Ch 6: Methods of assessing air quality; the use of air quality indices

(Reference: Monitoring ambient air quality for health impact assessment, WHO Regional Publications, European Series No. 85 (1999))

The methods of assessing air quality in a given (urban) area are complicated because air pollution concentrations vary in space (from place to place) and time across the area under consideration. This spatial and temporal variation in ambient air quality is due to several factors, including the location of pollutant emission sources, the height and temperature of release of the pollutants and meteorological conditions. For example, vehicle pollutant concentrations are emitted at ground level, and these concentrations are highest close (within 1 km) to heavy traffic roads. The exposure of the population in a given area is therefore a function of location within the area. Estimates of population exposure should ideally account for both the spatial and temporal variation of air quality and the population distribution across the area. 

The most important methods of assessing air quality include:

a. ambient air quality monitoring,

b. modelling

c. the preparation of emission inventories,

Since each method has limitations, a comprehensive ambient air quality assessment requires the use of all three methods.

Indoor air quality may differ significantly from outdoor (ambient) air quality – concentrations may be lower or higher, and indoor and outdoor pollutants may be significantly different. Accurate assessments of individual exposure may require time-activity data.

It is useful to classify pollutant sources natural (e.g. volcanic eruptions, biogenic emissions from plants and forests) and ‘anthropogenic’ (the result of human activities).
Ambient air quality monitoring

An air quality monitoring system essentially measures ambient air concentrations at a number of fixed locations, for example across a city or within a region. 

Continuous monitors (analysers) are instruments capable of measuring pollutant concentrations (for example, SO2, NO2, CO, PM) continuously and more or less instantaneously (in reality, measurements are averaged over very short periods of time). The ‘instantaneous’ values are not in themselves useful for assessing air quality. (‘Instantaneous’ values are subject to measurement ‘noise’. In addition, in the absence of  instantaneous exposure-response relationships, ‘instantaneous’ measurements cannot provide a useful estimate of health impacts.) Thus these values may be averaged over time periods of 10 or 15 minutes, one hour, 3 hours, 8 hours, 24 hours or longer periods. The time-averaged values (time weighted averages) may be compared with air quality standards or guidelines, or may be used, in conjunction with known exposure-response relationships, to estimate the potential health impacts of the air pollutant concentrations.

Automatic analysers that are capable of measuring air pollutant concentrations continuously are comparatively expensive, and have to be housed in a protected and controlled environment, usually at a fixed site or in a mobile station or caravan. (A monitoring station capable of continuously measuring the concentrations of the five common air pollutants – SO2, NO2, ozone, CO and PM – costs about R1.0 million.) A typical monitoring system consists of a limited number of monitoring sites, each measuring a specific set of pollutants. For example, the City of Cape Town has the following monitoring network:
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Figure 6.1: Cape Town Monitoring Sites

Not all the stations measure all the commons pollutants; additional measurements are done on an ad hoc basis, and a mobile station may be relocated to a new area.

The choice of location of monitoring sites should consider factors such as:

· the need to monitor major pollution sources

· the need to assess suspected areas of high concentration, 

· the need to monitor exposure in areas with high population density and 

· the need for data for a ‘control’ area remote from local pollution sources;

· the need for data on ‘background’ pollution levels, outside of the city’s expected area of impact.

Cape Town publishes monthly reports of the results obtained at its monitoring stations. (www.capetown.gov.za/airqual/reports/cmc_reports.asp) Ad hoc reports of ‘air pollution episodes’ – periods of unusually high concentrations – are published as well. The city of Durban (Ethekwini) had a fairly comprehensive monitoring network in the South Durban region. Durban’ system is currently being redesigned and upgraded. (See the available files of examples of monitoring reports for Cape Town and South Durban.)

Active and passive samplers are a lot cheaper than continuous automatic analysers, but they are only capable of periodic sampling over longer time averaging periods (usually several days), and are generally less sensitive than continuous monitors. Passive monitors are useful for initial surveys of air pollutant profiles.
Monitoring sites provide detailed information on concentrations of a particular set of pollutants at a specific site. For example, the Cape Town network provides data on 5 or 6 pollutants, at the 8 sites shown in Figure 1. However, pollutant concentrations vary continuously across the area; measurements at these sites cannot be assumed to represent conditions throughout the metropolitan area (an area of about 2 500 kms2), even if optimally located in relation to pollution sources and the exposed population. There is at present no standardised method of using monitored data to estimate average air quality or population exposure. 

Very localised spatial and temporal variations in concentration may occur due to the proximity to point sources, major roads or the effect meteorology and terrain variations due to mountains, hills and buildings. Monitoring on its own does not therefore provide a coherent integrated picture of air quality. Most monitoring networks measure (continuously) the concentration of the five common pollutants. Although remote sensing instruments have been developed for monitoring volatile organic compounds, these instruments are not yet in widespread use. 

