air over the given raster. The calculated value of the estimation
is dependent on the structure of the recipient in the given raster. In the other words, the value
of 0;; depends on the combinations of territory types within the given raster. For cities, the
main recipient is the population. As the calculations are performed for a one-year period, one
could assume that during this time interval the population density is the same for the whole
city. Under this assumption, the average population density used for the estimation of the a;;
coefficients is used in the IPAC system. For regions, where the population density is different
and where the average o;; coefficients are calculated by the average population density, IPAC
provides the option to correct the calculated matrix values. This option is available in both the
city and the region versions.

Let us consider the o;; definition method for the regular grid raster (i, 7). Suppose the raster
arca is equal to one. Using geographic maps of the city/region, one can define raster arcas with
different types of territories. Let us assume there are N types of territories in the raster (i, ),
as illustrated in Fig. 2.6. Then

February 24, 1990 - 13-
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Table 2.3: Atmospheric air pollution estimation for the various types of territories.

Polluted area type o value
Recreation, sanatoriums, reserved areas, national parks | 10
Country area, country housing 8
Urban areas with population density p persons/km? 0.001p
Industrial areas 4
Forests 0.5-1.5
Agricultural areas (from South to North) 2-0.5
Gardens, wine production areas 3
Cattle areas, dry grass production areas 0.1-05

N
On = Z SnOx,
n=l

where

The values of o,, are defined in Table 2.3.

(2:2)

(2.3)

NOTE: For the central part of cities of population greater then 200,000, o = 8 independent of

the administrative density of the population.

2.2 Default data

The set of data required for system runs and for estimating pollutant transport patterns, eco-
nomic damage and coniferous forest danger includes meteorological, physical and chemical data
that can be used for model adjustments. These data are presented in Table 2.4. Each parameter
was analyzed by the possible variations interval. The intervals were defined through a careful
analysis of published material and the results of experimental model runs.
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Table 2.4: Default data of the IPAC system.

Notation
el Parameter Value in Model
Meso-scale SO; residence time in the atmosphere relative 15h To
sulfur to chemical transformation into SO3~
transport model SO, dry deposition rate 0.015 m/s I
(region) S032- dry deposition rate 06025 m/s vy
Coefficient of SO, washout from the atmosphere 3.6 mm™1 k)
Coefficient of SO~ washout from the atmosphere 5.5 mm~1 k2
Time interval . 10 min T
Atmosphere stratification parameter 0.09 P,
Number of wind direction 48 m
Accuracy of calculation 0.05 €
Meso-scale NO residence time in the atmosphere relative to 03h Iy
nitrogen chemical transformation into SO,
transport model NO; residence time in the atmosphere 40 h o)
(region) relative to chemical transformation into PAN
NO; residence time in the atmosphere relative to 15 h 73
chemical transformation into HNQO;
(OH - reaction)
NO; residence time in the atmosphere relative to 20 h T4
chemical transformation into HNQ;
(H20- reaction)
HNOj; residence time in the atmosphere relative 40 h Ts
to chemical transformation into NO3
NO dry deposition rate 0.0007 m,’s Ve
NO, dry deposition rate 0.008 m/s vy
HNQj3 dry deposition rate (in gas) 0.015 m/s vg
HNO3 and NOj3 dry deposition rate (in aerosol) 0.003 m/s Ve
Coefficient of NO, washout from the 9.0 mm™~1 ko
atmosphere
Coefficient of HNO; washout (in gas) 6.1 mm~1 kn
from the atmosphere
Coefficient of HNO; and NO; washout (in gas) 6.1 mm~1 k2
from the atmosphere
Portion NO; in NO, emission 5%
Concentrations O3 surface atmosphere 30-50 ppb -
Micro-scale Dissipation coefficient 200 A
pollutant Number of wind direction 36 m
transport model Accuracy of calculation 0.05 ¢
(city)
Economic Average specific economic damage 2.4 $/tce ¥
damage model
Coniferous Threshold value 6.0 re

forest model
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3 Test Listings

Several test listings are presented in this section. The listings contain data on a city and a
region. They represent the complete set of final data that the system can provide for a particular
analysis. The data can be used for the system consistency tests and its presentations.

3.1 Data about a City

Greenfield

TOTAL number of sources: 12

¥ind directions : South S-West Vest B-est Nord B-East East S-East
Reiteration : 6.150 0.170 0.130 0.100 0.100 0.100 0.110 0.140
Rean amanal speed of the wind mear the surface (w/s): $.S
Nean anaual air temperature (C): 5.0
Average air temperaturs ia July or Janwary C): 19.0
Regular grid parameters fo: the city :
The quantity of cells from the Vest to the East (X-axes): 9
The quantity of cells from the Soutk to the Eord(Y-axes): [
Crid step (km): 1.0
Accuracy of the "SIGRA™ calculation: 4
Pollutant numbers upon which the data has been entered: 1 2 3 4 S €
Pollutant Agressiveness ROPC
1. Cement Dust 45.0 0.500000
2. S02 16.5 0.500000
3. §0x 41.1 0.085000
4. M3 4.6 0.200000
S. WF 980.0 0.020000
6. CO 1.0 S .000000

“SIGHAA matrix~

Greenfield

6 1.60 2.40 2.70 0.80 3.40 3.90 3.10 5.20 5.90
S 4.00 4.00 4.00 6.20 7.80 6.30 4.60 4.20 3.40
4 2.30 2.60 2.90 3.60 2.80 1.30 1.40 1.40 2.30
3 1.60 0.50 0.80 3.10 3.60 2.30 2.70 2.80 4.30
2 4.00 400 1.50 1.90 5.20 5.10 $.20 6.30 7.00
1 4.00 3.60 1.30 1.80 4.20 4.60 S5.00 4.10 3.20

1 2 3 4 5 6 7 8 9
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Information about the sources
Greenfield
Listing 1

{SourcejNeig. |Diam.| Emiss.|Emiss. [Coef.| , | Total emission of pollutants, Ktoas/year i Source I
Imumber| I | temp. lrate ISIGMA] TSP | |Coordinates, kn{
| { «a Il =] ¢ |3 Ifor I sep. | TSP [ GAS 1 | GAS 2 [ GAS 3 I GAS 4 1 GASS I GAs6 0 _____________ I
i | | I Im /s [sowr.| i ! 1 1 1 I | I x & r 1
t1 1 21 31 4 ( s }e6 )7 I 8 t 9 [ 100 I 12 | 12 1 13 | 14 | 151 11
I 1. J200.0] 8.1] 138.0 | 225.9] 3.47] 0.0 { 0.500] 25.600% 1.150] 0.000{ 0.0001 1.334} 0.000l 2.25 | 3.50{
1 2. 1830l 7.41 220.0 1 303.8) 3.89] 0.0 0.210] 9.700f 0.5401 0.000] ©.000] ©0.000! ©.000] 7.50 | 4.90|
I 3. (103.01 4.8] 200.0 | 81.7] 3.49]) 0.0 0.05¢] 1.200} 0.100] 0.000] 0.0001 0.000] ©0.000] 5.70 | 2.101
I 4. | 20.0] 0.6] 210.0 | 0.3} 4.671 0.0 | 0.000] 0.130] 0.0201 0.000] 0.000] ©.000] ©0.000] 4.49 | 4.92{
1 8. 1200l 0312000 0.5]1.95] 0.0]1 0.070] 0.0%] 0.010] 0.000] 0.000} 0.016f 0.000f 2.67 | 1.83]
!l 6. [18.0] 0611600 0.1] 3.54] 0.c! 0.050] 0.040] 0.000] 0.000] 0.000f 0.008] 0.000] 8.22 | 2. 43|
I 7. 115.0f 0S| 45.0] 0.01 1.40] 0.0 0.600j 0.600] 0.000] 0.000f] 0.000f 0.140! 0.000{ 6.46 | 3.81]
| 8. | 24.0l 0.8] 180.0 | 0.51 4.351 00| 0.010f 0.140] 0.010] 0.000] 0.000! ©0.002] 0.000} 3.57 | 3.30]
I 9. 1102.0f 2.0] 45.0 ) 19.4] 3.18] 0.0 0.000] 95.700] 4.300] 0.000| 0.000}] 0.000| 0.000f 1.50 | 5.16|
l 10. 1330l 081 2001 1.6] 4.22181.0] 1.100] 0.000] 0.000f 0.000] 0.2201 0.000| 0.000} 4.3t | 1.66]
I 11. 1 30.0] 0.41 2001 1.5] 4.30f 0.0 3.200) 0.000f 0.000] 0.000] 0.000] 0.000f 0.000] S.12 | 3.87|
| 12. | 23.0] 0.6f 37.0 | 2.6) 2.01] 0.0 ©0.020f 0.000) 0.000] 1.503f 0.008] 0.000] 0.000] 1.91 | 1.72|
ITotal emission of pollutamts in city I s.8f 47.21 6.11 1.51 0.2 1.51 0.0} I I
Naximum emissions data

Greenfield

Listing 1

ISource| Nax emission of pollstants, g/s I

Inumber|

i I TSP | GAS1 | GAS 2 | GAS 3 | Gas 4 | cass | casé |

I I ] I | I | ! |

[ S | 17 | 18 I 19 i 20 1 2 I 22 I 23 |

i 1. | 40.301 99%.00 | 312.00 0.00 } 0.00 | 107.50 | 0.00 |

I 2. | 40.601 961.00 | 2.60 | 0.00 | o0.co | 0.00 | 9.00 |

I 2. | 1010} 560.30 | 18.40 1| 0.00 | 0.00 | 0.00 | 0.00 |

[ | 0.00 | 8.00 | 0.70 | 0.00 | 0.00 | 0.00 | 0.00 |

b s, 1 3.70 | 4.90 | 0.40 | 0.00 | 0.00 | 0.80 | 0.00 |

I 6. | 2.70 | 2.70 1§ 0.00 | 0.00 | 0.00 | 0.50 | 0.00 |

I 7. 1 3.90 | 3.60 | 0.00 | 0.00 | 0.00 | 0.90 | 0.00 |

I 8. | 1.00 | 12.00 | 1.10 1 0.00 | 0.00 | 0.20 | 0.00 |

1 9. | 0.00] 304.60 | 132.401 0.00 | 0.00 | 0.00 | 0.00 |

] g0, | 7.40 | 0001 0.00 0.00 | 6.90 | 0.00 | 0.00 |

I 11. 1 62.20 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |}

I 12. 1} 3.50 | 0.00 | 000 46.00 1! 0.30 | 0.00 | 0.00 |

Emission distribution for the pollutant number 1 (X)
Greenfield
Cement Dust

-l Wwdh

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.3

0.00 0.00

1

4

2

0.00
0.00
8.60
0.00
1.20
0.00

3

0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 3.61 0.00
0.17 0.00 55.04 10.32 0.00 0.00

0.00 0.00 0.93 0.00 0.00
0.00 18.92 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00

4 s 6 7 8

Total amission of the pollutant number 1 (Ktons/year) =
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Sources distribution for the pellutant number 1

Greenfield

1 2 3 456 7 8 9

=NWhnO

Total mwmber of sources pollutamt 1 = 10

Emission distribation for the pollutant ammber 2 (%)

Greeafield
s02
6
S 0.00
4 0.00
3 0.00
2 0.00
1 0.00

1

0.00 20.55 0.00

0.00 0.00
0.00 54.24
0.00 0.00
0.00 0.19
0.00 0.00

2 3

0.00
0.00
9.30
0.00
0.00
0.00

4

0.00
0.28
0.00
0.00
0.00
0.00

S

0.00
0.00
0.00
2.54
0.00
0.00

6

0.00

0.00 20.55 0.00

1.27
0.00
0.00
0.00

7

0.00 0.00
0.00 0.08
0.00 0.00
0.00 0.00

8 9

Total emissioa of the pollutant mumber 2 (Ktons/year) = 47.200

Sources distribetion for the pollutant number 2

GC.eenfield

1 2 3 45 6 7 8 9

1

= NWaenoO
N

Total aumber of sources pollutant 2= 9

Emission distribution for the pollutant number 3 (Y)

Greenfield
§0x
[
S 0.00
4 0.00
3 0.00
2 0.00
1 0.00

1

0.00 70.15 0.00

0.00 0.00
0.00 18.76
€.00 0.00
0.00 0.16
0.00 9.00

2 3

0 00
0.00
0.16
0.00
0.00
0.00

4

0.00
0.33
0.00
0.00
0.00
0.00

H

0.00
0.00
0.00
1.63
0.00
0.00

]

0.00
0.00
0.00
0.00
0.00
0.00

7

0.00 0.00
8.81 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

8 9

Total emission of the pollutant mumber 3 (Ktons/year) = 6.130

i'cbruary 24, 1990




Sources distribution for the pollutant number 3

Greenfirld

1 2 3 45678 9

1

=N Wwe
-
[

Total nuwmber of sowrces pollutant 3= 7

Emission distribution for the pollutant assber 4 (1)

Greenfield
m3

0.00 0.00
0.00 0.00
0.00 0.00
0.00 ©.00
0.00100.00
0.00 0.00

1 2

= NWh D

Total emission of the pollutamt muober 4 (Ktoas/year) =

0.00
0.00
0.00
0.00
0.00
0.00

3

0.00 0.00
2.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

4 5

0.00
0.00
0.00
0.00
0.00
0.00

6

0.00
0.00
0.00
c.00
0.00
0.00

7

Sources distribution for the pellutant number 4

Greenfield

1 2 3 45 67 8 9

- NWANN

Total number of sources pollstaat 4 = g

0.00
0.00
0.00
0.00
0.00
0.00

8

Emission distribution for the pollutant number S (¢3)

Greenfield
RF

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 3.51
0.00 0.00

1 2

“ o Wh NG

Total emission of the pollutant number 5 (Ktons/year) =

February 24, 1990

0.00
0.00
0.00
0.00
0.00
0.00

3

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 96.49
0.00 0.00

4 H

0.00
0.00
0.00
0.00
0.00
0.00

6

0.00

0.00

0.00
0.00
0.00
0.00

7

0.00
0.00
0.00
0.0C
0.00
0.00

8

0.00
0.00
0.00
0.00
0.00
0.00

9

1.503

0.00
0.00
0.00
0.00
0.00
0.00

9

0.228
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Sources distridbution for the pollautant number §

Greenfield

1 2 3 45 67 8 9

- NWae N

Total aumber of sources pollutant 5= 2

Enission distribution for the pollutant wwmber 6 (X)

Greenfield
co

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 88.93 0.13
0.00 0.00 0.00 0.00
0.00 0.00 1.07 0.00
0.00 0.00 0.00 0.00

1 2 3 4

LN 7 -

0.00
0.00
0.00
0.00
0.00
0.00

S

0.00
0.00
0.00
0.00
0.00
0.00

6

0.00
0.00
9.33
0.00
0.00
0.00

7

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.53
0.00 0.00
0.00 0.00

8 9

Total emission of the pollutant awmber 6 (Ktons/year) = 1.500

Sources distribution for the pollutant mumber 6

Greenfield

1 2 3 45 67839

oWk o
[
1]
-

Total number of sources pollutant 6 = §

February 24, 1990
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Econxomic damage structure in the city

