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Executive Summary

Industry is under increasing pressure from the regulatory authority and from the
general public to control the air pollution from its boilers and particularly that of
sulphur dioxide pollution. The measures taken are usually ‘adhoc’ in nature and
there has been no proper scientific methodology to justify the nature of the
pollution control interventions that need to be taken by the industry. Air
modelling as a planning tool provides a scientific methodology to industries and
the regulatory authority to select among the possible options such as raising stack
heights, change of fuels, implementing cleaner production (CP) opportunities or
installation of wet-scrubbers. The aim of this project was to use an air dispersion
model for the selection of air pollution control systems for industrial boilers on
the island of Mauritius. Given a number of constraints, it is recommended to start
using established and simple modelling methods as the complexity of the more
refined models requires a relatively long learning curve to be able to use the
model correctly in the Mauritian context. The Industrial Source Complex 3 (ISC3)

1s recommended for that purpose.

The application of the ISCST-3 model to a single-source case study showed that
for the base-case, 1-hour and 24-hour average concentrations of sulphur dioxide
have a high probability of not meeting standards at the two receptors. Raising the
stack height to 30m does not resolve the problem although there is a significant
decrease in the concentrations of SO,. CP options alone or change in fuel alone

also are not enough to resolve the problem. The best option is raising the stack

i



height to 30 m and either a change of fuel and implementing CP or an investment

in a wet-scrubber system.

The application of the ISCST-3 model to a multiple sources case study showed
that by increasing the stack heights of all factories to 30 m the problem can be
resolved cost-effectively. Implementing CP options will further decrease ambient
concentrations. A source apportionment identified that one factory was
responsible for 79% of the ambient level of SO, and will need to be closely

monitored by the regulatory authority.

The regulatory authority needs to review the current standards to include a
regulation on stack height as well as to enable it to mandate a change of fuel if
need be. Also, there is a need for capacity building on cleaner production
opportunity assessments for industrial boilers in Mauritius. An Air Quality
Modelling Guideline also needs to be developed by the regulatory authority to
ensure consistency in the use of dispersion models for regulatory applications in
Mauritius. Recommendations are made to the Department of Environment for the

application of air quality modeling in the Mauritian context.
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CHAPTER ONE: INTRODUCTION AND OBJECTIVES

1.1 Background and Justification of Project

Air pollution threatens the human health and the gain in economic growth of any
country. The island of Mauritius has undergone rapid economic development over
the past thirty years. Without any endowment of natural resources, Mauritius is
dependent on imported fossil fuels for its energy needs. Because of this
dependence on fossil fuels and because of its economic structure, the emissions of
pollutants from combustion in the industrial, transport and power generation
sectors will inevitably grow as the economy develops. There is a clear link

between air pollution and the use of fossil fuel in the Mauritian economy.

During the late 1980’s the industrial sector (particularly the textile industry)
expanded rapidly and several industrial estates were established across the island.
Some of these industrial estates were located in the vicinity of residential areas
mainly to take advantage of the available infrastructure and labour. Rising
emissions levels caused localised air quality problems due to

X High dependence on fossil fuels and poor energy efficiency in industry

% Poor fuel quality

" Lack of regular air quality monitoring

X Lack of enforcement capacity

<> Absence of air pollution Control technologies

X Insufficient application of the Cleaner Production concept



X Lack of air quality modelling expertise.

With increasing importance being attached to the quality of life as the standard of
living improves, there are nowadays more and more complaints from inhabitants
residing downwind of stacks of factories. Many of these complaints relate to
sulphur dioxide pollution through the combustion of heavy fuel oil in industrial
boilers. Industries are nowadays under increasing pressure to control their stack
air emissions. The latter can be controlled through a number of options such as by
raising stack heights, changing to cleaner fuels, cleaner production, and
installation of pollution control equipments, or centralised heat and power
systems. Because of the many options, proper air quality management downwind
of factories requires an integrated approach consisting, inter-alia, of:
o Use of monitoring and modelling to establish an emissions inventory of
key pollutants and emission sources
o Use of dispersion modelling to determine the impacts of the emissions on
ambient concentrations
o Identification of technically feasible abatement options and calculation of

their costs

** Estimation of the impacts of these abatement alternatives on ambient air
quality and human health
X Determination of priority measures with high benefit-cost ratios



An Air Quality Model (AQM) is a useful tool that is becoming popular worldwide

in predicting the possible impacts of a pollutant emitted from an industrial stack.

It can be used amongst others for:

Sitting/zoning of developmental projects,

Deciding on buffer zones,

Setting emission and ambient air quality standards,

Deciding on stack heights,

Making choice of fuel,

Recommending air pollution control technology,

Preparing for emergency response due to leaks/accidental release,

Assessing impact on human life and natural resources.

Air modelling is an important management and planning tool, but which is not

being effectively used either by industry or by the regulatory authority in

pollution control. Its main application in Mauritius during the last decade has

been in the preparation of EIA reports by foreign consultants for the installation

of Electric Power Plants. The different constraints for its wider use have been as

follows:

Lack of technical know-how among local consultants and staff of the

Ministry of Environment in the field of air modelling
Unavailability of processed and representative meteorological data

Guidelines have not yet been formulated by the regulatory authority for

the use of air quality models.



This projects aims to use an air dispersion model to help in the selection of cost-
effective pollution control systems for industrial boilers in Mauritius. Over the
past two decades, the Industrial Source Complex (ISC) model has been the
preferred model for most regulatory modelling applications around the world.
This model is being replaced by the more sophisticated AERMOD model as the
USEPA'’s preferred model for regulatory applications in the U.S. The AERMOD
model is however quite complex and requires a lot more inputs (especially
advanced meteorological and terrain data) that would be difficult for Mauritius to
apply. Given such constraints, and as recommended in this report, the country
should start using established and simple modelling methods as the complexity of
the more refined models requires a relatively long learning curve to be able to use
the model correctly. Simple models such as Industrial Source Complex 3 (ISC3)
have a relatively good history for regulatory applications and their strengths and
weaknesses are well understood. The ISC3 Models are steady-state Gaussian
plume models which can be used to assess pollutant concentrations from a wide
variety of sources associated with an industrial complex and which are relatively
easy to use and rely on standard, inexpensive meteorological data inputs from one

station.

1.2 Aim and Objectives

1.2.1 Aim

The aim of this project is to use an air dispersion model for the selection of cost-
effective sulphur dioxide pollution control systems for industrial boilers on the

island of Mauritius



1.2.2 Objectives

The specific objectives of this project are as follows:

X To carry out a literature review on the types of regulatory air dispersion
models available and subsequently choose one suitable for the Mauritian
context.

X To predict the ambient sulphur dioxide concentration in the residential
areas downwind of a single industrial boiler and downwind of an
industrial estate consisting of multiple industrial boilers under different
modelling scenarios.

X To determine the optimum air pollution control system in each case based

on a cost-benefit analysis.

R/
0‘0

To recommend an air quality modelling guideline for the regulatory

authority in Mauritius

* Organise a Capacity Building Workshop on “Air Quality Modelling”

L)

1.3: Project Investigators

1.4

Professor Toolseeram Ramjeawon was the Principal Investigator for this project.
Mrs A.Dindoyal-Mahapatra carried out her M.Phil study as part of this project
during the period 2003 to 2007 and the results presented are from her M.Phil

dissertation.

Structure of the Report

This report unfolds as follows:



Chapter 2 gives an overview of the types and sources of industrial pollution in
Mauritius and describes the legislative and institutional framework for air
pollution control. It also reviews the application of air quality models in
Mauritius.

The principles, types and limitations of atmospheric dispersion modelling are
presented in Chapter 3. The different types of Gaussian plume models are
presented and a more elaborate description and types of application of the
Industrial Source Complex model are given.

Chapter 4 describes the methodology adopted in this study. The stack
characteristics and location stack emission factors and meteorological variables
input for the model are described. The modelling scenarios and the cost of
pollution control options are also presented.

Chapter S gives the results of the predicted concentrations under the different
modelling scenarios for the two cases. The most cost-effective system is
determined.

Chapter 6: It summarizes the conclusions of the study and gives
recommendations on further research and on a modelling guideline for the

regulatory authority in Mauritius.

Appendix F summarizes the capacity building workshop on Air Quality

Modelling carried out in April 2005 .
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2.1

CHAPTER TWO

INDUSTRIAL AIR POLLUTION CONTROL IN MAURITIUS

Sources and Types of Air Pollution in Mauritius

Anthropogenic air pollution in Mauritius originates from large stationary sources
(power plants and sugar factories), small stationary sources (stone crushing plants,
industrial boilers and waste incinerators) and mobile traffic sources. Many of
these sources are closely related to the consumption of fossil fuels energy. Energy
consumption increased by 2.8% from 815 Ktoe in 2003 to 838 Ktoe in 2004. The
largest consumers were transport and manufacturing sectors which accounted for
49% and 31% of the total energy consumption, (MOE, 2004). Appendix A gives
main energy indicators imports of energy sources, fuel input, and final energy
consumption by sector and type of fuel, percentage share of final energy
consumption by sector for the republic of Mauritius between the year 1996- 2005.

Table2.1 lists the main sources and types of industrial air pollutants in Mauritius.



Table 2.1: Main sources and types of industrial air pollutants in Mauritius

Source Type of Emissions

1. Bagasse/Coal Power Plants in Particulate Matter, CO, SO2,NOx

sugar factories

2. CEB Qil Power Plants NOx, SO,

3. Stone Crushing Plants Particulate Matter, dust

4. Industrial boilers NOx, SO,, CO, Particulate matter

5. Medical waste incinerators NOx, SO, Particulate Matters, CO,

HCL, hydrocarbons, Dioxins and Furans.

During the late 1980’s the industrial sector in Mauritius (particularly the textile
industry) expanded very rapidly. In a time of unemployment and an absence of
environmental management, there was practically no opposition to the
establishment and decentralization of industrial estates, even when these were
located in the vicinity of residential areas. The availability of infrastructure
(electricity, water, sewage system) gave no other alternative to the authorities than
to locate these close to residential areas. The majority of industrial estates in
Mauritius were developed with little environmental considerations given that
Environmental Impact Assessments (EIAs) have only been required for industrial
estates since the enactment of the Environmental Protection Act in 1991. Poor
sitting of the estates and later expansion of residential and industrial sites have
resulted in close proximity of residential housing to some of the industrial estate,

exacerbating the impacts of industrial pollution on nearby residents. The impacts

10



2.2

arising from industrial estates are caused mainly due to emissions of particulate
matter and sulphur dioxide form the use of heavy fuel oil for combustion that
contains high percentage of sulphur, the low level of stack heights, the absence of
pollution control equipment on the stacks and the absence of any buffer zone

between the industries and the neighborhood population. (Modak, 2002)

Legislative and Institutional Framework

The Ministry of Environment is the principal regulatory body that looks after
environmental issues. The regulatory process is operated through various
instruments such as Environment Impact Assessment (EIA) and ambient
emission/effluent standards. MOE regulates approvals for sittings (if EIA is
applicable) and enforces the emission/effluent standards. The enforcement of

these instruments and various provisions at MOE is unfortunately weak.

The Environment Protection Act of 2002 provides the framework for
administration of environmental protection in Mauritius. Key areas included the
creation of enforcing agencies, provisions to allow the formulation of national
standards by means of regulations, policies for enforcement and environmental

impact assessment.
The Environment Protection (Standards for Air) Regulations 1998 provide for

maximum limits for criteria pollutants such as Total Suspended Particles (TSP),

Particulate Matter of diameter less than 10 microns (PM;), Sulphur Dioxide

11



(SO»), Nitrogen Dioxide (NO,), Carbon Monoxide (CO), Lead (Pb) and Ozone as

per the Second Schedule to the Environment Protection (Standards for Air)

Regulations 1998 (see Table 2.2).

Table 2.2: Ambient Air Quality Standards in Mauritius (Source: MOE, 2002)

Ambient Pollutant Standard Averaging Measurement
(llg/m3) Time Method*
maximum

Total suspended 150 24-hour Hi-volume Sampler

particles 50 Annual

average

PMjo 100 24-hour Hi-volume Sampler

Sulphur Dioxide 350 1-hour Fluorescence SO;
200 24-hour Analyser,

50 Annual Colorimetry
average

Nitrogen Dioxide 200 24-hour Sodium Arsenite,

Chemiluminescence

Carbon Monoxide 25,000 1-hour Nondispersive
10,000 8-hour Infrared Photometry

Lead 1 3-month Hi-volume Sampler

average with Atomic
Absorption
Ozone 100 1-hour Ozone Analyzer,
Chemiluminescence

12




Table 2.3 shows a comparison between worldwide ambient air quality standards

and the Mauritian standards:

Table 2.3: Comparisons of standards (Source: MOE, 2002)

Summary of key parameters for Ambient Air Quality Standards of Criteria

Pollutants

Averaging
Times

Mauritius

World
Bank

EU”

Limit

No of
exceedanc
es
permitted
per year

WHO
(as at
2000)

USEPA
(actual)

NO,

99.8"
percentile of
hourly

averages

200

18

1-hour average

200

24-hour

average

200

150

Annual

average

100

40

40

100

SO,

10-minute

500

1-hour average

350

99.7%
percentile of
hourly

averages

350

24

24-hour

average

200

150

125

375
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99.2%
rcentile of
pe - - 125 3 - -
hourly
averages
Annual for
50 80 20 50 80
average ecosystems
24-hour no
100 150 - o 150
average guideline
90™ percentile but a
of 24-hour - - 50 35 value of -
PM;o .
averages risk per
unit
Annual
- 50 40 - concentrat | 50
average .
ion
15-minutes - - - - 100 000 -
30-minutes - - - - 60 000 -
co 1-hour average | 25 000 - - - 30 000 40 000
8-hour average | 10 000 - - - 10 000 10 000
Running 8-
- - 10 000 - - -
hour average
24-hour -
150 - . - . -
average
TSP
Annual
50 - - - & =
average
3-month
1.5 - - - - 1.5
average
Pb
Annual
- - 0.5 - 0.5 -
average
5 1-hour average | 100 - - - - 235°
’ 8-hour average | - - -- - 120 157°
¥ All values are in pug/m’
a EU guidelines as per directive 96/62/EC and its daughter directive
99/30/EC
b not to be exceeded in more than one occasion per year
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c 3-year average of annual 4™ highest daily maximum 8-hour ozone
concentration

- Limits not specified

The following major shortcomings can be identified in the Mauritian standards:
X Absence of frequency of monitoring for the standards

< Absence of use of statistical methods in standards setting

X Standard temperature and pressure are not specified

A Technical Committee was set up by the Ministry of Environment in 2004 to
review the standards. The Committee recommended a new set of ambient air
quality standards as per Table 2.4. These standards have not yet been approved by

Government and are expected to be enacted near the end of 2007.

Table 2.4: Recommended new set of ambient air quality standards
(Source: MOE, 2002)

Criteria Limit Averaging

5 Frequency of Monitoring
Pollutant (ng/m°) Time

An annual average for 104

measurements taken twice a week for

50 Annual )
a period of 24 hours at uniform
TSP intervals
24-hourly values should be met 98%
150 24-hour of the time in a year and it should not
exceed 2 consecutive days.
24-hourly values should be met 98%
PMlo 100 24-hour

of the time in a year and it should not

15



exceed 2 consecutive days.

An annual average for 104

measurements taken twice a week for

50 Annual ) )
a period of 24 hours at uniform
intervals
24-hourly values should be met 98%
SO, 150 24-hour of the time in a year and it should not
exceed 2 consecutive days.
The maximum value should never be
350 1-hour
exceeded
516 10- The maximum value should never be
minutes exceeded
An annual average for 104
measurements taken twice a week for
40 Annual . )
a period of 24 hours at uniform
NO; .
intervals
The maximum value should never be
200 1-hour
exceeded
8-hourly values should be met 98%
10 000 8-hour of the time in a year and it should not
CO exceed 2 consecutive days.
The maximum value should never be
25000 1-hour
exceeded
An average of at least 3
Pb 1.5 3-month measurements per week over a period
of 3 months.
The maximum value should never be
O3 100 1-hour

exceeded
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Maximum limits for stack emissions of air pollutants and smoke (based on

opacity) as per the Mauritian Standards are given in Table 2.5.

Table 2.5: Maximum limits for stack emissions as per Mauritian standards
(Source: MOE, 2002)

equipment

(b) Any existing trade, industry
process or industrial plant using

bagasse as fuel

Pollutant Applicable to Standard

(1) Smoke All stationary fuel burning source | Ringelmann No. 2 or
equivalent opacity (not to
exceed more that 5 minutes
in any period of one hour)

(i) Solid (a) Any trade, industry, process, 200 mg/m’

particles industrial plant or fuel-burning

400 mg/m’

(iii) Sulphuric
acid mist or

sulphur trioxide

(a) Any trade, industry or process
(other than combustion processes
and plants for the manufacture of

sulphuric acid)

120 mg/m’ as sulphur

trioxide

30 000 mg/m’ as sulphur

hydrofluoric acid or any inorganic

(b) Any trade, industry or process | trioxide

in which sulphuric acid is

manufactured
(iv) Fluorine Any trade, industry or process in 100 mg/m’ as hydrofluoric
compounds the operation of which fluorine, acid

17




fluorine compounds are emitted
(v) Hydrogen | Any trade, industry or process 200 mg/m’ as hydrogen
Chloride chloride
(vi) Chlorine Any trade, industry or process 100 mg/m” as chlorine
(vii) Hydrogen | Any trade, industry or process 5 ppm as hydrogen
sulphide sulphide gas
(viii) Nitric Any trade, industry or process in 2 000 mg/m” as nitrogen
acid or oxides | which the manufacture of nitric dioxide
of nitrogen acid is carried out
(ix) Nitric acid | Any trade, industry or process 1 000 mg/m" as nitrogen
or oxides of other than nitric acid plant dioxide
nitrogen
(x) Carbon Any trade, industry or process 1 000 mg/m’ as carbon
monoxide monoxide

The formulation of these standards, were based mainly on the Singaporean
standards in the 1990s. The following shortcomings can be identified:

X Absence of sulphur dioxide emission levels

<> Absence of reference conditions.

o Absence of any regulations on stack height

The enforcement capacity from the Ministry of Environment is currently weak
and there is no routine environmental monitoring programme around industrial
estates that has built a database. The MOE is equipped with one mobile ambient
air quality monitoring station which is used to monitor hotspots only in

emergency situations.
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It is to be noted that a pollution control line from the development Bank of
Mauritius (DBM) Ltd is available to industries which can fund up to Rs 1.5

million at 10% interest per annum with a repayment over 4 years.

2.3 Sulphur dioxide pollution from industrial boilers

Table 2.6 shows the use of each fuel type by the industrial sector in Mauritius

Table 2.6: Use of fuel in the industrial sector in 2005
(Source: Digest of Environmental Statistics, 2005)

Primary fuel Tonnes
Coal 23,162
Diesel 41,127
Fuel oil 46,763
LPG 3,904
Total 114,956

Industrial Boilers are typical of textile factories in industrial estates running on a
steam pressure of around 7 bars. For capacity greater than 5 tons of steam per
hour, diesel and gas are often used to fire the boilers and which are less prone to
emission of air pollutants. The probability of using heavy fuel oil with high

sulphur content rather than diesel or gas is greater for boilers exceeding 5 T of
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steam per hour. Most boilers in factories have capacities greater than 10 tons of
" steam per hour.

Heavy fuel oil (HFO) 1500, 1000 and 600 R.s(Redwood seconds) are typically

used in industrial boilers. HFO of a viscosity of 1000 R.S. is obtained by

blending HFO 1500 R.S. with diesel. Table2.7 shows the proportions of heavy

fuel oil and diesel used in the preparation of HFO of 1000 and 600 R.s

respectively.

Table 2.7: Characteristics of HFO used in industry (Source: Rajcoomar, 2004)

HFO Viscosity (R.S.) i % HFO 1500 R.S. | % Diesel
1000 o s s i
(600 o E’és """"""""" 12 )

Table 2.8 below summarizes the total running cost of the different fuels and their

corresponding sulphur content.
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Table 2.8: Characteristics and Running Cost for different fuels
(Source: Rajcoomar, 2004)

Type of Fuel Sulphur Amount of fuel | Cost of producing

Content (%wt) | to produce one | one ton of
ton of steam steam(Rupees)

HFO 1500RS 3.5 65 Lt 519

HFO 1000RS 3.33 65 LT 534

HFO 600RS 3.12 64 Lt 545

Coal 0.9 108 Kg 208

Diesel 0.24 70.5 Lt 763

LPG 0 54.8 Kg 963

Table 2.9 below shows an estimate of the SO, emission rate from the different

types of fuels based on their level of consumption.

Table 2.9: Estimated Emission rates of SO; by fuel type

Type of Sulphur Annual Fuel SO, SO,

Fuel Content usage Tons/ Emission Emission
(Yowt) year Tons / year rate g/sec

Coal 0.9 23,162 41.69 1.39

Diesel 0.24 41,127 19.74 0.626

Fuel Oil 3.5 46,763 327.34 10.38

LPG 0 3,904 0 0
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No factories have installed any air pollution control equipment so far on their
stack for SO, control. A significant source of sulphur dioxide pollution therefore
comes from the combustion of heavy fuel oil with high sulphur content in

industrial boilers.

During the last decade, as the standard of living of the average Mauritian
increases, there have been an increasing number of complaints to the Ministry of
Environment regarding pollution from industrial boilers in Mauritius. Industry is
under increasing pressure from the regulatory authority and from the general
public to control the air pollution from boilers. The measures taken are usually
‘adhoc’ in nature and there has been no proper scientific methodology to justify
the nature of the pollution control interventions that need to be taken by the
industry. This project aims at being a scientific approach in the form of an air
dispersion model to help industries (and regulatory authority) in the selection of

pollution control options.
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CHAPTER THREE

THE ISCST3 GAUSSIAN AIR
DISPERSION MODEL
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3.1

CHAPTER THREE

THE ISCST3 GAUSSIAN AIR DISPERSION MODEL

Principle of Air Quality dispersion modelling

Atmospheric dispersion modelling is a computer-based technique used for
calculating downwind concentrations of pollutants which may result from
emissions to air. Atmospheric dispersion models use a series of equations to
estimate air pollutant concentrations at given locations downwind of the emission
source(s), taking into account emission rates, the source type (e.g. point, area,
volume or line source), meteorological conditions, terrain effects, building wake

effects and a range of other factors.

Dispersion modelling is usually the only way to assess the potential effect of an
emission source which has not been constructed. Where the source exists, the
benefits of modelling over ambient monitoring include the ability to estimate
ground level concentrations at many hundreds of locations for the cost of a single
set of measurements. In comparison, a monitoring program would have to be
undertaken over significant period of time (ranging from months to years
depending on the frequency of sample collection) and at a number of locations to
provide anywhere near the same level of information about downwind pollutant
concentrations. With modelling techniques it is also possible to investigate the

relative contributions of individual sources to cumulative downwind
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concentrations, and to predict the effects of changes in emission rates and release

parameters (stack heights, etc) on downwind concentrations.