In general, ambient air monitoring does not give an indication of the source of pollution. For example, sulphur dioxide and nitrogen oxides are both emitted from stationary combustion sources and vehicles, both petrol and diesel driven. Measurements at a particular location cannot readily be apportioned to one or other source on the basis of monitoring data alone. Thus if (health based) standards are exceeded, action cannot easily be taken to manage and control pollution sources.

Nonetheless, in spite of these limitations, monitoring is the most widely used method for assessing ambient air quality. Table 6.1 summarised the available air monitoring methods, together with their approximate costs, advantages and disadvantages.
Table 6.1 Summary of monitoring techniques
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Method
|Passive Samplers

| Active Samplers

Remote sensors

Advantages

Disadvantages

Capital Cost

Very low cost.
Very simple

No dependence on
mains electricity

Can be deployed in
very large numbers
Useful for screening,
mapping and baseline
studies.

Low cost

Easy to operate.
Reliable operation
performance.
Historical dataset

Proven.
High performance.
Hourly data.
On-line information.

Provide path or range-
resolved data

Useful near sources,
Multi-component
measurements,

Unproven for some
pollutants

In general only provide
monthly and weekly
averages
Labour-intensive
deployment/analysis.
Slow data throughput

Provide daily averag
Labour-intensive
sample collection and
analysis.

Laboratory analysis
required.

Complex
Expensive

High skill
requirement.

High recurrent costs

Very complex and
expensive.

Difficult to support,
operate, calibrate and
validate.

Not readily comparable
with point data
Atmospheric visibility
and interferences

US$10-70
per sample.

US$1000-3000
per unit

USS10 000-
15 000 per
analyser.

US$70 000 -
150 000 per
sensor, or more.





Air quality modelling

Air quality modelling, particularly dispersion modelling, is used to predict air pollution concentrations in the modelled region using data on pollutant emission sources and meteorology as inputs. There are several different types of atmospheric models, ranging from a simple input-output ‘box’ model to very complex models (and difficult to develop and use) that attempt to account for dispersion, atmospheric chemistry and local terrain variations. Statistical dispersion models are intermediate in complexity and ease of use, and the most widely used. Air quality models are mathematical procedures that combine emission data from one or several sources (some models are capable of handling several thousand sources, including stationary and mobile sources) and meteorological data to predict ambient concentrations of pollutants as a function of time and location. The output of all models should be validated, and calibrated if necessary, against data from appropriately located monitoring stations. Dispersion models are able to interpolate values between monitoring stations, and may be used to predict (forecast) near-term concentrations, providing a coherent integrated picture of the link between the sources of pollution and the ambient air quality. Atmospheric models are therefore as essential aspect of air quality assessment, but their limitations must understood and accounted for. The calibration and validation of models is essential. 

A great value of air pollution modelling is that it can be used to evaluate the effectiveness of interventions such as the use of cleaner fuels, the us gas cleaning equipment on factory stacks or the emission reduction benefits of improving public transport and simultaneously reducing private vehicle use. Modelling may also be used to assess the likely impact of new industrial developments. Model results may thus be used to make air quality management decisions.

The validity of a dispersion model is dependent on the quality of pollutant source data. As in the case of an Emission Inventory, the necessary regulatory and administrative infrastructure for the periodic collection of source data is essential. 
Air pollution modelling may also be used to study the potential impact of a single emission source, illustrated in the following example.

Consider the impact of a large industrial boiler, producing about 24 t/h of steam, using 3t/h coal containing 1% sulphur as a fuel source. The emission rate of SO2 would be about 16g/s (57kg/h). For modelling purposes, assume a stack height of 50m, a stack exit velocity of 6m/s and an exit gas temperature of 300 oC. A dispersion model is able to predict concentrations in a specified area, for given meteorological conditions. (For illustrative purposes, a simplified statistical (Gaussian) model that does not account for stack temperature and exit velocity was used.)

Figures 6.2 and 6.3 illustrate the substantial differences in ambient concentrations as a function of downwind location, and the location of the point of highest concentration, that may occur due to differences in wind speed and atmospheric stability. (Stable or very stable conditions may occur at night, particular during winter, under conditions of low wind speed. Unstable conditions may occur during the day with strong insolation (heating by the sun) and moderate wind speed.) Under stable or poor dispersion conditions (Figure 6.2), maximum concentrations are high (about 130 ug/m3) and occur over a comparatively large area; under unstable conditions (good dispersion, Figure 6.3), maximum concentrations are lower (about 110 ug/m3) and occur over a smaller area. Note also that the point of maximum concentration is not at the source but is some distance downwind because the pollutants are discharged at a height of 50m. Note also that the location of the point of maximum concentration is substantially different for the two cases.
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The model also provides the ‘footprint’ of the pollution impact, as illustrated in Figures 6.4 and 6.5, again showing the substantial differences in impact that occurs under different meteorological conditions.
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Figure 6.4: SO2 concentrations for Stability Class F, 10km/h wind speed 

The change in ambient concentrations due to a change in meteorological conditions may be illustrated by modelling the same emission source under slightly unstable conditions:
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Figure 6.4b: SO2 concentrations for Stability Class B, 20km/h wind speed)

The location of a receptor relative to the wind direction have an even greater significance with the respect to the exposure experienced – in both cases the concentrations upwind are essentially zero compared to the significant concentrations downwind of the source.