Greenfield
Listing 1
|Source] Total econromical damage components, Thous_$/yr | Economical | Economical
Inumber| ! Damage | Damage
] 1 TSP | GAS1 | GAS 2 | GAS 3 | GaS 4 | GASS | GasS 6 | Totals I Totals
i | 1 I I 1 I | | Thous.$/yr | 1
[ I S | 2 i 3 I 4 ! S i 6 | ! 8 | 9 ! 10
I 1.1 1875.71 331.0] 37.0| 0.0 0.0} 1.0} 0.0} 2244.78 | 10.01
i 2.1 883.01 218.61 30.3| 0.0| 0.0) o.0] 0.0l 1131.90 | 5.08
I 3.1 203.6} 21.71 4.5] 0.0l 0.0] 0.0l [ X1 229.83 | 1.02
1 4l 0.0l 8.5] 3.2) 0.0} 0.0] 0.0} 0.0l 11.70 | 0.05
1 s. 1 147 8| 2.5) 0.71 0.0} 0.0l 0.0} 0.0l 151.00 | 0.67
| 6. 191 4] 2.21 0.0] 0.0 0.0} 0.0l 0.0} 193.61 | 0.86
[ | 907.2| 16.6] 0.0l 0.0l 0.0} 0.2} 0.0} 924.08 | 4.12
| 8.1 46.91 8.2} 1.8] 0.0} 0.0l 0.0} 0.9l 56.65 | 0.25
[ | 0.0} 292.8] 323.4| c.ol 0.0l 0.0 0.0l 6.6.19 | 2.7
I 10.1 976.8| o.of 0.0] 0.0l 961.8] 0.0] 0.0} 1938.61 | 8.64
I 11. | 14860.8] 0.0} 0.0l 0.0] 0.0] 0.0} 0.0l 14860.80 | 66.24
I 12, | 43.4| 0.0] 0.0} 15 4} 17.51 0.0| 0.0 76.31 | 0.34
iTotal | 20136.51 902.2| 400.6| 15 .4} 979.3] 1.34 0.0l 22435.46 |
.l 1 a3.8l 4.0] 1.8] 0.1} 4.44 0.0l 0.0} ! 100.00
Ecomomic damage distribution in the city (Y1)
Greenfield Pollutant 1
Cement Dust
11 of the economic damage = 201.365 Thous.$/yr
[ 0.22 0.25 0.31 0.33 0.34 037 0.42 0.23 0.33
S 0.25 0.18 0.09 0.28 14.17 23.68 0.44 0.33 0.37
4 0.25 0.14 0.05 0.36 14.23 23.29 4.90 0.44 0.47
3 0.24 0.31 0.46 0.85 2.10 0.31 0.32 0.48 0.80
2 0.22 0.33 0.54 0.82 2.58 0.29 0.28 0.26 0.27
1 0.19 0.20 0.22 0.21 0.20 0.20 0.20 0.20 O0.16
1 2 3 4 S 6 7 8 9
Ecomomic damage distribution in the city (%)
Greenfield Pollutant 2
S02
1% of the economic damage = 9.022 Thous.$/yr
4.31 3.74 5.18 3.78 2.72 1.88 1.69 0.92 1.33
3.85 4.45 3.91 3.27 2.32 1.90 1.73 1.12 1.44
4 2.34 2.66 2.11 1.96 1.76 1.77 3.64 1.73 1.66
3 0.84 0.74 0.55 1.22 1.60 1.59 1.62 1.65 1.67
2 0.87 0.86 0.92 1.00 1.37 1.47 1.47 1.44 1.35
1 0.81 0.85 0.87 0.87 0.84 0.94 1.11 1.25 1.04
1 2 3 4 5 6 7 8 9
Ecomomic damage distribution in the city (%)
Greenfield Pollutant 3
§0x
1% of the economic damage = 4.006 Thous.$/yr
] 8.79 7.49 10.03 6.02 2.54 0.60 0.49 0.25 0.39
s 7.75 10.12 8.60 5.48 1.46 0.60 0.50 0.32 0.42
4 4.09 $.97 4.81 1.83 0.53 0.51 0.53 0.51 0.48
3 0.22 0.42 0.18 0.37 0.46 0.45 0.47 0.47 0.44
2 0.23 0.23 0.27 0.28 0.39 0.42 0.43 0.42 0.39
1 0.21 0.22 0.23 0.23 0.22 0.26 0.31 0.36 0.30
1 2 3 4 5 [ 7 8 9
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Ecomomic damage distribetion in the city (L)
Greenfield Pollutaat 4
BH3

11 of the ecomomic damage = 0.154 Thous.$/yr
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 13.64 14.83 0.00 0.00 0.00 0.00 0.00 0.00
0.00 32.57 38.91 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 2 3 4 S 6 7 8 9

LadiE -~ I I SR Y

1

Ecomomic damage distribution in the city (X)
Greenfield Pollutaat §
HF

S ) 4

11 of the economic damage = 9.793 Thous.$/yr
0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.24 0.27 S5.15 29.20 0.00 0.00 0.00 0.00
0.00 0.58 0.70 6.76 57.10 0.00 0.00 0.00 0.00
0.00 0.G0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 2 3 4 5 6 7 8 9

e

N Wk

Sy

Ecomomic damage distribution im the city (X)
Greenfield Pollutant 6
co

11 of the economic damage = 0.013 Thous.$/yr
1.79 1.68 1.59 1.72 1.79 1.68 1.53
1.68 0.85 0.15 0.94 1.78 1.75 1.59
1.59 0.55 0.06 1.02 1.79
1.72 1.32 1.48 1.77 1
79 1. 2.28 2.10 1
68 1. 1.78 1.73
1 3 4

.

o
a%k'dss'g

=N W
a8

'
-
-]
-
o
.
1 ]
L]
e e e e
.

1.
1.

w8

.66
S

Total ezomomic damage distribution in the city (%)
1X of the economic damage = 224.355 Thous.$/yr
Greenfield

-

0.53 0.51 0.67 0.56 0.46 0.42
0.52 0.52 0.40 0.48 12.84 21 .34
0.40 0.34 0.22 0.43 12.86 20.98
0.26 0.34 0.46 1.05 3.23 0.3§
0.24 0.39 0.58 1.08 4.87 0.32
0.20 0.22 0.24 0.23 0.22 0.22

1 2 3 4 s 6

0.25 0.36 :

0.34 0.40 b

0.47 0.50 :

0.51 0.79

0.30 0.30

0.24 0.19 :
8 9 ;

F '
N3

- N WwWas e
OO0 O0Oa~a00

T EEE
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Greenfield
In city grid

are

6 lines and 9 columns

Calculations are taken for 6 pollutants
Tumbers or pollutants used in calculations
Dangerous wind speeds (m/s):
1-8t direction - wind from the West to the East,
Step 10 deg. going clockwise
Relief dispersion coefficient =

200.

Map of maximal normalized corcentrations
pollutant 1

Greenfield
Cement Dust

Pollution index =

0.00
0.00
0.00
0.00
0.00
0.00

1

oWk

Table of numbers of dangerous wind directions pollutant

0.00
0.05
0.00
0.06
0.00
0.00

2

21.59

0.08
0.08
0.08
0.67
0.11
0.00

3

1

2

3

4

5

6

0.5 0.8 1.5 0.8 0.5 0.5

Humber of rasters =

0.13
0.17
0.15
0.64
0.10
0.00

4

1 23 456789

= NWae oo

14

0.27

0.49

0.50 21.59

0.34
0.20
0.17
0.05

5

0.78
0.21
0.10
0.06

6

Map of maximal normalized concentrations
pollutant 2

Greenfield
S02

Pollution index =

1.34
1.01
0.67
0.44
0.31
0.31

i

=R Wk,

Table of numbers of dangerous vind directions pollutant

1.83
1.40
0.85
0.52
0.40
0.35

2

14.21

1.77
1.40
0.85
0.52
0.39
0.35

3

0.33
0.76
0.42
0.17
0.09
0.05

7

Bumber of rasters =

1.22
1.01
1.06
0.76
0.57
0.37

4

1 2 3 456 7 8 9

6
3 26 30
4
3
2
1

22 33

20 21 35 36 18 2

February 24, 1990

1.22
0.62
1.65
0.50
0.36
0.36

5

1.33
0.43
0.49
0.44
0.33
0.32

6

0.45
0.43
0.35
0.33
0.29
0.23

7

1

0.16
0.33
0.19
0.11
0.07
0.09

8

10

0.35
0.52
0.28
0.26
0.32
0.33

8

0.09
0.10
0.13
0.19
0.05
0.00

9

1

0.30
0.31
0.28
0.43
0.38
0.40

9

2

. 23.

Chwey




Hap of maximal normalized concentrations
Greenfield polletant 3
20x

Pelletion index = 67.38 Bamber of rasters = 30

6 3.66 4.57 4.67 3.57 2.23 1.90 1.07 G.80 O.67 :
5 3.08 405 4.05 3.08 1.90 1.36 1.00 0.81 0.67 )
4 2,03 260 2.60 2.03 2.31 1.25 0.99 0.79 0.69
3 1.38 1.69 1.73 1.59 1.43 1.22 0.96 0.74 0.69
2 1.03 1.20 1.24 1.50 1.23 1.04 0.89 0.81 0.75
1 091 1.01 1.07 1.03 1.00 0.87 0.78 0.71 0.66

1 2 3 4 s 6 7 Py 9

Table of nuabers of dangeross wind directions pollutant 3 ;
1 2 3 45673809

20213536 1 1 1
23 26 30 33 35 35
25 27 29 31 33 34
25 27 29 31 32 33
27 28 30 31
28

DWWk o

Kap of maximal normalized concentrations
Greenfield pollutant 4
BR3

Pollution index = 46.94 Number of rasters = 12

6 0.40 0.45 0.49 0.45 0.38 0.31 0.26 0.21 0.18
s 0.57 0.76 0.86 0.70 0.53 0.38 0.30 0.23 0.20
4 0.83 1.62 2.39 1.48 0.77 0.47 0.33 0.25 0.21
3 1.15 4.18 18.81 2.99 0.98 0.51 0.35 0.26 0.21
2 1.04 2.93 6.53 2.33 0.91 0.51 0.35 0.26 0.2
1 0.71 1.13 1.39 1.04 0.66 0.44 0.32 0.25 0.20

1 2 3 4 S 6 7 8 9

Table of numbers of dangerous wind directions pollutaat 4
1 2 3 45 67 3839

6

5

4 1410 6

3 1817 8 2
. 2 23 29 34

1 25 28

Kap of maximal normalized concentrations
Greenfield pollutant S
HF

Pollution index * 19.17 Bumber of rasters = 8

6 0.25 0.29 0.34 0.40 0.42 0.42 0.38 0.33 0.28

5 0.28 0.34 0.43 0.56 0.64 0.61 0.50 .40 0.32
4 031 0.42 0.56 0.83 1.23 1.10 0.71 0.48 0.36
3 038 0.64 0.94 1.24 6.69 2.77 0.94 0.54 0.38
2 0.37 0.50 0.62 1.13 2.98 2.01 0.88 0.53 0.38
1 0.30 0.40 0.51 0.73 0.96 0.88 0.63 0.46 0.34
1 2 3 4 5 6 7 8 9

{

-
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Table of members of dangerous wiand directioms pollutaat
1 2 3 4 567 89

6

5

4 11 T
3 18 14 4
2 2225 3
1

Greeafield

S

Initial measures database for emissiox decrease in the sources ("*"increase,

»-~decrease)

group 1

{Heas. [Capital jAmmmal | Pollutaats emission variatioas, b 4 |Economic |
|numbericosts lcosts | ldamage |
1 IThous.$ IThous.$/l TSP | GAS1 | GAS2 ] GAS3 | €as & | GASS | GAS 6 [variatien|
| | lyear 1 | I L ! I i I 4 |
I+ 1 2 | 3 i 4 i S | 6 i 7 I 8 | 9 i 10 I 1n i
I 1.1 7000l 157.0] -8.6001 -54.241 -4.69} 0.00| 0.00f -89.60| 0.00| -9.911
I 2.1 1ss.6l 38.51 -6.880| 0.00] 000 0.00l 0.00l 0.00| 0.00} -8.271
I 3.1 70.81 8.51 0.0001 0.00} -4.221 0.00] 0.00] 0.00] 0.00} -0.08}
I 4. | 4%40.0] 63.5| 0.000} 0.00} -11.26§ 0.00| 0.00] 0.90] 0.00} -0.1«4|
I s. 1 95.2} 27.51 0.000] 0.00} -2.641 0.00} 0.00} 0.00] 0.00} -0.0s|
I 6. 1 87.5} 23.31 9.000] 0.00} —4.40] 0.00| 0.00} 0.00] 0.00} -0.071
I 7.1 330.01 62.0] -0.929} -2.541 -0.41( 0.00| 0.00] 0.00| 0.00]| -1.01]
I 8. 1 174 .41 3s.4) -0.743| 0.00} 0.00( 0.00} 0.00] 0.00| 0.00| -0.89]
i 9. 1 77.81 5.5] 0.000] 0.00} -0.49| 0.00} 0.00] 0.00} 0.00] -0.011
1 10.1 71.51 1.21 0.000] 0.00] -0.82] 0.00] 0.00] 0.00| 0.00| ~0.011
group 1

iNeas. | Index variation, b4 {Total {

Inumber | jindex |

I i ISP (GAS1 | GAS 2 [ GAS 3 | GAS 4 [ GASS | GA3 6 |variationl

| | | I | i | i b 4 i

b1 1 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 )

i 1. 1 0.00] 0.00| -0.271 0.00| 0.00] 0.00]| 0.00| -0.18}

I 2.1 0.00]| 0.00] 0.00] 0.00] 0.00! 0.00| 0.00} 0.00}

| 3.1 0.00{ 0.00] -0.251 0.00} 0.00] 0.00} 0.00] -0.171

| 4. | 0.00| 0.00| -3.68] 0.00| 0.00{ 0.00]| 0.00| -2.481

| S. 1 0.001 0.00} -0.03| 0.00| 0.c0l 0.00} 0.00} -0.02§

| 6. | 0.00} 0.00} -0.11] 0.00| 0.00] 0.00| 0.00} -0.07]

I 7.1 0.001 0.00} 0.00| 0.00| 0.00} 0.00! 0.00} 0.00]

| 8. 1 0.00} 0.00] 0.00| 0.00| 0.9001 0.00} 0.00} 0.00]

I 9.4 0.00l 9.00] 0.00] 0.00| 0.00]| 0.00} 0.00] 0.00|

I 10. 1| 0.00| 0.00]| 0.00| 0.00] 0.00! 0.00} 0.00| 0.00|
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The table of the incompatible measwres

growp 1

C OB NAONDWN
*

3

Greeafield

3 45 67

8 91

o

Initial measares database for emission decrease in the sources (“+~imcrease, “-“decrsass)

growp 2

INeas. [Capital [Amnual | Pollutants emissien variatieas, 1 |Economic |
[nembericosts lcosts | {damag: I
1 ITheus.$ |Thous.$/1 TSP | GAS1 | GAS 2 | GaS3 | GAS 4 | GAS 5 | GAS 6 [variatioa]
I I jyear | 1 I i | I i i h 3 |
11 1 2 I 3 I 4 | H | 6 | 7 | 8 | 9 I 10 1 11 I
I 1.1 16.8} 9.1} 0.000] -0.28} -0.23} 0.00] 0.00] 0.00] 0.00] -0.05]
I 2.1 10.0] 1.6] 0.000} -0.041 -0.33} 0.00} 0.00§ 0.00} 0.00] -1.011
I 3.1 6.0l 0.4} ~1.18S] 0.15] 0.33] 0.00] 0.00[ -1.07) 0.00] -0.99]
f 4. | 6.0] o.4] -0.843] 0.06] 0.00] 0.00] 0.00} -0.53] 0.00! -1.00}
I s.1 9.0] 0.6 -1.011 o.08| 0.00l 0.00} 0.00} -0.93} 0.00| ~0.99]
gromp 2
iNeas. | Index varialiom, } 4 [Total ]
{number} jindex i
I ] TSP J GAS1 | GAS2 | GAS3 [GAS 4 | GASS | GAS 6 |[variation|
! i I I I I | I I 1 t
1 1 } 12 I 13 I 14 ] 15 ] 16 | 17 I 18 I 19 I
I 1.} 0.00| -7.58] -0.37] 0.00} 0.00} 0.00} 0.00§ -1.321
i 2. | 0.00| -7.58] -0.52] 0.00] 0.00| 0.00| 0.00} -1.43]
I 3. 0.00] 0.00} -0.16] 0.00} 0.00| 0.00| 0.00} -0.111
1 4. | 0.00] 0.00] 0.00} 0.00] 0.00] 0.00} 0.00] 0.00}
| S. | 0.00] 0.00] 0.00} 0.00| 0.00] 0.00] 0.00| 0.00}
The table of the incompatible measures
group 2
1 2 3 4 S