The complexity and sophistication of a dispersion modelling study can vary
widely from a simple screening exercise providing an estimate of potential worst
case concentrations resulting from emissions from a single source, to a detailed
study of terrain and building wake effects, plume interactions and chemical
reactions within the plume itself. The degree of complexity of a given modelling
study should reflect the complexity of the emission source(s) and surrounding

area and the potential for significant off-site effects.

Dispersion modelling was developed in the 1950s for predicting background
pollutant concentrations from chimneys. Since then, the science of dispersion
modelling has rapidly developed and, although many models are still based on the
classic algorithms, the calculations have been eased through software. Figure 3.1

below gives a brief outlook of the atmospheric dispersion model.
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3.2

3.2.1

Figure 3.1: Overview of the pollution modelling procedure

Background
concentration of
pollutant
Meteorological
conditions
\
Source data: Site Atmospheric Predlc(:l;) - olf As::;;g}g ot
description Emission » Dispersion " ground feve potet 1
- Model » concentrations ——Environmenta
: of pollutants and health
effects
Model Options:
Receptor grid )
dispersion parameters
Local Topographic
features
Stage 1: Stage 2: Stage 3: Stage 1:
Data Input Data Reprocessing Data Qutput Data Analysis

(Source: MOE, New-Zealand, 2002)

Types of Air Quality Models

Eulerian Models:

The Danish Eulerian model is a large air pollution model for studying different

phenomena connected with transport of air pollutants in the atmosphere. All

important physical processes (advection, diffusion, deposition, emissions and

chemical reactions) are represented in the mathematical formulation of the model.

All important chemical species (sulphur pollutants, nitrogen pollutants, ammonia-
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ammonium, ozone, as well as many radicals and hydrocarbons) can be studied by
the model. The Eulerian models are commonly used for the simulation of large
scale and long range inter-regional transport of pollutants. The transport,
diffusion, transformation, and deposition of pollutant emissions in each cell are
described by a set of mathematical expressions in a fixed coordinate system.
These equations can then be solved either by analytical methods providing exact
solutions or by numerical methods providing approximate solutions. There are
several types of Eulerian models, which have been developed. The most common
ones are as follows:
X Single Box Model
The Single Box Model is the simplest form of atmospheric dispersion
models, which can be used to estimate pollutant concentration from an
area source. The single box model is used for both inert and reactive
pollutants. In general the box model can be used to obtain order-of-
magnitude estimates of ambient pollution levels. The limitation of the

model is that it cannot account for the changes in wind speeds and

directions with height.

< Slug Model
The slug model is used as an improvement of the single box model,
especially during stagnation episodes.

% Multi-box Model

In this model the variation of the average concentration in a box with time

is determined by pollutant flux through the sides of the box and the
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pollutant emissions from all sources inside the box. The major limitations
of this multi box approach are that it neglects horizontal diffusion and
assumes instantaneous mixing. It is, however, a computationally fast
method and may provide satisfactory, cost-effective answers, especially in
regions where detailed meteorological and emission information is not

available (Bedassy, 2005)

3.2.2 Lagrangian Models

The basic concept of Lagrangian models is the observation of individual particles,
which is why these models are also referred to as Lagrangian particle dispersion
models. In the case of atmospheric dispersion the term particle denotes any air
pollutant or any buoyant substance in the air. The models use winds and
fluctuation caused by turbulence to predict the pathways of individual particles or
air volumes in each time step. For this reason, these models are also referred to as
trajectory models. Particles or air volumes, respectively, may be released from
any number of locations. The type of source, e.g. point or line source has no
influence. Lagrangian trajectory models are appropriate for the description of
dispersion in complex meteorological situations or heavily structured topography.
Deposition effects can be considered each time a particle trajectory touches the

ground.

The different types of Lagrangian models include the following:

Lagrangian Box Model
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The Lagrangian box model is often used for photochemical modelling. In this
case, the model provides average time-varying concentration estimates along the
box trajectory. The major shortcoming of the approach is the assumption that
wind speed and directions are constant throughout. As compared to the Eulerian
box model the Lagrangian box model can save computational cost as they
perform computations of chemical and photochemical reactions on a smaller

number of moving cells instead of at each fixed grid cell of Eulerian models.

7

g Segmented Plume and Puff Models

These models have been developed in order to treat time-varying transport
conditions, which is, change in wind speed and direction with time. In the
segmented plume approach, the plume is broken up into independent elements.
This model is used only for windy conditions that are wind speeds greater than 1

m /s. theoretically, the puff model can simulate calm or low wind conditions.

Gaussian Plume Models

The most commonly used model for the dispersion of gaseous air pollutants is the

Gaussian model, which have been developed by Pasquill. The gases dispersed in

the atmosphere are assumed to exhibit ideal gas behavior. The principles on

which the model is based are as follows:

% The predominant force in pollution transport is the wind and pollutants
move predominantly downwind.

X4 The greatest concentration of pollutant molecules is along the plume

centre line.
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Molecules diffuse spontaneously from regions of high concentration to

regions of lower concentration.

K/
L X4

The pollutant is emitted continuously, and the emission and dispersion
process is at steady state.

The Gaussian plume formula provides a better representation of reality if
conditions do not change rapidly within the hour being modeled that is conditions
are reasonably steady and do not deviate significantly from the average values for
the hour being modeled. The Gaussian representation of dispersion described
above is simplistic and as such, should only be applied to a limited range of
conditions.

The Gaussian plume models should be used only to model:

«»  Inert pollutants

<> Pollutants that behave like gases that is deposition is not significant

%% Time periods of 1 —hour or greater

X Effects in the range from a few hundred metres to no more than 10m
**  Non-complex terrain

<> Situations where steady-state meteorological conditions are applicable.
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Fig 3.2 A typical plume from an elevated point source.

Note the plume rise (?h), and the normal (Gaussian) distribution of pollutant concentrations in t
horizontal and vertical (afier Oke, 1987).

The ground level concentrations of SO from the stack at different downwind
distances and at relevant atmospheric stability were predicted using the Gaussian

Normal Model described by Garg (1999):

o &

C.= €
mo.0,

Where:
Cx = Concentration of pollutant (SO5) in g/m’
Q = pollutant emission rate (g/s)
H = Effective height of stack (m) (or height of stack + Plume rise)
o = Plume’s standard deviation in vertical direction (m)
Oy = Plume’s standard deviation in cross-wind direction (m)
u = mean wind velocity (m/s)

x and y = downwind and cross-wind horizontal distances, respectively (m)

31



A large number of atmospheric dispersion models based on the Gaussian model
have been developed, each designed to meet a specific application or need. A list
of the dispersion models commonly used around the world along with their main
features is given in Table 3-1. Many of these models have been developed by US
regulatory authorities for use as regulatory models. The most widely used of a
new generation of models in the UK, ADMS, has been the principal model used
by the UK Environment Agency since 1995. Ambient air quality impact modelling
is rapidly gaining importance as a tool for regulatory programs. As such, current
computer models are in a state of flux, with developers working to increase

software accuracy and efficiency.

Table3.1: Commonly Used Atmospheric Dispersion Models

MODEL DESCRIPTION

AERMOD The next generation ISC model, released in December
1998. AERMOD is a suite of models (includes met pre-processor
and terrain processor) to incorporate both simple and complex
terrain, surface, elevated sources and irregularly shaped area
sources. (Incorporates PRIME building downwash calculations).
Recommended to replace ISC. Soon to be recommended as the
model of choice by the US EPA.US EPA and the American
Meteorological society Aermod is a Gaussian steady-state model
which was developed with the main intention of superseding

ISCSTS3. It contains improved algorithms for convective boundary
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layers and includes more sophisticated dispersion theory as well
as more advanced terrain adjustment scheme. However the model
does not include either wet or dry deposition. Another drawback
is that AERMOD requires too many input data that have to be
processed in a special manner and Mauritius meteorological

service is not yet equipped with these softwares.

ISCST

Industrial Source Complex Short-Term. A steady state

Gaussian plume model which can be used to calculate short-term
pollutant concentrations from a combination of point, area and/or
volume sources. Note: In June 1999, the latest version of ISCST3
was modified to incorporate a new set of algorithms for advanced
treatment of building downwash calculations. This model is
known as ISC-PRIME, and is expected to be given regulatory

status soon. Developed under contract for the US EPA.

AUSPLUME

A steady state Gaussian plume model which can be used to
Calculate short-term pollutant concentrations from a combination
of point, area and/or volume sources. (Based on the ISCST

model).

CALINE

Californian Line Model. Calculates ambient concentrations of
vehicle pollutants near highways, major roads, intersections and

parking lots. Developed under contract for the US EPA.

CALPUFF

Multi-layer, multi-species non-steady-state puff dispersion model.

Includes algorithms for longer range effects (such as pollutant
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removal due to wet scavenging and dry deposition, chemical
transformation, and visibility effects of particulate matter
concentrations). Developed under contract for the US EPA
.CALPUFF is a multi-layer, multi-species non-steady —state
Gaussian puff model which is able to stimulate the effects of time
and space-varying meteorological conditions on pollutant

transport.

CTDM,

CTSCREEN

Complex Terrain Dispersion Model. A multiple source model
Used for calculating ground level concentrations in complex
terrain situations. CTSCREEN utilises screening met data.
Developed under contract for the US EPA CTDMPLUS is a US
EPA regulatory model developed specially for tall point-sources
in areas of complex terrain. CTDMPLUS is a steady-state plume
model that contains algorithms that enable a more physically
realistic description of vertical dispersion and air flow around
complex terrain features. However it is not frequently used any
more due to its specialized meteorological requirements and its

applicability only to tall point sources.

ISCLT

Industrial Source Complex Long-Term. A steady state Gaussian
plume model which can be used to calculate long-term (e.g. 1
month, 3 month or annual averages) pollutant concentrations from
a combination of point, area and/or volume sources. Developed

under contract for the US EPA.
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SCREEN A screening model developed to analyze dispersion from a stack,
flare or area source in simple and complex terrain.
Developed under contract for the US EPA.

UK ADMS | (Atmospheric Dispersion Modelling system) is an advanced model

for calculating concentrations of pollutants emitted both
continuously from point, line, volume and area sources, and
discretely from point sources. The model includes algorithms
which take account of the following: effects of main site building;
complex terrain; wet deposition, gravitational settling and dry
deposition; short term fluctuations in concentration; chemical
reactions; radioactive decay and gamma-dose; plume rise as a
function of distance; jets and directional releases; averaging time
ranging from very short to annual, condensed plume visibility;
meteorological preprocessor. ADMS is actually a suite of models
that may be used for screening, point sources or up to large urban
scale airshed modelling. Contains up to date boundary layer
treatment for more realistic predictions of high stacks under
convective conditions. Model available for purchase in sections at
varying (and considerable) sums. Unofficially recommended by
the UK Environment Agency. Cambridge Environmental

Research Consultants.
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3.3

While ADMS and AERMOD both use atmospheric boundary scaling (h for the
boundary layer depth and LMo for the Monin-Obukhov length) which considers
the vertical structure of the atmospheric boundary layer, ISC and ISC-Prime use.
A Pasquill stability category approach, ignoring the difference in dispersion

characteristics at different heights in the boundary layer is used.

Limitation of Atmospheric Dispersion Models
Even the most sophisticated atmospheric dispersion model cannot predict the
precise location, magnitude and timing of ground level concentrations with 100%
accuracy. However, most model used today (especially the USEPA approved
models) have been through a thorough model evaluation process and the
modelling results are reasonably accurate, provided appropriate input data and
model are used. Errors are introduced into results by the inherent uncertainty
associated with the physics and formulation use to model dispersion, and by
imprecise input parameters, such as emission and meteorological data.
Modelling techniques have a number of limitations however, and these need to be
considered when interpreting the results of a modelling study. Steady-state
Gaussian models, which are the most widely used models, are subject to the
following assumptions and constraints:
X Winds within the modelling domain are assumed to be constant in velocity
and direction both spatially (i.e. throughout the entire area being modeled)

and for each hour being modeled.
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_Dispersion in the downwind direction is assumed to be negligible relative

to the wind transport.

Tt is assumed that diffusion patterns are probabilistic and can be described

exactly by Gaussian distribution. This means the plume expands in a
conical fashion as it travels downwind, whereas the ideal “coning” plume

is only one of many observed plume behaviours.

The basic Gaussian models cannot handle complex terrain features such as

valleys, mountains or shoreline regimes.

_Plume dispersion models have no “memory” of previous hour’s emissions

and therefore are not able to account for build-up and stagnation of

pollutants in valleys and within building wakes.

_ Gaussian models cannot account for calm (>0.5 m/s wind speed)

conditions.

Many of these limitations have recently been addressed through the development

of non-steady-state puff dispersion models such as CALPUFF. This model

simulates the emissions as a series of “puffs” and allows for:

.
L X4 .

/7
0.0

X/
'0’0

X/
.0.0

Variable and curved trajectories;

_Variable meteorological conditions throughout the modelling domain (due

to terrain features for example);
The retaining of information on previous hours emissions; and

Modelling under calm and low wind speed conditions.

37



However, as would be expected, the increased complexity of puff models means
that their meteorological data requirements are far more onerous than those
typically required for steady state models. As a result, puff models are not widely
used and their use is likely to be limited in the near future to large and complex

modelling investigations.
The Industrial Source Complex Model (ISC)

Industrial Source Complex (ISC) Model is a steady-state Gaussian plume model
which can be used to assess pollutant concentrations from a wide variety of
sources associated with an industrial complex. This versatile model is preferred
by the EPA because of the many features that enable the user to estimate
concentrations from nearly any type of source emitting non-reactive pollutants.
The ISC code originally developed in the 1970's and modified numerous times
since it had become impossible to reliably modify, debug or maintain.
Restructuring and reprogramming the ISC models that began in April 1989, and
was completed in March 1992. The ISC2 models were developed as
replacements for and not updates to the previous versions of the models. The

ISC3 models are based on revisions to the algorithms contained in the ISC2

models. (Schnelle, 1999).

The Industrial Source Complex (ISC) Dispersion Model is specifically designed
for use in assessing the air quality impact of both traditional and non-traditional
emissions from large source complexes. The model contains the following

technical options: (1) concentration averaging times ranging from 1 hour to 1
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year; (2) physical separation of multiple sources; (3) variation with height of wind
speed; (4) plume rise due to buoyancy and/or momentum as a function of
downwind distance; (5) differences in terrain elevation of receptors; (6)
aerodynamic building wake effects (downwash); (7) gravitational settling and dry
deposition of particulates; (8) curvilinear and elevated line sources with variable
emission rates; (9) variable area source configurations; and (10) wind-blown

emission.

There are two versions of ISC, a short-term model (ISCST) and a long-term
model (ISCLT). The models differ in the averaging times available for
calculation, available terrain and deposition options, and the format of input

meteorological data.

Table 3.2: Characteristics of the two versions of ISC models

Basic Gaussian Meteorology et Complex
[Equation eposition [Terrain
option [Option

[SCST |Uses GPM equation |Hourly discrete |Available Available

Fmet data

ISCLT [Uses GPM eq (with |Met data in Not available |[Not available
Jmodiﬁcations for  [form of STAR
fincorporation of summaries

STAR summaries
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3.5

The Industrial Source Complex Short Term model (ISCST3) provides options to
model emissions from a wide range of sources that might be present at a typical
industrial source complex. The basis of the model is the straight-line, steady-state
Gaussian plume equation, which is used with some modifications to model simple
point source emissions from stacks, emissions from stacks that experience the
effects of aerodynamic downwash due to nearby buildings, isolated vents,
multiple vents, storage piles, conveyor belts, and the like. The ISC Short Term
model accepts hourly meteorological data records to define the conditions for
plume rise, transport, diffusion, and deposition. The model estimates the
concentration or deposition value for each source and receptor combination for
each hour of input meteorology, and calculates user-selected short-term averages.
For deposition values, either the dry deposition flux, the wet deposition flux, or
the total deposition flux may be estimated. The total deposition flux is simply the
sum of the dry and wet deposition fluxes at a particular receptor location. The
user also has the option of selecting averages for the entire period of input

meteorology.

Applications and comparisons of the ISCST3 MODEL

There have been relatively few model inter-comparison studies since the
introduction of the second generation of models (AERMOD and ADMS3). Most
studies have been concerned with the comparison of single models with field data.

Some of these statistics deal with the impacts of industrialized complexes.
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The Industrial Source Complex Short Term (ISCST-3) model has been used by
Rama Krishna et al (2005) to study the impact of an industrial complex, located at
Jeedimetla in the outskirts of Hyderabad city, India, on the ambient air quality.
The results show that the model-predicted concentrations are in good agreement

with observed values and the model performance is found to be satisfactory.

Fushimi et al (2005) developed a source apportionment method based on an
atmospheric dispersion model and multiple linear regression analysis (MLR) in
conjunction with ambient concentrations simultaneously measured at points in a
grid network. They used the Industrial Source Complex model (ISC) in the
method applied to the case of benzene in the vicinity of an 1 Industrial Complex in
Japan. These results support the reliability to achieve reasonable source

apportionments among industries.

Abdul-Wahabl(2003) work dealt specifically with the use of the Industrial Source
Complex Short Term (ISCST) model for predicting SO2 concentrations around a
refinery in Oman. The second objective was to evaluate the ISCST model by
comparing the calculated and measured concentrations. The modelling results
were validated against measured data during the study period. The comparison,
based on the monthly average measurements, showed that the model

underestimates the observed SO, concentrations.

Sivacoumar et al (2001) estimated the impact of NO(X) emissions resulting from

various air pollution sources, viz. industries, vehicles and domestic, around a steel
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complex using Industrial Source Complex Short-Term Gaussian dispersion

model. The model performance was found good with an accuracy of about 68%.

Andretta et al (2004) used the Industrial Source Complex (ISC) for the estimation
of the concentration of industrial pollutants in a wide area near an important
Italian industrial complex. The Gaussian model results present an acceptable
agreement with respect to air quality network data, in particular as to the air

quality environmental norms purposes.

The UK Environment Agency funded a study of the relationship between
different models (R&D Technical Report, 2003). The main conclusion is that
there are significant differences between the outputs of the models but that these
do not follow any consistent pattern. It was not practicable to provide overall
recommendations on the use of one or the other model and each specific
application must be considered on its own merits. Advanced models represented
by ADMS and AERMOD provide significant advantages over older models
particularly in their treatment of the boundary layer and complex terrain. However
the results demonstrate that the new generation models are still in a state of
development, especially with regard to their sensitivity to process meteorological
data to provide the boundary layer parameters required for dispersion

calculations.

Patil(2005) compared ISC-3 with ADMS-3 within an industrial region in north-

east of Mumbai . They observed that computed concentrations of pollutants are
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most of the time higher from ISCST-3 than ADMS-3 model predictions. But both

models give the same trends in concentration variation for all the seasons.

Schroeder, A.J. (2004) presents a comparison of the pollutant concentration
predictions from the AERMOD and ISC (ISCST3 and ISC-PRIME) air dispersion
models in the context of fugitive storage tank emissions at a bulk petroleum
storage terminal. Data are presented that shows that ISC consistently predicts
higher overall and higher maximum pollutant concentrations when compared with

AERMOD in this particular situation.

To assess the validity of the model for application to tall stack, buoyant sources,
Brower et al (1996) conducted an evaluation of the AERMOD using a power
plant field data. The performance measures showed a general tendency of
AERMOD to under predict the observed SO2 concentrations, especially the

highest and lowest values

Kumar et al (1999) evaluated the short-term and long-term versions of Industrial
Source Complex Models (ISCST3 and ISCLT3) for estimating long-term
concentrations using sulfur dioxide data from emission inventory of Lucas
County, Ohio for the year 1990. The ISCST3 and ISCLT3 models were used to
predict monthly and quarterly averages of sulfur dioxide concentrations. Both the
ISCST3 and ISCLT3 models predicted concentrations that are lower than the
observed concentrations. The concentrations predicted by the ISCST3 model were
closer to the observed concentrations when compared with the concentrations

obtained using the ISCLT3 model. The study suggested that the ISCST3 model is
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3.6

better for estimating long-term concentrations of sulfur dioxide as compared to

the ISCLT3 model.

Long (2004) conducted a modelling study of SO, emissions from several wholly
owned and affiliated power generating facilities and one additional large
industrial facility to determine the combined impacts of these facilities using both
the Industrial Source Complex (ISC3) and AERMOD models. The modelling
study was conducted using both ISC3 and AERMOD due to the pending change
in the preferred Gaussian model by USEPA. The results of this side-by-side
comparison indicated that AERMOD generated lower peak ambient
concentrations than did ISC3; however, the peak and high-second-high values

between the two models were not paired in time or space.

Choosing an Appropriate Model in the Mauritian context

The most significant factors that determine the quality and accuracy of the results

of a modelling exercise are:

**  The suitability of the model for the task

K/

X The availability of the accurate source information

X4 The availability of accurate meteorology data.

The most appropriate model for a given application depends on a number of
factors. For very simple, quick modelling investigations, the SCREEN model may

be more appropriate. This model can only simulate a release from one emission
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source, and uses theoretical meteorological scenarios in predicting downwind

concentrations.

If, however, the application involves dense gas releases, highly complex terrain
(where the maximum terrain elevation exceeds the height of the release point), or
a short-term “puff” release, then a more specialised model would be required.
There are also specialised models for particular applications such as the CALINE
model, which is used to model emissions from highways and major roads. These

models require a high level of expertise and experience to use.

The proposed philosophy for any air quality modelling can be summarized as
follows:

o Use models based on well established science

0,
0’0

The modelling approach must be clear and unambiguous and the
modelling process must be clearly defined and transparent to government,
industry, individuals and communities.

X4 Monitoring should be an integral part of the modelling approach

< Use an approach similar to that taken by the USEPA which is limited to

two tiers: screening and refined modelling

o Use established and simple modelling methods as the complexity of the
more refined models requires a relatively long learning curve to be able to

use the model correctly. Simple models such as Industrial Source
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Complex 3 (ISC3) have a relatively good history for regulatory

applications and their strengths and weaknesses are well understood.

A model requires two inputs: information on the source (release velocity,
emission rate), and meteorology (wind speed and direction). However, to conduct
a dispersion modelling analysis, a user usually enters data in the following four
major categories: meteorological conditions, such as wind speed, wind direction,
stability class, temperature and mixing height; emissions parameters, such as
source location, source height, stack diameter, gas exit velocity, gas exit
temperature and emission rate; terrain elevations; and building parameters, such

as location, height and width.

In order to model particulate deposition using the latest algorithms included in
Version 3 of ISCST, two additional parameters are required: the Monin Obukhov
length and the surface friction velocity. These additional parameters relate to the

amount of turbulence occurring within the surface boundary layer website.