Basic dispersion models account for the influence of meteorology – wind strength and direction, cloud cover – and source strength and other characteristics such as release height, temperature and exit velocity. More complex models are needed to account for atmospheric chemistry and the influence of terrain on wind direction.

Air pollutant emission inventory

The third generally used method on assessing air quality in a given area is the preparation of an emission inventory. An emission inventory is a compilation of all significant pollutant emissions and emission sources. Emission data are consolidated into a national emission inventory database, using a standardised methodology of estimating emissions. In terms of the United Nations Framework Convention on Climate Change (UNFCCC), signatories are required to compile and maintain an emission inventory of greenhouse gases.

The following excerpt from the EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition September 2003 UPDATE, Report 30 (http://reports.eea.eu.int/EMEPCORINAIR4/en/page002.html ) provides the motivation for the compilation of an EI, and an outline of the general methodology used.


Air Quality or Air Pollution Indices (AQI or API)



Air Pollution Indices

The task of communicating the complex relationship between air pollutant exposure and ill health to the public in a manner that is both simple and accurate is an important albeit difficult aspect of an air pollution information system. An Air Pollution Index (API) (or Air Quality Index, AQI) is a numerical scale, usually colour coded, widely used to relate air pollution exposure data to the risk of short-term adverse health. In practice a subset of air pollutant exposures, consisting of the concentrations of the common air pollutants – sulphur dioxide (SO2), particulate matter (PM), nitrogen oxides (NOx), carbon monoxide (CO) and ozone (O3) – is used to determine the API. The systems in current use are based on the calculation of an index value for each of the pollutants; in most cases, the API is then considered to be the highest of the individual pollutant index values.
The UK index system is:

Table 6.2: The UK Air Pollution Index Systema
	Band
	Index
	Ozone
	Nitrogen Dioxide
	Sulphur Dioxide
	Carbon Monoxide
	PM10 Particles

	
	
	8 hourly or

hourly mean*
	Hourly mean
	15 minute mean
	8 hour mean
	24 hour

mean

	
	
	
	
	
	
	

	
	
	µg/m3
	µg/m3
	µg/m3
	mg/m3
	µg/m3

	 Low
	1
	0-32
	0-95
	0-88
	0-3.8
	0-16

	
	2
	33-66
	96-190
	89-176
	3.9-7.6
	17-32

	
	3
	67-99
	191-286
	177-265
	7.7-11.5
	33-49

	UK Air Quality Standards

	Moderate
	4
	100-126
	287-381
	266-354
	11.6-13.4
	50-57

	
	5
	127-152
	382-476
	355-442
	13.5-15.4
	58-66

	
	6
	153-179
	478-572
	443-531
	15.5-17.3
	67-74

	 High
	7
	180-239
	573-635
	532-708
	17.4-19.2
	75-82

	
	8
	240-299
	636-700
	709-886
	19.3-21.2
	83-91

	
	9
	300-359
	701-763
	887-1063
	21.3-23.1
	92-99

	Very High
	10
	360 or more
	764 or more
	1064 or more
	23.2 or more
	100 or more

	* For ozone, the maximum of the 8 hourly and hourly mean is used to calculate the index value.


a. Adapted from the netcen (www.netcen.co.uk) data archive website:

http://www.airquality.co.uk/archive/standards.php#std
The United States operates a system similar in basic concept, but considerably different with respect to the detailed implementation of the system. Both systems use their Air Quality Standards as a basis for the numerical scale, and do not account for the reality of simultaneous multiple exposures to different air pollutants. The pollutant with the highest index value is assumed to characterise to air quality for the given location and period – the effect of all other pollutants is ignored.

The index system proposed for the DAPPS project, based on relative risk of excess daily mortality, is:

Table 6.3: The definition of the DAPPS Air Pollution Index (API) System

	 
	Pollutant exposure metric ->
	PM10, 24h average  [g/m3]
	PM2.5, 24h average   [g/m3]
	SO2, 24h average  [g/m3]
	Ozone, 8h maximum  [g/m3]
	Ozone, 1h maximum  [g/m3]
	NO2, 1h maximum  [g/m3]
	CO, 8h rolling average [mg/m3]

	Relative Risk
	Index value
	Concentration = (RR-1)/(Excess Risk Factor)

	1
	0
	0
	0
	0
	0
	0
	0
	0.0

	1.015
	1
	21
	10
	38
	30
	33
	51
	3.9

	1.031
	2
	41
	20
	77
	60
	67
	102
	7.9

	1.046
	3
	62
	30
	115
	90
	100
	153
	11.8

	1.061
	4
	83
	40
	153
	120
	133
	204
	15.7

	1.077
	5
	104
	50
	192
	150
	167
	256
	19.7

	1.092
	6
	124
	60
	230
	180
	200
	307
	23.6

	1.107
	7
	145
	70
	268
	210
	233
	358
	27.5

	1.123
	8
	166
	80
	307
	241
	267
	409
	31.5

	1.138
	9
	186
	90
	345
	271
	300
	460
	35.4

	> 1.153
	10
	>=207
	>=100
	>=383
	>=301
	>=333
	>=511
	>=39.3


The overall DAPPS index is the sum of the individual indices, normalised to the same 0 to 10 scale of values.






