1 e o

2 o o

3 ]

4 .

s L]
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Greenfield

Initial meassres datadbase for emission decrease in the seurces (“*“inmcrease,

growp 3

=~=decrease)

|Heas. [Capital {Anzwal | Peliutants emissien variatioas, 1 1Econemic |
|nwmber|cests [costs | Idamage |
i ITheus.$ [Thous.8/] TSP | GaS1 | GAS Z | GAS3 | GaS 4 ! GASS | GAS 6 |[variatiom]
! i lyear | 1 I 1 I ] 1 1 1 I
I 1 | 2 | 3 | 4 i S 1 6 i T 1 8 ] 9 I 10 1 11 i
I 1. | 7840.0] 165.0( 0.000} -20.5S8] -70.151 0.00| 0.00] 0.00| 0.00] -2.70l
I 2. | 650.01 99.0] -18.8041 0.00] 0.00} 0.00| -96.49| 0.00| 0.00] -8.40|
I 3.1 60.41 17.01 -53.994§ 0.00} 0.00] 0.00| 0.00| 0.00| 0.00] -69.15|
i 4. 1 1260.0] 78._01 ©0.000] 0.00] 0.001 -94.70] -1.431 0.00} 0.004 -0.091
groep 3

|Beas. | Index variatiom, ) 4 [Tetal 1

Inember] lindex i

| I TSP [ GAS1 [ GAS2 [ CGaS3 [ GAS 4 [ GASS | GAS 6 [variatieal

I I I I i | I 1 i ) 4 I

1+ 1 12 I 13 1 14 1 158 1

16 I 17 1

18 | 19 i

| I T | 0.00] -62 s4| -70.02} 0.00} ©.00] 0.00| 0.00] -56.061
I 2.1 0.00| 0.00} 0.00| 0.00} -60.56} 0.00] 0.00} -11.61]
I 3.1 -80.13} 0.00| 0.00( 0.00} 0.00} 0.00] 0.00] -17.30]
I 4.1 000l o000l 0.00] -76.82] o000l 0.00] 0.00] -36.06
The table of the incompatible measures
group 3
1 2 3 4

1

2 .

3 .

4 L)
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RESULTS OF NULTICRITERIA OPTINIZATION

PARARETERS OF NEASURE SET 1

Criterion Sumber
Investment ($ millien)

Emission variatiea (1)
Cemext Dust
S02
B0z
m
¥
<o

Ecomomic Damage variation (I)

Comcentration variatioa (Y)
Cement Dust
502
B0x
ms3
13

co
.1 Index variation (%)

-84._44
-74.53
-74.84

3.00
-96.49
-92.13

-94.16

-00.13
-70.12
-70.98
0.00
-60.56
0.00

-51.21

RESULTS OF NULTICRITERIA OPTIRIZATION

PARANETERS OF REASURE SET 2

Criterion Bumber
Investment ($ million)

Emission variation (X)
Cement Dust
S02
BOx
ER3
RF
co

Economic Damage variation ()

entration wvariation (Y1)
Cement Dust

502

§0x

3

HF

co

Total Index variation (%)

February 24, 1990

16
14.76

-72.80
-20.59
-81.73
-94.70
-97.92

0.00

~81.51

-80.13
~70.12
-74.23
-76.82
-60.56

0.00

-73.81
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RESULTS OF NULTICRITERIA QPTIRIZATION

PARANETERS OF REASURE SET 3

Criterion Bumber
Investment ($ milliea)

Emissiea variatien (1)
Coment Dust
S62
BOx
m3
XF
(=]

Ecenemic Damage variatiea (1)

Cenceatration variatiea (I}
Coment Dust
S02
80x
3
nF
ca

Total Index variatien (1)

16
1.98

~72.80
-0.04
-0.33
-94.70

-78.66

-80.13
-7.58
-0.52

~76.82

-60.56

0.00

=-39.22

RESULTS OF RULTICRITERIA OPTINIZATION

PARAMETERS OF REASURE SET 4

Criterion Number
Iavestment ($ million)

Emission variation ()
Cement Dust
S02
50z
3
RF
co

Economic Damage variation (1)

Concentration variatiom ()
Cement Dust
502
50x
N3
NF
co

Total Index variation (1)

February 24, 1990

16
9.82

-72.80
~20.59
-70.47
-94.70
~97.92

0.00

-81.36

-80.13
~70.12
~70.5S
-76.82
-60.56

0.00

-72.04

-29.
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RESULTS OF NULTICRITERIA OPTINIZATION

PARARETERS OF KEASURE SET S

Criteriea Bember 3
Iavestment ($ million) 13.74
Emission variatios (1)
Cement Dust ~8.60
502 -74.83
50x ~94.28
n3 0.00
nF 0.00
(-] -89.60
Ecomemic Dumage variatiom () -13.90
Concentraties variatiem (X)
Cement Dust 0.00
S02 -70.12
¥0x -74.64
m 0.00
NF 0.00 o
[« ] 0.00 -
.tll Index variation (%) -35.59 .

RESULTS OF WULTICRITERIA OPTINIZATIONS

PARARETERS OF NEASURE SET 6

Criterion Number 8

Investment ($ milliom) 1.44
Emission variation (Y)

Cement Dust -84 .44

s02 -53.98

| (1} -4.69

N3 0.00

| {3 ~96.49

co -92.13

Economic Damage variation (%) -91.46
nceniration variatior (Y)

‘ Cement Dust -80.13

S02 -7.58

B0x -0.95

| | k] 0.00

HF -60.56

co 0.00

Total Index variation (X} -18.09

February 24, 1990 -30-




RESULTS OF WULTICRITERIA OPTIRIZATION

PARAMETERS OF REASURE SET 7

Criterioa Bumber
Investment ($ million)

Emission variation (3)
Cemeat Dust
S02
| {1} 4
m3
RF
(=]

Ecenomic Damage variatiea (X)

Cenceatration variatiea (%)
Cement Dust
$02
50x
m3
nF
<o

Total Index variatiom (1)

11
0.79

-9.79
-54.13
-8.31
0.00
0.00
-90.67

-11.99

0.00
-7.58
~1.20

0.00

0.00

0.00

-1.11

RESULTS OF RULTICRITERIA OPTIRIZATION

PARANETERS OF NEASURE SET 8

Criterion Bumber
Investment (8 million)

Emission variation (X)
Cement Dust
S02
B0x
m3
RF

~r
Economic Damage variation ()

Concentration variation (Y1)
Cement Dust
S02
¥0x
| | x)
RF
co

Total Index variation (%)

February 24, 1990

~14.70

=70.12

oo
888y

-34.23

;
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RESULTS OF NULTICAITERIA OPTINIZATION

e

PARARETERS OF REASURE SET 9

Criterisa Number 16 N
Investment (S milliea) 6.92 i
f
Emissiea variation (X) :
Cement Dust -72.90
s02 -0.04 &
BOx -11.58 H
mx ~-94.70
WF -97.92
co 0.00 R
}
Econemic Damage variatiea (X) ~78.80
Conrcentration variatioem (1)
Cement Dust -80.13
$02 -7.58
¥0x -4.21
m3 -76.82
XF -60.56 )
co 0.00
. Total Index variation (1) -40.69

Optimal strategy ("+"increase, "-"decrease)

Criterion number 8 Valuwe of capital costs 9.30 $ million

IGroup [Meas. [Capital {Anmuwal | Pollutaat emission variatioms, } 4 IEconomic |
Inember|numbericosts [costs | |damage |
| | I$milla.[$mlln./I TSP | GAS1 | GAS2 | GAS3 | GAS 4 | GASS | GAS 6 |variatioml
| I i [year I | | [ I | | | 1 i
I+ 2 1 3 1 4 ! H | 6 1 7 | 8 I 9 1 s0 I n 1 12 !
I 3.1 3.1 0.06] 0.0171 -53.99]| 0.00] 0.00] 0.00] 0.00] 0.00{ 0.00] -69.151
I 2. | 4. | 0.011 0.000] -0.84| 0.06] 0.00] 0.00] 0.00} -0.53] 0.00} -1.00}
I 2.1 3.4 0.01] o0.000| -1.19} 0.15} 0.33] 0.00} 0.00] -1.071 0.00] -0.99]
I 2.1 S. | 0.01] o©.001] -1.01} 0.08] 0.00] 0.00} 9.00} -0.93| 0.00]| -0.99|
I 2.1 2.1 o0.01] 0.002] 0.00] -0.04] -0.33] 0.00} 0.00] 0.00] 0.00] -1.011
i 1.1 1.1 0.70]1 0.157] -8.60| -54.24] -4.69| 0.00} 0.00} -89.601 0.001 -9.91}
| 3.1 2.1 0.65] 0.099] -18.80] 0.00} 0.00l 0.00} -96.49} 0.00| 0.00] -8._40}
. I 3.1 1.1 7.84]1 o0.165] 0.00f -20.55} ~70.15] 0.00} ©.00] 0.00} 0.00] -2.701
|Total I 9.31 0.4] -84.44] -74.53} -74.84] 0.00] -96.49| -92.13| 0.00{ -94.16]

February 24, 1990 -2




{1Group [Reas. | Index variatioas, I | Total |
1 nember[neaber] - 1 index |
I 1 | TSP 1 GaS1 [ GAS2 | GAS3 [ GAS 4 | GAS S | GAS 6 [variatioenl
I I i I | I I | | i 1 I
Pt 12 1 1« 1 15 § 16 { v | 18 I 19 i1 2 | 2 |
I 3.1t 3.! -80.13l 0.00} 0.00| 0.00} 0.00] 0.00] 0.00] -10.22]
1 2.1 4. 1 0.001 0.00| 0.001 0.00] 0.00} 0.00] 0.00] 0.00]
I 2.1 3.1 0.00| 0.00( -0_16| 0.00} 0.0} 0.00| 0.00| -0.06(
| 2.1 5.1 0.001 0.00} 0.00] 0.00] 0.00] 0.00} 0.00] 0.00}
I 2.1 2.1 0.00l -7.58] -0.52] 0.00( 0.00| 0.00] 0.00] -0.85|
I 1.1 1.1 0.00f 9d.00f -0.271 0.00| 0.00] 0.00! 0.00] -0.11}
1 3.1 2.1 0.001 0.00j 0.00} 0.00] -60.56] o©.00l 0.00) -6.86]
1 3.1 1.1 0.00] -62.54| -70.02} 0.00} v.00} 0.001 0.00] -33.12}
|Total I -80.13] -70.12] -70.98]| 0.00] --60.56] 0.00] 0_00| -51.211
3.2 Data about a Region

Dirty Smokes Valley

TOTAL number of sources: 11

Rean annual precipitation (mm/yr): 600.0

Rean annual wet period duration 0.12

NRean amnual surface wind speed (m/3): S.1

8-point svrface wind rose : South S-West Vest U-Vest Bord E-East East S-East
Nean anrmual recurrence : ).400 0.100 0.100 0.050 0.050 0.050 0.050 0.200
Nean annual mixing layer height (m): 750.0

12-point mixing layer wind rose : Dir.i

Nean annual recurrence

Dir.2 Dir.3 Dir.4 Dir.S Dir.6 Dir.7 Dir.8 Dir.9 Dir.10 Dir.11 Dir.12

: 0.200 0.200 0.050 0.050 0.050 0.050 ¢.050 0.050 0.050 0.050 0.100 0.100

Nean annual surface air temperature (C):

Regular grid parameters for the city :
The quantity of cells from the West to the East (X-axes): 12
The quantity of cells from the South to the Bord(Y-axes): 9

Grid stap (km)

Accuracy of the "SIGNA" calculation:

5.0

Pollutant nrumbers upon which the data has been entered: 1

Pollutant

Cement Dust
Sulfur Dioxide
. Bitrogen Oxides
Ammonium

. Carbon Dioxide

[T SRR S I

February 24, 1990

Agressiveness

45.0
22.0
41.1
4.6
1.0

2 3 45




“SIGHA matriz™
Dirty Smokes Valley

9 0.90 0.20 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 _;
8 0.90 0.90 4.60 4.60 2.00 0.90 0.90 0.90 0.90 0.90 0.%0 0.90 i
7 V.90 0.90 3.80 3.830 1.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 . ’4;
6 0.0 0.90 1.10 1.20 1.30 1.80 1.30 0.90 0.90 0.90 0.9 0.9
5 0.90 1.60 2.00 2.10 2.40 3.10 3.10 3.30 2.60 1.10 0.9¢ 0.90
4 0.90 0.90 1.60 3.90 7.20 8.30 6.90 6.40 3.70 2.40 1.80 1.8
3 0.90 0.90 2.40 3.40 8.10 7.80 4.90 1.70 1.50 §1.70 4.20 4.00
2 0.90 0.90 1.10 0.90 1.90 2.10 2.40 1.80 1.50 1.30 3.50 2.30
1 0.90 1.40 0.90 0.90 0.90 0.90 0.90 0.9 0.90 1.50 2.20 2.00

1 2 3 < S [ 7 8 9 10 11 12

Informatioa about the sources i
Dirty Smokes Valley T
Listing 1 :

:Source:Neig.:Diam.: Emiss.:Eniss.:Coef.: Y Total emissioa ef pollutants, Ktoas/year : Source .
:aumber: B T temp. :rate :SIGNA: TSP :Coordinates, km: b
: :m > m: € :3 :for :sep. : TSP : S02 : HOx :GAS 3 :GCAS 4 : GASS : GASG6 -____________. _: ’
H H H H :m /s :sowr.: H : : H H H : : X [ § .
1 : 2 : 3 : 4 : S : 6 :7 : 8 : 9% : 10 : 11 : 12 : 13 : 14 : 15 : 16 f‘
: 1. :150.0: 4.0: 220.0 : 97.0: 1.31: SO.0 : 1.400: 18.000: 8.000: 0.000: 6.000: 0.006: 0.000: 17.40 : 52.70:
: 2. :150.0: 3.0: 230.0 : 160.0: 2.39: $1.0 : 3.000: 20.000: 10.000: 0.000: 9.000: 0.000: ©0.000: 28.30 : 42.40:
: 3. :250.0: 4.0: 200.0 : 300.0: 1.25: 92.0 : 14.000: 55.000: 15.000: 0.000: 25.000: 0.000: 0.000: 18.20 : 14.90:
: 4. :100.0: 3.0: 200.0 : 103.0: 1.45: 94.0 : 2.900: 12.000: 8.000: 0.000: 9.000: 0.000: 0.000: 64.80 : 47.10:
: 8. :100.0: 1.8: 1S0.0 : 47.0: 3.63: 95.0 : 2.000: 12.000: 5.000: 0.000: 7.000: 0.000: 0.000: 43.50 : 34.70:

6. :50.0: 0.4: 50.0: 7.0: 2.40: 80.0 : 1.900: 0.000: 0.000: 1.000: 14.000: 0.000: O0.000: 42.00 : 41.80:

7. :100.0: 30.0: 90.0 : 4.6: 5.96: 90.0 : 0.000: 0.000: 0.000: 10.000: 10.000: 0.000: ©0.000: 53.00 : 34.00:
: 8. :200.0: 5.0: 200.0 : 140.0: 3.69: 95.0 : 5.800: 32.000: 15.000: 0©0.000: 10.000: 0.000: 0.000: 74.00 : 14.00:
: 9. :100.0: 4.0: 150.0 : 80.0: 1.27: 8.0 : B8.000: 12.000: 7.000: 0.000: 10.000: 0.000: 0.000:107.00 : 34.00:
: 10. :100.0: 5.0: 100.0 : 95.0: 2.20: 95.0 : 7.000: 12.000: 9.000: 0.000: 10.000: 0.000: 0.000:105.00 : 27.00:
: 11. :250.0: 8.0: 200.0 : 180.0: 2.54: 97.0 : 14.000: 27.000: 20.000: 0.000: 20.000: 0.0C0: ©0.000: 36.10 : 43.00:

:Total emission of pollutants in regioa

g
°

200.0: §00.0: 11.0: 130.0: 0.0: 0.0:

Emission distribution for the pollutant number 1t (%)
Dirty Smokes Valley

Cement Dust

9 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.006 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 2.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N 0.00 0.00 5.00 23.33 3.17 0.00 4.83 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 13.33 0.00
3 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 11.67 0.00 i
2 0.00 23.33 0.00 0.00 0.00 0.00 0.00 9.67 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00
1 2 3 4 5 6 7 8 9 10 11 12 '
Total emission of the pollutant number 1 (Ktons/year) = 60.000
|
[P
oo
February 24, 1950 -M- .