Generally, three different types of meteorological (met) data sets may be used in

modelling studies.

1. Screening met data: A compilation of hypothetical met conditions suitable for

determining potential worst case short-term (1 hour or less) concentrations.
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Screening met data is used for a first pass or worse case approach to the
estimation of downwind concentrations. Screening data sets are routinely issued
with models or can be compiled specially for a particular application. The use of
screening data however, is limited in its ability to estimate averaging times greater
than one hour and it does not allow the frequency of peak concentrations to be

assessed.

Generally, screening data sets use a single wind direction and concentrations are
determined downwind of the source(s) along a single wind line. If multiple
sources are being modeled, care should be taken to select the origin and the wind

direction which give maximum overlapping of the plumes.

2. Sequential met data: A sequential hour-by-hour data set compiled from met
measurements collected at or near the site of at least a 1 year period. Sequential
meteorological data (often referred to as “real” met data) used in modelling
should be as representative as possible of conditions at the site in question. In
many instances, all the met data required will not be available for the site itself,
and some, or all, of the data will need to be drawn from records from a weather
station operated some distance away (at a nearby airport for example). If data
from another location is to be used, then an assessment must be made of whether
the data is likely to be representative of conditions at the site. Differences in the

local and regional topography, land use (e.g. open farmland versus a built-up
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industrial area), and coastal effects need to be considered. The United Kingdom
Bureau of Meteorology specifies that ideally 10 year’s, or a minimum

of 4 year’s met data are required for good representative modelling. The United
States EPA requires a minimum of 5 year’s representative met data or, if not
available then one year’s data. The purpose of having more than one year’s data is
to ensure that annual changes such as El Nino or La Nina are not overlooked and
that short-term variations do not play a disproportionate role in estimating
downwind concentrations. The paucity of good representative met data in
Mauritius however, means that often it is difficult to obtain even one year’s met
data. Of necessity therefore, this is considered the minimum necessary for
modelling. The Plaisance Meteorological station in Mauritius is the only Met

station in Mauritius that has one year’s met data available.

3. Frequency met data: A frequency distribution of meteorological occurrences
suitable for determining long term (seasonal or annual) averages. ISCLT uses
frequency data (referred to as STAR data) to calculate long term average pollutant
concentrations. STAR data is a tabulated summary of wind speed and wind

direction frequencies occurring under each of the six Pasquill Stability Classes.

Over the past 15-20 years, the Industrial Source Complex (ISC) model has been
the preferred model for most regulatory modelling applications around the world.
This model is being replaced by the more sophisticated AERMOD model as the

USEPA’s preferred model for regulatory applications in the U.S. The AERMOD
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model is however quite complex and requires a lot more inputs (especially
advanced meteorological and terrein data) that would be difficult for Mauritius to
apply. Given the limitations regarding the availability of met data, for most
applications, a steady state Gaussian dispersion model such as ISCST is suitable.
This model enables a number of different source configurations to be assessed and
can incorporate simple terrain and building wake effects. The ISC3 Models are
steady-state Gaussian plume models which can be used to assess pollutant
concentrations from a wide variety of sources associated with an industrial
complex. The models are easy to use and rely on standard, inexpensive

meteorological data inputs from one station.

There is a movement towards more sophisticated and more accurate models but
this movement is not without its drawbacks, most notable the requirement for
much more robust meteorological data to improve the accuracy of model

predictions.

49



CHAPTER FOUR

MATERIALS & METHODS
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4.1

CHAPTER FOUR

MATERIALS & METHODS

Evaluation Criteria

An evaluation criteria need to be selected to assess the modeled ambient air
sulphur dioxide concentrations. This criterion needs to take into account the
background concentrations as well as the national standard. Based on available
ambient air monitoring data for background sulphur dioxide concentrations, the

evaluation criteria was set at 75% of the ambient air standards for sulphur dioxide

(See Table 4.1).

Table 4.1: Evaluation Criteria level for sulphur dioxide concentrations.

Pollutant Evaluation Standard Ambient | Time average
Criteria(pg/m3) air concentration | Measured
set by MOE
(ng/m3)
260 350 1-Hour
Sulphur dioxide | 110 150 24-Hour
50 50 Annual

51




4.2

4.3

43.1

Stack Monitoring Data

An Air Pollution Monitoring Unit exists in the Faculty of Engineering of the
University of Mauritius which provides stack monitoring consultancy services to
the industry. The unit has specialized on spot facilities to measure the stack
emissions. All data collected from industries are considered confidential.
However typical stack exist velocities and efflux temperatures have been provided
to the author of this report and there have been assumed in the modelling

scenarios.

Single Source case —study

Site Location and Description of Industrial Source

Following a number of pollution incidents around Alcodis ethanol distillery
situated in the south of the island, the factory was taken for the single-source
case- study. Alcodis Ltd is an alcohol distillery producing about 80,000 litres of
alcohol. A Heavy Fuel Oil (HFO) fired boiler is used for steam production and
the emissions are through a single stack. Figure 4.1 shows the location of the
stack with respect to the residential area. Two sensitive receptor points in the
vicinity of the stack are as follows:

o Rose Belle North Government School — the school is found around 400

metres from the site.
K4 Marie Jeannie- this residential area is found around 350 metres from

Alcodis and it is taken as the second receptor point.
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These two receptors have been chosen based on past pollution incidents and

complaints to the Ministry of Environment.

Grofind ¢ 7

S ; X "\’lm @ » o i
&\ ooyl Mo ]

Figure 4.1: Location of single — source stack in relation treceptors
43.2 Stack Characteristics and Emission Factors

The stack characteristics and emission factors are as follows:

1. Stack diameter= 0.955m.

2. Stack height =21m

3. Exit velocity = 6 m/s
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4. Emission rate = 19.46 g/s

5. Efflux temperature = 100°c

Therefore the emission rate was calculated as follows:

HFO fuel consumption of factory= 1 ton/hour= 0.278g/s

Since the fuel contain 3.5 % Of sulphur; Mass of sulphur burnt = 3.5/ 100 * 0.278
=9.73 g/s

From the stoichiometric equation of the conversion of S into SO,

9.73g of sulphur will give (64/32) *9.73 = 19.46 g/s of SO,

Therefore the emission rate = 19.46 g/s

The flue gas flow rate has been calculated using the following theoretical equation
which can be used to estimate the flue gas flow rate induced by draft of a flue gas
stack. The equation assumes that the molar mass of the flue gas and the outside air
are equal and the frictional resistance and heat losses are negligible. (wikipedia,

2007)

()
T;

Q=0.65 * 0.716*V [(2* 9.81 *21)* (373-298) /373]
= 422 m’/s

Therefore V=6 m/s
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Where:

Q = flue gas flow rate, m’/s

A = cross-sectional area of chimney, m2 (assuming it has a constant cross-
section)

C = discharge coefficient (usually taken to be from 0.65 to 0.70)

g = gravitational acceleration at sea level, 9.807 m/s

H = height of chimney, m

T; = absolute average temperature of the flue gas in the stack, K

T, = absolute outside air temperature, K

The calculated exit velocity is the efflux temperature used in this study and is in
accordance with on —site measurements made by the factory occasionally through

the monitoring service of the University of Mauritius.

43.3 Meteorological Data

One year (2002) of hourly sequential meteorological data has been used from
Plaisance weather station, situated approximately 15 Km south of the project site.
Plaisance is the closest weather station that records sufficient meteorological
variables over a one — year period suitable for creating a data set as input to the
dispersion model. Monthly means of maximum temperature, minimum

temperature and the daily average taken as the mean of the maximum and
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minimum temperature for the Plaisance Station for a period of over 15 years are

given in appendix B.

A wind rose for the station showing the percentage frequencies of wind direction
and speed is given in Appendix C. Wind speeds at the site are generally moderate
and the winds shows a predominantly easterly direction. The one hour
meteorological data collected during 2002 were processed and made in a proper
format to be fed in the ISC software.

Assumptions

While running the model, various assumptions had to be made, these include:

1. The topography of the area is such that including it will not result in
significantly higher concentrations than modelling without terrain.

2. The meteorological data for the region is approximately the same as that
of Plaisance region.

3. There is no building downwash around the factory. This is a valid
assumption given the location of the stack and building characteristics.

4. The model was set for rural setting considering the open land-use in Rose-

Belle.
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4.4

44.1

Multiple sources case- study

Site location and description of industrial Complex

The Vacoas-Phoenix industrial estate (VIE) is found in the central part of
Mauritius. It was established in 1986 by the Development Bank of Mauritius
(DBM).Valentina and Petit Camp is the two villages which lie close to the estate.
The Valentina industrial estate has taken as a multiple source case- study since it
comprises of numerous industrial stacks. The “Valentina problem” is a classic
case of the juxtaposition of mutually antagonistic land uses viz. residential and
industrial. At VIE, initially the location of small and medium enterprises was
envisaged but spurred on by the success of the government policies in attracting
new investments under the Export Processing Zone provisions, textile industries
found the estate a convenient location to vertically integrate their activities. Food
industries also joined the community of companies in the estate. The enterprise
used the technology and equipment that was available at the lowest capital costs,
sometimes the processes and equipment used was old or second hand. This led to
excessive consumption of resources and generation of emission. Figure 4.2 gives
the site location of the industries in the estates together with the two sites selected
for modelling. The Village of valentine adjoins the following three factories:

Transpack, REOP, and Sonia Wear. ( Ramjeawon, 2002)
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Table 4.2: Description of factories in and around VIE

Sr No Name of Factory Type of Activity Heavy - fuel oil
consumption
1 Transpack Manufacturing  of | 69920 Kg/month
washing  liquids&
powders; bleaching
liquid;dyeing
auxillaries
2 Ramdanee Edible | Refining of edible | 25392 Kg/month
Oil Products Ltd vegetable oils.
Packing and
distribution
3 Sonia Wear Textile dying and | 21242 /kg/month
knitting

Sulphur dioxide emissions are generated during oil combustion from the oxidation

of sulphur containing heavy — fuel oil (at about 3.5 % of S).

Stack Characteristics and Emission Factors

Transpack

The stack characteristics are as follows:

59




Baseline case

1. Stack diameter= 0.5m.

2. Stack height = 18m

3. Exit velocity = 6.19 m/s
4. Emission rate = 0.966 g/s

5. Efflux temperature = 401°%

The emission rate was calculated as follows:

HFO fuel consumption of factory= 35,880 Kg/ day=0.0138 Kg /s

Since the fuel contain 3.5 % Of sulphur

Mass of sulphur burnt = 3.5/ 100 * 0.0138 =0.483 g/s

From the stoichiometric equation of the conversion of S into S0,

0.483 g of sulphur will give (64/32) *0.483 = 0.966 g/s of SO,

Therefore the emission rate = 0.966 g/s

The flue gas rate has been calculated using the following theoretical equation

(wikipedia, 2007)

E®
T;

Q= 0.65 * 0.196* [(2* 9.81 *18)* (401-298) /298]

=1.213m’/s

V=6.19m/s
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For Sonia wear

The stack characteristics are as follows:

1

2

3

4

5

The emission rate was calculated as follows:

HFO fuel consumption of factory= 62040 Kg/month= 0.0239 kg/s

Stack diameter= 0.5m
Stack height = 15 m

Exit velocity = 4.72 m/s
Emission rate = 1.673 g/s

Efflux temperature = 363%

Since the fuel contain 3.5 % Of sulphur

Mass of sulphur burnt = 3.5/ 100 * 0.0239 = 0.8365 g/s
From the stoichiometric equation of the conversion of S into S0,

0.805 g of sulphur will give (64/32) *0.88365 = 1.673 g/s of S0,

Therefore the emission rate = 1.673 g/s

The flue gas rate has been calculated using the following theoretical equation

Q=CA 2g,H<Ti _T
T;

Q = 0.65 * 0.196* [(2* 9.81 *15)* (363-298) /298]

=0.925m’/s

V=472 m/s
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For REOP

The stack characteristics are as follows:

1.

2.

The emission rate was calculated as follows:

HFO fuel consumption of factory= 25,392=0.00979 kg/s

Stack diameter= 0.7m.
Stack height = 11m

Exit velocity =3.32 m/s
Emission rate = 0.686 g/s

Efflux temperature =348’

Since the fuel contain 3.5 % Of sulphur

Mass of sulphur burnt = 3.5/ 100 * 0.00979 = 0.343 g/s
From the stoichiometric equation of the conversion of S into S0

9.73g of sulphur will give (64/32) *0.343 = 0.686 g/s of SO,

Therefore the emission rate = 0.686 g/s

The flue gas rate has been calculated using the following theoretical equation

Q= Cik/ 2g,H<Ti =Ty
T

Q =0.65 * 0.385* [(2* 9.81 *11)* (348-298) /298]

=1.394m’/s

V=3.62 m/s
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Where:

Q = flue gas flow rate, m’/s

A = cross-sectional area of chimney, m2 (assuming it has a constant cross-
section)

C = discharge coefficient (usually taken to be from 0.65 to 0.70)

g = gravitational acceleration at sea level, 9.807 m/ s?

H = height of chimney, m

T; = absolute average temperature of the flue gas in the stack, K

T, = absolute outside air temperature, K

The calculated exit velocity and the efflux temperature used in this study are in
accordance with on —site measurements made by the factory occasionally through

the monitoring service of the University of Mauritius.

Meteorological Data

One —year (2002) of hourly sequential meteorological data has been used from the
Plaisance weather station, situated approximately 20 Km south of the site
Plaisance is the closest weather station that records sufficient meteorological
variables over a one-year period suitable for creating a data set as input to the
dispersion model. The similarity is that the wind data from the various weather
station (situated at about 5 Km of the site) and the Plaisance weather station
shows that the Plaisance data is representative for this modelling. A wind rose of
the meteorological data for Plaisance station is given in appendix C, showing a

predominantly easterly direction.
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4.4.4 Assumptions

4.5

While running the model, various assumptions had to be made, these include:

1. The topography of the area is such that including it will not result in
significantly higher concentrations than modelling without terrain.

2. The meteorological data for the region is approximately the same as that
of Plaisance region.

3. There is no building downwash around the factories.

4. The model was set for rural setting.

Modelling Scenarios

In order to meet the ambient air quality standards for sulphur dioxide, 4 main
options and their combinations were considered in the modelling exercise. The

table 4.3 below summarises the options considered and the assumptions made.

Table 4.3: Modelling Scenarios

Option Description Assumptions

Raising the stack | The height of the boiler stack | For both case study
Heights plays an important role in | different stack height raise
deciding the fate of pollutants | were considered.

emitted from the stacks. The
higher the stack better is the
dispersion of pollutants and

lesser is the impact at ground
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levels.

Implement
Cleaner
Production

options (CP)

These include possibilities such
as improved fuel storage and
preparation, optimized boiler
operations, training of operators,
practicing of heat conservation,
rationalization of  operating

practices, modifying or adding in

more efficient equipments.

An average 30% reduction
in the emission (g/s) in
each case was considered
due to cp for the purpose of
modelling.

This is based on the results
achieved in a factory on the
has

island which

implemented CP options.

CP options lead to
reduction in steam
consumption and
ultimately in fuel
consumption.
Installation of a | Wet scrubber is emission control | Typically wet scrubbers
wet scrubber | options that captures the gaseous | have efficiency ranging

equipments on the

boiler stacks.

pollutant such as SO2 into liquid
and intercept the particles, thus
emissions

cleaning the

effectively that leave the stacks.

from 70% to 90%. For this
modelling  exercise a

removal efficiency of 80%

was assumed.

Construction of a

Common Heat

A CHP will cater to the steam

and power requirements of all

A CHP stack  was

considered to replace the
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Power (CHP) | industries and could reduce the | stacks of the four stacks to
system.(only for | emissions substantially. be modeled. A 20%
multiple stacks) reduction in the total fuel
consumption is assumed A
CHP is a more efficient
steam generation system

than individual boilers

For the single source case-study, the following scenarios were considered:

1. Base line case, where the stack height is 21 m

2, Increasing the stack height to 30m

3. Change from a high sulphur content to a low sulphur content fuel

4. Implementation of cleaner production opportunities

5. Installation of a wet scrubber

6. Implementation of Cleaner Production + installation of a wet scrubber

For the multiple sources case-study, the following scenarios were considered:

1. Baseline scenarios with existing stack heights.

2. Increase of stack heights to 20m and 30m respectively.

3. Implementation Cleaner Production opportunities only.

4. Installation of a wet scrubber on each boiler.

5. Implementation of Cleaner Production opportunities + installation of a wet
scrubber

6. Implementing of a Central Heat Power plant
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4.6

7. Installation of Central Heat Power + wet scrubber
8. Implementation of CP opportunities + installation of CHP

9. Installation CHP,CP and scrubber

Cost of Pollution Control Systems

To determine the most cost — effective option, data were collected from
manufacturers and industries on the cost of various pollution control options.

% Change of stack height

An increase of stack height of 5 m cost about Rs 50,000, while a raise of 10m

entails a cost of about Rs 100,000 (1 USD =Rs 32)

¢ Change in fuel

The change of fuel considered is from HFO (1500 Rs) to diesel. The price as at
2005 was as follows:

Cost of fuel HFO (1500s) Diesel

Price Rs/lit 13.50. 19.75

For example, if the case of Transpack industry is taken into consideration , where
the factory consumes 3,600 litres of fuel per day, the fuel cost difference amounts
to Rs 22,500 daily and Rs 675,000 monthly. Together with this, a maintenance
cost comprising of cleaning of tubes, daily cleaning of burner and air duct fans

blocks have to be considered.
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X Introduction of cleaner production
The cost for CP implementation will depend on the individual industries. Based on
data gathered in a few factories on the island which has implemented CP options, the
minimum cost to implement CP is around Rs 100,000.

% Scrubber installation
Typically a wet scrubber for a small capacity boiler stack is about Rs 2.5 million,
with an annual operating cost Rs 100,000.

% Combined Heat and Power (CHP)
Placing a CHP in the middle of industrial estate in replacement of the existing boilers

will cost the industries about Rs 20 million
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5.1

CHAPTER FIVE

RESULTS & DISCUSSION

Predicted concentrations of pollutants for single source case-study

The predicted concentration for the 21m and 30m stack height under different

pollution control options is presented in Tables 5.1, 5.2, and 5.3 and Figures from

5.1to 5.6 and compared with the evaluation criteria. Contour diagrams are

presented in Appendix D and reports for one hour average for the baseline case is

given in Appendix E.

Table 5.1: Predicted sulphur dioxide modelling concentrations for single

source (1 hour average). All concentrations are in pg/m’. Evaluation criteria

=260 pg/m’

OPTIONS STACK HEIGHT 21M STACK HEIGHT 30M
Receptor - 1 Receptor - 2 | Receptor- 1 | Receptor- 2
(Marie (Govt (Marie (Govt
Jeannie) School) Jeannie) School)

Baseline 729 667 508 463

Change in Fuel 552 536 391 379

Implementation of

Cp 501 461 353 319

Implementation of

CP + Change of 382 371 259 254
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Fuel

Installation of

Scrubber

139

133

102

92.6

Installation of
Scrubber + Change

of Fuel

110

106

78.1

78.7

Implementation of

CP+ Scrubber

97.3

93.2

71.0

64.7

Implementation of
CP+ Scrubber +

Change in Fuel

77.4

74.9

54.9

53.0
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Receptor = Government School
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Figure 5.1 — Ambient SO2 concentration at Government school for a stack height 21m & 30m for a time period of 1-

hour average
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Receptor = Marie Jeannie
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Table 5.2: Predicted sulphur dioxide Modelling concentration for single

source (24 hour average). All concentrations in pg/m3. Evaluation criteria =

110 pg/m’

OPTIONS STACK HEIGHT 21M STACK HEIGHT 30M
Receptor - 1 | Receptor- 2 | Receptor- 1 | Receptor- 2
(Marie (Govt (Marie (Govt
Jeannie) School) Jeannie) School)

Baseline 260 223 133 126

Change in Fuel 204 177 111 108

Implementation of

CpP 181 154 91.7 86.8

Implementation of

CP + Change of Fuel 141 122 76.4 74.4

Installation of

Scrubber 51.9 44.5 26.6 25.1

Installation of

Scrubber + Change of

Fuel 40.6 35.3 22.2 21.6

Implementation of

CP+ Scrubber 36.3 31.1 18.6 17.6

Implementation of

CP+ Scrubber +

Change in Fuel 28.5 24.7 15.5 15.1
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Receptor = Government School

Evaluation Criteria
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Figure 5.3— Ambient SO2 concentration for Govt. School for a stack height of 21m and 30m for a time period of 24
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Receptor = Marie Jeannie

Evaluation Criteria
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Table 5.3: Predicted sulphur dioxide modelling concentration for single

source (annual average). All concentrations in pg/m:'. Evaluation criteria =

50 pg/m’

OPTIONS STACK HEIGHT 21M STACK HEIGHT 30M
Receptor- 1 | Receptor- 2 | Receptor- 1 | Receptor -2
(Marie (Govt (Marie (Govt
Jeannie) School) Jeannie) School)

Baseline 59.1 26.9 27.6 11.6

Change in Fuel 47.5 22,9 21.2 12.3

Implementation of

Cp 40.6 15.6 19.4 10.5

Implementation of

CP + Change of Fuel 31.6 15.2 14.6 8.42

Installation of

Scrubber 11.9 5.6 5.62 3.17

Installation of

Scrubber + Change of

Fuel 9.13 4.51 4.32 2.45

Implementation of

CP+ Scrubber 8.30 3.93 3.93 213

Implementation of

CP+ Scrubber +

Change in Fuel 6.38 3.15 2.97 1.71
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Receptor = Government School

Evaluation Criteria
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Figure 5.5 — Ambient SO2 concentration for Govt. School for a stack height of 21m and 30m for Annual average
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Receptor = Marie Jeannie

Evaluation Criteria
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Figure 5.6 Ambient SO2 concentration at Marie Jeannie for a stack height of 21m and 30m for Annual average
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5.2

Predicted concentrations of pollutants for multiple sources case study

The predicted concentrations under different pollution control options are

presented in Tables 5.4 to 5.6 and the figures 5.7 to 5.9 and compared with the

Evaluation criteria. The contour diagrams are given in Appendix D and reports for

one hour average for the baseline case is given in Appendix E.