Figure 6.2: SO2 concentration vs downwind distance (Emission rate 16g/s, 50m stack, 10km/h wind, atmospheric stability class f )





Figure 6.3: SO2 concentration vs downwind distance (Emission rate 16g/s, 50m stack, 20 km/h wind, atmospheric stability class b)
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It is not possible to measure emissions from all of the individual examples of these sources or, in the short term, from all the different source types. In practice, atmospheric emissions are estimated on the basis of measurements made at selected or representative samples of the (main) sources and source types.


The basic model for an emission estimate is the product of (at least) two variables, for example: 


an activity statistic and a typical average emission factor for the activity, or 


an emission measurement over a period of time and the number of such periods emissions occurred in the required estimation period.


For example, to estimate annual emissions of sulphur dioxide in grams per year from an oil-fired power plant you might use, either: 


annual fuel consumption (in tonnes fuel/year) and an emission factor (in grams SO2 emitted/tonne fuel consumed), or 


measured SO2 emissions (in grams per hour) and number of operating hours per year.


In practice, the calculations tend to more complicated but the principles remain the same.


Emission estimates are collected together into inventories or databases which usually also contain supporting data on, for example: the locations of the sources of emissions; emission measurements where available; emission factors; capacity, production or activity rates in the various source sectors; operating conditions; methods of measurement or estimation, etc.


Emission inventories may contain data on three types of source, namely point, area and line. However, in some inventories all of the data may be on area basis - region, country, sub-region etc.


Point sources - emission estimates are provided on an individual plant or emission outlet (usually large) usually in conjunction with data on location, capacity or throughput, operating conditions etc. The tendency is for more sources to be provided as point sources as legislative requirements extend to more source types and pollutants as well as more openness provides more such relevant data.


Area sources - smaller or more diffuse sources of pollution are provided on am area basis either for administrative areas, such as counties, regions etc, or for regular grids (for example the EMEP 50x50 km grid).


Line sources - in some inventories, vehicle emissions from road transport, railways, inland navigation, shipping or aviation etc are provided for sections along the line of the road, railway-track, sea-lane etc.











(Introduction to: EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition September 2003 UPDATE, Report 30, http://reports.eea.eu.int/EMEPCORINAIR4/en/page002.html)


EMISSIONS AND EMISSION INVENTORIES


Substances emitted into the atmosphere by human and natural activities are the cause of many current and potential environmental problems, including: 


acidification 


air quality degradation 


global warming/climate change 


damage and soiling of buildings and other structures 


stratospheric ozone depletion 


human and ecosystem exposure to hazardous substances.


It is necessary to have quantitative information on these emissions and their sources in order to help: 


inform the policy makers and the public 


define environmental priorities and identify the activities and actors responsible for the problems 


set explicit objectives and constraints 


assess the potential environmental impacts and implications of different strategies and plans 


evaluate the environmental costs and benefits of different policiesli> 


monitor the state of the environment to check that targets are being achieved 


monitor policy action to ensure that it is having the desired effects 


ensure that those responsible for implementing the policies are complying with their obligations.


There are many types of sources of atmospheric emissions and many examples (often millions) of each type, for example: 


power plants 


refineries 


incinerators 


factories 


domestic households 


cars and other vehicles 


animals and humans 


fossil fuel extraction and production sites 


offices and public buildings 


trees and other vegetation 


distribution pipelines 


fertilised land 


land with biological decay.
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				6.4527855977863E-191		2.87962283245238E-45		1.40800791718706E-18		0.0000000023		0.0000339603		0.0055870425		0.1110271458		0.7238813583		2.4885267249		5.7813914486		10.43806264		15.9186689539		21.6034631598		26.9880635442		31.7479717219		35.7238442206		38.8776815879		41.2479503195		42.9142820272		43.9733313627

				0		1.82662888220504E-75		9.56404698012808E-32		1.20918277935688E-16		0.0000000009		0.000004281		0.0006259654		0.014708071		0.1206773631		0.5190142545		1.4710760847		3.1504779822		5.5536794193		8.5201021096		11.8096708657		15.1777145029		18.4209780094		21.3949690128		24.0126028204		26.2339511984