V Sources distribution for the pollutant number 1§
Dirty SmoXes Yalley

1 2 3 4 5 6 7 8 9101112

" NWhNNSY
-
3
I
-

Total nwmber of sources pollutast 1 = 10

Emission distribation for ke pollutast mumber 2 (1)

Dirty Smokes Valley
Sulfur Dioxide

0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 900 0.00 0.00 0.00 0.00 0.00
0.00 0.00 10.00 13.50 0.00 0.00 6.00
0.00 0.00 0.00 0.00 6.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00

Wk O N

0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 2 3 4 S 6 7

Total emission of the polletant number 2 (Ktoms/year) =

Sources distribution for the pollutant number 2
Dirty Smokes Valley

1 2 3 4S5 67 8 9101112

“- W WhONONDOY
-
e
-

Total number of sources pollutant 2= 9

February 24, 1990

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 27.50 0.00 0.00 0.00 0.00 0.00 16.00

0.00
8

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10

200.000

0.00
0.00
0.00
0.00
0.00
6.00
6.00
0.00
0.00

11

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12

- \..i"" T



Emission distribution for the pollutant nuaber 3 (1)

Dirty Smokes Valley
Jitrogen Oxides

0.00 0.00
0.00 9.00
0.00 0.00
0.00 8.00

mNWANNO Y

1 2

Total emission of the pollutant aumber 3 (Ktons/year) =

0.
0.
0.
0.
0.00 0.00 10.00 20.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 18.00 0.00 0.00
0.00 0.00 0.00 0.00

00 0.00
00 0.00
00 0.00
00 0.00

3 4

0.00
0.00
0.00
0.00
0.00
5.00
0.0n
0.00
0.00

S

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6

0.00
0.00
0.00
0.00
8.00
0.00
0.00

o]
(4]
o
(4]
o
o
[

.00 0.00

.00 0.00
.00 0.00
-00 0.00
.00 0.00
.00 0.00
00 0.00

0.00 15.00 0.00
0.00 0.00 0.00

7

Sources distributioa for tke pellutant number 3
Dirty Smokes Valley

1 2 3 45 6 7 8 9101112

-0 Wk NGB
e
-

Total number of sources pollutant 3 = 9

Emission distribution

Dirty Smokes Valley

Asmonium

9 0.00 0.00
8 0.00 0.00
7 0.00 0.00
6 0.00 0.00
5 0.00 0.00
4 0.00 0.00
3 0.00 0.00
2 0.00 0.00
1 0.00 0.00

1 2

OOOOOOOPO

.00 0.00
00 0.00
.00 0.00
-00 0.00
.00 0.00
.00 0.00
-00 0.00
00 0.00
00 0.0¢

3 4

for the pollutant number 4 (%)

0.00
0.00
0.00
0.00
9.09

0.00
0.00
0.00
0.00
0.00

0.00 90.91

0.00
0.00
0.00

5

0.00
0.00¢
0.00

6

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0M0
0.00

7

coo0000000
«2888888888

¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9

©.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10

100.000

Posooo0oco00
888888888

Total emission of the pollutant numter 4 (Ktons/year) = 11.000

February 24, 1990

- 36 -

0.00
0.00
0.00
0.00
0.00
7.00
8.00
0.00
0.00

11

Poeo0o0o0000
888888888

-
[

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12

©c009000000
S88883838883




Sources distribution for the pollutant number 4
Dirty Smokes Valley

1 2 3 4 5 6 7 8 9101112

R ——

N WANOONOO
-

Total number of sources pollutant 4 = 2

-~ —

Emission distribution for the pollutant number 5§ (%)
sirty Smokes Valley

Carbon Dioxide

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

. 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 0.00 4.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s 0.00 0.00 6.9215.38 10.77 0.00 6.92 0.00 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00 $.38 7.69 0.00 0.00 0.00 0.00 7.69 0.00

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.69 0.00

2 0.00 19.23 0.00 0.00 0.00 0.00 0.00 7.69 0.00 0.00 0.00 0.00

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 2 3 4 5 6 7 8 9 10 11 12

Totrl emission of the pollutant number 5 (Ktons/year) = 130.000

Sources distribution for the pollutant number 5
Dirty Smokes Valley

1 2 3 45 6 7 8 9101112 )

- DLk NR O
e
S
-
[

Total number of sources pollutant § = 11

February 24, 1990 -37-
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i
k.
Economic damage structure in the Tegion :.
Dirty Smokes Valley ‘E‘
Listing 1
@
T %
|Sourcel| Total ecoromical damage components, Thous .$/yr | Economical | Ecomomical | ‘~
Inumber! I Damage l Damage 1 t;
| I TSP I S02 | mOx | GAS3 | GAS4 | GASS | cAS 6 | Totals 1 Totals I )
I i 1 ! | | i [ | Thous.$/yr | b i =
X
L T T 9 | 10 I E
o1 19.1} 119.8] 99.5| 0.0} 1.8] 0.0] 0.0| 240.12 | 1.35 §
[ | 72.4| 236.1] 220.51 0.0} 4.8 0.0} 0.0} §33.85 | 3.01 |
I 3 124 4] 238.9| 145.1) 0.0l 4.9] 0.0} 0.0] 514.31 | 2.90 |
[ I T | 64.8] 131.1} 163.3} 0.0] 4.5 0.0] 0.0] 363.62 | 2.05 | .
| S. 1 130.8] 383.6] 298.6] 0.0] 10.2} 0.0} 0.0] 823.24 | 4.64 | W
[ | 863.1} 0.0l 0.0l 9.71 29.41 0.0] 0.0| 902.12 | 5.09 | -
I 7.1 0.0] 0.0| 0.0] 137.61 29.9] 0.0} 0.0} 167.53 | 0.94 | e
I 8. 1 184.6] 498.0] 436.1] 0.0] 7.11 0.0} 0.0l 1125.81 | 6.35 | |
i 9. | 10944.0] 133.8] 145.8] 0.0} S_1] 0.0} 0.0} 11228.68 | 63.29 |
I 10.1 333.9] 279.8) 392.1] 0.0} 10.6} 0.0] 0.0} 1016.33 | $.73 | N
I 11, | 251.6| 237.2§ 328.31 0.0l 8.0] 0.0] 6.0} 825.03 | 4.65 | '
|Total | 12988.6f 2258.3] 2230.21 147.3] 116.2} 0.0} 0.0} 17740.62 | I -
I 1 73.2] 12.7] 12.6| 0.8] .71 0.0] 0.0} 1 100.00 |

Ecomomic damage distribution in the region (1)

Dirty Smokes Valley Pollutant 1 :
Cement Dust .
1% of the economic damage = 129.886 Thous.$/yr

9 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.03 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o
7 0.00 0.03 0.11 0.11 0.05 0.00 0.02 0.00 0.00 0.00 0.00 0.00
6 0.00 0.09 0.26 0.34 0.19 0.0f 0.24 V.01 0.00 0.00 0.00 0.060 ’
5 0.01 0.03 0.24 0.71 7.29 0.00 0.23 0.02 0.00 0.00 15.80 0.00
4 0.04 0.06 0.06 0.11 0.68 0.00 0.06 0.08 0.01 0.00 69.95 0.00
3 0.04 0.15 0.15 0.00 0.00 0.00 0.13 0.29 0.05 0.00 1.07 0.00
2 0.00 0.18 0.20 0.00 0.00 0.01 0.i1 0.57 0.07 0.00 0.00 0.00
1 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 2 3 4 S 6 7 8 9 10 11 12

Ecomomic damage distribution in the region (%)

Dirty Smokes Valley Pollutant 2
. Sulfur Dioxide

1% of the economic damage = 22.583 Thous.$/yr
k] 0.00 0.04 0.03 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.02 0.24 0.33 0.29 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.14 1.10 1.50 0.84 0.30 0.00 0.40 0.00 0.00 0.00 0.00 0.00
6 0.03 2.62 4.01 2.67 1.17 0.17 3.07 0.13 0.00 0.00 0.00 0.00
s 0.23 0.41 3.52 6.07 7.08 0.00 2.36 0.46 0.00 0.00 1.74 0.00
4 0.87 0.80 0.84 0.54 10.83 0.05 1.1§ 1.5 0.15 0.00 11.71 0.00
3 0.45 1.65 1.61 0.00 0.00 0.00 2.12 4.50 0.7S 0.00 4.87 0.00
2 0.00 1.64 1.96 0.00 0.00 0.i6 1.66 8.06 1.11 0.00 0.00 0.00
1 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 2 3 4 s 6 7 & 9 10 11 12
February 24, 1999 - 38 -




The table of the incompatible measures

growp 1
T 2
1 e o
2 e e
3 .

4

s

6

7

8

9

10
TEST REGION

3 45 67 8 310
.
.
.
e o
.
e o
e o o
e

Initial measures database for emissiom decresase in the sexrces ("+"increase,

growp 2

~~=decreass)

iReas. [Capital |Amnwal |

Pollutants emissien variatioms, I

[Economic |

{aunbericests Jcosts | | damage |
| IThous.$ [Thous.$/1 TSP | SO I m ] GAS3 | €AS 4 | GAS S | GAS 6 [variatiom]
I I lyear | I x | x | | I I | 1 I
v 1 2 i 3 i L | s ! [ 1 7 | 8 1 9 I 10 I 11 i
I 1.1 100.0] $0.0| ~1.21] 0.00] 0.00] 0.00[ 0.00] 0.00} 0.00] -0.09%
[ 2. 1 160.0| 30.0f -4.83] -6.00] 0.96] 0.00] -0.35}) 0.00} 0.00] -0.991
| 3. 200.0| 10.0] -2.68] 0.60] 0.80| -9.09] -10.08] 0.00} 0.00] -4.88]
[} 4.1 500.0] $0.0} -3.171 0.00] 2.00] -9.09] -5.38} 0.00] 0.00] -4.72|
i S. 1 200.0{ 30.0) ~-1.45] -3.20} -7.50] 0.00] -3.85} 0.00] 0.00} -1.97]
I 6.1 100.0f $0.0J -0.48] ~3.201 -9.00} 0.00) -0.77] 0.00} 0.00} -2.09§
| 7.1 300.0} 60.0] -0.67] -0.90] -0.25) 0.00} -o0.811 0.00) 0.00} -0.56]
! 8. ! $00_0] $0.0] -1.00] -1.20] ¢.00} 0.00} -1.62] 0.00] 0.00] -0.67}
|Bumber{Variation] Variation Solphar leaving the regioa, I Ivariationl

| meas.| total

| index |

I | deposit.] Total Isectoriisector2|sector3isectordisectorSisector6isector?|sector8] danger |
! I 1 I | ! i ! I | I I | conifer !
l I 12 H 13 i 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 i
i 1.1 0.00 | 0.00} o0.00f, 0.00l o0.00f 0.00] 0.00f] ©0.00)] 0.00] 0.00] 0.00 |
| 2.1 -6.321 -5.94 | -6.27] -6.22] -6.11) -5.57| -5.41] -5.63] -5.66] -5.95] -9.68 |
I 3.1 0.63 | 0.59 | 0.63] 0.62] o0.61] 0.56] 0.54] 0.56] 0.S7T] 0.59] 1.04 }
I 4.1 0.00 | 0.00! o0.00f 0.00] o0.00f 0.00f o0.00] 0.00f 0.00] 0.00] 0.00 |
I s. I -3.69] -3.11 | -3.44] -3.04} -2.94] -2.82] -3.12f -3.35] -3.37f -3.44] -5.701
I 6.1 -3.69 | -3.11 | -3.44] -3.04] -2.94] -2.82] -3.12] -3.35] -3.37} -3.44] -5.70 |
r 7.1 -0.98| -0.89 | -0.88] -0.90] -0.89] -o0.88] -0.86] -0.88] -0.88] -0.87} -1.80 |
I 8 1 -1.30] -1.18 | -1.18] -1.20} -1.18} -1.18] -1.1S§ ~-1.17] -1.18] -1.158] -2.391
February 24, 1990 - 44 -
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| Bumber|Variatieal

| meas.[tetal

Yariatioa WNitregea leaving the region,

1

i ldeposit. | Total (sectoriisector2isector3isectordlsecterSisectortisector7isectorsi
I ! 4 I ! 1 | I | ! i | I
I 1 I 22 ! 23 ] 2¢ | 25 | 26 | 27 | 28 | 29 | 30 | A 1
I 1.1 0.00 | 0.00| 000 0.00] 0.00f 0.000] o0.00] ©0.00f 0.00] 0.00]
! 2. 1 1.02 | 095 0.95] 0.99] o0.98] o089 o0.85] 0.8 0.9 0.95]
I 3.4 0.85 | 0.79 | 0.83] 0.83] 0.82] 0.74] o0.71] O©.7¢] 0.75]1 0.79]
I 4.1 2.09 | 1.98 | 1.94] 2.06] 2.05] 1.99] 1.91] 1.86] 1.871 1.84]
1 s. 1 -s.89] -7.23] -8.05) -6.89] -6.70} -6.47] -7.39| -s.07] -8.13] -8.25|
I 6.1 -~1066]} -8.67 | -9.661 -8.2T| -8.03] -7.76] -8.87| -9.68] -9.7S] -9.90|
i1 7.1 -0.231l -0.24 | -0.24]1 -0.281 -0.25] -0.25| -0.24] -0.28|] -0.2S] -0.24|
1 s | 0.00 | 000 o000l 0.000 000] o000 o0.00] 0.00] 0.00] 0.00|

The table of the incompatible measures

growp 2

i
.
s ®

0 NN WN =

TEST REGIOR

2 3 45 6 7¢8
.