Table S5.4: summary of results of sulphur dioxide modelling for multiple-

source (1 hour average). All concentrations in pg/m’. Evaluation criteria =

260 pg/m’

OPTIONS BASELINE All stacks at 20m All stacks at 30m
Site 1 | Site 2 Sitel Site2 Sitel Site2

Baseline value 637 556 323 318 171 69.5

Change of fuel 443 397 231 199 106 49.5

Implementation 434 367 226 195 104 48.6

of CP

Implementation 310 278 161 139 74.1 56.0

of CP + change of

fuel

Installation of 116 106 62.7 55.0 33.8 12.8

scrubber

Installation of 85.7 76.4 44.4 38.4 21.5 16.0

scrubber+ change

of fuel

CP + Scrubber 24.5 21.9 12.5 11.0 5.93 2.74

CP + Scrubber + | 16.2 14.4 8.88 7.69 3.34 1.91

change of Fuel
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Table 5.5: summary of results of sulphur dioxide modelling for multiple-

source (24 hour average). All concentrations in pg/m3. Evaluation criteria =

110 pg/m’
OPTIONS BASELINE All stacks at 20m All stacks at 30m
Site 1 Site 2 | Sitel Site2 Sitel Site2

Baseline value 154 117 84.7 42.9 30.2 15.5
Change of fuel 112 103 65.7 30.6 26.2 11.1
Implementation 100 78.9 56.6 30.0 21.2 6.15
of CP
Implementation 78.7 62.4 39.0 21.4 16.5 4.39
of CP + change of

fuel

Installation of 31.1 222 15.4 10.8 5.96 1.73
scrubber

Installation of 19.8 15.5 11.6 5.90 4.31 2.03
scrubber+ change

of fuel

CP + Scrubber 6.22 4.55 3.08 1.69 1.19 0.906
CP + Scrubber + 3.95 3.10 2.15 1.18 0.611 0.242
change of Fuel
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Table 5.6: summary of results of sulphur dioxide modelling for multiple-

. . 3 . . o
source (annual average). All concentrations in pg/m’. Evaluation criteria =

50 pg/m’
OPTIONS BASELINE All stacks at 20m All stacks at
30m
Site 1 Site 2 | Sitel Site2 Sitel | Site2
Baseline value 40.2 16.3 11.2 4.94 2.18 1.71
Change of fuel 31.2 13.6 10.95 4.54 1.61 1.22
Implementation of | 26.9 13.3 9.87 3.21 1.58 1.20
Cp
Implementation of | 19.2 8.6 8.54 2.67 1.13 0.513
CP + change of fuel
Installation of 7.59 3.76 2.20 1.56 0.615 | 0.385
scrubber
Installation of 6.58 2.63 1.54 0.633 0.322 | 0.244
scrubber+ change
of fuel
CP + Scrubber 1.73 0.753 | 0.442 0.181 0.089 | 0.068
CP + Scrubber + 1.21 0.526 | 0.307 0.127 0.062 | 0.028
change of Fuel
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5.3

53.1

Discussion

Comparison of Modelling results with Monitoring Data

Ambient Air Monitoring has been carried out by the Ministry of Environment
using its mobile station only near the two sites at Valentina in March and April

2002 (MOE, 2002). No monitoring data was available for the single-source study.

The monitoring data for the multiple-source case study shows that there is a very
significant increase in the average SO, concentration in Valentina 2 (115 ug/m3)
and Valentina 1 (43 ug/m3) when compared to the upwind background
concentration (3 ug/m3). On 5 days out of the 22 days monitoring period (i.e. on
22 % occasions) the 24-hour air quality SO, standards was exceeded in Valentina
site - 2. 24-hour maximum values range from 150 to 270 ug/m’. Modeled

maximum 24-hour concentrations in this study range from 117 to 154 ug/m3.

On 20 occasions out of the 500 hours of monitoring period, the hourly SO,

concentration standard was exceeded in Valentina 2.
The monitoring and modeled data are therefore comparable in order of

magnitudes and this justifies the use of the modeled data for decision-making

purposes.
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5.3.2 Single source case-study
It may be observed that for the base-case, 1-hour and 24-hour average
concentrations of sulphur dioxide have a high probability of not meeting
standards at the two receptors. The annual average concentrations are however

below the standards with the exception of receptor 1.

Raising the stack height to 30m does not resolve the problem although there is a
significant decrease in the concentrations of SO,. CP options alone or change in

fuel alone also are not enough to resolve the problem.

The installation of a wet scrubber is found to be very effective, although it is
initially an expensive option for the factory. Similar results are obtained if a
change of fuel and CP options are pursued. Pollution control method to be
selected by the factory would depend on the cost- benefit analysis of these two
options and the initial investment involved and availability of funding. Table
5.10 below gives an estimated capital and operating cost of pollution control

measures for the single source case study.
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Table 5.7: Estimated cost of pollution control options for single source

Options Capital Cost Operating
(Rs) cost/year (Rs)

Increase of stack height from 21m | 100,000 -

to 30m

Change in Fuel 200,000

Implementation of CP 100,900 10a,000

Implementation of CP + Change of | 100,000 600,000

Fuel

Installation of Scrubber 2 it 208,000

Installation of Scrubber + Change | 2.5 million 700,000

of Fuel

Implementation of CP+ Scrubber 25 million e

Implementation of CP+ Scrubber 2.6 million 800,000

+ Change in Fuel

If the factory considers the option of keeping the stack height to 21m, followed by
implementation of CP and change of fuel, the capital cost involved is reasonable
and can be met by the factory itself. However, the yearly operating cost is high
and would tend to increase with rising oil prices. On the other hand, for the
installation of a wet scrubber the factory will most probably need to take a loan

from a bank.
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5.3.3 Multiple source case-study
It will be observed that for the base case, 1-hour and 24-hour average
concentration of sulphur dioxide has a high probability of not meeting standards
at the two receptors. The annual average concentrations are always below the
standards. Raising the stack to 20m does not resolve the problem while raising it
to 30m is effective. Options like change of fuel alone or implementation of CP on
the base case are not enough to resolve the problem and though there is a
significant decrease in sulphur dioxide concentration yet there is a high

probability of not meeting the standards.

An increase of stack height to 20m, followed by change of fuel is found to be an
effective option; however similar results are obtained if only the stack heights are
raised to 30m. This is the most cost effective option but the concentration of

sulphur dioxide can further be decreased if implementation of CP is considered.

Change of fuel and installation of scrubbers are expensive pollution control

options in this context. Table 5.11 below gives the estimated capital and operating

cost involved for the multiple source case study.
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Table 5.8: Total Cost of pollution control options for multiple sources

Options Capital Cost Operating
(Rs) cost/year (Rs)

Increase of stack height from | 250,000 -

baseline to 20m

Increase of stack height from | 375,000 -

baseline to 30m

Change in Fuel 1.5 million

Implementation of CP 300,000 300,000

Implementation of CP + 300,000 1.8 million

Change of Fuel

Installation of Scrubber 7.5 million 600,000

Installation of Scrubber + 7.5 million 2.1 million

Change of Fuel

Implementation of CP+ 7.8 million 900,000

Scrubber

Implementation of CP+ 7.8 million 2.4 million

Scrubber + Change in Fuel

CHP 20 million 200,000

The option of a CHP is indeed one of the best options that integrate win-win
situations of saving in fuel consumption and alleviation of high sulphur dioxide
concentration. However, the institutional framework and policies are not yet in

place for the installation of CHPs on industrial estates in Mauritius.
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The modelling also helps in assessing the source contribution of each factory to
the pollution problem in the village. Figure 5.10 gives a diagrammatic

representation of source sulphur dioxide contributions at Valentina village.

SO, source contributions at Valentina Village

Ramdanee
Oils Transpack
11% 10%

Sonia Wear
79%

Figure 5.10: Source contribution at Valentina Village

This source apportionment shows that the focus of intervention of the regulatory

authority should be on the Sonia wear factory.
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53.4

General discussion

< The modelling results show that raising stack heights and changing fuels
as well as implementing Cleaner Production are effective pollution control
options to be considered by industries operating boilers in Mauritius.

% A regulation should be enacted by the Ministry of Environment which
imposes a minimum stack height conforming to Good Engineering
practice (GEP) as well as enabling the Ministry to impose a change in fuel
for a particular factory.

< For implementation of CP, both the regulatory authority and the industrial
sector should work together for capacity building in CP. Simple
measures like improved fuel storage and preparation, trained boiler
operators, heat conservation and modifications and addition of more
efficient equipment must be replicated in the industry.

K4 The MOE should strengthen its enforcement capacity to ensure that the

standards are enforced.
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6.1

CHAPTER SIX

CONCLUSIONS & RECOMMENDATIONS

Conclusions

The aim of this project was to use an air dispersion model for the selection of air

pollution control systems for industrial boilers on the island of Mauritius. The

specific objectives of this study were as follows:

R/
0‘0

9,
L %4

9,
%

9,
%*

To carry out a literature review on the types of regulatory air dispersion
models available and subsequently choose one suitable for the Mauritian
context.

To predict the ambient sulphur dioxide concentration in the residential
areas downwind of a single industrial boiler and downwind of an
industrial estate consisting of multiple industrial boilers using the model
under different modelling scenarios.

To determine the optimum air pollution control system in each case based
on a cost-benefit analysis.

Make recommendations for proper use of Air Quality modelling in

Mauritius

The main conclusions of this study are as follows:

L.

During the last decade there have been an increasing number of
complaints to the Ministry of Environment regarding pollution from

industrial boilers in Mauritius. Industry is under increasing pressure from
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the regulatory authority and from the general public to control the air
pollution from industrial boilers using high sulphur content fuel oil. The
measures taken are usually ‘adhoc’ in nature and there has been no proper
scientific methodology to justify the nature of the pollution control
interventions that need to be taken by the industry. This project aims at
being a scientific approach in the form of an air dispersion model to help
industries (and the regulatory authority) in the selection of the most cost-
effective pollution control options. Air modelling as a planning tool
provides this scientific methodology to industries and the regulatory
authority to select among the possible options such as raising stack
heights, change of fuels, implementing cleaner production opportunities or

installation of wet-scrubbers.

Over the past 15-20 years, the Industrial Source Complex (ISC) model has
been the preferred model for most regulatory modelling applications
around the world. This model is being replaced by the more sophisticated
AERMOD model as the USEPA’s preferred model for regulatory
applications in the U.S. The AERMOD model is however quite complex
and requires a lot more inputs (especially advanced meteorological and
terrain data) that would be difficult for Mauritius to apply. Given the
limitations regarding the availability of met data, for most applications, a
steady state Gaussian dispersion model such as ISCST is suitable. This

model enables a number of different source configurations to be assessed
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and can incorporate simple terrain and building wake effects. There is a
movement towards more sophisticated and more accurate model s but this
movement is not without its drawbacks, most notable the requirement for
much more robust meteorological data to improve the accuracy of model
predictions. Given such constraints, it is recommended to start using
established and simple modelling methods as the complexity of the more
refined models requires a relatively long learning curve to be able to use
the model correctly. Simple models such as Industrial Source Complex 3
(ISC3) have a relatively good history for regulatory applications and their

strengths and weaknesses are well understood.

The application of the ISCST-3 model to a single-source case study
showed that for the base-case, 1-hour and 24-hour average concentrations
of sulphur dioxide have a high probability of not meeting standards at the
two receptors. Raising the stack height to 30m does not resolve the
problem although there is a significant decrease in the concentrations of
SO,. CP options alone or change in fuel alone also are not enough to
resolve the problem. The best option is raising the stack height to 30 m
and either a change of fuel and implementing CP or an investment in a

wet-scrubber system.

The application of the ISCST-3 model to a multiple sources case study

showed that by increasing the stack heights of all factories to 30 m the
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problem can be resolved cost-effectively. Implementing CP options will
further decrease ambient concentrations. A source apportionment
identified that one factory was responsible for 79% of the ambient levels

and will need to be closely monitored by the regulatory authority.

The regulatory authority need to review the current standards to include a
regulation on stack height as well as to enable it to mandate a change of
fuel if need be. Also, there is a need for capacity building on cleaner

production opportunity assessments for industrial boilers in Mauritius.

This study has shown the applicability of an air dispersion model in
determining the most cost-effective pollution control option for industrial
boilers in Mauritius. The regulatory authority and the industry need to use
this scientific tool in devising pollution control strategies in all industrial

estates around the island.

6.2 Recommendations for Effective Air Quality Modelling in

Mauritius

\/
L %4

An Air Quality Modelling Guideline needs to be developed by the
Ministry of Environment to ensure consistency in the use of dispersion
models for regulatory applications in Mauritius. The objectives of the
guidelines are to provide for uniform benchmarking and detail the required

content of assessments that are submitted to the Ministry. These guidelines
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would set out guidance on appropriate models and technical methods as
well as the information required to demonstrate that a source meets the
ambient air quality standards. These guidelines will be particularly useful
for preparing and reviewing EIAs with illustrative on “do’s” and “don’ts”

and solved problems.

The Ministry of Environment and the Meteorological Services (together
with other appropriate stakeholders such as research institutions) should
work closely together to design an appropriate format of meteorological
data to be used as input to Air Quality Modelling software. About 5
regional stations representing typical climates in Mauritius need to be
selected and at least one year data from these stations need to be put in the

appropriate format to be used by modellers.

Capacity need to build within the Ministry of Environment. At least 2
modellers would have to be trained so that they are able to run the data
provided by project proponents on ISC and check that the results
submitted by proponents conform to source data. (The Ministry could

request that the “. IMP” file be sent along with the modelling report).

There is a need to establish and rationalize air quality and meteorological
monitoring network. The Environment Impact Assessment Division and

the National Environmental Laboratory should work closely so as to
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regularly calibrate the model with actual monitoring data. Pilot model
applications would need to be run, together with planned monitoring of

isolated stacks to assess the calibration.

As the Ministry of Environment gathers experience in the application of
ISC air quality modelling, other more specialized models applicable to
specific circumstances such as AERMOD, CALPUFF, and ADMS
(Advanced Dispersion Modelling System) could be probed into in the

medium term

6.3 Recommendations for Further research

0.
L X4

K/
L X4

K/
L4

A scientific method needs to be developed based on modelling studies to
help in deciding the most appropriate stack height for a factory for a given
level of emissions. This method can be part of the regulation for a
minimum stack height.

ISC should not be used in cases of shoreline fumigation. Given that
Mauritius is an island, there are cases of shoreline fumigation from
industrial and power-plant emissions. More research on shoreline
fumigation cases and exposure assessment need to be carried out.

Source apportionments need to be carried out in all industrial estates and
traffic hot spots to enable the Ministry of Environment to focus its

interventions
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There is a need to undertake similar modelling studies for major traffic

junctions and Develop/adapt emission factors for vehicles.
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Recommendations for
Department of Environment,
GoM

On
Air Quality Management

Action Points: Immediate basis

Develop air quality modelling guidelines for
preparing and reviewing ElAs with illustratives

L )

on “do’s” and “don’ts” and solved problems

Build capacity within DoE, select
academica/research bodies and private sector
on application of air quality models on this basis

Establish/rationalize air quality and
meteorological monitoring network




Action Points: Medium term basis

Sponsor pilot modelling studies (including
monitoring) for major traffic junctions and
industrial estates

Develop/adapt emission factors for
vehicles and major industrial sources

Undertake pilot regional studies for
applying models to take decisions

Action Points: Long term basis

Establish based on regional studies, air
quality planning guidelines

Focus on select research topics such as
shoreline fumigation, exposure
assessment

Set up twinning arrangements on
modelling
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Fuel input for electricity production, (Energy unit), Republic of Mauritius, 1996-2005

Thousand tonnes of oil equivalent (Ktoe)

Fuel 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
(Island of 139.6 154.4 169.0 183.1 164.5 173.8 167.9 192.1 206.7 201.7
Mauritius)

Fuel oil

Diesel oil 2.2 2.3 2.6 3.1 2.9 2.6 2.8 2.4 2.4 1.9
Coal 4.1 11.4 27.6 69.5 141.7 169.5 177.9 178.0 164.4 211.2
Final energy consumption by sector and type (physical unit), Republic of Mauritius, 1996-2005

Sector Unit 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Manufacturing | tonne | 36,590 | 39,518 [ 42,774 | 45,150 | 49,000 60,630 | 61,439 | 55,615 | 49,857 | 46,763
Fuel oil

Diesel oil tonne 23,367 | 26,622 | 30,233 | 32,650 | 41,600 37,533 | 37,406 |41,273 | 43,372 | 41,127
Coal tonne | 33,727 | 27,242 | 25,713 | 24,490 | 24,464 [25781 | 25888 |29,000 | 24,220 23,162
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Final energy consumption by sector (Energy unit), Republic of Mauritius, 1996-2005

Thousand tonne of equivalent (Ktoe)

Sector 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Manufacturing | 292.2 311.8 299.3 240.2 249.9 262.4 249.2 262.3 259.3 248.6
Transport 285.5 2914 309.2 326.0 355.9 372.3 364.1 390.2 408.7 418.6
Household | 84.2 86.9 89.8 92.0 99.2 101.8 102.8 107.0 111.0 115.5
Commercial | 26.0 29.1 323 34.1 36.9 40.8 41.7 47.7 51.5 55.7
And

Distributive

Trade

Agriculture | 3.9 3.9 4.4 43 4.8 4.8 4.8 4.8 4.4 4.7
Other (n.es) | 1.4 1.5 1.6 1.8 2.3 23 24 2.9 3.2 3.1
and losses

TOTAL 693.1 724.5 736.6 698.3 749.0 784.4 765.1 814.9 838.1 846.1
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Percentage share of final energy Consumption by sector, Republic of Mauritius, 1996-2005

Sector 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Manufacturing | 42.2 43.0 40.6 33.4 33.4 33.5 32.6 32.2 30.9 29.4
Transport 41.2 40.2 42.0 46.7 47.5 47.5 47.6 47.9 48.8 49.5
Household 12.1 12.0 12.2 13.2 13.2 13.0 13.4 13.2 13.2 13.6
Commercial | 3.8 4.0 4.4 4.9 4.9 52 5.5 5.9 6.1 6.6
And

Distributive

Trade

Agriculture | 0.6 0.5 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.6
Other (n.e.s) | 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.4
and losses

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Plaisance Monthly Mean, Maximum and Minimum temperatures

Month Maximum Minimum Mean Temp
Temp ("C) Temp ("C) 0)
January 29.3 22.5 25.9
February 29.3 22.7 26.0
March 28.9 22.5 25.7
April 28.1 21.3 247
May 26.3 19.7 23.6
June 25.0 18.3 21.7
July 24.1 17.8 21.0
August 23.7 17.4 20.6
September 24.6 17.7 212
October 259 18.6 25.6
November 27.6 20.1 23.6
December 28.6 21.5 25.2
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Contour diagram for 1 hour average with a stack height of 21m
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Concentration
(micrograms/m**3)

B 2745
B 259.8
B 245.1
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4 127.4
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Contour diagram for 24 hour average with a stack height of 21m

Key Estimated Ambient SO, concentrations in ug/m’
Receptors Concentrations

Marie -Jeannie 260

Government school 223
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[ ALL, ANNUAL Average |

Concentration
(micrograms/m**3)

B 625
B 59.2
B s5.8
B 525
B 49.1
W 458
424
B 391
B 357
M 324
B 29.0
B 257
B 223
& 190
Il 156

Contour diagram for annual average with a stack height of 21m

Key Estimated Ambient SO, concentrations in pg/m’

Receptors Concentrations

Marie -Jeannie 59.1

Government school 26.1
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Contour diagram for 1 hour average with a stack height of 30m with implementation of

CP and change of fuel

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 259

Government school 254
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Contour diagram for 24 hour average with a stack height of 30m with implementation of

CP and change of fuel

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 76.4

Government school 74.4
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| ALL, ANNUAL Average ]

Concentration
(micrograms/m**3)

B 197
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B 180
- RIA
B 162
_ | B 154
TstAcKt B 145
’ | 1386
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B 1.9
B 1.0
B 101
| K
Bl 84
W5
W 67
. | | @ 58
s - | I 409

Contour diagram for annual average with a stack height of 30m with implementation of
CP and change of fuel

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 14.6

Government school 8.42
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Contour diagram for 1 hr average with a stack height of 30m with installation of Scrubber
Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 102

Government school 92.6
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Concentration
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VS e
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[ 84

Contour diagram for 24 hr average with a stack height of 30m with installation of
Scrubber

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 26.6

Government school 251
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Contour diagram for Annual average with a stack height of 30m with installation of

Scrubber

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Marie -Jeannie 5.62

Government school 3.17
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Contour diagram for 1 hour average (on baseline) for multiple source case

Key

Estimated Ambient SO, concentrations in pg/m’

Receptors

Concentrations

Valentina site 1

637

Valentina site 2

556
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Contour diagram for 24 hour average (on baseline) for multiple source case

Key Estimated Ambient SO, concentrations in pg/m’
Receptors Concentrations

Valentina site 1 154

Valentina site 2 117
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| Concentration |

(micrograms/m**3)

W s5.1
W 527
B 50.3
W 478
B 454
B 430
| 405
i 381
W 357
M 332
B 308
W 284
M 26.0
| 235
W 211
W 187
I 16.2

I 138

Contour diagram for annual average (on baseline) for multiple source case

Key Estimated Ambient SO concentrations in pg/m’

Receptors Concentrations

Valentina site 1 40.2

Valentina site 2 16.3
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Contour diagram for 1 hour average for a stack height of 30m
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ur Average 1st ngh

R
_ Concentration
(micrograms/m**3)

Bl 598
B 571
B 545
B 518
B 492
B 466
B 439
B s3
B 387
B 36.0
B 334
B 308
B 28.1
B 255
B 228
[ 202
I 176
B 149

Contour diagram for 24 hour average for a stack height of 30m

Key Estimated Ambient SO, concentrations in pg/m’
Receptors concentrations

Valentina site 1 30.2

Valentina site 2 15.5
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[ ALL, ANNUAL Average |

Concentration
(micrograms/m**3)

B 5o
Hs7
X
A
W 49
W 48
| KX
| KN
B 3s
B 36
B 33
B 30
B 28
M 25
B 23
| 20
Il 1.7

@15

Contour diagram for annual average for a stack height of 30m

Key Estimated Ambient SO, concentrations in pg/m’
Receptors concentrations

Valentina site 1 2.18

Valentina site 2 1.71
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RE
RE
RE
*x
RE
+* %k
RE.
| ME STARTING
‘ME
ME
ME
ME
ME
ME

CO TITLEONE
*CO MODELOPT
. CO AVERTIME
POLLUTID
‘ TERRHGTS
CO RUNORNOT
CO'FINISHED

QaQ
[e}e]

‘ SO STARTING
/| SO ELEVUNIT
SO LOCATION
SO SRCPARAM
SO SRCGROUP
. SO FINISHED

CO STARTING

ISCST3X PC (32 BIT) VERSION 4:0.1 .
(C) COPYRIGHT 1991- 2002, Trlnlty Consultants

Run Began on’ 7/24/2007 at 11:30:36

single source Alcodis LTD.
‘DFAULT, CONC -RURAL

1 ’ 4

OTHER

FLAT

RUN

METERS -
STACKL POINT. 0.0 0.0 0"

RE STARTING

RE GRIDCART
GRIDCART
GRIDCART

DISCCART -

RCPDESCR
_ DISCCART
RCPDESCR

STACK1- 1.946000E+01 21 373. 15 6 0:955

ALL LT o
GRD1 STA 0 _ e : :
GRD1 XYINC -1000.0 21 ‘100.0 =-1000.0 21 100.0
GRD1 END . ' ' '
-395.0 - -84.0

‘marie-jeannie
-438.0  -266.4 -
'school

FINISHED

' ANEMHGHT
SURFDATA
UAIRDATA
STARTEND
FINISHED

OU' STARTING
| OU RECTABLE
| OU MAXTABLE
| OU FINISHED

** PROJECTN
‘+* TMAGE2
** QUTFILE
** RAWFILE

** RAWEMT 2
- %% HILLBOUN

. '***********

" xxx SETUP F

»Jl AL ISCST3

: 07/24/07

'11 30:36

I **MODELOPTS :
PAGE -1
CONC -

**Intermedl

--**Model Is

INPUTFIL

10 " METERS.