				0		2.72932309365986E-114		1.12306023124605E-48		5.43988056093784E-26		0		0.0000000004		0.0000008038		0.0000981711		0.002464849		0.0234005095		0.1184436733		0.3924980366		0.9684634104		1.9348755632		3.3117042757		5.04939993		7.0508717779		9.1995474173		11.3823035378		13.503457996

				0		9.60615294938E-162		2.27976005879921E-69		2.04926116964496E-37		8.15100259634221E-23		0		0.0000000002		0.0000002153		0.0000212049		0.0005298714		0.005448163		0.0307815065		0.1145593676		0.3160795833		0.7000954401		1.315401576		2.1801719974		3.2791914569		4.570614862		5.9969888733

				0		7.96404971062683E-218		8.000184015027E-94		6.46421500850337E-51		2.67683963541329E-31		8.7812835149852E-21		0		0.0000000002		0.0000000768		0.0000060258		0.0001431693		0.0015196151		0.0091922744		0.0371428319		0.1115719169		0.2683256215		0.5445735009		0.9689750547		1.5547931943		2.2978858029

				0		1.55527913185084E-282		4.85328233070033E-122		1.7074374834437E-66		4.35377707322197E-41		1.85011620397611E-27		2.37501868413277E-19		0		0.0000000001		0.0000000344		0.0000021494		0.0000472246		0.0005003344		0.0031397043		0.0134043107		0.0428598975		0.1098854167		0.2373580311		0.4480476187		0.7596798278

				0		0		5.08974330959404E-154		3.77645544368386E-84		3.50705464709626E-52		5.01948101129339E-35		8.20548367433841E-25		2.85161018777729E-18		0		0.0000000001		0.0000000184		0.0000009238		0.0000184732		0.0001909139		0.0012140205		0.005360747		0.0179118903		0.048199305		0.1093778179		0.2166904147

				0		0		9.22743400936013E-190		6.99414214774785E-104		1.39910848170518E-64		1.75362781521214E-43		6.45660972134873E-31		7.28141207225433E-23		2.04092876186433E-17		0		0.0000000001		0.0000000114		0.0000004627		0.0000083507		0.0000828895		0.0005250307		0.0023586342		0.0081137782		0.0226197539		0.053328057



Crosswind distance
(+-500m)

Conc. 
(ug/m3)

Downwind distance
(0 to 1000m)
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		Overview

				This workbook includes several worksheets addressing aspects of air pollutants

						Properties				Properties - a few useful properties of air and particle dynamics

						Distribution				Distribution - plots particle number, surface and area distributions

						Puff_model				Puff_model - a "puff" model to simulate an instantaneous release

						Plume_model				Plume_model - a Guassian plume model to simulate a constant release

		Properties

				This sheet gives some useful properties of air, e.g., density, saturation

				vapor pressure.  The water vapor equation is from McRae, 1980. It

				the saturation pressure of water vapor in atmospheres at the specified temperature as:

						pH20,sat,T = exp(13.3185 a - 1.9760 a^2 - 0.6445 a^3 -0.1299 a^4)

						where:  a = 1 - Ts/T = 1 - 373.15/T for T in K

				This equation does not correct for air pressure.  "Steam tables" are available for this.

				The property sheet also gives some useful equations for particles in air, e.g.,

				Stokes velocity, Reynolds number, and diffusion coefficient.

				Some of the equations for particulate parameters are from Willeke and Baron,

				"Aerosol Measurement," Van Nostrand Reinhold 1994.  Other equations are

				Hinds, "Aerosol Technology," J. Wiley and Sons, 1982.  The Hinds book has

				been updated recently.

		Distribution

				This page calculates and plots particle size distributions.  You provide the

				input distribution in terms of particle number concentrations, often called just "number

				concentration."  The number concentration is the number of particles of all sizes

				contained in a specified volume.   You specify the median number concentration and the

				geometric distribution.

				The mass concentration is much more commonly measured than the number concentration.

				Thus, typically size distributions are expressed in terms of aerosol mass.  The spreadsheet

				calculates the volume distribution, which will follow the mass distribution.

				It is somewhat difficult to specify a "typical" size distribution.  Coarse mode aerosols, resulting from

				grinding-type processes, may have a median diameter of 3-10 um.  Fine mode

				aerosols, resulting from combustion, may have a typical median diameter of 0.1 - 0.6 um.

				Smaller aerosols, including "ultrafines" resulting from molecular agglomerations and other phenonmenon,

				may have a typical median distribution of 0.001 - 0.02 um.

				Typical geometric standard deviations for aerosols range from 1.2 to 2.0, with values about 1.5 to 1.8

				being most common.

		Puff_model

				The "puff" model is useful for instantaneous sources.  The model calculates ground level concentrations.

				You can select the meteorology (wind speed and stability class), the nature of the terrain (urban or rural), and

				the source release and release height (0=ground level).   This is a dynamic & analytical model.

				It is based exactly on the material presented in course notes.