Initial measures database for emission decrease in the sources ("+"increase,

group 3

»-"decrease)

fMeas. ICapital lAnnwal | Pollutants emission variatioms, 1 {Economic |
Inumber|costs lcosts | | damage |
I [Thous.$ |Thous.%/f ISP | SO | @O I GAS 3 | GAS 4 | CAS S | CAS 6 |[variation]
i | Iyear | | | S | x | i I i | % |
[ ! 2 | 3 ! 4 |} s [ 3 I 7 ! 8 1 9 I 10 ! 11 i
1.1 100.0] 70.01 ~5.33} 0.00]| 0.001 0.00] ©0.00] 0.00} 0.00] -61.07|
2.1 300.01 30.0] 0.00] -2.40} 0.00] 0.00} 0.00| 0.00| 0.00] -0.30]
3.1 500.01 100.0| -1.33) -3.00} -2.10} 0.00] 0.00] 0.00] 0.00} -6.79]
4. 1 400.01 $0.01 -11.67] -6.00| 1.80} 0.00} -0.771 0.00] 0.00] -3.02]
S. 200.0( 20.0] -3.50] -2.40] -0.90} 0.00} ~1.54] 0.00§ 0.00] -1.43]
6. | 300.01 70.0} -7.00} 0.00} 0.00} 0.00} 0.00] 0.00] 0.c0| -0.43j
7.1 $00.0! 150.0] -4.671 -4.05] -4.00| 0.00} -4.62| 0.00} 0.00} -1.071
8. | 900.01 200.0! -7.00] -6.75] -6.00| 0.00] -4.62] 0.00] 0.00| -1.661
February 24, 1990 - 45 -
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|Number|[Variation|

Yariation Sulphur leaving the region, I IVariation]
| meas.| total |---- l index |
i | deposit.| Total [sectorilisector2|sector3disectordlsectorSisector6isector7isector8| danger |
| { 3 1 I I | f i | { 1 | comifer |
v 1 12 ! 13 I 14 1 15 1 16 1 17 | 128 | 19 | 20 | 21 | 22 I
[ A | 0.00 | 0.00] o0.00l o0.00l 0.00] o0.00l d.00] o0.00l 0.00l 0.00! V.00 |
| 2. | ~2.26 | -2.42 | -2.88f -2.57] -2.36] -2.011 -2.07] -2.3¢] -2.41]1 -2.74i -3.05 |
i a1 -2.83 | -3.03 | -3.60] -3.21{ -2.95] -2.52] -2.58{ -2.93] -3.02| -3.42| -3.78 |
I 4.1 -s5.781 -6.0¢ | -7.21] -6.38] -5.70] -4.93] -5.41] -6.06! -6.15] -6.851 -7.33|
I s. 1 221 -2.42 | -2.88] -2.55| -2.28) -1.97| -2.16] -2.42] -2.46] -2.74] -3.10|
| 6. | 0.00 | 0.00 | 0.00] 0.00f 0.00] 0.00] 0.00f 0.00l 0.00f 0.00] 0.00 |
I 7.1 -4.08 | -4.05) -3.96] -4.20] -4.13] -4.14| -4.02] -3.811 -3.82] -3.73| -8.18 |
I 0 | ~6.76 | -6.75 | -6.61] -6.99] -6.89] -6.90| -6.71] -6.36] -6.371 -6.21] -13.35 |
| BumberVariation| Variation Nitrogen leaving the regiom, ! ;e
| meas.|total I i o
i |deposit. | Total Isectoriisector2isector3isectord|sectorS|sectorGisector7[sectors| f‘ .
| I 4 1 I I I { i ! I | i -
‘ t | 22 | 23 | 24 | 25 | 26 | 27 { 28 {29 | 3% | 3@ | e
[ I 0.00 | 000 0.00] 0.00f 000 0.00f o0.00] 0.00/ 0.00] 0.00} r
] 2.1 0.00 | 0.00 | 0.00} 0.00] 0.00] 0.00| 0.00] 0.00} 0.00} 0.00] °
i 3. ] -1.95 | ~2.13 | -2.62) -2.27] -2.06] -1.69| -1.75] -2.06]1 -2.14] -2.50]|
i 4§ | 1.72 | 1.82 | 2.24} 1.921 1.68} 1.41] 1.60} 1.85] 1.88] 2._14]
| s. | -0.86 | -0.91 | -1.12] -0.96] -0.84] -0.70] -0.80] -0.92] -0.94] -1.07| -
i 6. | 0.00 | 0.00 | 0.00] o0.00l 0.00] 0.00] 0.00]| 0.00} 0.00} 0._00}
| 7.1 -4.00 | -4.00 -3.791 -4.131 -4.121 -4.201 -4.04f -3.74] -3.75] -3.58]
| 8. -600| -6.00| -568] -6.19] -6.171 -6.30] -6.05] -5.61] -5.621 -5.36l -
The table ¢f the incompatible measures
group 3 :
-
1 2 3 4 5 6 7 8
1 e
2 .
3 »
4 .
s .
6 .
7 .
® :
v}
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ESULTS OF NULTICRITERIA OPTINIZATION

\RANETERS OF MEASURE SET 1

“iterion Number 2
wvestment ($ millien) 1.58
ission variatioa (X)

Cemeat Dust -10.87

Sulfur Dieride -33.20

Ritregea Oxides -10.80

Ammeniem 0.00

Carbea Diexide -6.62
onenic Damage variatiea (X) ~3.41
lfer Deposition variatiom (Y) )
lfer Depesitioa variatios (¥) -31.19 .-
1fur Export variatioa (Y1) -33.56 . : H
rest  Damage variation (%) -61.14 - 7
troge: position variation (I) -9.93
treg port variation (X) -10.%8

JULTS OF WULTICRITERIA OPTINIZATION

!ANRETERS OF REASURE SET 2

[RTT P R —

terion Number ?
‘estment ($ million) 1.60 ;
ssion variatioa (Y)
Cement Dust -11.23 '
Sulfur Dioxide -35.00
Fitrogen Oxides -7.60 "
Asmoniom 0.00 §
Carbon Dioxide -5.23
nomic Damage variation (1) -3.34

fur DeposiZion variation (Y)

fur eposition variation (X) -32.64
fur ort variation (%) ~35.42
13t Damage variation (1) -63.37
‘ogen Deposition variation (Y) ~7.49
‘ogen Export variation (X) -7.62
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RSSULTS OF MULTICRITERIA OPTINIZATION

PARANETERS OF MEASURE SET 3

Criterion Number

Investaent ($ million)
Emigsion variation (X)
Cement Dust

Sulfur Diexide

Bitrogen Oxides

Asmenium

Carboa Diexide
Economic Damage variatioa (1)
Sslfur Deposition variatiom ()
Selfur Deposition variatioa (¥)

Sslfur Export variation (X)

Forest Damage variation (%)

Bitrogea Deposition variatioa (1)
egen Export variatiom (X)

-13.87
-39.20
-6.30
0.00
-5.58

~-36.91
-39.61

-72.18

-5.69
-6.42

RESULTS OF WULTICRITERIA OPTINIZATION

PARANETERS OF MEASURE SET 4

Criterion Number

Investment ($ million)
Emission variation ()
Cement Dust

Sulfur Dioxide
Nitrogen Oxides
Asmonium

Carbor Dioxide

Economic Damage variation (%)
Sulfur Deposition variation (Y)
Sulfur Deposition variation (¥)

r Export variation (1)

Forest Damage variation (%)

Bitrogen NDeposition variation (1)
Bitrogen Export variation (1)

February 24, 1990

-14.33
~41.00
-3.10
0.00
-4.19

-3.82

-38.36

-41.47

-74.41

-3.2§
-3.07
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RESULTS OF MULTICRITERIX OPTINIZATION

PARANETERS OF NEASURE SET S

Criterion Bwaber 3
Investment ($ million) 1.60
Emission variatioa (X)
Cemeat Dust -15.17
Sulfar Dioxide -13.20
Bitrogena Oxides -10.90
Asmoniwm 0.00
Carbon Dioxide -10.77
Economic Damage variation (1) -4.16
Sulfur Depositiom variatioa (%)
Sulfur Deposition varjatioa (¥) -13.12
Sulfer Export variation (X) -13.21 =
Forest Damage variation (X) ~24.50 !
Bitrogen Deposition variatiom (%) -10.85 ’
.itrogen Export variation (X) -10.90 o

RESULTS OF WULTICRITERIA OPTINIZATION

PARANETERS OF MEASURE SET 6

Criterion Number

Investment ($ million) 1.06 :
Emission varjation (X)
Cement Dust ~-9.97 .
Sulfur Dioxide -9.80 ke
Bitrogen Oxides -5.74
Ammonium -9.09
Carbon Dioxide -15.88
Economic Damage variation (%) -8.51

Sulfur Deposition variation (%)

Sulfur Deposition variation (X) -10.69
‘nlfur Export variation (%) -9.64
Forest Damage variation (%) -16.73
Bitrogen Deposition variation (X) -7.01
Nitrogen Export variation (%) -5.49
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RESULTS OF WULTICRITERIA OPTIRIZATION

PARARETERS OF NEASURE SET 7

Criterion Number

Investment ($ million)
Emission variatiea (X)
Cemeat Dust

Sulfur Diexide
Bitregea Oxides
Ammoniwm
Carbea Diexide

Eceneaic Damage variation (X)
Sulfur Depesitioa variatioa (X)
Sulfsr Depesition variatioa (1)
Sslfur Export variatioa ()

Forest Damage variatioa ()

Bitrogen Deposition variatioa ()
Bitrogem Export variatioa (1)

-10.87
-19.45
-16.20
0.00
-8.54

-17.70
-19.76

~35.39

-15.21
-16.40

RESULTS OF WULTICRITERIA OPTINIZATION

PARANETERS OF NEASURE SET 8

Criterion Number

Investment ($ million)
Emission variation (1)
Cement Dust

Sulfur Dioxide
Nitrogen Oxides
Ammon iun

Carbop Dioxide

Economic Damage variavion (X)
Salfur Deposition variation (1)
Sulfur Deposition variatios (1)
Sulfur Export variation (1)

Forest Damage variation (X)

Sitrogen Deposition variation (%)
Bitrogen Export variation (X)

February 24, 1990

-9.63
-9.50
-5.99
-9.09
-15.08

-8.41

-10.36

-9.3§

-16.13

-7.29
-5.73




RESULTS OF MULTICRITERIA OPTINIZATION

PARAMETERS OF MEASURE SET 9

Criterion Bumber S
Investaent (3 milliom) 1.20
Emission variation (X)
Cement Dust ~5.80
Sulfer Dioxide ~4.70
¥itrogea Oxides ~6.95
Ammonium ~-9.09
Carbon Dioxide -16.35
Economic Damage variation (%) -8.08
Sulfur Deposition variatiom (X)
Sulfur Deposition variatioa (Y) -5.34
Sulfur Export variation (%) -4.59
Forest Damage variatioa (X) -8.85
Bitrogen Deposition variation (¥) -8.3t1
variation (X) ~6.68

‘itrogon Export

Optimal strategy ("+“increase, “-“decrease)

Criterion number 2 Value of capital costs

1.6 $ Killiom

[Group [Meas. [Capital lAnnual |

Pollutants emission variations, {|Economic |

|number |number|costs Jcosts | |damage |
| | I$ milln_ I$ mlln./I TSP | SO { =0 | GAS 3 | CGAS 4 | GAS S | GAS 6 |[variation|
I I | {year | i x | x | | | | i 2 |
it 1 2 1 3 I 4 ] s | 6 | 7 ! 8 I 9 i 10 1 11 I 12 1
I 1.4 9. | 0.3} 0.0l 0.00] -13.751 0.00} 0.00| 0.00!} 0.00| 0.00] -0.671
I 1.1 1. 1 0.2f 0.0} -0.70] -4.50] -1.60} 0.00} -0.46] 0.00] 0.00] -0.48|
] 1.1 4. 1 0.2] 0.0l -2.00} -4.00] ~3.00} 6.00] -1.38] 0.00} 0.00} ~1.07}
1.1 3.1 0.2 0.1 -1.17] -2.70| -0.80} 0.00} -0.92{ 0.00| 0.00] -0.31}
] 1.1 7. | 0.71 0.1 -7.00} -8.25} -5.40] 0.00| -3.85| 0.00} 0.00} -0.871
|Total I 1.51 0.21 -10.87] -33.20/ -10.80} 0.00] -6.62] 0.00| © 0.00] ~3.411
IGroup |Neas. |Total | Sulphur leaving the region, % IDanger |
Inumber [number|deposit. |--=-=cemm—mmce e e caccccee s e cem e e e oo o |conifer |
{ | Ivariation| Total [sectorilsector2|sector3|sector4|sectorSisector6isector7isector8iindex |
I | ! 1 i { I | I I I | | lvariation}
| 1t I 2 I 13 | 14 | 18 | 16 | 17 | 18 { 19 1 2 | 21 |22 | 23 |
| 1. 1| 9. | -13.49 | ~13.80 | -12.26] -12.85] -13.94] -15.10| -14.67| -14.40| -14.50] -14.06| -25.76]
| 1. 1 1. -3.62 | -4.66 | -4.43] -4.85] -4.84] -4.94] -4.801 -4.38| -4.11] -3.91] -7.10]
! 1. | 4. | -3.81 | -4.03 | -3.85| -4.14) -4.13] -4.23] -4.11} -3.82f -3.78] ~-3.62) -7.88|
I 1.1 3.1 -2a71 -2.79 | -2.66] -2.91] -2.90] -2.96| -2.88] -2.63| -2.46| -2.34| -4.32(
] 1. | 7.1 -8.09 | -8,28 | -~7.38] -7.71} -8.371 -9.06] -8.80| -8.64| -8.70| -8.44| -16.08}
|Total I ~-31.191 -33.56] -30.57| -32.46| -34.18] -36.29| -35.26] -33.88| -33.54!) -32.37] -61.14 |
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|Group {Meas. [Total 1

Variatiom BNitrogea leavimg the region,

13

Inumber|number|deposit. |

lvariation] Total |sectorilsector2lsector3isectord|sectorSlisector6lsector?|sector®i

1 I 1 1 | | I | I 1 | ! I |
'+ 2 1 22 1 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 |
I 1.1 9.1 o000l 0.001 o0.00] o000l o0.0cI 0.00l 0.00f 0.00] 0.00l 0.00
I 1.1 1.1 <1221 -1.681 -1.53] -1.74l -1.77| -1.85] ~-1.77| -1.561 -1.43] -1.32|
I 1.1 41 -283| -3.031 -2.78f -3.10] -3.13] -3.301 -3.17] -2.86] -2.81] -2.62I
I 1.1 3.1 -061] -0.841 -0.77f -0.87] -0.88] -0.92] -0.89] -0.781 -0.721 -0.661
I 1.1 7.1 -5.271 -5.43| -4.52| -4.85] -5.51] -6.23) -5.97] -5.81] -5.88] -5.S7[
ITotal I -9.931  -10.98] -9.60] -20.56! -21.30] -12.30} -11.80| ~11.01] -10.811 -10.18}
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4 JIPAC Mathematical Models and Algorithms

The descriptions presented provide the interested user with a short, general explanation of the
mathematical methods and algorithms implemented in the IPAC system.

4.1 Mathematical and Conceptual Background

The set ® of all possible emission sources is considered for a given simulation site. Each source
© € ® impacting the surface atmosphere on-site can be characterized by a vector of parameters

P = {?’}7:1 (4.1)

The geometrical height of the source, the rate and temperature of emission, its mass as well as
the mass of each pollutant, source coordinates, etc. are represented in the vector.

Snppose that on the set $ there is a set A that includes the initial measures transforming these
source vectors (separation of gases, reconstruction of source, liquidation of source, allocation of
new source, etc.). Fach initial measure A € A mapping  onto itself (A : & — &), and the two
values I';(A) and I';(A) of investments and annual cost of implementing the given measure are
pu!to correspondence with each initial measure.

t & be the subset of ¢ (®9 C P) consisting of existing on-site sources of emission. We
denote the vector criterion function £ on & as

E®) =3 E(%) (4.2)
PEd
where _ )
$Co  E@)={E)N, (43)

The value E,(p) is the ¢-th criterion estimation for the source . The criteria estimations E ()
represent the on-site surface air pollution level. The purpose of atmosphenc protection measures
is to minimize these values for the entire set .