61990 2002

61990 2002 o ; :
2002 01 01 1 2002 12 31 24

1 FIRST
1 25

0104 7.-177 0 0. 9996 500000 a = : "3
nC: \DOCUMENTS AND SETTINGS\METRAMEN\DESKTOP\MAP REDUCE TAB™
"c:\Documents: and. Settings\metramen\My ‘Documents\Aruna\testal.LST"
"G:\Documents. and Settings\metramen\My Documents\Aruna\testal.RAW"

0000

************************' 2

inishes Successfully ***

’ | *********************************** f

- VERSION 02035 ***_‘vf*4? “single source Alcodis LTD

Sk

ate Terraln Proc9551ng is Selected

Setup For Calculatlon of Average CONCentratlon Values

-= SCAVENGING/DEPOSITION LOGIC ==
**Model Uses - -NO DRY DEPLETION. DDPLETE
+*Model Uses -NO.-WET: DEPLETION.‘ WDPLETE =

- **NO. WET SCAVENGING Data-‘Provided. )
. **NO .GAS DRY DEPOSITION Data Provided.
.-**Model Does NOT Use GRIDDED TERRAIN Data for Depletlon Calculatlons

*% BREEZE ISC GIS Pro v4.1.4 -.C: \Documents and Settlngs\metramen\My Documents\Aruna\testal dat
** Trinity Consultants

"C: \DOCUMENTS'AND SETTINGS\METRAMEN\DESKTOP\PLAISANCE MET 'DATA.ASC. TXT".“

EE S

ek ke



St L s
Buoyancy—lnduced Dlsper51on.

Use Calms..Processing Routine.

Not 'Use: M1551ng Data Processing Routlne.

~Default Wind Profile Exponents.

Default, Vertical Potential Temperature Gradients.
"Upper-Bound" Values for Supersquat Bu1ld1ngs.

No Exponential Decay for RURAL Mode

WO~y W
P . .

**Model Assumes Receptors on FLAT Terraln.

**Model Assumes No FLAGPOLE Receptor Heights.

**ModeI'Calculates: 1-Short Term Average(s)“of: ifHR

**This Run Includes: and .’

1 Source(s);' 1 Source Group(s))_

**The Model Assumes A Pollutant'Type'of' OPHER

**Model Set To Contlnue RUanng After the Setup Testlng.

**Qutput Optlons Selected:

443 Receptor (s)

. Model Outputs Tables of nghest Short Term Values by: Receptor (RECTABLE Keyword)
i- Model Outputs Tables of Overall Max1mum Short Term Values (MAXTABLE Keyward)

f**NOTE: The Following Flags May Appear Follow1ng CONC Values-

b for Both
(**Misc;'lnputs: Anem. Hgt. (m) 10.00 ; Deeay Coef. = ‘;Q,OOOO
i Emission Units = GRAMS/SEC AE 0 . .
0.10000E+07 5
| ' Output Units = MICROGRAMS/M**B

‘**ApproY1mate Storage Requ1rements of Model "1.2 MB'of RAM.

;**Input Runstream:File:

| **Qutput Print File:

h *** ISCST3 -~ VERSION 02035 ***
07/24/07

ek 51ngle source Alcodls LTD
: *-Aﬂ.k‘ ‘ .

11:39:36

| **MODELOPTS : '
PAGE 2. g . :

. CONC . RURAL FLAT DFAULT

© " . NUMBER EMISSION RATE BASE . -STACK.
SOURCE
VARY

PART. (GRAMS/SEC) X == ¥ . ELEVa‘

(METERS) (METERS) (METERS) (METERS)

0.0 0:0 " 0.0 21.00

i STACKL 0 ' 0.19460E+02
SRR 51ngle source Alcodls LTD

I *** ISCST3 ~ VERSION 02035 ***
,07/24/07 D
; *xk
12:30:36. .
l**MODELOPTs.
PAGE " 3.

, CONC RURAL ‘FLAT " DFAULT -

STACK
' HETGHT - TEMP.
(DEG X

+i373,15 - ° 6

oo for Calm Hours
‘m-for Missing Hours

Calm and M1551ng Hours

e Rot. Angle = 0.0
i~ Emission Rate Unit ‘Factor =

C: \DOCUMENTS AND SETTINGS\METRAMEN\MY DOCUMENTS\ARUNA\TESTAI DAT
C: \DOCUMENTS AND SETTINGS\METRAMEN\MY DOCUMENTS\ARUNA\TESTAI LST

* ok d

L ekk

| *%% DOINT SOURCE DATA *++

STACK STACK' - BUILDING. EMISSION

fEXiT'VEL._DIAumer EXISTS . SCALAR

(M/SEC) (METERS)

Jk

S ek

! e D SRR T f o SOURCE IDs DEFINING SOURCE 'GROUPS: ##%.

‘ GROUP 1D SOURCE IDs

ALL. STACKl :
flo¥%* ISCST3 = VERSION 02035° R
07/24/07 ; ] _ . n

“4*% single source Alcodis. LTD

Ckkw -

“11 30 36, :

. **MODELOPTS.
PAGE 4.

] lalg e DITMAT i:jr am y _ﬁvpu'rrm

B .

*kk



\ y . ~ TN WAL LU UL v -

-900.0,;

4 ~ -1000.0, -800.0,
\ 0.0, 100.0, 200.0,
‘ . © 1000.0, v S
:'-1000.0, . .-900.0, --800.0, -
‘ A 100.0; -200.0,”
‘ 1000.0, ’
.1 *%% TSCST3 - VERSION 02035 k% - kk¥
07/24/07
4 de
11:30:36" !
f **MODELOPTS :
[PAGE = 5 R
CONC RURAL " FLAT
1
\
|-
| (/. =395.0, -84.0; 0.0,
D000000000000000000000 .
1 #%* TSCST3 - VERSION 02035 *** k%
-07/24/07 .
fdkekk
h1 30:36 - §
_**MODELOPTS :
PAGE 6 i S
'RURAL. FLAT.

'{chcr

[ oy et ~ % SOURCE-RECEPTOR

DULLOUNN . L L. ONLpLAnL

Kk Yo COORDINATFS OF GRID: **+.

(METERS) *
~700.0, -600.0, =500.0, -400.0, -300.0,
300.0, 400:0, -500.0, 600.0, 700.0,
+%% Y-COORDINATES OF GRID ***
' "(METERS) °.~ -
~-700.0, ~600.0, . -500.0, - -400.0, -300.0,
.300.0, 400.0, 50070, 600.0, 700.0,
slngle source. Alcodls LTD
" DFAULT
*i¥ DISCRETE'CARTEsiAN RECEPTORS ***
- (X-COORD, " Y-COORD, “ZELEV, * ZFLAG)
(METERS) ;
0.0);. - .. (" ~-438:0,  -266.4, 0.0,

~ single sourcée Alcodis LTD.. -

DFAULT

COMBINATIONS FOR WHICH CALCULATIONS ‘MAY: NOT

LESS THAN 1.0 METER OR 3*ZLB IN DISTANCE OR WITHIN OPEN PIT:SOURCE

J P S B S & 4

oy RECEPTOR LOCRATTON -~ = . o

l~ s A ¢ he - ‘»soURCE DISTANCE.
7 : ID - ‘¥R (METERS) . YR (METERS)v | (METERS)
; e ‘ s STACKl L d(d o 0.0 0.00
1 ok ISCST3. - VERSION 02035 R sihgle,soufcelhlcddis”LTD.- :
'~07/24/o7 ' ; o : B
% . **1_\—
11:30:36" :
| **MODELOPTs:
PAGE .7 ’ R R ; C
CONC CRURAL FLAT . DFAULT
- ‘*f*,METEOROLOGICAL DAYS SELECTED FOR PROCESSINGi
i i, X i__(1 =YES; " 0=NO) - :
i T S T I i B S S A R I B O L O 1 P _ 1111111
1°1 o 3 55,
s 11 ¥ r14rirl 1111121193124 11133341 1171 1 11
; 101 LI AT 1 14010408 10401 1,111, 172 1.1 1201
11 S - S ool L
P 11 14177 19110 11 11 19011 1ol E DL 1 211 T4
11 SR ; I
: 1911 11 19l 5171471241101 .4'11°31°7 1511010 21,1111
1 1. v‘ : P
A 11.11111171°.7111111111 1111111°111 1111111
11" G F e gl b e B e g T A
L FIEE G O o o A S B EF A O 0 T T 0 OF: A i i o0 ol T 0 e I MR B B0 B I
£+ etazerl b U AR L e B e R o A e P _
: 11211111111 111111 ) S .
' ~METE6R0LOGICAL DATA PROCESSED BETWEEN START DATE 2002 1 1 1°
R o, AND END' DATE 2002 12 31 24
W . . 7 NOTE: * METEOROLOGICAL DATA ACTUALLY PROCESSED WILL ALSO DEPEND ON WHAT Is

METMTDO (oTeY: e

k. *.* s

INCLUDED IN

BE PERFORMED * -

-200.0, -100.0,
800.0, 900.0,
-200.0,. -100.0,
800.0; 900.0,
ke,
T
0.0):
;***
Tkk
kR

* k%

THE ‘DATA . FILE.

JUPPER BOUND OF FIRST_THROUGH FIFTH WIND SPEED CATEGORIES >k



FILLINL LAINUL L L LYY L O

y : STABILITY RSP " WIND SPEED CATEGORY

CATEGORY . 1 .2 A 3 g - s 6
{ A - <70000E-01 . °:70000E-01 - .70000E-01 .70000E-01" .70000E-01 -70000E-01
f B -70000E-01 .70000E-01 .70000E-01 .70000E-01 . .70000E-01 .70000E-01
c ~10000E+00 - .10000E+00 -.10000E+00 .10000E+00 -10000E+00 - .10000E+00
D ©* ©15000E+00 -15000E+00  .15000E+00 .+15000E+00. .15000E+00 - .15000E+00
l ? .35000E+00 ~35000E+00 *  .35000E+00 . .- ' .35000E+00 .35000E+00 ~35000E+00

[ . F?SOOOEfOO -55000E+00 “;.A.55000E+00'-' ;55000E+00 - .55000E+00 ' .55000E+00

m R 3 ’ ; FooE ek VERTICAL POTENTIAL TEMPERATURE GRADIENTS ek
[ . : : . i ] o (DEGREES KELVIN PER METER) =~ -

STABILITY e . . WIND SPEED"CATEGORY

1 , CATEGORY. ,'.'*1-’f ¥ 2 R sy SRR L ) g
I . o “A. - ~00000E+00" '.oooooz+oo . " -700000E+00 - ~;00000E+oo .00000E+00 .00000E+00
‘B .00000E+00 ° ~ ".00000E+00 '~ .Q0000E+00 . .  ~.00000E+00 . .00000E+00 ~.*.00000E+00
: o ~.00000E+00.* ~~ .00000E+00 - "~ .00000E+00" - ' .00000E+00 ~00000E+00" - = .00000E+00
A D Z00000E+00 <00000E+00. .00000E+00 - .00000E+00 ... .00000E+00 - .00000E+00
l “E: ..20000E-01 +20000E-01" -.20000E-01 © .20000E-01 .20000E-01" .. .20000E-01
‘ F. .35000E-01"  .35000E-01 . .35000E+ -0 .. .35000E-01 .35000E-01. = .35000E-01
1wk ISCST3 - VERSION 02035 Thdkde ek 51ngle source: Alcodls LTD - e . R . o dhd
07/24/07 £ s . . _ : R ' ' S
* X A 5 ) f k Tk
111:30:36 Tl ' ' o ' '
| **MODELOPTS: -
PAGE 8 . ) : .
_ CONC ' . ' RURAL FLAT -~ - DFAULT

***'THE'FIRST‘~24?HobRs OF‘METEOROLOGICAL‘DATA o

1: 2 FILE: ~'C: \DOCUMENTS AND SETTINGS\METRAMEN\DESKTOP\PLAISANCE MET DATA ASC TXT
’ VV'FORMATﬂ (412,2F9.4,F6. 1,12,2F7.1,£9.4,£10.1,£8.4,14,£7.2) : s L
SURFACE STATION NO.': .61990. ] UPPER AIR STATION NO.:’ '61990.

NAME..UNKNOWN . ; : 'NAME : UNKNOWN
YEAR: 2002 - . - ) L 5 YEAR' - 2002

| ' FLOW ~SPEED- TEMP..STAB MIXING HEIGHT (M)-. USTAR M—O LENGTH = 2-0 IPCODE.PRATE
" YR MN.DY HR VECTOR (/S) ' (K). CLASS RURAL - URBAN. (M/S) o o (M) ©(mm/HR)

02 0101 01 91.0 1.03 295.9 180.6 729.2 . 0.0000 0.0000

4 0.0 ( 0 . 0.00
02 01 0102 238.0 4.12 295.9 -4  --1371.6 '1814.4° . 0:.0000 0.0.. 0.0000 0 0.00.
02 01 01 03 -134.0° 2.06..295.4 -4 575.7 :1026.8. - 0.0000." 0:0. 0.0000° 0 0.00
| 02 01 01 04 133.0 . 1.54:°295.4 4 270.9 '1026.8 ©0.0000% 0.0 0.0000 "0 - 0.00
[ 02 .01 0L 05 7133.0 ~ 1.54°.295.4" *5 69.7 . 483.7 ' 0.0000 0.0 0.0000 0. ..0:00
/02 01 01 06 132.0 1.54--295.4° & . - 69.7 -483.7 0.0000, 0.0 -0.0000 -0 .0.00
© 0201 01 07° 145.0 . 1.54. 295.9 *. 5 69.7 . 467.1  0.0000 0.0 -0.0000 0 0.00
© 02-01°01° 08 133.0 1:54°°296.5° & 69.7 466.8 " 0.0000 0.0.-0.0000 ~.0:" 0.00
| 027010109 177.0 1.54 '298.1.° 5 - '69.7 466.1 .-0.0000." - 0.0 0.0000 -0 0.00
| .02 01. 01710 . 211.0°  3.09.7299.8 'S 407:5-° 624.2 .. 0.0000" 0:0 -0.0000 0 '0.00
02 01 01.11.234.0 *3.61_300.4_ 4  1180.4° 1568.5 "~ 0.0000 "  .0.0 0.0000 -.0- 0.00. . - °°~ el
.02 01 01 12 ~206.0  4.12° 301.5 -4 . 1373.0.1815.8° 020000 " " 0.0" 0 00007 <50 +--02 00 oo e e
02 01 01 13 ,233.07 4.64° 302.0 . 4  -1562.4 '2060.1 ° '0.0000 .- 0.0 0.0000 0 0.00 - i
[-02'01 01 14 ~239.0. 4.12:+-302.6 4 1373.3 . 1816.0 _ - :0.0000- 0.0 0:0000 . 0  0.00
) 02 01 01 15 242.0° " .4.12°:302.6 -4  1458.5 '1898.0. ~0.0000. 0.0 0.0000 -0  .0.00 -
£ 02 01 01 16° 244.0.. 2.06 300.4 4 ' -887.9 1072.8 - 0.0000  :-- 0.0 "0. 0000 0. 0.00- -
.02 01°°01 17 .251.0.. 3.61 -300.9 . 4" 1441.9° 1734.4 . .0.0000° 0.0 0.0000.° 0 -0.00 .
02 01 01 18 '257.0 4.64 -301.5 4  -1730.8, .2197.4- . 020000 " - 0.0 0. 0000: -0 0.00:
02 01 01 19 264.0 0.00 :297.0 . 4 _° .813.6 _ 828.7 .. 0.0000:. - - 0.0 0.0000. .°0" 0.00
L 02 01 01 20 207.0° ‘4.64 296:5 4 1698.8 . '2171.7. © 0.0000 . +.0.0. 0.0000 - 0 . -0.00
0201 01.21 180.0 . 2.06 ..295.9 3. -1253.3" 1357.0.  0.0000 =~ 0.0 0.0000" 0 0.00
| 02 01.01.22 222.0 . 3.09. 295.9 '3 1582.1 1773.4:- 0:0000.~ 0.0 -0.0000°. 0 0.00.
| .02 01 01 237 180.0- °1.03 -296.5. ‘4. 1116.3 ‘1 1065.7 .0.0000 "7.0.0 '0.0000 70" 0.00
0201 01 24.-180.0 . 1.03 296.5 -4 .. 1141.1 1081.0 0:0000; . ..-0.0 "0.0000 "0° .0.00
#%% NOTES: STABILITY CLASS 1—A, 2= B, 3= c 4=D, 5=E AND 6=F..
PPN " FLOW.VECTOR IS DIRECTION TOWARD WHICH.WIND IS BLOWING.. :
c1 Rxx ISCST3‘— VERSION 02035 Sk ekk 51ngle source Alcodls LTD el L2 S . : ; ke
111:30:36 =
**MODELOPTS: ™
CPAGE - 9

| feowe’ " 7" RURAL FLAT. . ¢ . DFAULT.



Y-COORD |
(METERS) |
-600.00

1000.0 |~ 436.78943
1442.60666.(02042901)
900.0- |
558.77039 (02031620)
. 800.0 | 466. 14569
-557.49231"(02060418) :
700.0 .| .. .437.55252
554.42529 (02022116)
.- 600.0 | -
603. 13202 (02112818)
.~ .7500.0 |
573.23743 (02121618)
: 400.0 | ~ - 503.20377
'1608.05194 - (02042220) .
... 300.0 | -- 521.78174
1642.99249 (02050316)
200.0 |
1 665.54535 (02012824)
' 100.0 | . 551.66943
|654.53967.(02121623)
© 0.0
679.99713. (02010620) _
Y -100.0 | . 561.32941
‘650 49286 ..(02052823)
=200.0 |
633.15643 (02102124)
;1 =300.0) '543.50647
606.27362. (02012701)
~400.0 | 532.34869
519 66174 (02022701)
" -500.0 |

)

|560.7.9596. (02032301)

| . -600.01

'503.69406(02122216)
. =700.0 [~

545.34552 .(02032223)

- -800.0 | -

1495.04156 (02032223)

. =900.0 [  '349.82202

474.00766 (02042019)

| =1000.0 |~ 320.77539.

-1000.

342.81097 .

459.41757
:472.45093
'559.52380
| 553.12555
'552.99310
'540.71588"
502.78622

.525.06091.

473.71869.

00

(02112818)

(02092520) -

.(02121618)

'(02970607);

(02102016)
(02081819)

(02121703)"

102073123).

(02012702)

‘(ozoiqzzof

(02121109).

‘(02020202) "
'(oéo4zooz)>
,kq§162201)*
(02022702)
k0é1212§31
xbzosoadr;‘
(02032302)"
(02010219)'

102120309)

(62122216)

- 490.32623
. 523.92395
513.00293

' . 538.99573"

566.17511

572.29645
'568.89966
. 530.53503

" 358.68863

IvuLderuauL Le UL

** CONC OF OTHER

1456.94257 (02022116)

479.21195~(02112818)

397.86920.

(02071924)
534.37335
557.28705 (02110801)
(02121701)
'568.85754

559.65582

555.16388"
515.02533
479.17935- (02010219)
389.85849
1(02122216)

.332.75259

(02092520)
(02121618)
(02031920)°

.(ozbelaléji

.(02121714).

k02012702y

(02122424) "
(02030524)
:(021224E1)*

(026227625_

(02012701)

(02020501) -
(02120309) " -

(02032223) " -

LN AN L YVUINML L LD e INLUACMANL
IN MICROGRAMS/M#**3'

X-COORD" (METERS)
~800. 00.

459.12833 (02060418)
499.06091
'525.51074
460.96646 (02092520)
504.98679 (02070220}
554.31531
éqqugqikodziéislé)g
_t$§5.12823”(62062022)
;55??673911}62640201)
587:36951:(021ld801)
589.14349" (02120823)”
.595E56824-(oé;22424)
'éd2.842§9'(6212080i).
ﬂl566;0374i
534;36056’
| 554.75476 (02022701)
50#13275?}
y '430;42651;
102.82187"
393.i5866 (020322239

“477.13013 -(02010309)

(02022116)

(02112818) . .

(02031920)

(02110617) °

(02010116)
(02032302)
(02120309) . -

(02122216) .

512.85095'

520.66699°

536.8584%6

572.93695

528.55438

512.56641

544.47162

.ﬁ575,39636
59995465
© 586.12506
. 618.06970

609. 63159

- 653.95477

619.87177

R

614.62170

. 554.60919
. 462.64182

453.37369

465.02719

' 483.06082

485.14200

de ke

(02031620) .

(02060418)
(02022116)-

(02112818)

(02121618)‘”

(02031521).

(021222011

(02121703)°

(02021701) .

(02110801)
(02120823)

(02052823)

. (02041518).