				The first part of the page shows dispersion coefficients (vertical and horizontal) for the specified

				stability category (A - F, where A is the most unstable and F is most stable).   Urban and rural

				dispersion coefficients are compared in the plots.  Urban terrain includes more surface roughness and greater

				heat fluxes, forces that lead to more rapid dispersion in most cases for the same atmospheric stability.

				Dispersion coefficients are a key parameter in these models.

				The dispersion coefficients have a limited range of applicability.  They should not be used for very short

				distances (less than about 25 m), or very long distances (greater than about 50 km).

				The model limits them to a maximum of 5000 m.   Finally (and quite important at times),

				there are circumstances when a Gaussian plume is a poor assumption.

				These dispersion coefficients are based on empirical experiments.  There are a number of parameterizations.

				In this model, the rural parameters are taken from Gifford-Hanna and Pasquill-Gifford-Turner. The urban ones

				are taken from McElroy-Pooler.

				Compare urban and rural dispersion coefficients, and also dispersion coefficients for different stability categories.

				The lower part of the page plots concentrations using a 3-D plot and also the puff-centerline concentration.  The

				latter is the concentration obtained directly downwind of the source.  Note that the 3-D plot does not show the

				X & Y scales - these represent the maximum distances in the downwind and crosswind direction. If these are not

				the same, then the plume will seem asymmetrical.  (The puff model, as formulated here, is symmetrical.)

				On the 3-D plot, the puff is moving toward the right.  Try changing the time since release.

				Hint: To visualize the effect, try temporarily hiding the middle rows.

		Plume_model

				The upper half of this page is identical to that in the puff_model page.   The bottom half simulates a continuous

				air pollution source.  This is a dynamic and steady-state model.

				The plume model behavior can be complex.  Try simulating an elevated source.  The maximum concentration

				may not appear near the source.  Why?





Properties

		Properties												© S. Batterman 4/2/99

		Inputs										Standard conditions

				Temperature		293.15		oK				293.15 oK		20 oC		68 oF

				Pressure		101.30		Kpascal				101.3 kpa		1 atm		760 mm Hg

				Particle/molecule diameter		1.00		µm

				Particle density		1.00		g/cm3

		Properties of Air

				Air density =		1.205E-03		g/cm3

				Air viscosity =		1.807E-04		poise				intermediate calc:				-0.273

				Saturation water pressure =		0.023		atm		The water vapor calculations apply to atmospheric pressure

				Water concentration =		29.583		g/m3		only and temperatures from 10 - 90 oC only.

		Particle settling velocity in Stokes regime

				Slip correction factor =		1.166E+00				Accounts for continuum effects

				Settling velocity =		3.516E-03		cm/sec		Verify that Reynolds number is small to use this estimate

		Particle Reynolds Number

				Particle velocity =		3.516E-03		cm/sec		Uses stokes velocity or replace if you want

				Reynolds number =		2.344E-06				If Re < 0.1 then flow is laminar

		Diffusion coefficient, mechanical mobility, mean thermal velocity

				Diffusion coefficient =		2.457E-08		cm2/s		Applies to molecular range

				Diffusion coefficient =		2.769E-07		cm2/s		Applies to particle range

				Mechanical mobility =		6.846E+06		cm/(s-dyne)

				Mean thermal velocity =		4.436E-01		cm/s





Distribution

		Distribution												© S. Batterman 4/2/99

		Change		Particle size distribution - enter number density statistics (in green)														Intermediate Calculations

		distribution				d(50) =				1.00		µm		(median)				sqrt(2*pi) =				2.506628

		here				sigma g =				2.00				(lognormal std deviation)				ln (sigma g)=				0.693147

						Total # of particles =				1000								ln (d(50)) =				0.000000

		This plot																Size mult. for geo. scale=				1.33

		shows

		the classical

		lognormal

		distribution,

		i.e., positive

		skew, long

		right-hand

		tail

		This is the

		same data

		as above

		but plotted

		using a

		logarithmic

		scale.

																		Midpoint size computed as sqrt(upper limit * lower limit)

																		Surface computed as Pi * (midpoint size)^2

																		Volume computed as Pi * (midpoint size)^3 / 6

		Calculations		Mindpoint

		are performed		Size		Number Concentration				Surface Area				Volume				Bin

		here		(um)		no.		(%)		(um2)		(%)		(um3)		(%)