The modeling site is represented by a regular grid of some specific grid step. The calculation
of its criteria estimations can be nade as follows

E(@)= Y eld0) (1.4)

0€FP4(#)
vhe.
o is the cell of the regular grid,
P, (@) is the subset of cells within the ¢ source’s impact described by the g-th criterion,

eq(, 0) is the contribution of the @-th souzce to the pollution of the p-th cell described by
the ¢-th criterion.

hus, the simulation site pollution can be presented as a set of maps of spatially-distributed
ata, each map corresponding to the criterion estimation

Ef®) =3 3 e(e0) (4.5)
sed e€F(2)

The basic case that exists on a given modeling site for the given set of sources $o can be
timated by

E(do)= S E(p) (1.6)

b€do
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A special set of models is used for the evaluation of each component E(i3). This set consists
of pollutant transport models, wet and dry deposition models, and elements of ecological and
economic systems’ response to atmospheric pollution.

The simulation process forms various cases based on the initial set of sources &y and the
initial set of measures A. The set & maps onto some final set of cases {$.}, which allows
some interpretation. Each of these cases is efficient from the criterion function E. Generally,
the analysis and exhaustive search of 27(A) cases forms the set of initial measures mapping ¥
onto ®,, where y(e) is the set power. The problem is to define the calculation algorithm to
find efficient cases within an acceptable time span under large powers of u(A) and p(®o). The
scheme presented below achieves this goal.

Let us choose efficient initial measures from A, i.e. the measures A for which at least one
criterion estimation ¢ exists

Eq (M®0)) < Eq(®0) (4.7)

The selected measures form the set of elementary measures A’ that can be divided into the
disjoint subsets

L
AN=JN (4.8)
=1

THYS division cannot be formalized, but one can state that the measures included in one of the
subsets A; do not change sources, which are transformed by measures from other subsets.
For each subset A; there are so-called “combined measures”

EDIPT (4.9)

i€l
where _ _
~(®) = | M(@) (4.10)
i€l
Tp(k) = Y Tp(X)  (p=1,2) (4.11)

iel,

and /) is some feasible subset of measure indices included in A;. It should be mentioned that an
impiementation feasibility check is made while the formation of combined measures is performed
for each group A;. The combined measures set convolution is further made by solving 2L
problems of the following type.

h‘or each pair (q,p), where ¢ is the criterion estimation and p is the number of exprndi-
t , such combined measures are defined on each subset A; that results from the comparison
procedures. The measure &’ is excluded if there exists a measure x” such that

Tp(x") > Tp(x") (4.12)
and
E, (K(%0)) 2 E, (K'(%0)) (1.13)

Therefore, each group A; and each pair (q,p) is put iuto correspondence with the combined
measures set A;(q,p), where E, increases monotcnically as a function of I';.

In order *o form the optimized combined measures set for criterion ¢, expenditures p, and
expenditure limit I';, the following problem is solved:

E,(ki(®0)) — min (4.11)

M-

for

L
Y Ty (ki(®0)) < T; (4.15)

I=1
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4 [7] 9 16

6)!(8)1{10)11)12)13)14)A5)X17

Fig. 4.1: IPAC implementation structure.

\s a result, 2L discrete monotonic functions Fy(I';) are identified. The values of these func-
ions represent the criteria estimations for the optimized strategies for reducing pollution under
riterion ¢ and expenditures p.

Let us consider the optimized set of atmospheric protection strategies that includes the
alues of the discrete functions Fy(I';). The combined measures set of I'; and I'; values that
ransform the basic case ®g into the final case &, with criterion estimations { E(®.)} could be
ut into correspondence with each of the strategies. The vector R = {Iy,T'2, E1, E2, ..., Eq}
f dimension Q + 2 describes one possible efficient expenditure distribution for atmospheric
1 tection strategies.

A further convolution of the competitive atmospheric protection strategies {R} could be
1se a decision maker (DM) oriented f rocedure of multicriteria optimization. This procedure
ouldPresent the “best strategies” based on the priorities and wishes of the DM. The DM would
ien choose what he considered the most appropriate strategy.

2 IPAC Implementation Structure

¥he general mathematical concepts introduced above have been implemented in the IPAC soft-
ire system, running on the IBM PC/AT class of personal computers. The structure of this
stem is presented in Fig. 4.1.

The numbers designated in Fig. 4.1 represent the following:

1) Block of organization, following the d:velopment of data bank.
2) Bank of environmental and climatic characteristics.
3) Bank of parameters of stationary atmosphe-ic pollv* i sources.

4) Block for modeling structure and spatial distribution of cconomic damage resulting from
atmosphere pollution.

3) Assessment of economic damage for each source and pollutant.
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(6) Spatial distribution of economic damage for cach pollutant and total.

(7) Block for modeling of pollutant dissipation in the atmosphere over a city or industrial
center.

(8) Pollutant concentration fields over a city or industrial center.

(9) Block for modeling sulfur compounds transport, dry and wet deposition for a mesoscale
region, and sulfur exportation.

(10) Mean annual SO, concentration field.

(11) Mean annual SO?~ concentration field.

(12) Mean annual sulfur compounds dry deposition field.

(13) Mean annual sulfur compounds wet deposition field.

(14) Mean annual sulfur compounds total deposition field.

(15) Assessment of sulfur exportation out of a region on eight sectors and of total exportation.

(16) Block for modeling index of potential damage to coniferous forests in a region due to sulfur
compounds total deposition.

. 17) Spatial distribution of the index of potential damage to coriferous forests.

(18) Block for modeling nitrogen compounds transport, dry and wet deposition for a mesoscale
region, and nitrogen exportation.

(19) Mean annual nitrogen compounds in gas concentration field.

(20) Mean annual nitrogen compounds in aerosol concentration field.

(21) Mean annual nitrogen compounds in dry deposition field.

(22) Mean annual nitrogen compounds in wet deposition field.

(23) Mean annual nitrogen compounds in total deposition field.

(24) Assessment of nitrogen exportation out of a region on eight sectors and of total exportation.

(25} Block for modeling parameters of initial atmospheric protection actions.

(26) Bank of initial atmospheric protection actions.

(27) Block of selection criteria of the efficiency of atmospheric protection efforts.

(28) Block of organization of the bank of actions efficient enough for selected mode of criterion.
9) Bank of actions efficient for selected mode of criterion.

(30) Block for modeling permissible technological chains for decreasing wastes from sources and
for analyzing their efficiency for selected mode of criterion.

(31) Efficient serics of actions for each source (initial information for an optimization model).

(32) Block for modeling the optimum strategies of the atmospheric protection efforts for selected
mode of criterion.

(33) Information on parameters of the optimum strategy for the mode of criterion.
(34) Block of selection (the specific optimum strategy).

(35) Block of organization (the series of the atmospheric protection actions corresponding to
the optimum strategy selected).

(36) The optimum strategy for achicving a predetermined norm of the air basin state.

(37) The optimum strategy for distribution of expenses of the atmospheric protection actions
with a predetermined limit of resource.

(38) Block of multicriteria optimization.

(39) Set of multioptimal strategies of air protection.
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(10) Seclection of multioptimal strategy by decision maker.
(-11) Block of listing register.

4.3 Estimation Model of Maximum Cencentrations of Surface Pollutants in
Cities
Concentrations of surface pollutants from an emissicn source at any urban point are estimated

on the basis of the analytical solution of the atmospheric diffusion equation (Beryland, 1985)
under the following conditions:

o atmospheric pollutant dispersion over a period comparable to the time of transport from
the source to the given point in a stationary process (Marchuk, 1989);

o the underlying surface totally reflects the pollutant, i.e. it does not interact with the soil,
does not accumulate, and turbulent air flows return it to the atmosphere;

o the vertical component of the wind speed is zero (in the case of a light pollutant possessing
no transport speed of its own); in the case of a heavy pollutant, the gravitational deposition
rate is taken into account;

‘ o the effective emission source height is used (corrected for the thermal plume rise).

Surface pollutant concentrations averaged ai 20-30 minutes are determined for so-called
“normal unfavorable weather conditions” occurring during an unbalanced (unstable) stratifica-
tion of the atmosphere, i.e. during an intensive vertical mixing throughout the boundary layer
(about 1 km), which differs essentially from the zero temperature gradient. In this case it is
assumed that the vertical turbulent exchange coefficient in the surface layer increases linearly
with height (exchange model), the wind speed varies with height according to the power law,
and the horizontal turbulent exchange coefficient is proportional to the wind speed. Thus the
parameters governing pollutant dispersion conditions are functions of the wind speed and, for
each emission source, a “dangerous” speed U;ps can be calculated at which the surface concen-
tration along the plume axis (i.e., when the wind is directed from the source to the calculated
point) has the maximum value.

In cases where the surface concentration is estimated for a group of sources each having its
own dangerous speed and direction of wind (with the plume axis direction being determined
by the source and calculated point coordinates), assumptions shou'd be made based on those
conditions common to all emittants.

' In the dispersion block, the directions of the wind blowing from the source are sclected

with a certain fixed angular step (usually 10°, which corresponds to 36 directions providing
the required accuracy of maximum concentration assessment). The common dangerous wind
speed for ® emittants of the k-th pollutant is estimated as a mean weighted value (the modified
dangerous wind speed)

k
Z@eo C‘(aA)IU@M

Ut =
3
Yoo C.(;m)f

(4.16)

where

Cgf‘), -~ maximum concentration of the k-th pollutant from the -th source along the plume
axis, achieved at dangerous wind speed Ugzpy.

Then the maximum concentration of the k-th pollutant emitted from & sources under normal
unfavorable weather conditions at a calculated point with coordinates (z,y) is

CW(z.) = max 3 €37 (z08,0") (1.17)
’ g€
where
Febroary 24, 1990 - 57 -




Cg‘) - surface concentration produced by the (>-th source at wind direction J and dangerous
wind speed U(¥),

The accuracy of the Ct¥)(z, y) estimates depends on the adequacy of the selection of the wind
speed and the direction at which the total surface concentration is calculated by the formula.

Normal unfavorable weather conditions are relatively frequent during the year (unlike anoma-
lous unfavorable weather conditions, e.g., inversions with calms, fog, etc.). Mean diurnal con-
centrations do not exceed mean daily MPCs (maximum permissible concentrations) if surface
concentrations calculated for normal unfavorable weather corditions do not exceed single max-
imum permissible sanitary standards averaged over 20 minutes. (The opposite statement is not
true.) Therefore, pollutant concentrations are calculated for normal unfavorable conditions as
a criterion for the respective assessment.

Where the calculation model of maximum concentrations under normal unfavorabie con-
ditions is summarized on the basis of numerical methods, correlations are obtained for the
determination of the “dangerous” wind speed (at a windcock level ~ usually 10 m above the
ground) for the (-th emission source m/s depending on parameters vys:!

0.5 if ar < 0.5
o " Up ={ vnm 0.5< vp <2 (4.18)
vM(l + 0.12\/7) var > 2
where 2
f = 1621 4 (4.19)
and 5
vVA
vy = 0.65 T (4.20)

H
In these formulae

V - rate of the emission (m?/s),
H - geometrical height of emission source (m),
D - diameter of source outlet (m),
AT - temperature difference between the emitted gas and ambient air (°C).

I T < 0 or f > 100, the source emission is considered cold and Ups is determined using the
wing formulae:
0.5 if vy <0.5
Um=4 v 05 < vy <2 (4.21)
2200 vuy > 2

where

v
= 5 — 4.22
vAf 1.655D” ( )

The maximum concentration (mg/m?) is reached at the “dangerous™ wind speed Ups at the
distance Xas from the source along the plume axis:

for warm emissions:

AM-F-m-n
Co o AMFmon 4.23
M VAT e
for cold emissions: o 125/1' M-F-D-n (4.24)
T |

where

Yo simplily the formulae. the ¢-th source in-.ex will be omitted whenever possible.
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A

coefficient depending on the temperature stratification of the atmosphere and gov-
erning the conditions for the vertical and horizontai atmospheric dispersion of nox-
ious materials (52/3 Smz dcgr.'”/g);

o
.y
|

pellutant mass emitted into the atmosphere per unit time (g/s);

F - a dimensionless coefficient taking into account the vertical component of the pollu-
tant transpoit speed (deposition rate) in the atmosphere;

m,n - dimensionless coefficients taking into account the conditions for gas release from the
source outlet

1
— 4.25
067+ 0.1/] +034Y] (4.25)
3 ifop <03
n=1( 3-(vy—-03)(4.36—-vpy) if03<va<?2 (4.26)
1 if upg > 2

The coefficient A, which also depends on the surface layer height and the underlyir.g surface

‘roughness, is calculated for open, flat terrains in various geographical regions and, accounting for

relief correction, varies from 100 to 260. A can be taken based on the similarity of the climatic
characteristics of the turbulent regime.

The parameter F differs for gases, light aerosols, and TSP. It is dependent on the particle
size distribution which is related to the performance of TSP collecting facilities in cases where
they are installed at the source. For gases and acrosols (with a settling rate below 5 m/s) F = I;
for TSP which is transported as a heavy pollutant, F = 2, 2.5 and 3 ii the performances of TSP
collecting facilities are over 90%, 75-90% and below 75%, respectively.

The maximum surface pollutant concentration Cps along the plume axis (in the direction of
an average wind) is achieved at distance Xy from the emission source (m):

di ifF=1
= - 4.27
Xn ¥dll ifF>2 (4.27)

The parameter d is calculated as a function of vay:

for warm emissions:

. d= 4.95vp(1 + 0.28Y/T) il 15y <2 (1.28)
B 7/var(1 +0.28YF) ifvar>2 '
for cold emissions:
11.4vpg if vgg <2 .
= ’ ! 4.29
d { 16.1 /var il vpg > 2 ( )

If the dangerous wind speed is taken as the modified value, a deviation of Ups from UW) is
possible for each @-th emission source. In this casc, the maximum surface concentration is

Cmy=r1-Cun (4.30)

where
r - dimensionless quantity determined depending on the relation q = li¥)/Uy,
0.67g+ 1.67¢° ~ 1.34¢> ifqg< 1
= : . 4.0
T _3—11_ ifg>1 (1.31)

2 —q+2
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Surface pollutant concentrations in the atmosphere along the plume axis at distance z from the
source are calculated by the following formula

Cz- = 85 - CMU (4.32)
-whcre

s; - dimensionless quantity, which depending on the relation

xr
=— 4.33
2= ¥ (4.33)

satisfies the conditions

3:4 -823 4622 ifz<1
1.13/(0.1322 4 1) ifl1<z<8
2/(3.5822 - 35.2: +120) ifz>8and F=1
1/(0.122+ 247z~ 17.8) ifz>8and F> 2

$1 =

(4.34)

When the calculated point is shifted perpendicular to the plume axis at distance y, the
.face pollutant concentration in the atmosphere is

Cy = S2 'C,_-, (4.35)
where

sz - dimensionless quantity given for wind speed Up and relation g = y/z

1
"~ (14 84Upmg?) (1 + 28.2U2%,g%)

52 (4.36)

Thus, the surface pollutant concentration at a point with coordinates (z,y) from the ¢-th
emission source, dangerous wind speed U(*) and a fixed transport direction (along the plume
axis z) is

Coulz,y)=1-51-52-Cp (4.37)

The distance Xy at which the surface concentration Cpsy is achieved is

. Xmu=p-Xum (4.38)
where
3 if§<0.25
p=4¢ 843(1-¢)°+1 if025<g¢<1 (4.39)

0329+ 068  ifg>1

To determine the maximum surface concentration fieids for several pollutants in a city whose
territory is represented by a regular grid, one usually has to calculate about 1000 matrices, each
containing over 1000 elements. Such calculations, associated with the exhaustive search of
wind directions and speeds, require much computer time. Therefore, methods that prescribe an
“expediency constant” ¢(¥) are employed to reduce calculation time. The constant is set equal
to 0.05P*) where

P — maximum permissible atmospheric concentration of the k-th pollutant (sanitary
standard).
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When calculating surface concentrations at each algorithm step, the following conditioa
should be fulfilled:

ng > (¥ (4.10)
If this condition cannot be fulfilled, calculations for the p-th source at a given algorithm step
are interrupted.
The maximum concentration Cg?, is tested. If for the -th source

cly < M (4.41)

the source is not considered for the k-th pollutant. Thus, U®) js determined taking into account
only emittants for which the relation is not fulfilled, so the parameter ¢ (the number of sources
included in calculations for the k-th pollatant) can differ from the total number of emission
sources considered in the model.