(02120701)

(02032302)
(02120309)
(02122216)

(02032223)

(02012701) .-

(02010309) - -

(02121624) -

O

‘400 58249 (02041601)

{ 600.0 1
|

cen haood rnnal1 490y

‘1 *%% ISCST3 - VERSION'O2035 skx . #%%  single source Alcodis LTD -~
07/24/07 . N B ¥ : ***J
u1:30:36
| **MODELOPTs: - g f s e S LR : ot
CBAGE 10 My o e Y L i I o]
CONC : _RURAL ‘FLAT . - DFAULT . ; T Te Y ey = =
. kx% THE lST HIGHEST 1 HR AVERAGE CONCENTRATION : VALUES}FQR‘SOURCE-GRdUP:'-AﬁL
Rk . . e o 5 F y P
w INCLUDING SOURCE(S) STACKl :,Af -
ok NETWORK ID GRDl % 2 NETWORK TYPE GRIDCART wkk
% CONC OF OTHER ~ - 1IN MICROGRAMS/M**B e

[ Y-COORD" | »ﬂu . X~COORD (METERS) SETE _
i (METERS) - | -500.00 -400..00 ' "—300 00 :5_- . -~ ~200.00
100500 5o CE R LD T G R L D g ’ - R B m e e b
| 10000071 des. 652591(62622119) 424.71457 102042601) | 540.44897(02121619) 513.80310 (02042520)
549.02948 (02060505) - g e I N N L ; ,

900. o(| - 514. 39032'102022119)‘ 524'.72186 (02032417) . 531.85394 (02121619) - .~ 525.87891 (02031420)
574.72131" (02012919) T B M SR R T g e L
} - 800. O(I' 154919482 (02042321)_ ;574.450261(02922119)‘: 511.63095(02042601) . " 554. 62140-(02042617)
592.71039 (02012919) - i T S SRy L IO L ST SR
. .+ 700.0 | . 545. 971865(02042321) | - 609.44171° (02042901)  .576.20099 (02032417) »589 '36761..(02070118)
633.16815" 02031420) T RN Ll TR e RTIREY el u stk TS e I D L

G 537.71393 (02101518) ~ . '643.00464 (02042321)" ' 65620728 (02022119) .5641.58398:(02079118)



:10 ceion, ln’)11'7"’7‘.l\

1 Juv.v © 1V4.UULYD (UZLLLUI1Y) 1£4Y.41/021 (UZUZZ2L111) bY7.22/112 (02012517) 678.12097 - (02020120
l669.60983 (02012819) : ! ' _ . » ! (02020120)
. 200.0 | 606.48444  (02021801) - 714.34167 (02121620) 683.27332 (02121519)°  .688.225¢
= 712:02734 (02011822) ; N e e RS 2 , . WOl rggaos ‘020323]92
7100.0 | 703.58594 (02121623) 688.55878 (02112819) 703.64825 (02120220) . 717.98822 (02011421)
;486 '29941 (02100320) ' i , . : L _
| 0.0 | 708.85516 (02010620) 714.43011 (02120221)' 7708.94824 (02022719) 715.65680 (02022321)
214.86755:(02011523) : e ; : : el £
-100.0 ¢| 699.40710 (02122921) 695;92792~(02122921); 695.71686 .(02031224) -~ 740.88068- (02022620)
{432.03955 (02111522) = - : : Lo B LT :
| -200.0 | ° 704.88251 (02123001} 694.32379 (02042317) 686.44910 (02120724) 705.80109 (02022522)
|625.25293 (02110923) i " . S g . B, 5 :
. 7300.0 [ " 652.62323. (02081821) . 681:03448" (02111701) 678.04834 (02112601) 690.77643 (02120121),
651.21497 (02112721) - : i R sgpted B0 dgvis.nd s " : _
| =400.0 | . 658.91412 (02032301) 605:97516 (02092523) 626.99567 (02033122) -606.09027 (02041721).
|714.06439 (02121423) = e -, - ; y G S ¢ g x
. -500.0 | 538.62036 (02122216) . 649.64893 (02032223)  541.00012 (02093024) 577.37274 (02051321)
673.32635 (02121423) : : it , Ll L LT - o
| —=600.0 | 620.34467 (02032223) '568.26782.(02042019) ©  581.80872 (02041517) 648.68658 (02052717)
1561.49902 (02052522) : Sl e AT L e Sy ERT I A 7o : ‘ 2
] 7 =700.0 | .521.92126 (02113018). = :496.06390 (02041601) 553.05286 (02071119) 661.93567 (02113019)
554.47375 (02071118)" a5 - B A R N i "
-800.0 | "513. 89923-(02042019y - 550.34521° (02041517). -557.83496 (02092124) 592.79468 (02113019) -
‘542.87048 (02041524) 5o £ SR SRR oty § T ‘
=900.0 | - 543.60248 (02041601) . 510.26645 (02071119) 552.73102(02060402) .  563.54462 (020125029
'533.23956 (02041524) . e e ey W 5l
-1000.0 |- - 511.21426 (02041501) 551, 23285 (02062116) 511.77454 (02113019) 536.95386 (02012502)
1505.69107 (02041524) . e
[1 *** ISCST3. - VERSION" 02035 Thde . ikl s:mgle source Alcodls LTD. ke
07/24/07 s ;
Hkk ke
11:30:36
| **MODELOPTS‘:
’PAGE 11 Co ' )
CONC' RURAL FLAT . DFAULT ,
L ‘***'THE'. 1ST ‘HIGHEST '1+HR,AVERAGE'CONCENTRATloN’ VALUES: FOR SOURCE GROUB: - ALL
EEEY . 5 " g : " ’ . i,
" INCLUDING . SOURCE(S) - STACKl ;
L ke NETWORK ip:- GRDl' NETWORK ‘TYPE: GRIDCART ek
; . i "** CONC OF OTHER IN MICROGRAMS/M**3 Lk
| £3
. “Y~COORD. | - _”; x COORD (METERS) e
. (METERS) | 0.00 100.00 200.00 : 300,00
400.00 ' . I
J ____________________________________________________________
o 1000.0 f- 516.13934 (02031516):'J 527.90283 (02042405j. '464;53507f(02013101) © 516.57227 (02031517)
519.66241 (02070202) e T AR e L BE, te e PR R St Ly g S - o 4 .
7 7900.0 | . 550.16150 (02031516) ' 546.84686° (02042405)" 543.82068 .(02013101) 521.54388 (02032502).
465:84247 (02012816) . o TR s R SR PICLT S - e - o e .
’ 800.0 | _ '576.38495 (02031516) - 531.78937- (02042405) .  602.84235 (02013101)..  565.66138 -(02102018) .
:42 12134 (02102024) S RIS WA T L T e el & ' S W R
700.0 | 585.13623. (02031516) - '562.88599 (02012817) . 603.16016 (02013101} 567.25128 (02012816) -
7550..90527 (02060520) TP P i T GO O PN M s . S ML SR o
5 '600.0 | 598.42676 (02032423) - 673.20612 (02012817). - .554.0919Z (02032502) 557.12677 (02060512)“
536.88849 (02122810) ..~ . . .00 Ll A S A SR
500.0 | '669.43542.:(02032423) 730.36993-(02012817). 534.01263 (02012816) ' 473;73575,(02122720);_
540.80719 (02012723). " T IS R SR R el S R e A ey R
. 400.0 | - .685.21320 (02032423) - ' '669.76562 (02032501) 560.08649 (02041617) 691:28406 (02012723),
575.87659" (02041616) ' i N o e Pyt CE s o P e L A L
- 300.0 | - :-683.78748 (02012722) ' - 667.56061 (02031923) 656.77417 "(02070120) . 630.89661 (02031421)
:55 69519 (02091421) Bl T L s, FETT T ' RIS T ) ' . "
20020 [.- . 652. 97699'(02020121)]. 525.43549 (02041617). . 652:06635: (02031421) . 677.18549 ~(02042721)
'591 80202° (02122724) - a7 b LSl T e TRt e A T e
| ©*7 100.0 | 81.79213 (02020121): " 377.70435 (02022020) 723.76495(02020122) ©  525.95819. (02012822)
539.02423 (02041623) S R T T R L R T S - oo
: 0001 ol 00000 (00000000). - .215.40891(02031321). .° 657.05774 '(02031321)  708.94757: (02012522)
641.04346 (02062123) . . ool s T L h ] g ALY T e
| -100.0 | 212.86110 (02012423) ' " 425.83069 (02010419) °. 598.86755 (02051520) - 683.61395 (02011423)
>39 58630 (02011423) . w N IR AL TR 7 s e T R IS S T g , -
| 1=200.0.] . 687.19946 (02020921) - 599.14069 (02031222): - 695.45270 -(02022423) -700.89093 (02022422),-
678.19525- (02060424) BT, B CRF e, Rl e SR i AP IR
-300.0 |~ 624.94818'(02010523) . . 688.87622 (02120123) . 721.15906"(02010519) 693. 39227;102051424)
561..93561..(02060422) . - N PR > R I e e ‘ ) s
| -400.0 |- 697.28784 (02010121)  619.18610 (02041801} -+ 665.80780 (02121121) - .624 26599 (02112722)_ -
593 160541 (02112724) - .57 w0 LT e B Ve i T T ST i
: ~500.0 | . 713.69067 (02041819) .. 1689;49043A(Q2012501)"_:675;46;73ﬁf02032322)_L*,661 33887 (02071401)-
1496.44107 (02033102) O T e T T A . S
[7:-=600i0 | - ..683. 45734H(02041919)" . 672.26703 (02012501) ' - 627.51416(02052724) s,§53f28590 (02022324).



; =Y00.0 [ | 562.50293" (02022601)
| 475.07809 (02092324) :
-1000.0 | 560.41223 (02121502)
~ 527.38995 (02092324) ’
1 *** TSCST3 .- VERSION 02035 ***

558.77216 (02121123)

498L55771 (02072604) 508.58826 (02120124)

©521.45044 (02121123) 443.35187 - (02102601) 503.07043 (02120124)

* %k

single source Alcodis LTD e
| 07724707 , : . .
| — : . Dk S
11:30:36
**MODELOPTs :
| PAGE 12, : : -
| CONC RURAL FLAT, "DFAULT
ER , *** THE " 1ST HIGHEST. 1-HR AVERAGE CONCENTRATION ~ VALUES FOR SOURCE GROUP: ALL
L ; S INCLUDING SOURCE (S) ¢ STACK1
\ - ' * ~
*** NETWORK ID: GRDI NETWORK TYPE GRIDCART Ekk
| “**_ CONC 'OF ‘OTHER IN MICROGRAMS/M**J o B8 S s
| ¥-coorp - | " X~COORD - (METERS] . 3
~ (METERS) | 500.00 ° 600.00 ©700.00 - - C. . 7800.00°
,900.00 o Loiew b _ :
\ R I et e e T e
j ________
1000.0° |  '529.37726 (02102024) . 394.26929 (02060520) 493.03500  (02102101) 441.68903 (02022101)
|425.64221 (02031523) . _ , Ho o mE LT e gt . yt
; 900.0 ‘| 495.92288. (02060520) 450.08380 (02102101)- - 468.10962 (02102101) = 450.72977 (02022101)"
/475.87039" (02031523) - o e 80 EEa R K 5 T
' 800.0. |- 398.37680  (02122810) 534.86957 (02102101) - : 513.90601 :(02022101) 475.68604. (02031523)
.482.92023 (02013102) . - - oot s ) S T Fall : co
} 700.0° |~ 531.91589 -(02102101) 570.08008 (02022101) - 482.19067: (02041616) -467.20792- (02013102)
|402. 15305 (02121418) . . . L. I : SN C e :
600.0: | . :587.95892 (02022101) 539.42542 (02041616) 452.37177 (02091417) - - 517:04492 (02121418)
520.11639 (02121418) creT T e I ‘ e mam 0 _ \ o '
) 500.0 |~ 583.03802 (02041616) - °525.95831 (02091417). .. .608.35840 (02121418) '  446.53021 (02091421)
1326.80090 (02091421) s N R : \ L e
. 400.0 | -, 550.34222 (02091417)-  584.53473 (02091421)  .°463.10287 (02091421) ~'402.17993 (02122802)
423.44138 (02102704) e T s - ; - g e et , : ; .
300.0 |  626.33002 (02091421)°. 483.41769 (02122802) 442.%63361 .(02122802)° . 363.:81934 (02012921)
|298.31458 '(02012921) - ... . . L e e RN T e e : v
. '200.0 1 : '608.93152-(02012921)  514.29907 .(02012921) 415.93393 -(02041623).."  374.90305 (02041623)
'398.96393-:(02010306) SN Jo ¥ _ o Pt T Lo . . n
100.0 -|.  '631.63513 (02041623)° . 536.62018 (02041623) 436.67715.°(02020902) - -528.16003.°(02020902)
567.83673 (02020902) - .. . o 0 I s T, 1 . a.E PR
0.0 596. 859931(02062123y . 615.94592 (02012601) - 618.06903 (02012601)  -589.14294 (02012601)
546.71619 (02012601) e e e - e pie [T T
~100.0 | .. ‘546.43146 (02041621) . 583.39026 (02031522) 582.47083°(02031522) 540.65436 (02031522)
484.63712 (02031522) S R T R L LI P ; ¢ " A -
‘ '-200.0 | . ~675. 451731(02031501) 556.26428 (02022302)" . 503.56561 (02022302) .390.90350. (02042802)
1502.49664 " (02042802) = v e R LN T ot L S S N I B I ,
-300.0 | 607.62506 (02032001)1. 561.69873 (02101001) ~ :553.64343 (02042801) '548.61914_(02012802)
523.73834 (02022302) - - et e s : : Bt wmy e 20U S e E L
; -400.0. | = ° 647.96344..(02060421) = '602.01050 (02032001) - 580:25513-.(02101001) . - 540 23230 (02062201)
$538 54565 (02031502) . S PRI St R R T i B T & e
|- -500.0 | 614.11456(02112724) ..~ 614.99438 (02060420) '573.32635 (02120201) 564. 47162 (02013002) -
-533 93182. (02032002) +.onicn i el L e it e e o v
- . -600.0 | 546. 68518 (02041802) .~ 556.10486 (02022502) =~ 554. 98627,(92960420) ; 557.49219‘(02042224y-'
533.92786.(02112602) . .. - TR NS T N I W :
[~ =700.0] .7 :526.71759 (02022401) 560.56958.- (02041802) . 548 29626'(02052721)'F_ 526.80420 (02030204)
539. '35376 (02122224) e B By - oy S R L RO R
. '2800.0 .| 556 51249<(02031302) £ 571.03735 (02022401) - - 536 51044,(02042222)- 527.71161 - (02052721)
1487.08963 (02010104) gt T S Lt e T ‘
’ ~900.0 | ' 568.86157 (02121417) 469 47815‘(02112723) -531 56366 (02022401). ©  518.54041- (02042222)
l499.20810 (02052721) g e B . : O AT N cu g %, el
. "=1000.0 | 472.32248" (02022324) - .;506 92490 (02031302); +4607 42490;(02022401) '494.70709°(02111102) *
'489.55243. (02042222) - - f' : fa A . S e
11 *kk :TSCSTI = VERSION 02035 R R 51ng1e source Alcodls LTD - e
p7/24/07 2, S A . _ »
S dedede & K
11:30:36 .
1**MODELOPTS* A sl RO T ERC _ S A
PAGE. 13~ : w0 T S T e TR B T T
| cone - e e 'RURAL FLAT "DFAULT . - " PR L LR : ,
; ";*** THE flsT'HIGHEST 1—HRAAVERAGE:CQNCENTRATION .VALUES FOR"SOURCE GROUP: -ALL
i 3 S & 3 3 2 s ?
INCLUDING SOURCE(S) STACKl g__v" ' ;
i ek NETWORK ID GRDl S iy NETWORK TYPE; GRIDCART ***.

ok

i e e It .:_'_'Es*f,couc;op_oTHER- CIN MICROGRAMS/M**3
\ SERAES L e T o ot T g Ve g W



1000.0 |
. 900.0 |
800.0 |
700.0 |
600.0 |
500.0 |
400.0 |
“ 300.0 |
| .200.0. |
| 100.0 |
0.0 |
|
]
|
|
|
|
|
|
|
|

-100.0
-200.0
| -300.0
| -400.0"

~500..0
. -600.0
" -700.0
.=800.0
-900.0:
-1000.0.

[1 *2% . ISCSTI = VERSION 02035 *Ek

107/24/07
11:30:36
**MODELOPTs:

\PAGE 14,

|- CONC

Tykekk

X COORD (M)

(YYMMDDHH)

467.18677
481.34671
366:06705
502.32812
325.86722
322.61264
431.98703

237.13660"
461.18497.

569.04700

500.44159
434.19733

540.48431

. 466.92877

496.11844
515.27924

©484.53104
. 469.47205
'501.27841
:470.81226
'(02052721) .

468.37180

RURAL FLAT

Y—COORD M),

(02031523)
(02013102)
(02091417)

(02121418)

(02091421)
(02122802)
(02102704)
(02012921)
(02010306)
(02020902)
(02012601)
(02012601)°

-(02042802) -

(02022302)

.(02012802)- -+ -

(02100202)
(02022202)

(02112801) -
(02122224)

(02010104) -

* k%

* k%

QFAULT
*++ THE  1ST HIGHEST

- INCLUDING SOURCE (S) STACKL

+++ DISCRETE CARTESIAN RECEPTOR POINTS *¥+ -

%% CONC OF OTHER

CoNC ‘tYiMMDDHHf_'

‘single'soﬁrCe'Algodis LTD’

'1¥HR,AVERAGE CONCENTRATION

.

. X-COORD " (M)

- IN MICROGRAMS/M**3

Y-COORD (M)

VALUES FOR SOURCE' GROUP: -

B S

ek k

ALL

*k

(02042317)

I *** ISCST3 "~ VERSION 02035 Fhox

\07/24/07
\
11:30:36. )
**MODELOPTS :
“YPAGE . 15

| CONC

Tk F

.OF TYPE:

lo 00):,
\‘ 2_.
:‘200 00) - GC
1<400.00) - GC
% 4.
|

'—500:00) ‘GC

5. 724 23816?

100 00).

-6 723 76495

’200 00) " GC

i 721'15906

' 400.00) .GC
10.00) " GC

| | 9.7"
L0000 GE

o100 T
| =500.00)
r: AT

I'niann

GC

~r

. CONC

s ,740;98068
:730 36993
g 729O354oo

729:17651

8. . 120. 51556
717 98822
' 116.54083.

715.65680

RURAL FLAT

—84.00

‘(YQMﬁhbﬁﬁiT

(Qéoézszb)h
(02012817
(02122921)
(62b22117x
(Q2031§i7)
(02@20@223
(QéOlOSIQ{
+(02122923)
(02011421)
(0264{415)

(02022321) .

©728. 35400 (02122921r

dede e

*kk

'~vDFAULT,>V 4

*x THE MAXTMUM .25 - 1-HR

. INCLUDING SOURCE(S) OASTACKl

- % CONC OF ‘OTHER

”REtEPTORf{kﬁjYﬁy”dr TYPE

O4260,do; ;aldo;pox

AT (100200, - '500.00)

AT (- =395.00,  ~84.00)..DC

AT ( --400.00, 300.00) GC'

‘AT (- ©400.00, . ©'300.00). GC -

AT (7 200.00; ©  100:00)

AT (- 200200,  .'-300.00)".

AE- ﬁzoo’ooj" ~100:00)’

AT —200 00,5 100 ooy

AT (0 -395. oo:;-‘,.-94 00)“

AT ( —zooqoo;’ : ,.o.opy.ch!f

51ngle source Alcodls LTD

Gc

66, 2

AVERAGE CONCENTRATION .

IN MICROGRAMS/M**3

- RAN_K;. O

By T

17.

181

20.

.. 21
22# e
o WA

19.

”714,43011?
;ii4.3416i<
714:06439
713.69067
713,407
11712.02#35;
.716.16431?
“708. 94824
-709 94757»
-708. 85565'

708.85516

"—266}40'

.‘7(YYMMDDHHY

(02120221):

(02121620)

402121423);

(02041819L

(02122123)

k02011322y

(02012517{

(02022719)

(02012522)

(02041820)

(02010620)°

f-657L06915

VALUES FOR SOURCE -GROUP:

AT

AT

AT

AT,

AT

‘AT

AT

AT’

B

et
ok ke
- ALL.

vk

;lngECEPToR:

(ﬂ”C;éoO,oo,:
e Qéodfqb,.
(*.=100.00,
;cff 0:00,
O}~}:gébofoo,
(; -100:00,
(- -400.00,
(fz~—300 00,
@ff: :300. 00, .
Gl b,

(- -500.00,



GRIDCART
"GRIDPOLR
. “DISCCART

Pl DP = DISCPOLR ..
; BD BOUNDARY s i ;
|1 *** ISCST3 - VERSION 02035 * ek **%* single source Alcodis LTD - . *kk -
’07/24/07 - : : : . . '

; *+% RECEPTOR TYPES: GC
E ‘ ~ GP
- DC

(RS

dkk - ) . : s . s
1'11:30:36 ' e g ' '
|. **MODELOPTSs:
|PAGE 16 T el Ry

CONC. o RURAL FLAT ‘DFAULT -

v THE SUMMARY. OF HIGHEST 1-HR  RESULTS *¥+

,;ff** CONC or OTHER . .'IN MICRGG?AMS/M*#?,,:f A V e

DATE L IUE T VR A o G A, g

{NETWORK L ‘ : g St R AR . e ¥ UL g Y b - ;
GROUP 1D .. .AVERAGE CONC " (YYMMDDHH) oo " RECEPTOR:. (XR, YR, -ZELEV, ZFLAG) °@ _OF

TYPE 'GRID-ID S N SRR & - R M

ALL ~  HIGH - 1ST HIGH VALUE'IS. 740.88068 ON 02022620: AT ( = =-200.00, ~  -100.00, - . 0.00, -  0:00)
GC. GRD1 : C E ey E : :

GRIDCART . .
GRIDPOLR -

Hl

**+ RECEPTOR TYPES: GC
' - ‘P

; . . DC = DISCCART
| : * _ DP = DISCPOLR
3 * BD’'= BOUNDARY

1 *** ISCST3 - VERSION 02035 *+* - *+* ‘single Source Alcodis LTD ean vy - R
\07/24/07 - RN MO R | N P A R -
‘ : . T ek : L ¥ . L S R LA T : Hkk
c11:30:36 :
**MODELOPTs:
- PAGE 17 B D
; CONC e o ) RURAL FLAT .- - . " DFAULT

**%* Méssage Summary : iSCST3'Mode1‘Exééuﬁidn;ﬁ**
\’»-———-f——— Summary of Total Messages»f—ff%f——‘)

:A‘Total'of' .0 Fatal Error Message(s)
A Total of . : 0 Warning Message(s) - :
| A Total of . 427 Informatlonal Message(s)

\:A‘Total of - = .~ 427 Calm Hours Identlfled
|| w%uxxwss FATAL ERROR MESSAGES **s¥sixx
[ S k% NONE = ***. : -

© L %% NONE© *Rx. Lo

i ) *.****V*************’*****’*;***’-}‘:**’***‘** B
(v ek ISCST3.. Finishes Successfully il
| ************************************ :




] aoe v g e o
| Control-

Title.one = 51ngle ‘source Alcodls LTD

Pollutant.= OTHER ‘ :
| Flat terrain
J Averaging:
.~ 1 hour
\ Dispersion options:
| Regulatory default optlon

Concentration \

. Rural o e ok Lo o ECL

List-file '= C:\Documeiits and Settings\metramen\My: Documents\Aruna\testal.lst -

Mgteo:ology-”
Input file,= G \DOCUMENTS AND SETTINGS\METRAMEN\DEShTOP\PLAISANFE MET DATA ASC TXT

~File format = ASCII. SR ) L 5 . L y :
'Anemometer height = 10 - -. Ty b g peng e R Bt T R B EEE G
“Surface station number. = 61990 g : L I LTt S

Surface:station year = 2002
. Upper .air station number =.61990

| .Upper air station year = 2002. :

’ 'Start date = 01/01/2002" .