				0.115		1.28		0.13%		0.05		0.00%		0.00		0.00%		0.1

		See formulas		0.153		4.23		0.42%		0.31		0.00%		0.01		0.00%		0.133

		at right.		0.204		11.83		1.18%		1.55		0.02%		0.05		0.00%		0.1769

				0.271		27.93		2.79%		6.46		0.08%		0.29		0.01%		0.2353

				0.361		55.67		5.57%		22.77		0.28%		1.37		0.03%		0.3129

		Calculations		0.480		93.68		9.37%		67.79		0.83%		5.42		0.12%		0.4162

		use the		0.638		133.08		13.31%		170.35		2.07%		18.12		0.40%		0.5535

		midpoint		0.849		159.62		15.96%		361.42		4.40%		51.14		1.12%		0.7361

		value for		1.129		161.64		16.16%		647.39		7.88%		121.83		2.68%		0.9791

		each cell		1.502		138.19		13.82%		979.06		11.92%		245.05		5.39%		1.3022

				1.997		99.75		9.97%		1250.08		15.22%		416.13		9.15%		1.7319

				2.656		60.79		6.08%		1347.57		16.41%		596.61		13.12%		2.3034

				3.533		31.28		3.13%		1226.46		14.93%		722.18		15.88%		3.0635

				4.699		13.59		1.36%		942.41		11.48%		738.05		16.22%		4.0745

				6.250		4.98		0.50%		611.38		7.44%		636.81		14.00%		5.419

				8.312		1.54		0.15%		334.87		4.08%		463.90		10.20%		7.2073

				11.055		0.40		0.04%		154.85		1.89%		285.31		6.27%		9.5858

				14.703		0.09		0.01%		60.46		0.74%		148.15		3.26%		12.7491

				19.555		0.02		0.00%		19.93		0.24%		64.95		1.43%		16.9562

				26.008		0.00		0.00%		5.55		0.07%		24.04		0.53%		22.5518

				34.591		0.00		0.00%		1.30		0.02%		7.51		0.17%		29.9939

				46.006		0.00		0.00%		0.26		0.00%		1.98		0.04%		39.8919

				sum ->		999.59		99.96%		8212.26		100.00%		4548.92		100.00%		53.0562

				max ->		161.64		16.16%		1347.57		16.41%		738.05		16.22%





Distribution

		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239

0.1192187293

0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124



Puff_model

		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239

0.1192187293

0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124



Plume_model

		Puff Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug)								1.0E+06		_m

				Release (g)								1				names												X receptor increment (m)								12.5				Array element for SC								1				Vertical dispersion coefficient at x								60.8394667999		_sz		These are picked off the calculations below.

				Release height above receptor (m)								100				_h												Y receptor increment (m)								12.5				Array element for urban/rural								1				Horizontal dispersion coefficient at x								60.9936219196		_sy		"

		Enter		Time since release (s)								100				_t												Travel distance x  (m)								277.7777777778																Wind speed (m/s)								2.7777777778		_u

		parameters		Maximum downwind distance (m)								250				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								250				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								a														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.4		0.91		0

				Urban/Rural								rural																		B				0.4		0.91						0.24		0.001		0.5				urban				0.24		0.001		0.5

				Wind speed (km/hr)								10																		C				0.4		0.91						0.2		1		0

		Plots of																												D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Vertical &																												DN				0.22		0.8						0.14		0.003		-0.5						0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

		Horizontal																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		3.9833466566		7.4848896037		10.8250134581		14.064448116		17.2310128819		20.3406928089		23.4038507335		26.4277379203		29.4177048779		32.3778571891		35.3114414808		38.2210872576		41.1089660483		43.9769003667		46.8264407862		49.6589219728		52.4755043832		55.2772059249		58.0649264195		60.8394667999

		Dispersion																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		3.0186917696		6.0745370194		9.1671969544		12.2963409192		15.4616460961		18.662797218		21.8994862953		25.1714123561		28.4782811981		31.8198051534		35.1957028627		38.6056990611		42.0495243731		45.5269151162		49.0376131148		52.5813655205		56.1579246411		59.7670477772		63.4084970647		67.082039325

		Coefficients for																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		selected																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		conditions																								Coefficients				A				24.167		2.5334						0.32								rural				24.167		2.5334

		(urban/rural;																												B				18.333		1.8096						0.32								urban				0.32		0.001		0.5

		stability class)																												C				12.5		1.0857						0.22										Crosswind distances

																														D				8.333		0.72382						0.16										0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

																														DN																				calc. In rural		0		0.6155501774		0.5849018622		0.566973747		0.5542535469		0.5443869931		0.5363254317		0.5295094787		0.5236052316		0.5183973165		0.5137386778		0.5095244265		0.5056771164		0.5021379342		0.4988611634		0.4958105627		0.4929569163		0.4902763275		0.4877490013		0.4853583557		0.4830903625

																														E				6.25		0.54287						0.11								rural		0		4.1117005293		7.6999656328		11.105358923		14.3947209064		17.5990899773		20.736477236		23.8186511879		26.8539013179		29.848379345		32.8068296246		35.7330210361		38.6300187288		41.5003636359		44.3461958085		47.1693419401		49.971379187		52.7536827942		55.5174623516		58.2637898798		60.9936219196

																														F				4.1667		0.36191						0.11								urban		0		4.0099875312		8.0399004969		12.0896650078		16.1592079014		20.2484567313		24.3573397562		28.4857859291		32.633724887		36.8010869405		40.9878030638		45.1938048852		49.4190246767		53.6633953454		57.9268504236		62.20932406		66.5107510106		70.8310666304		75.1702068642		79.5281082385		83.9047078536