The value Cé?,u is tested. If for the (-th source

Cldy < é® (4.42)

the source is also omitted from further calculations for the k-th pollutant.
The radius of the pollution zone Rg,) is established for each 3-th source at

P&
S; = O.OS*CT (‘l.43)
MU

The value Rg:,) determines the coordinates of the calculated points of the urban regular grid
at which concentrations are to be calculated. The application of pollution zone radii allows
drastic reduction in the number of calculated points due to the peculiarities of high and low
entission rates.

The flux dispersion angle perpendicular to the plume axis is established at

P&

s2 = 0.05 Cz-

(1.44)

The value g = tga is determined, where

a - the angle required.

Thus, the ¢-th source pollution zone is a sector with angle a of a circle with radius R‘:,) {In the
upwind direction (at z < 0), pollutant concentrations are 0.) The active pollution zone from a
source is presented in Fig. 4.2
The concentration of pollutant k for point p = (z,y) of the regular grid representing a city
on the source set ¢ is
cW(e)= Y ¥ (o) (1.15)
?€®

The corresponding index (element of criterion function E(®))is

(k) (k)
f:g*)zzc () . C () | (1.16)

P TP

The value EF < lis a satisfactory state of an air basin of a city for the k-th pollutant. For
several pollutants considered simultancously, the satisfactory state is achieved when
Ee=3 EM  forE. <1 (1.47)
k
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4.4

Fig. 4.2: Active pollution zone from a source.

Meso-Scale Models of Transport and Transformation
of Sulfur Dioxide in the Atmosphere

Meso-scale models that allow one to compute concentration, dry and wet deposition of atmo-
spheric SO, and SOZ', as well as sulfur transport out of the region, have been developed,
algorithmically represented, and tested in the IPAC subsystem “Region”. The model enables
the criteria for minimizing the total deposition and removal of sulfur compounds to develop, as
well as to enter, the automated complex of blocks presenting the atmospheric pollutant effects
on the regional ecosystems which are constructed according to the “dose—effect” principle.

The models of transport and transformation of sulfur compounds in the atmosphere meet
the following requirements:

the spatial scale of pollutant transport in the atmosphere amounts to several hundred
kilometers and corresponds to the size of a territorial administrative unit (meso-scale
level);

the time resolution equals a year (as a rule, the technical and economic parameters of
air protection measures that form the basis of the optimization analysis refer to this very
period);

the models have been realized as climatic ones, i.e., pollutant transport is computed for
meteorological conditions averaged over a long period (10 years and more) rather than
within the fields of real (current) wind and precipitation; this is related to the fact that
the efficiency of air protection measures is estimated for one year or more;

the period of calculation using a personal computer is relatively short, since the optimiza-
tion is carried out iteratively;

pollution levels are computed for each of the regional emission source where air protection
measures are carried out;

temporal variations of concentration were calculated within the coordinate system related
to the moving mass of the pollutant (Lagrangian approach).
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The region is represented as a regular grid whose square rasters usually are of dimension
10 x 10 km. A climatic wind rise introduced for the considered region presents probabilities of
various wind directions and a mean velocity of pollutant transport in the atmosphere. Transport
velocity in the mixing layer, varied by wind directions, is calculated as an average. It is assuined
that the wind velocity varies exponentially with height, the vertical exchange coefficient increases
lincarly with height in the mixing layer and remains constant above it, and the horizontal
exchange coefficient varies with height like the wind velocity. The wind and precipitation field
in the region is homogeneous.

The constants of dry and wet sulfur deposition from the atmosphere, the chemical trans-
formation of sulfur dioxide into sulfate, and the height of the mixing layer are introduced as
mean annual values (averaging period being equal to 10 years) and are constant over the region’s
territory.

The wet deposition of sulfur compounds and the chemical transformation of sulfur dioxide
into sulfate are described as linear processes. No consideration is taken of the relief of the region.
Sulfur dioxide emission shows no variations throughout the year.

The assessment of mean atmospheric pollution using trajectory models is usually carried out
by successively computing the concentrations and depositions along the observed trajectories and
aygraging the obtained results. Since the period of a year and more includes tens of thousands of

ajectories and the model is to be used in an iterative optimizing regime, such an approach
to pollut;on assessment is unacceptable. Therefore, real trajectories are substituted by a number
of straight ones, each being realized with a certain probability B.. The possibility to consider
straight trajectories is related to the meso-scale of pollutant transport in the atmosphere.

The model assumes a one-layer wind; in the mixing layer (at height I1,,) pollutants are
assumed to mix instantly.

Sulfur emission is represented as a sequence of portions cjected from the source in discrete
time intervals t = i - T, i = 1, where T (min) is a time step and [ is the number of the step
at which the observation ends. The time step is selected so that (1) the distance passed by a
portion during step T is less than the dimensions of the raster, and (2) pollutant portions are
superimposed on each other, forming a continuous stream.

The scjuence of portions emitted by the source forms a stream. The location (coord’ ~ates)
of the center of the portion and its characteristics (dimensions, dry and wet deposition, chemical
transportations) are measured using the model for a discrete time period. Successive locations of
the portion’s center in discrete time periods represent the trajectory of the portion’s movement.
The stream is stationary during intraregional transport. It follows from the state of being
stadionary that, to calculate the fields of sulfur compound deposition and content, it is sufficient
tc‘ace the locations and characteristics of a single portion in the stream. The model considers
m = 1,48 stationary locations of the stream, corresponding to 48 wind directions.

The spatial resolution of the model is represented by the dimensions of the raster. Surface
concentrations and deposition (averaged over the raster) are calculated in cach raster at each
m-th direction of the stream. The results are then averaged in all directions to obtain the annual
assessments.

The well-known prccess of the chemical transformation of SO, is presented in Fig. 4.3. Wind
velocity varies with height 2 by an exponential law

z\"s

V=V (—) (1.18)
20

Then mean transport velocity in the mixing layer (at a height Hag) is equal to

y ] " 2\ Ps A g Ps
o [(2) e e () o
Har [) 0 (:o Ps + 1 20 )

where P, is the atmosphere stratification parameter in the region and Vy is the wind velocity
near the ground at height zq in a region. The X- and Y-axis components of the transport velocity
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Fig. 4.3: Chemical transformation of SO, in the model.

"\e atmosphere in m-direction are equal to
Urm = Vcosa,, (4.50)

Uym = Vsinay, (4.51)

respectively, where a,, is the angle between the X-axis and the m-th wind direction in the
coordinate system selected for the region.

The dry deposition of SO, and SOZ' is also described as a linear process. At the initial
moment, the portion is uniformly distributed over the raster, its centers coinciding.

The following parameters are calculated at each i-th step at the m-th wind direction (stream
location).

e Coordinates of the portion center
Tim = Ti—tm + Urm (4.52)
Vim = Yi—tm + Uy (4.53)

Horizontal widening of the stream is taken into account only if it is directed across the
portion movement; horizontal diffusion at each step is shown in Fig. 4.4

Tim = Ti—im + 0.2 [Uym] (4.54)
Yim = Yi-i,m + 0.2 |0, (4.55)
¢ Masses of SO; (j = 1) and SO}~ (j = 2) remaining in a portion in the i-th interval

Mji = Mji-) - OM; = 3 D% - "W}, (4.56)
e 4

where AM; = M;(i-1)/7o is the mass of SO, that chemically transformed into SOZ”, and
7o is the SO, residence time in the atmosphere relative to the chemical transformation.

e Dry deposition of SO, and SO2- on the p-th raster in a year

3 M; i~ .
Df = == fm 2 7(&;) =12 (4.57)
Tjill m : am T ")
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Fig. 4.4: The portion movement.

o Wet depasition of SO, and SOZ~ on the p-th raster in a year

T M;i_y) .
Wi=—> Bm) ——F i=12 (4.58
» Tjd; "‘z,-:L.-m-Se )

In these equations, 7 is the duration of a year in T intervals; 74 and 7;, are the residence
times of SO, and SOi" relative to dry and wet deposition from the atmosphere, respectively;
L; is the number of rasters in a region “stricken” by a portion in the i-th interval in the m-th
direction; S, is a square of a grid raster.

It is assumed in the model that dry and wet deposition of SO; and SO2~ from the portion
contribute to the deposition of a given raster only in cases where its center lies within the
portion, i.e., is “covered” by it.

SO; and SGZ lifetimes in the atmosphere in relation to wet deposition are expressed in the
mode| as r

Tjw = m’ ] = 1,2 (1-59)
wln.kj are the coefficients of SO, and SOf' washout from the atmosphere, U is the amount
of precipitation in a region, and b is a part of wet period in a year. The lifctimes in relation to

iry deposition are calculated as

_ Hay

Tid = Tj, j=12 (1.60)

wvhere V; are SO, and SO2~ dry deposition rates, respectively.
Testing the conditions for further observation of the portion, the observation ends in cases
vhere:

o the portion has left the region (coordinates of its center do not belong to the region),

¢ the sulfur content in the portion is below the value

M;;

j le M qu

<< (1.61)
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Thus, the average wet and dry deposition of sulfates on a p-raster in a year for a set of sources

dis :‘
NE=33" (D% +we) (4.62) 5
¢ 3
the summary deposition of sulfates in a year is expressed as
N,=) Ne (4.63)
e
the summary exportation sulfates from a region are expressed as
Nsg = Mg, — Nu (4.64)
and the mean annual surface concentrations of S0, and SO}' over a p-raster can be expressed
as
Y. D8
e -2 n 4.65 .
¢ =3 (4.65) .
4.5 Meso-Scale Model of Transport and Transformation of -
‘ Nitrogen Oxide and Nitrogen Dioxide in the Atmosphere a

To calculate these parameters, the chemical transformation block of the meso-scale sulfur model
is modified for the emissions NO, in the chain NO — NO; — HNO; — NOjJ. Fig. 4.5 presents
the chemical transformation process that is used for modeling. The dry ( D{;) and wet (Wt
depositions of NO (7 = 1), NO, (j = 2), HNO; in gas (j = 3), HNO; in aerosol (j = 4), and
NO3 (j = 5) on the p-th raster of the regional regular grid for each i-th interval in a year are
defined as follows:

Df = T(ji—s) My  forj=1,4 (4-66) '
Dg; = % "My (4.67)
wi = 1'(,-13) "My forj=24 (4.68)
wg = % “Msi (1.69)

‘le masses of nitrogen compounds remaining in a portion in the i-th interval are

I -
A!],‘ = (l - ;) i Ml(i-l) - Zl)f, (-1.(0)
)
My = (1-L_1_1 M Lom g -5 Wi (1.71)
Mai = B 2(.’-1)+;l-' l(i—l)—g 2 - 2i .
1 1 i 1 —
Ts 7 T3 T4 P P
1 1 1 1\ 0
A’li = (l - E) . M4(,‘_|) +0.5- (T—2 + T_3 + ;) . M2(|'—l) - za: D:i - ; ‘Vﬁ (4.73)
1
Msi = M1y - ; (Ms(.'-l) + M4(-’-1)) - Z Dg; - Zwsp- (4.74)
. ) )
In these equations,
T = % forj=16,9 E
. P — (4.75) -
Ti=k;-U-L for;:lg,_lz -
75 = (e, -bj)-‘ for j =23 p
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Fig. 4.5: Chemical transformation and deposition of nitrogen pollutants.

590 - 67 -




ey eerie, por

where V5 are the dry deposition rates for corresponding compounds; K are the coefficients of s
washout from the atmosphere; ¢; are the typical mean annual concentrations of the chemical B
radicals OH and RCOj; in the atmosphere of a region; and b; are constants of the corresponding
chemical reactions (j = 2,3). The param~ters U an:. presented in the sulfur model.
Thus, the mean annual dry and wet d>position 1 sen compounds on the p-th raster:

- DS, —
Df:r-ZﬂmZT{'sp forj=T1,5 (4.76)

_ we R .
WJ?:r.Eﬂerm{-S—o forj=1,5 (4.77)

The parameters 7, B, Lim, S, are defined in the sulfur model. The summary deposition of
nitrates in aerosol from the portion on the o-raster in a year is expressed

5 5
Ni =3 Di+dy we (4.78)
j=4 j=2

.The summary deposition of nitrates in aerosol on a region in a year is expressed

Ny =) N} (4.79)

['4

and the summary nitrates in aerosol exportation from a region in a year are expressed

NnE = Mno, — NN — Mpan (1.80)

1
where Mpan = - Z M3; is the mass of Peroxide-Acetyl-Nitrates produced from the emission
2 =

¥
of NO and NO; as a result of a chemical reaction with organic components (in general, the
radical RCO3 + NO, — PAN). The mean annual surface concentrations NO, NO,, HNO; in
gas over the g-th raster can be expressed as

¥ Dj;
sz(hf) forj=1,2,3 (4.81)
V-t

..6 Approximate Model for Economic Damage Estimation

The economic damage from pollution of the lower layer of the atmosphere ( Approzimate cco-
nomic damage estimations ..., 1986): can be expressed as

Y=9x 0 x f x M, (1.82)
where
Y - the economic damage (monetary units/year);
v - the average specific cconomic damage (monetary units/comparison ton);

@ - the dimensionless value characterizing the structure of recipients located in the zone
of a source active pollution;

[ - the dimensionless correction for the mode of a pollutant dissipation in the atmo-
sphere to be dependent on an active height of a source, mean annual wind velocity,
and rate of admixture disposition,
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For organized sources (stacks of height # < 1¢  , the zone of an active pollution is represented P
by a circle with a center in a point of a source location and with a radius of 50/ ; but for )
It > 10 m the zone is a ring formed by the radii .

AT AT
Rinner =2 (l + 7—5) -H, Router = 20 - (l + —__?) -1 (1.83)
{

where

AT - the drop of temperature (in °C) between the mouth of a source and an ambient
atmosphere (mean annual temperature); the denominator 75 is temperature in °C).

Emissions of pollutants in a time-interval can be compared if coefficients of toxicity ai or s
coefficients of relative aggresivity A, are used. These coefficients define the level of negative E Ca
impact of the k-pollutant relative to carbon monoxide (CQO). In the general case, !

(1 2) (3 ]
Akza;‘)-ai)-cxi)-a{)mk (1.84)
where T
) »
a ai ) _ the correction for the probability of a pollutant accumulation in environmental com-
partments, in food chains, and of a pollutant intake into the hurman organism through :
any means other than inhalation;
af) - the correction for 2 pollutant eflect on various recipients other than humans;
3 . . ;
ai) - the correction for the probable secondary discharge of a pollutant into the atmo-
sphere;
af) - the correction for the probable formation of secondary pollutants more dangerous

than the initial pollutants.

P - P

Tk 1 2
PP

(4.85)

where P(!) and P®) are the maximum occasional permissible concentration (MOPC, and ihe
maximum permissible concentration (MPC), respectively.

. Thus, the summary given mass (comparison ton/year) of pollutani emmisions to the atmo-
Sphere from the set ¢ of sources can be expressed as

M, = Z Ax - Mgy , M= ZM;; (-1.86)
@EP® k

The values A; of the most frequently occurring pollutants lie within the limits of 1 to 12 x 10%.
The suggested method of calculating economic damage is addressed at particular sources -
ard based on emission accounting and therefore keeps the advantages of the indices of the firsi
type. However, the effect on recipients is considered only in the nearest vicinity of a source (the
zone of active pollution).