Start hour =1 S

End date = 12/31/2002

End hour = 24 ’

Sou:ce'”

Sources =1

[ . 'Min Elev: 0.0'm
| Max Elev: .0.0'm
‘ Grbﬂps-é 1
\Receptor
Grlds =1
- Discrete receptors = 2
 “Min Elev:. 0.0 m-
- Max Elev: - 0.0 m -
‘Boundary receptors =0
“‘Min Elev: 0.0 m -
..Max Elev- 0.0, m -

: Receptor tables: . .. .
I hour = first: hlgh
.Maximum tables: :
0. 1 hour 25




i*f Trinity Consultants

" CO STARTING . Hits B th ,

CO TITLEONE  single Source Alcodis LTD
]co MODELOPT DFAULT . CONC RURAL

JCO AVERTIME 1 ‘

CO POLLUTID = OTHER

'CO TERRHGTS . .FLAT

CO_RUNORNOT RUN

CO FINISHED -

. SO STARTING. .

SO ELEVUNIT METERS - L *i
SO LOCATION STACK1 POINT 0.0 0: 0. 0 - 5 :
SO SRCPARAM STACKL - 1. 946000E+01 21 373 15 6 -0.955
SO SRCGROUP ~ ALL SRS
SO. FINISHED .

RE STARTING . e
RE .GRIDCART GRD1:STA 0: : L S i L T
:“GRIDCART GRD1 :XYINC. =1000. 0 21 100:0 . -1000.0 21 -100.0. .
GRIDCART GRDY END ' o - - : e
DISCCART -395.0 -84.0
RCPDESCR ' marie-jeannie
DISCCART -438.0 .-266.4 -
“RCPDESCR  ‘school e
FINISHED -

INPUTFIL "C: \DOCUMENTS AND SETTINGS\METRAMEN\DESKTOP\PLAISANCE MET DATA ‘Asc. TXT" ’
. ANEMHGHT -10 METERS: : j 5 . . _ S
SURFDATA 61990 - 2002 -

UATRDATA ~ 61990 2002 Sy : .

STARTEND ’2002 01 01 -1 200212 31 L2405

"FINISHED - U £

RE

RE

RE

**

RE

% %

RE

'ME . STARTING
. ME

ME

ME

ME

ME

ME

]

tou STARTING . -~ = -
OU.‘-RECTABLE . 1. FIRST
OU MAXTABLE ¢1T225

.OU FINISHED

| X PROJECTN*_ 010477 —-177 0 0. 9996 500000 0 . :
“** .IMAGEZ ""C:\DOCUMENTS AND SETTINGS\METRAMEN\DESKTOP\MAP REDUCE TAB“ o

Lok DUTFILE "C:\Documents and Settlngs\metramen\My Documents\Aruna\testal LST"
*% RAWFILE . nC: \Documents and Settlngs\metramen\My Documents\Aruna\testal RAW"
{** RAWEMT - 2 EEI s h . . i
’**zHILLBOUN 000 0




~ISCST3X PC. (32 BIT) VERSION 4. 0 1 -
(C) COPYRIGHT 1991 2002, Tr1n1ty Consultanta

Run Began on 7/23/2007 at 16 20 18
*% BREEZE ISC GIS Pro vd.1l. 4 = C \Documents and Settlngs\metramen\My Documents\Aruna\testh dat
** . Trinity Consultants_‘

. CO STARTING - EIa
€O-TITLEONE multiple source option

'CO MODELOPT . DFAULT "CONC . RURAL .-
CO AVERTIME 1 o .
CO_POLLUTID OTHER

* CO‘TERRHGTS - FLAT

.CO RUNORNOT . RUN'

CO FINISHED

‘SO STARTING = . - .

SO ELEVUNIT METERS S PN R

SO LOCATION transl _POINT -=52.3 1.4 0 .

‘SO LOCATION trans2 : POINT -48.1 ~-1.8 0

SO, LOCATION " 'SRC4 =POINT “1.3 =1.1 0 -

SO LOCATION . reéop POINT- 1.6 .-0.8 .0

SO LOCATION: soniwl POINT. 31.8 -70.8 0
" SO LOCATION sonia2 POINT °38.2. 63.1 0 SR
| SO SRCPARAM. transl 9.660000E- 01 - 18- 7401 6.19 ~ 0:5

" SO SRCPARAM . trans2 '9.660000E=01 18" 401 '6:19. 0.5

SO SRCPARAM -~ SRC4 0.000000E+00° "0 0: 0 -0 " - .

SO SRCPARAM - reop: 6.860000E-01. '11 348 4.72. 0.7

SO SRCPARAM soniwl 1.673000E+00 .15 363 '3.62 0.5 .
SO SRCPARAM. sonia2. 1.673000E+00 15 363 :3.62 0.5
.80 SRCGROUP “ALL - = = 5 S ST -

SO FINISHED = -

. RE STARTING . e

“RE.GRIDCART GRD1-STA 0. = . - =~~~ R AN
" RE GRIDCART GRD1 XYINC -200.0 .21 20.0 200.0:°21 -20.0
| 'RE' GRIDCART. GRD1 END it I DV R T ’
.RE FINISHED g

“ME STARTING - o ‘ ¢ R S ) :
- ME INPUTFIL "C \Documents and Settlngs\metramen\Desktop\Plalsance Met Data ASC txt"-
* ME'ANEMHGHT- 10 METERS ’ W B e - . . : :
© ME SURFDATA - 61990 2002 . -
- 'ME UAIRDATA "61990. 2002 t o

“ME STARTEND 2002: 01 01 1 2002 12 31 24

ME FINISHED. . . .

| 'OU STARTING
. 'OU RECTABLE 1 FIRST.

" OU MAXTABLE 1+ 25

. OU FINISHED -

.** PROJECTN - 0104 7--177. 0 F 9996 500000 0 o ’3'i.,,"* e j;

** IMAGE2 - "A:\val l.tab" - o : :
..** QUTFILE .."C:\Documents and Settlngs\metramen\My Documents\Aruna\testh 1st"
*% RAWFILE = "C: \Documents and Settlngs\metramen\My Documents\Aruna\testh ‘RA
;. ** RAWFMT - .2 ; : ! ; e -

~** HILLBOUN "0-0: 0 0

S kEE Message Summary For ISC3 Model Setup ***}‘”

ff—;f—;—* Summary of Total Messages ijfjff—:

A Total of ':". 0] Fatal Error Message(s)
VA Total:of" . 1. o001 Warnlng Message(s)

1‘7AYTotal of : f'hO Informatlonal Message(s)

******** FATAL ERROR MESSAGES ******** )
’ *** NONE * ke E e iy

) "“;_{{:k_***** WARNIN’G PjESSAGES . ********

,. SO W320-‘ 31 PPARM Input Parameter May Be Outrof Range for Parameter . g QS

***********************************

. “*¥%. GETUP Finishes Successfully ***1]__a
Tas *********‘k*‘k********************‘k** .




P e

| **MODELOPTs:
| PAGE - ‘1 ~ L o
CONC E : RURAL" FLAT ~ DFAULT

i p : : _ WS dek sk ; MODEL SETUP OPTIONS SUMHARY il

_**Intermedlate Terraln Proce551ng 1s Selected
‘#*Model Is’ Setup For Calculatlon of Average CONCentratlon Values.

] ——,'SCAVENGING/DEPOSITION LOGICt—— :
**Model Uses NO DRY DEPLETION. = DDPLETE ‘=
**Model Uses NO .WET DEPLETION. WDPLETE';
! **NO WET SCAVENGING Data. Prov1ded B
**NO 'GAS DRY DEPOSITION Data Prov1ded.- A SR
i **Model . Does NOT Use GRIDDED TERRAIN Data forfDepletioh Calculations

I: |
,’1.‘1

**Model Uses RURAL Dlsperslon."a

o **Model Uses Regulatory DEFAULT OptlonS'
: ‘1: Final Plume Rise.: ‘
%2 4 Stack -tip Downwash. :
3. Buoyancy-induced’ Dispersion. -
4. Use Calms Processing Routlne.-:‘ .
_5;”Not Use Mlsslng Data Proce551ng Routlne.
- 6. Default Wind ‘Profile’ Exponents:
7. Default Vertical- Potentlal Temperature Gradlents.
8. "Upper Bound" Values for. Supersquat Bulldlngs.
9. No- Exponentlal Decay for RURAL Mode ) =

t:**Model Aésumes Receptors on FLAT-Terraln.’

“**Model Assumes No FLAGPOLE Receptor Helghts. ;,»';'

I **Model Calculates l Short Term Average(s) of- L»I—Hﬁp

**Thls Run Includes._ e, Source(s);*'fl 1T Source Group(s), aud iL. 4;1'ﬁeceptorls),-

’**The Model Assumes A Pollutant Type of.i OTHER : AT :

Z**Model Set To Contlnue RUanng After the Setup Testlng.'

i **Output Optlons Selected. =% 5 i'b ." : ' "

|- .+ Model Outputs ‘Tables of nghest Short Term Values by Receptor (RECTABLE Keyword)

| -Model 0utputs Tables of Overall Maxlmum Short Term Values (MAXTABLE Keyword)
**NQlE: 'The Follow1ng Flags May Appear Follow1ng CONC Values' c: ‘for Calm Hours 7

|- e : . : LR m for Missing. Hours
‘:. e ﬂ', A SER '": : # Jd ; i :f‘l-r-'f. ‘b’ for Both Calm and’ M1551ng Hours

- 10.00 ;. ‘Decay Coef. é--"j.f 0.0000°;  -Rot. Angle A R Ty
GRAMS/SEC“”~ 1x‘ ‘: R Em1551on Rate Unit Factor = i

' _*4Misc} Inputs. Anem. Hgt. ‘(m)
Emlsslon Uhlts

ll<

io 10000E+07 ¥
A : Output Unlts 'x=AMICROGRAMS/M**3

1 2 MB of RAM

—**Approx1mate Storage Requ1rements of Model_

[ **Input Runstream Fller: C: \DOCUMENTS AND SETTINGS\METRAMEN\MY DOCUMENTS\ARUNA\TESTVZ DAT

 «+Output Print Files . . . Ci\DOCUMENTS AND SETTINGS\METRAMEN\MY 'DOCUMENTS\ARUNA\TESTVZ . LST _”” G
: TRk ISCST3. - VERSION 02035 ek kdk multlple sOurce optlon ',. e o o » Low B rkd
L 07/23/07 T . 255wy el : _ "SR g B e Fugentfpet
v ] 16:20: 18 _ Lo W o
i~ **MODELOBTS .
FBRGE L 220 U ad e, e aR Tl b e
| ‘coNC - .. RURAL FLAT-" ~  DFAULT::
[;.A; "’*f*“POIﬁTgéouécﬁ.DATA e
S NUMBER 'EMISSTON RATE S S L s IBASE "--STACK. :sTAcx*“ STACK - STACK ' - BUILDING EMISSIC
S RATE .. . R T : R
- SOURCE.  PART. (GRAMS/SEC) R ELEV., HEIGHT TEMP. | EXIT VEL. DIAMETER “EXISTS ' SCALAI
JVARY oo s g, T S ; 4 O .

(METERS) (METERS)

(M/SEC)' (METERS)

';IMETERS) (METERS) (DEG K)

C7RaNs1© . G0 o 965003+00'L“=;>52f3;

CmHANMCeN it A n n:cnrn:',nn CLU Za0

0.0 7L 16400 F401.00 * .. 6,19 -+ 0507
n 0. L& 30 - 2!

eaoenn ant1inn




1 *** ISCST3 - VERSION 02035 *xk **% ‘multiple source option- : o | : ; .
- 07/23/07 e . S g B 5 : » e it

ook X

16:20:18

| **MODELOPTS:

‘PAGE 3 _ . - IR
CoNC ‘RURAL FLAT _ ° ° DFAULT

| R DR L SOURCE DS DEFINING SOURCE. GROUPS *** -

~*GROUP 'ID ‘ 5 sl Rl : SOURCE: IDs

.. 'ALL TRANS1 ., TRANS2 -, sRc4’ ; -REOP , SONIW1 “ SONIA2 | ; e B : = g
-737;;;/£§CST3 - VERSION 02035 Fokke ‘.ff* ‘multiplé source option - St . o R B
16:20:18 & ' ' ' '
**MODELOPTS ..
|PAGE' "4 LT A e S S
| conc " ¢ RURAL FLAT. . - DFAULT . . = . " "~

et GRIDDED RECEPTOR NETWORK SUMMARY kel

L EEk NETWORK ID: GRDl . NETWORK TYPE GRIDCART *wk

: _*** X COORDINATES OF GRID Sk
o (METERS) :

booE -200.0, -180.0,  -160.0, -140.0, “130.0, :‘1Qb10,'u.v'—80.b, s b
LT 0.0, 22040, 40.0," . ~60.0;-, 80.0, . ~_100.0, = °120.0, - . 140.0, 160.0, ' 180.0,
200 0, : s g o b e o i i _ s % ekt e :

*kk Y- COORDINATES or GRID ok
_ (METERS) = -

. 200:0,; 180, o’l" '160.0, :4‘ :140;0; 4-3;120;0;“ :fqiod;U; . ...80.0,- ~ “60.0, .  -40.0, . ' 20.0,
l -'n_'__ 0.0, . -20.0, " “-40.0; ~60.0, . - -80.0; ' -100.0, : .  -120.0, ' -140.0,.. . -160.0,.  -180.0,
Lo © £200.0, ; LR TR T e e L B % e ? I Ny ’
1 ‘%% .ISCST3 - VERSION 02035 ke f?'***»'multiplé_soﬁrce:OPtiOﬁ I Ll E e e e
\07/23/07 A . s Wan U E T e Sop B A ] B 55 e SR '
1 16: 20:18 . ' ' o : "
- %*MODELOPTsS:
_PAGE 5. . PREM , S
CONC .~ .. RURAL FLAT ° ”-"DFAULT

'f** METEOROLOGICAL DAYS SELECTED FOR PROCESSING *kk
. (1= YES. 0= NO) . .

'li.II 11 1EﬂII;I1 L;<1;LII' 1.1 4

;_'lfl-ljlnl'l' _T 11
1

3 B e II3IIQII”LIerTLEjII’II;IgllIFII il B

fIIIJ;IIJfLII :LingIjJ;lfIi_IijLllj;LIiiﬂliqgi;qﬂ_lri"IIIJLfii

R N 5 A A O N 1 1 1vI:1 117 1

METEOROLOGICAL DATA PROCESSED BETWEEN START DATE 2002 1 'iv 1.7
; ) AND ‘END: DATE 2002 12 31 24v

- 'NOTEg,_METEOROLOGICAL DATA ACTUALLY PROCESSED WILL ALSO DEPEND ON WHAT 1s INCLUDED IN;TEE'DAIA{EIE

%%*“UPPER BOUND OF_“IRST THROUGH FIFTH WIND" SPEED CATEGORIES ***'f
Bk ; (METERS/SEC) .+ L

=-f1,54; 3'09, ';5;14,'f‘s.zayn_Io;Ep,'r‘




AL L L

CATEGORY - * Teo Qe T '3 R T S5l 6
J . A .70000E-01 - ..70000E- 01 +.70000E-01". .70000E-01. .70000E~01 . * .70000E-01
B .70000E-01 _.70000E-01. : - .70000E-01 - .70000E-01 .70000E-01 . .70000E-01
c :.10000E+00 "~ .10000E+00 . .~10000E+00 .10000E+00 ' ..10000E+00 .10000E+00
e D . £15000E+00 - .15000E+00. - /“15000E+00 .15000E+00", .15000E+00 © .15000E+00
5 E .35000E+00, ".35000E+00"." . .35000E+00° .35000E+00: .~ -. .35000E+00 .35000E+00
B .55000E+oo;‘; .55000E+00' ;55000Ef00,- ‘.55000E+00 .55000E+00 ...55000E+00
| . : R i ’ ;
|7 5 S e VERTICAL POTENTIAL TEMPERATURE GRADIENTS *kx
b : T ¢ (DEGREES KELVIN PER METER)
i . .STABILITY .. = N R TR A 'WINDGSPEED;CATEGORT.v RS T R sk
L' ' CATEGORY =~ @iy ;o' o ool 01 325750 0 0 I Y 5L AT b .
1 B .- .00000E+00' <00000E+00 - . .00000E+00 200000E+00 . .00000E+00. .00000E+00
; B .00000E+00 = ~.00000E+00. . 00000E+00 - _ .00000E+00. . :00000E+00 .00000E+00
‘ c - "L 00000E+00 “.00000E+00 - .00000E+00 * .00000E+00 . . 00000E+00..  .00000E+00
b D - . -00000E+00 - . ..00000E+00 =~ *00000E+00 *  * .00000E+00 -~ 000Q0E+00 " .00000E+00
L ,E’ J20000E-01 = . .20000E-01 - " .20000E-01. " - ".20000E-01..- .20000E-01." :*~.20000E-~01
_ : " .35000E=01° -~ = .35000E-01 .-~ .35000E-01 .35000E -01 ©:.35000E-01 ".35000E-01
W E ISCST3 - VERSION 02035 *okok +%% multiple .source option..- " T R . ; R
yo7/23/07 ' g L R =7 . ST e w T T
I *kk A I ) PLEA T A o *hk
. 16:20:18 - '
" **MODELOPTs :
| “CONC. _RURAL‘FLATUI .~ DFAULT-
‘ ki THE FIRST 24 HOURS OF METEOROLOGICAL DATA x
| FILE: c: \Documents and Settlngs\metramen\Desktop\PlaIsance Met Data ASC txt -
Rl . FORMAT: (4I2,2F9.4,F6.1,12;2F7.1,f9. 4,£10. 1,£8.4,i4,£7.2).
bem 'SURFACE ‘STATION NO.: -.61990 .. . . & ' UPEER: AIR STATION NO.:- 61990 - -
1. NAME: ‘UNKNOWN - LR o . 7., 7. NAME: UNKNOWN
| K YEAR: 2002 g 3“ , ‘>v1_hs . _-YEAR:1 2002
FE e ; FLOW ~ SPEED . TEMP * STAB -MIXING: HEIGHT (M) " 'USTAR = M-O LENGTH . 2-0 IPCODE PRATE
; YRMNDYm1WDmR (M/S) .- (K)  CLASS ' RURAL mmm:':mmyw (M) M) : mmmm
‘_ _—— e = e = = = - ,——-—-—"—:—,———-———-_—,—-—-—-"— —»—————»—«——v-.v———‘———-—..—- —————————————
T T e T T T F . ; .t FER - w, &0 * . .
02 01 01 01 .91.0 . 1.03  295.9 "4 - 180.6 0.0000 . 0.0 .0 0200
02 01 01,02 '238.0 . 4.127 295.9 . 4. .1371:6" 0.0000." 0.0 0...-0.00
‘ 02 01 01 03 134.0 2.06 *295:4" .4 ° . .575.7 . 1C 0.0000" 0.0 0. '0:00
02 01.01°04° 133.0 1,54 295.4° 4 i270.9 - 0.0000 0.0" 07 0.00
02 01.01°05 133.0 1.54 '295.4 5 69.7 : 0.0 -0 - 0.00"
02-01-01°06 .132.0 .1.54 .295.4 .6 6957 0.0 . " .0, - 0.00
L‘ 02 01.01 07 145.0 '1.54 295.9 .5 169.7 £, 0.0 0 . 0.00 .
f. 02 01" 01 08 133.0 = 1.54  296.5 6 , ,69;7 0.0 0 .0.00
2. 02 01.01 09 177.0 1.54  298.1 .5 ©69.T 0.0 -0 70,00 -
02 01 01.10.211.0. 3.09 299.8 "5 407.5 " 0.0 0 0.00 .7
02 01 01711 234.0 3.61-°300.4;. 4- . 1180.4 10.0: 0 0.00-
02 0101712 206.0° " 4.12::301.5 "4 1373.0' .1 0.0, _70-770.00-
02°01.01 13, 233:0.. 4:64 302:0 . 4. -1562.4- 0.0 ~0..0.00 :
02 01,01 14 -239.0 .4.12+.302;6 4"  1373.3 70,0 - 07 0.00
- 0201 01°15:..242.0° 4.12 1458.5. ~0.0 ‘0 0.00
02.01 .01 16 244.0 10 887.9% 1 7050 - L0t 04001 2
0201 01-17 ~251.0. 3.61, :300.9' 4 : 1441.9 "1 -0.0- ©07 70,00
02°0% 01 18 257.0° -4.64 -301.5. 4 -..1730.8" 10.0: 070500, N
0201 01 19 -264.0° - 0.00° 297.0: -4 . " 813.6 = ..0.0. 0 0.000 "
02°01-01 20 207.0 4.64 296,574+ "1698.8. 2 © 0.0 S0 50400
02°01.01 21 180.0 - ~2.06:295.9 3, 1253.3: 1% 0.0 .00 70.000 e o B4
02 01:01 22 .222.0 -3.09 °295.9. 3 '.1582.1 ©.0.0-. L0: 0500 i e
. 02.01:01-23 180.0 . °1.03 :296:5 ..°4 .. 1116.3 . : Y ( 0.0 . .0 r0.00 - T
702 01701 24 °180.0 ~1.03. 296.5 . 747..71141.1 +'1081.0% . 0.0000 . . 0.0 .0~ 0200

. FxHE NOTES'A-STABILITY CLASS 1—A, Z—B, ‘3= C, =D,15—E AND G_F.
L * . FLOW VECTOR IS DIRECTION TOWARD WHICH WIND 1Is- BLOWING.
1 ***:ISCSTB'— VERSION 02035 dkd - K ‘multIple source optlon
OT/23J0T - - e Tl g e

."*é*;,- 5

Cwkk

;+*”;

©..16:20:18. -
. **MODELOPTS: Sl

-PAGE .7 ST EL S SR e

L VEONG, " e N RURAL FLAT ‘.7 ... DFAULT.

7:*** THE ; 1ST‘H£GHEST 1 HR AVERAGE CONCENTRATIONf“ VALUEs EOR SOURCE EROUR: LALL’;;

:***

. SON1I

INCLUDING SOURCE(S) " TRANSl .JTRANSZ r SRC4 ,<ﬁEOP" SONIWl




|

|

Y-COORD" |
(METERS) |
-120.00

© -200.0 | 745.35931

1 561.50635: (02093024)

-180.0 [ 630.21710
617.29114 - (02093024) .~
-160.0 |  662.32867

.+ 647.91998(02033122).

—-140.0. | 679.28339

734 87762 (02032223)

|

731. 94867

622.33521 (02111024)

-120.0 -] 684.77502
(02032223) .
-100:0.] - 709.50281
.. -80.0 | . 741.92096
678.85425 (02112720) .
. -60.0 ] -7109. 72229
688.21729 (02022622)
-40.0 |-
609.86224 (02022622)
| =20.0 | 609.60327
641.53882 (02022624) !
0.0 704.58411

'651.08643(02022623) .
’ 627.36420

20.0 .