4.7 Approximate Model for Calculating Potential Damage Index of Conifer-
ous Forests

The simplest “dose effect” model permitting the calculation of the index of potential damage
by sulfur compounds deposition to the coniferous forests of a region illustrates the expediency
of IPAC system use to protect the atmosphere from pollution.
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The method, devised at the GDR Center for Environmental Formation, that considers the

ct cffect of sulfur compounds deposition on coniferous forests is used for the calculation of
index:

N e
d, = 10 — 10 exp (‘3—65) (4.87)

d= Zd, (4.88)
e

re 0 < d, < 10 is an assessment of the total sulfur atmospheric deposition on coniferous
5ts in a raster element p. It is possible to set a coniferous forest’s threshold of sensitivity to
ir compounds atmospheric deposition. If this threshold value P{3) is known, then the index
sforms to:

d=Y d, ford,> Pt (4.89)
e

Choosing Optimal Strategies

ral hundred, even a thousand, pollutant emission sources are present in the territory of a real
'reg’ Five to fifteen air protection measures can be implemented at each source. Thus,
iltitude of variants for protecting the air basin from pollution arises. Special optimization
ithms are required for a comparative analysis of these variants.

)ptimal strategies can be selected on the basis of an algorithm that includes the following
stages.

re 1: Simulating a bank of initial measures

construction of this bank involves an analysis of each measure for reducing pollutant emis-
that is technically available for the considered source. Such measures are noted by great
tv, carried out for a single or several emitters and, in genera!, can change any parame-
1aracterizing the conditions of pollutant emission into the atmosphere of the city/region.
>fore, a system of models and algorithmns enables the analysis of a wide range of innovations
1 at air basin protection, making it possible to

change any combination of parameters characterizing a single emitter;
change any combination of parameters characterizing several emitters;

elilﬂate the emitter;

climinate the emitter with partial or complete transfer of its functions to other emission
scurces located or newly disposed in the territory of a city/region;

remove one or more emitters to ancther city/region;
select the least dangerous relocation of one or more emitters in a city/region.

1e optimization algorithm considered suggests subdividing the bank of initial measures
yuping together pollution sovrces w..h similar technological processes (any air protection
re is definitely related to an emitter). It specifies no strict requirements on determining
mposition of these groups; however, dividing the hank according to some principle (e.g.,
rial) expedites the interpretation of the results obtained at subseqient algorithm stages.
t L be the number of groups in the bank of initial measures, [ = 1,7. The number
wsures in cach group is M;,m = 1,M. As shown above, to analyze and control the
pheric pollution in a city/region, it applies various criteria formalized using a complex of
; aimed at calculating the cconomic damage, assessing the potential danger to coniferous
and sulfur and nitrate compound transport.
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Let us assume that the Q types of criteria used (g = 1,Q) allow an integrated assessment of
the air basin pollution level in the city/region. Then, at stage 1, a2 matrix

E; = (EY) (4.90)

is calculated for each group. This matrix consists of M; lines and Q columns, where EY, is the
effect of implementing the m-th action according to the g-th criterion. Each line of matrix E;
presents the “criterion vector” and the aciion m is effective in cases of at lcast a single element

El>0 (4.91)

The total number of efficient measures comprising the bank is expressed as
L
M=) M, (4.92)
=1

Stage 2: Forming the permissible sets of measures

According to the possibilities of the initial bank, “permissible sets of measures™ that present
v s types of air protection activity in the city/region can be formed for each I-th emitter
group. A\ set is considered permissible if it includes no “alternative pair” of measures. Two
measures are called aiternative if they cannot be implemented simultaneously to reduce pollutant
emissions, either for technical reasons or due to the inexpediency of such a combination. This
situation frequently occurs, e.g. when two types of dust collectors of equal efficiency are used
at a single source, or when a boiler house is converted to gaseous fuel at the same time that
sulfur refining equipment is installed. The combined implementation of activities depends on
a number of specific conditions and, in general, one fails to formalize the search for alternative
pairs in a large set of air protection measures. Therefore, while formalizing the bank of initial
actions, the table of alternatives is assumed for each group in the form of square symmetrical
characteristic matrices (x:j) of dimension M;

X;j _ { (1) ?f act?ons z and ] can be rcali'zed together (1.93)
if actions i and j are alternative

Let xi¥ = 1. It is necessary to consider alternative pairs while establishing permissible sets

in order to provide practical efficiency of the analytical results. Let us fix a criterion ¢° = g,

'E YIE corresponding column of the matrix £y, [ = 1, L. We distinguish the measures within
the'T-th group for which

EL >0,m=1M (4.94)

Then, all permissible sets of measures could be obtained for the I-th group whose number, in
the absence of alternative pairs, is equal to:

M; Cup

s=YyY O A& (1.95)

i=1 j=1 (£,9)€N,(M;)

where C,'l,’. is the number of combinations of M; - the number of measures that satisly the
~equirements (4.94) for the group I for i. The Q;(M;) is the set of pairs of indices (£,7) in the
exicographical j-th subset (vy,vg,...,05) v <va < - <y, 1 S < M. Siis M7~ 1if all
he x}" =0 for any i # j. In the general case, §; < 2M/ ~ 1.

Considerable values of M; and a small number of alternative pairs S; can become quite large;
iowever, not all permissible sets are efficient. Therefore, each set successfully formed according
o the formula is compared to those compiled earlier. One of the two sets is considered ineflicient
f, at higher or equal cost, it provides smaller effect for the criterial estimation.
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The set having the abcve characteristics is saved and used in the further analysis; the one : r
providing the sn:aller effect at higher or equal cost is always excluded from subsequent analysis.
Thus, for eact group [, a monotonic sequence of combined air protection measures is formed S
that provides increased effect at raised costs. Rl

P
v

Let Z; = Zlm— ,(2) be the effect of ti:e measure of group I/, where Z,“) is a criteria estimation

before the measure is used and Z,m is the effect after. To describe these sequences, we introduce
the functions

Zi=g(X),1=1,L (4.96)

where X; denotes the costs of a relevant efficient set of measures and Z; is the effect achieved
at given costs in the group [.

The costs of air protection measures are of a diccrete nature, i.e., a specific action requires a
certain fixed amount of costs and, depending on the allocated funds, the activity is implemented
cither completely or not at all. At the same time, the effect of measures is nonlinerly relatud to
the costs. Therefore, the “cost-effect” functions (4.96) for the group [ are discrete, nonlinear, P
and assigned in the form of tables; in general, it is impossible to evaluate their mathematic -
parameters. Also, the number of cost levels N; for the measures of the I-th group (X1 = {z; }5":‘]) .

.rresponding to the number of fficient permissible sets can be rather considerable, their sum
L

amounting to several thousand variants. Thus, the further analysis of N = Z N; permissible
=1

effective sets requires the use of specific optimization models.

Stage 3: Optimizing the distribution of costs of air protection measures

A special distribution model is meant to evaluate optimal sets of air protection measures in
a city/region depending on the costs and type of criteria selected at Stage 2. (The set of
permissible effective variants is used as initial information.) The obtained permissible effective
sets are characterized by their alternative nature within each group ! = 1,L. Therefore, at
Stage 3, optimal sets are compiled by combining the measures referring to different groups.
The completely alternative nature N of effective sets within group [ allows the presentation :
of cost distribution as a sequence of dynamic programming steps. While enabling the solution of ]
discrete problems, such an approach specifies no strict requirements to mathematical properties :
of the functions Z;.
The optimization model has the form
@

i
v

L
Y 7= R(X1,X2,...,X1) — max (4.97)
=1
Zi=g(X), =11 (1.98)
L
Y xi<K (4.99)
=1
X1 >0, 1=1,T (4.100)

where X, X3,..., X, are the costs of air protection measures carried out at the sources of the
1,2,..., L groups, respectively. The model maximizes the total effect of air protection measures
within the allocated costs A. While realizing the model, dynamic programming produces a
family of solutions (optimal sets), cach corresponding to a certain level of costs not exceeding
K. Thus, the relation (4.99) serves as the upper limit.

Since the multitude of permissible effective combinations (Stage 2) is discrete and finite (N),
a complete optimal set can be compiled in which the costs Apy are maximum in respect to
the possibilities of the initial measures bank. Substituting ' = K into the right-hand part of
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inequality (4.99) would yield a complete optimal cost—cffect function for the city/region obtained
for the whole multitude of efficient variants.

The main principle of constructing 2 multi-step procedure to soive model (4.97)~(4.100) using
dynamic programming consists of the following. Assuming that, at Stage 2, discrete values of
Costs are obtained within each group ! for permissible effective sets:

v =vl LT N, (4.101)

—_—

Let us introduce the sequence of steps ¢t = I, L — 1 and determine the functions:

fllwm) = maxfg(X:1) + g:(X3)],
X; evi)
X, e v
X1+ X2< K

max [fi(y1) + g3(X3)],
€ v

. -X'.‘S € V(3)

Nn+X3<K

max {f_y(y:-1) + 9:(Xe)],
yeg € U

X, ev®

V-1 + Xt <K

t>2

nwell, y <k (4.102)

folw2) p el (4.103)

fAye) v Ut (4.104)

t
where U(") is the definition domain of argument y, representing the sub-multitude U v and

f=]
Ji(ye) characterizes the maximum effect obtained from the distribution of costs k' by t+1 groups
and presents the optimal cost—effect function for these groups.

Recurrent correlation (4.105) is the operator of transition from step L — ] to step £.

Thus, this multi-step procedure presents the solution to the model (4.97)-(4.100) as a pair-
wisc combination of permissible effective sets referring to different groups { = T, L. The process
described is illustrated in Fig. 4.6.

‘t us consider the multi-step computer procedure for solving the modei (4.97)-(4.100).

I. Step t = 1. Calculation of total estimates

.
vi;=v "+ v; } . e . r
! =1LN =1,N (4.1C5)
g o) 2 1 IRAS TR ) s 4¥2
Zi =727+ ZJ( )

For discrete values of costs and relevant effects (groups 1 and 2)

v{”,v;”,...,vxl); vfz),ugz),...,vﬁz) (4.106)

S0 (1 41,
AR/ SR
Construction of the vectors

o= (1;“),1;(2),1;,-]-) = (v,) S
/1) 2 r=T N, N =N+ N+ NN, (4.108)
Z= (7027, 2;) =z,

20,20, 29 (4.107)

IL. Arranging components of vector v according to the rising of cosis.
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—  g(X2)
fi(y1) v -
q 83(Xa) >I T 3
i ,
v
fa(y2)
P g4(Xa) -
f3(y3)
} (a) Addition of variables:
| 1 X; 7—'
—! X1 + X2 i
A :
. fu-2(yL-2) (b) Distribution unit:
X —?—» :
X - &1 !
gu(X0) &1
(¢) Function generator:
fL-1(K) , vad I SO N g :

Functional scheme of cost distribution ((a) addition of variables; (b) distribution unit;
on generator).
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II. Exclusion of inefficient estimates. If
Ta2>r A Zfz - Z,.l <eg, r=1N* ry= I,N- (4.109)

variant r; is considered ineficient as compared to ry, and the r,-th clements of vectors v
and Z are excluded. The constant ¢ determines the accuracy of the model solution {the
number of optimal cost-effect function components). Thus, € helps to rarify (decrease the
dimensionability of ) vectors v and Z at cach step.

V. Testing the limitations of (4.99). If
v. > K, r=1,N" (4-110)

the elements of vectors v and Z for the values r,r + 1, .. -y N* are excluded from further
anasysis.

V. Test: t = L—1. If the condition is fulfilled, we transfer to item VIII, otherwise to item VL.

I. Step t + 1. At the t-th step we obtain the resulting cost vectors and the relevant effects

' Ye = (y.(t))

t=1,N; (4.111)
we = fi(y) = (wf‘))
Calculation of total estimates
(1) (t+1)
Vi, = y‘. + v . - " ) ‘
Z-; =¥ + JZ(_HI) } t=1LN;, j=1,Ny, (4.112)
gy = Wy 3

whete v}"”) are components of vector v, and Z}'“) = Ge41 (vy“)) ; then

0= (y‘('),v}‘“),vij) = (v,)

z= (w02, 2;)=(z) [ TN VS THNG NN
- s 1 7 1 &) — r

t+1
(4.113)
. Transition to item II.

. Calculations complete. An optimal cost-effect function for the city /region is obtained.

[‘he’ove process allows one to calculate the optimal cost-effect function aad to determine
aumbers of the measures from the initial bank that form the set of optimal measures.

ze 4: Multicriteria analysis of optimal measure sets

set {1} provides the initial data for the final selection of atmospheric protection strategies.
set consists of vectors whose first two components are investment and annual costs, and the

* components are criterion estimations, corresponding to the discrete values of the functions
lated in Stage 3.

et R; = {Ilf‘},’.’=l be one of these vectors (If = @ +2) and P, be the priority of the criterion

‘he criteria can be aggregated into intersecting scts. As examples, one can mention the
ving:

the emission subset, whose components are compared by aggressive coefficients;
the economic damage subset, whose components are compared by monetary units;

the concentration indices subset, whose components are comnared by the maximum allow-
able concentrations.
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In this case the DM can assign priorities to the entire group but not to individual criteria.
While comparing the two atmospheric protection strategics R; and R;, one can consider the
two values:

conformity inder

Cij =

3

X m (4.114)
h:RFSRY

H

where p = ) p;
k=1

unconformity index

if R} < RMvh)

‘Mmax luh(R:-')—Vh(R?)l otherwise (4.115)

where v, is a qualitative scale fir the criterion h, describing the changes in the criteria £
. preferences, and

6= max max v(RY) - V;,(R;‘), (4.116)
i
Binary preference relations between R; and R; are Jetermined by the threshold values of the
conformity ¢; and unconfirmed ¢, (0 < €1,€2 < 1) indices in the following way:

R; is more preferable than R; (R; > Rj)ifq < Ci; and ¢; > D;;.
This can only happen when:

o the criteria set (considering its preferences), where R; is not worse than R;, is representa-
tive and satisfies the threshold value Q;

o theother criteria estimations provide insufficient grounds, in accordance with the threshold
€2, for excluding the assumption R; > R;.

The convocation process for the set {R} consists of the exclusion sequence of some elements
R and the definition of the nucleus G(R, 1, €2) of the graph, of which the points are the elements
I; and the arrows (R;, R;)e G(R,¢;,6)if R; > R..
e nucleus, K, is a subset with the following propertics:

e external consistency, meaning that for each element R; excluded, there is at least onc
clement R; that is preferable to R; (R » R;);

e internal consistency, meaning that there is no clement left that is nondominated by any
other element £, € K left.

If there are contours in G(R,¢;,¢), then the contour £ C G(R,¢;,7) is excluded by the
procedure if 3R, ¢ £ where R, » Rjand R; € L. The contour elements are left for subsequent
analysis.

Therefore the nuclens K C G(R, ¢, ¢3) presents the information needed by the DM to choose
the most efficient atmospheric protection strategies.
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5 Conclusion

The IPAC system integrates several mathematical models from a variety of disciplines and trade-
offs between accurateness of calculation and speed of PC runs. It is known that some models
(e.g. transfer models in atmospheric physics) require significant increases in speed - up to the
level of “supercomputing” - in order to increase accuracy. However, the accuracy and correctness
of other models used in similar systems are left incomparable to transfer models.

In general it is possible to improve (or even replace with newer ones) each model used within
the framework of the system. However, in so doing one should be sure to have a thorough
understanding of the actual application needs and consequences.

The authors will continue the development of the system and new versions of the software.
Comments and feedback are welcomed.
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