620.18115 (02120624)

40.0 |,

. 60.0 . .-688.52576
602.74243 (02033121)
©7.80.0°] 7 -612.27136
596. 97412 (02033121) g
© 100.0°]. - ..636. 9235&

-593.55737 (02120721)‘

-120.0, | . 610. 22852

. 580.49725 (02072524) - ..
' ,602.82642.

140.0 |

| 566.91528  (02122122)

160.0 .|

590.29163. (02120718)

648.77734

.180.0" | -595. 65161

(02051723)
200.0 |. .. 580. 38330

650.95630 (02122121)

1. #** ISCST3 - VERSION. 02035 T ‘”’ ;
107/23/07 ;o =

”16:20:18

-PAGE ' '8

] - kk

_*¥MODELOPTS:

CONC.

Y-COORD " | -
|(METERS) |

703.77332

: . 599.43628 -
587.95142 (02120624) ..

517 36792.

A102032223r _
.(02032223)‘
‘(02092523)fv;
(02092523)
(0é932301)7

(02022701)

(02022701)

(056%2701)‘~
(02120701).
‘(§263151B)
'koéb41518) 

(02120801)

(02100220)

(6212&823) 
(ozilbédl)ﬂ
(oé;;oéoiif.
;(620422i85i
(02012824)v__
(02012924),2
(02050316)_:T

'(02122201)‘

"3 RURAL FLAT

1756.74829

- 597.66389

66269360

'611.80664

- 577.00201

| °603.51965

'_*** THE

785.22546

63213953

669:91431

'687.79504"
‘>67§,§07985
'710;q1573:
iqu:éidés

1660.85809

645.66602.

676.79529

637.63062

598.81885
" 613:54443
1'625.87720
599.92657

 multiple

(02032223)

(02092523

3(02120823)

:(02032223)

(02032223)

(ozilszO)

(02022622):
(02022701).
(02012701)

(02022623)

(02120701)

(02041518)

(02120801). -

£(02052823)"

(02063022)
(02072601)

(02112819)

(02012824)

(02050316)

(02122201)

(02120718}

source. option

. DFAULT

isT-HIGHEs

INCLUDING SOURCE(S)’

*** NETWORK ID:

e CONC OF OTHER

T 1-HR Al

GRDI

RAns;j

'X-COORD" (METERS)

-160.00

1713.35132

783.94397

759{29578

: 625.134i6
"670,96255
69?;02944
"é54394397;

. 691.78711

676.79492

645.89014
'560191577.
_é36,§7871
. 598f51635'
-5'525;34674
,3616;461§6;
.‘587 01208n
618, 4 45575
5573l26495‘
619.87988
_621.73650

61498407 "

'RAGE CONCENTRATION

TRANSZ

(02032223)

(02032223) -
(620322é3):
(02032223)
1(02111024)
(621;2720)':.
(Qéozéséé)'
foéde%ql)j
(02012701) E:
xoéiéo70;)
(021266é45 f
‘(qéiéosza)z
1oidséazﬁi

(02033121) .

(02033121)

(02121623)

(§2b72524131
A
(02050316)

Tééizd7yag -

(02042220

SRC4

IN MICROGRAMS/M**3

X—COORD (METERS)

60

00

© 604.13312

682.10364

©769.70544
95266071
. 617.92358
671.54233;
- 697.28540.
" 639.75769
633.07660:
'1662;96527
607.41284
64#;29%851

- 571.08179

626.19275

'620.32275

1587 17505’

618. 61261

>:537.94019
'600.31702
*.610.18616

" 633.70648

VALUES FOR SOURCE GROUP'

NETWORK TYPE GRIDCART ***' 

(02093024)
(02032223)  °
(02032223)

(02032223).

(02111024).
(02111024)
(02022622).

(02022622).

(02022701) -

(02022623)

(02022623)

(02120621}

(02120624).

(02033121)

(02033121).

(02072524).

(02072524) -

(02121621)

s

(02122201) .

-(02042220)

(02022117)
 eww

Skek

ok

00 7

=200.0. | "
616:32019 (02052522) -

- =180.0 |. 551. 76978
656.99133 (02113019):°
o =160.01

" =140:0-1

697 65839 (02113019)

-120.0+]

~+~100: 0 |

e1E 92400 lnoi\:1 ’2'11\ Sy

7540 92773}

- 619: 67859,
7694.06348 (02113019) .~
: 65654425

(02093024) o

(02093024);'.

. 688 68539_(62633122)
. 658.670847 (02051321) % "’ O

- 681. 70117{302032223);,jv

(62051321)'

(92093q24y

. 628. 60291

592.52722

54634833 (
608.52637

. 661.29846

691,18872 (

(6&052124);
t02051321Y:
(6505132i){
(02093024)

(02093024f

(02033122)5

74144226

712.

::642 46210,
‘508 12592
5.§91-?5279

. 636.97205

13495

(02092124) -

(02092124)"

(02051321) -

(02041721) ;.

(02051321)

(02093024) -

‘fﬁei;ééloi
.1781264532
©735.97839"
- 662.58325",
353192295;

| 618.69415 -

(02113019)

.(02113019) %

(02113019) -
(02051321) " -
(02051321)

(02112721)



| -40.0 |
|.517.74695 (02041721)
: -20.0 | 572.90845
503.22589. (02102521)
| 0.0 [.. . :
| 442.06091 (02102521).
) 20:0 | 576.28381
339:44531 (02111120) '
. 40.0 |-
| 256.84143 .(02020622)
60.0 |
193.43893 (02011521) . .
.’80.0 |- . 556.09619
|211.48757 (02020821 '
i .100:0 |
298.06619° (02012520) °
120.0 |- 582.34363
., 391.71606 (02011723) :
| - 140.0 |
| 503.42529 (02011823)
160.0 [ -
577.70044 (02011822) : -
.. .180:0 |-
580.96387 (02012721) .
200.0 | - : 663.29498
634.68646. (02011422)

1 *** -JSCST3 - VERSION 02035 - e

07/23/07
‘.15:20:18
" *+*MODELOPTs :-

. PAGE 9
. CONC

* k%

| ..=200.0 | - :
598.99445 (02012501) .

| oo 120.0¢ B
L«327 08722 (02022022)

f1An o, o AET r)no:u

672.36945
1632.12122°

570.15588°
' 569. 41279*(92012621)
630.16809
t(0212b72i)f'
564.91467
63460950

- 668.06213 (02122121)

© 685.07562.

268. 58356'

-'fnf)n1 LT

(02022522) 

f(02120724)

(02022623) "

(02031224)

(02122323) -

(02111221).

(ozlijzlx,

(02122122 .~

(02051723)

f}02122124i

E

"640.19519
614.60388.

'544.24933

541.52173 °

-552.51788

' “535.88123
:555.59412
'v627f4905§1
' 547.78076
- 604:70619
'533.65493
E 660;54055
591;93890

. multiple

ek

.. RURAL FLAT

*** THE

INCLUDING SOURCE(S).

i(ozoéiszéj

,(0210032013'L

DFAULT

”;fﬂgMﬂmmxlh;

" %% CONC OF OTHER:.

(02112720)°. = 572.03027 .(02041723) 549.11658 (0203312%)
(0202262?)"' 5so;égaab-(oé022323)’ 516.70447 (02111120)
(02092219) :523;4éo§1 (ozoilezo) 519.11975 (02111120
(02012624) ©550.62946 (02022620) 18915436 (02011820)
(02012521) - . ‘5£§&séagg.;ozolzszl)>" Qz;.sssvow(ozléoszlf
(bzozzézz)' 505.77258-(02Q20522)»-:l3§3:9369i (02020522) ;"
_(0202272115 524.4351g;(02022721) 396.73969 " (02012620)
(qzlgbizi). ;535;90875 (02120721) rl‘441;3545§'(02011421x
(pzizzizg).ﬂ .535923}20{i021221235, 507.72260 (02111719)
,(6;120722) "'534.3§7péﬁ@0212p522) X 539.17114° .(02120722)
iqzizbvzzi -555,72955 (ozizdjzzf' T”553.81560 (020;1823):
(02&22124)_-‘ 6§o{i7929'(d2611923)  639.35748 (02011823)
(0201i823) 'blzgieéii‘koéb1i823)' »616.07263‘102012519)
‘source -option 5 - P . s

: *%%

1ST HIGHEST 1-HR AVERAGE CONCENTRATION VALUES~E6R:SQURCE:GROUP5 ;ALL
- TRANS1 ., TRANSZ ,'SRca . ﬁEOP 7/ soNTwl " SONIA
§3p17-‘ ' NETWORK TYPE GRIDCART ek
JIN MICROGRAMS/M**3 » e
X- coonp (METERS)
40200 60..00

"724.03186

. -180.0 | 1646.74323 102041524)‘ﬁj 720.61371:
©.608.54999 (02012501) i I S
. -160.0 | 647: 57202,(02071324);””'700;63518‘
| 604.98230 .(02012501) . .1 - s R sha o
| -140.0 1 662. 09448,(02071324y,_:'658,91321
"619.48914 (02092221) I ]
- e =120.04)0 165670312 (02071324)”,',6;§;;2999
i 622.14209 (02092221) - . o T
v :=100.0.1 . 622. 126461(02071324) 617.58569:
- 628. 12799 (02011624) - RAET
=80.0 .5 [-609. 25360”(02011623)'._v603.60468
“623.65540 (02011624) o e e L
.. =60.0 I .578. 12909,(02011623)a "615.34375°
568.12036 (02120122) Y g e ey L e
: -40.0 | 490.54785 (02011623) - - 571.67474
511 62747 (02120122) G R e e, laen wesy
, $=20.0 .| -383. 06490}(92012421)3‘f:447558273
420.32904 (02020922) R S R A A
Lk 0.0 [..  325. 13431'(02011622),'~ 32495175
©°423.41406° (02020922) .- o I e L
' 20.0° [~ . 207. 52785,(02011622):.~j124ﬂ49744.
1 265.09360 (02020123) : SR 1
| . i -:40.0 ] .63. 87473:(02110521)'5,':49,93755
. 213.99318 (02020122) e BN
s . 60.0. [ 44. 55122,}02020121)~ 159.26801
| 241.74667 (02020122) E R L
[ '80:0.| . . 84: 81647 (02020121).f ..80.06596
L'251 10063 (02020122) : T e
- 77100.0.] - 108 681085(02020121);-u 112.71677"
290.69971 . (02020122) ' T

18869208

“% 499 aRNEA -

(02041524) -

(02041524)

(02041524)
'(02041524)f
102071324):”3

(02071324)

(02010321)
(02012421)

(02012421)"

(02032422)
(02020121)

rnanan1T 91

(02011623)

644.50964

634.74670

(02011623 "f481 06604
(02011623) d66. 62689“

’450“34009

.OARA

. -636.56561"
' 625.86597
596.91602

541706238a

”475.59239

316 04150:

'sa 0949r

;141~32293
162 74831%

¥ 1 Q(\')A-'-

'(021211235.

(02041819)
szﬁéié}éf

(02041819)
(oéoéials)p'
(02041819)1
1%02121122)}”
(02011623)_-
2102020921)7

_k02020921)'¥
(02020921)ﬁ

kozozogzly,

(02032422

(02032422)’

/non') 1"')1 ]

'712 69318
:'701 75769

;574,84375

548.57587

© 538.32129

1 121.65067

(02020122) . 104.5535; (02020122)f?' 176.98087
(02022020)  "115.27684 k02020122)9~'A188,75641v
-(02022022)° 116;071231(02022022y\ ;154;85286;

Y hwa n:-uz

625.81000

'598.82184

7601.68109

+'582.36169
497293866

" 332.57718

~7iéo;5§966

i1233 34047

'(02121123)

1 (02121123)

(02121123)

(02092221)

(02092221)

(021211235‘7“

1(02092221)

(02121122) -

(02121522)"

(02121522){?j“,f

(02121522)

(02020922)-}i'

‘onozblzzp

(02020122X.v :

(02020122)

(02032422): "

.(62032422X

Lrannananav o



683 37988 (02031923)

]781 55084 (02070123) i
|1 *** ISCST3 - VERSION 02035 ***
w07/23/07

o odekk

© multiple

‘source‘option

£ 200.0 | 704.42004. (02011422-‘ . 624.612431'(02042820) 638 7 5722 662 .. 1 o
.733.10724° (02031923) - ¥ S -:-(. el I i e L e BEZ-AO03A WOROIOLEL)
1 *** ISCST3 - VERSION 02035 ***  *%* ‘multiple source option- : ek
07/23/07 : . C e '
X *;*
v16 20118
**MODELOPTs.
PAGE © 10 ERAT- o
[CONC RURAL FLAT DFAULT
ST “w#% THE 1ST HIGHEST 1= HR AVERAGE CONCENTRATION VALUES FOR- SOURCE GROUP: ALL
i Fomal o B kLS INCLUDING SOURCE(S). .TRAnsl :;ATRANSZ ; SRC4 - ,~REQP -, SONIWL  , -SONIA2
" %% NETWORK.ID: GRD1. 4 NETWORK TYPE: GRIDCART ***
2 "% CONC OF OTHER . :IN MICROGRAMS/M**3 . - R
* Y-COORD | : i RTE .."X=COORD .- (METERS) - CE
(METERS)- |~ . 100.00 1120200 - fflqo;oo. 160.00
aeo 00 i . . S
‘; ____________________________________ Ve ol e - - i e T
=200.0 | © . 679.34155 (02120124) °672.77362 (02120124): .© ~542.74854 (02052724) .- 673.82233 (02022324)
657.66577 (02022324) ! R N TR Sl g . - o
| - -180.0° ~ 8698. 26111‘(021201241 ¢631 14062 (02120124) 612.19324 (02022324) 700.51447 (02022324)°
690.85376 (02041822) ~ " m, 4 v g Y o o
“.-160.0 |- - 694. 978641(02120124) 596. 83276 (02052724) - 674.26056 (02022324) 675.25781 (02022324) - -
‘695 07397 (02112723) o . I P BTN e mraE T : e
-~ -140.0 | 653.48938 (02120124) 618;78894.(92041523)~' '693..69330°.(02022324) 696.83093 (02041822)
629 85791 (02112723) I e - AR Tt LR IRy
0 =120.0 | - 633.39886 (02011624) - 645.30139 (02041523).-° " 645.72290 ~(02041822) 657.96045 (02112723) .
1571 003237(02091322) . - . o0 B W STy e o
| ~100.0 |. 631.24951 (02041523): 644.49493. (02041523)" -. .635.41064. (02112722) . - 622.26978° (02112722)
1606.99268 1(02091322) - . et e E " T g B SRl tgm B e U
..7-80.0 | .652.06354 (02041523) . ° 598.37335 (02112722)° = 657:50134 (02112722) :- . 627.99121 (02091322) -
.610.71069 (02112724) "he Fe T e e e VEE e s .
o7 . -60.0 ] - 606.03088 (02041523) 636.74750 (02112722) 614.52197 (02091322) .. 614.17761 (02091322}
584 40649 (02060420) . .. e T e By R F o Tt PR PTG TR s 00d e Taii o
. .. -40.0 |  505.42139 (02112722)- ~ .584.74115 (02022421) . .-587.22687. (02031322) . .. 591.72992 (02102522)
639 57446 '(02033124) It L IR EE ekt v T Ee EPLIE- P 7 o D o g
=20.0. | 547.26746 (02020123) 54456287 '(02031322) -~ 613.63153 (02102522) 620.55688 (02033124)
674 87585 (02031422) ° . . el ooes 3 RO B & Sl o la Tl TR B % o,
[ . 0.0 | .. -487.40015 (02020123) 558.22156 (02102522) * '607.77594.'(02102522) . 616.45404 (02031422)
665 36414 (02041622) e L S TR g T P P S0 ety a0 Se Tgawiind
‘ 20.0 | ° .350.92725 (02102522). - '460.02173 (02102522). j'601’81146:(020114z3y‘ 672.18298 '(02011423) ..~
/663.04266 (02011423) - . .- Lo T AR S . _ s ety
l ©L 4000 258.15186. (02012523) ~ :467.25287 102011423)-~‘;591 34070 (02011423) . 616.73071- (02011423)
'645 98407 (02041621) P I Ol s AR PL g A8 oh Bete T N Bt e
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** Trinity Consultants
‘ . .

CO STARTING

| CO TITLEONE multiple source option

| CO MODELOPT DFAULT CONC RURAL
| CO AVERTIME. 1
CO. POLLUTID OTHER
CO .TERRHGTS, FLAT .
| CO RUNORNOT ~RUN
| CO FINISHED

SO.STARTING Gt
"] SO ELEVUNIT METERS - . /s ;
SO LOCATION TRANS1. POINT . -52.3 °
SO LOCATION ‘TRANSZ2 .POINT  “-48.1
SO LOCATION 'REOP: POINT. 1.6  =0.8

-~ SO LOCATION SONIW1 ‘POINT: 31.8 70.8. 0:

| SO LOCATION .SONIA2 POINT :38.2 63.1 -0° By
18 401..6:19
18- 401 :76.19

{'SO "SRCPARAM - TRANS1- 9. 660000E~01
-SO SRCPARAM - TRANS2.. 9.660000E-01
SO 'SRCPARAM REOP '6.860000E=01 11
SO SRCPARAM SONIW1 1.673000E+00 -

/SO SRCGROUP " ALL
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'RE' STARTING A y
|RE GRIDCART GRD1 STA.0°
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ME
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** PROJECTN 0.104 7 —177'0 0. 9996 500000 0.

** QUTFILE “"C:\Documents: and Settlngs\metramen\My Documents\Aruna\testv2 lst"
** RAWFILE - -“C \Documents and- Settlngs\metpamen\My Documents\Aruna\tg;th RAWf

** RAWEMT" 2. . - . _
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1.0 Background

Air Quality Models (AQM) are used today for a wide variety of applications in
environmental assessment and management. These applications include

e Siting/zoning of developmental projects

* Deciding on the buffer zones

Setting emission and ambient air quality standards

Deciding on stack heights

Making choice of fuel

Recommending air pollution control technology

Preparing for emergency response due to leaks/accidental release
Assessing impact on human life and natural resources

Application of AQM:s requires knowledge about emissions and their characteristics,
local meteorology and understanding of the underlying mechanisms of pollutant
transport and dispersion. Since the computations involved are often intensive, AQMs
are generally applied with the help of software packages. Several AQM software
packages exist today, developed for various emission and meteorological conditions.
It becomes necessary therefore that hands on training is provided to enable
appreciation and use of some of the commonly used AQM software packages.

Unfortunately, the subject of AQM is often not covered in detail in the university
programmes. Further, opportunities for hands on training on AQM software packages
are not generally available. Given these limitations, the Ministry of Environment,
Government of Mauritius considered operating a Training Workshop on AQM to
benefit the Ministry Staff, Research and Academic Institutions and Professionals. This
proposal is developed in response to such an interest.

2.0 Objective of the Training Workshop

The focus of the Training Workshop will be Industrial Emission Source

Modelling'. Under this scope, the objectives of the proposed Training Workshop are
as follows

a. Provide basic understanding of AQM — concepts, underlying theory, strengths
as well as limitations -

b. Illustrate practical applications of AQM in decision making

c. Provide coaching on one of the commonly used and broad based AQM
software package through hands on work sessions

d. Provide guidelines on how to apply AQMs for regulatory applications

€. Provide resources (reading materials and software packages as available in the
public domain)

" EMC recommends a separate hands on Training Workshop to specifically address line and area
sources of emissions (i.e. transportation corridors and urban areas) as a follow up event

EMC, Mumbai, India and University of Mauritius
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3.0 Proposed Structure of the Training Workshop

The workshop is designed for about 20 participants. It will be assumed that the
participants do not have formal training in AQM. Participants with some basic
environmental training and exposure will however be preferred.

All participants will receive the workshop materials including MS PowerPoint
presentations, handouts to participants, case studies and group work session material
and a resources CD-ROM. The CD-ROM will contain softcopies of all the workshop
presentations, additional reading material on air quality modelling and free copies of
some of the popularly used AQM software packages.

The Workshop is visualized in four modules. There are two possibilities of organizing
these four modules.

Model A: The workshop will be conducted in four half day (morning) modules held
over 4 working days. The modules will typically begin at 9 AM and end at 1230 PM.

Model B: The workshop will be conducted over two full days held on two consecutive
days e.g. Friday/Saturday. The modules will typically begin at 9 AM and end at 1730
PM.

The Ministry of Environment can choose any of the two models. Model B may be
more practical and effective than Model A.

The programme structure as visualized for Model B is detailed as below

Module A (Day One)

L1 Why AQM? 0930 - 1000 Introduction to basic.
modelling concepts, use of
AQM in decision making,

: advantages and limitations

L2 Understanding Emissions 1000-1045 Emission factors, Point, Line

and Emission Characteristics and Area sources,
Continuous and puff
discharges

L3 Understanding basic 1045-1130 Winds, Mixing height,

concepts in meteorology Monin-Obukov length,
atmospheric stability,
dispersion coefficients,
plume rise etc

Tea/Coffee break

L4 The Gaussian Plume based | 1200-1300 Introduction to Gaussian

AQM Plume based AQM,
assumptions, governing
equations, close form
solutions for single source

Lunch break

Module B

EMC, Mumbai, India and University of Mauritius



‘\4:‘: -.
N

Page 4 of 4 -4 -

W1 Application of AQM for 1400 - 1530 Participants will work in

single source point emission groups on computers to
apply a simple Gaussian
Plume AQM for decision
making

Tea/Coffee break

L5 Introduction to 1600 - 1700 Basic model structure,

ISC/AERMOD Software capabilities and input data

Package (Part 1) requirements will be
explained.

Discussions Question/answer session

Module C (Day Two)

L6 Introduction to 0930-1100 Step by step instructions will

ISC/AERMOD Software be provided on how to set up

Package (Part 2) input data for
ISC/AERMOD.

Tea/Coffee break

W2 Case study based group 1130-1300 Groups of participants will

work session on work on a hypothetical case

ISC/AERMOD (Part 1) study based on the
ISC/AERMOD.

Module D

W3 Case study based group 1400-1530 Participants will complete

work session on the group work and hold a

ISC/AERMOD (Part 2) discussion session on
modelling experience

L7 Guidelines for AQM 1600 — 1700 Guidelines on how to
choose, how to apply and
how to interprete results of
AQM will be provided

Concluding session and 1700-1730 Summarize outcomes of

Workshop evaluation

workshop, workshop
evaluation and recommend
next steps

Notes:

L indicates a Lecture session

W indicates a Group Work session i
Choice of ISC or AERMOD will be made based on meteorological data generally

available at Meteorogical Department at Mauritius.

EMC, Mumbai, India and University of Mauritius
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