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)

		calculates		(m)		-125		-112.5		-100		-87.5		-75		-62.5		-50		-37.5		-25		-12.5		0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125

		concentra-		0		3.9E-07		5.9E-07		8.4E-07		1.2E-06		1.5E-06		1.9E-06		2.3E-06		2.7E-06		3.0E-06		3.2E-06		3.2E-06		3.2E-06		3.0E-06		2.7E-06		2.3E-06		1.9E-06		1.5E-06		1.2E-06		8.4E-07		5.9E-07		3.9E-07

		tions.		12.5		9.8E-07		1.5E-06		2.1E-06		2.9E-06		3.8E-06		4.7E-06		5.7E-06		6.6E-06		7.4E-06		7.9E-06		8.0E-06		7.9E-06		7.4E-06		6.6E-06		5.7E-06		4.7E-06		3.8E-06		2.9E-06		2.1E-06		1.5E-06		9.8E-07

				25		2.3E-06		3.5E-06		5.0E-06		6.8E-06		9.0E-06		1.1E-05		1.4E-05		1.6E-05		1.8E-05		1.9E-05		1.9E-05		1.9E-05		1.8E-05		1.6E-05		1.4E-05		1.1E-05		9.0E-06		6.8E-06		5.0E-06		3.5E-06		2.3E-06

		Each cell in		37.5		5.4E-06		8.0E-06		1.1E-05		1.6E-05		2.1E-05		2.6E-05		3.1E-05		3.6E-05		4.0E-05		4.3E-05		4.4E-05		4.3E-05		4.0E-05		3.6E-05		3.1E-05		2.6E-05		2.1E-05		1.6E-05		1.1E-05		8.0E-06		5.4E-06

		the matrix		50		1.2E-05		1.8E-05		2.5E-05		3.4E-05		4.5E-05		5.7E-05		6.9E-05		8.0E-05		8.9E-05		9.4E-05		9.6E-05		9.4E-05		8.9E-05		8.0E-05		6.9E-05		5.7E-05		4.5E-05		3.4E-05		2.5E-05		1.8E-05		1.2E-05

		represents		62.5		2.5E-05		3.7E-05		5.3E-05		7.2E-05		9.5E-05		1.2E-04		1.4E-04		1.7E-04		1.9E-04		2.0E-04		2.0E-04		2.0E-04		1.9E-04		1.7E-04		1.4E-04		1.2E-04		9.5E-05		7.2E-05		5.3E-05		3.7E-05		2.5E-05

		a receptor		75		5.0E-05		7.5E-05		1.1E-04		1.5E-04		1.9E-04		2.4E-04		2.9E-04		3.4E-04		3.8E-04		4.0E-04		4.1E-04		4.0E-04		3.8E-04		3.4E-04		2.9E-04		2.4E-04		1.9E-04		1.5E-04		1.1E-04		7.5E-05		5.0E-05

		at a given		87.5		9.7E-05		1.4E-04		2.1E-04		2.8E-04		3.7E-04		4.7E-04		5.7E-04		6.6E-04		7.3E-04		7.8E-04		7.9E-04		7.8E-04		7.3E-04		6.6E-04		5.7E-04		4.7E-04		3.7E-04		2.8E-04		2.1E-04		1.4E-04		9.7E-05

		downwind		100		1.8E-04		2.7E-04		3.8E-04		5.3E-04		6.9E-04		8.7E-04		1.0E-03		1.2E-03		1.4E-03		1.4E-03		1.5E-03		1.4E-03		1.4E-03		1.2E-03		1.0E-03		8.7E-04		6.9E-04		5.3E-04		3.8E-04		2.7E-04		1.8E-04

		and cross-		112.5		3.2E-04		4.8E-04		6.8E-04		9.3E-04		1.2E-03		1.5E-03		1.9E-03		2.2E-03		2.4E-03		2.6E-03		2.6E-03		2.6E-03		2.4E-03		2.2E-03		1.9E-03		1.5E-03		1.2E-03		9.3E-04		6.8E-04		4.8E-04		3.2E-04

		wind		125		5.5E-04		8.1E-04		1.2E-03		1.6E-03		2.1E-03		2.6E-03		3.2E-03		3.7E-03		4.1E-03		4.4E-03		4.5E-03		4.4E-03		4.1E-03		3.7E-03		3.2E-03		2.6E-03		2.1E-03		1.6E-03		1.2E-03		8.1E-04		5.5E-04

		distance from		137.5		8.9E-04		1.3E-03		1.9E-03		2.6E-03		3.4E-03		4.3E-03		5.2E-03		6.0E-03		6.7E-03		7.1E-03		7.3E-03		7.1E-03		6.7E-03		6.0E-03		5.2E-03		4.3E-03		3.4E-03		2.6E-03		1.9E-03		1.3E-03		8.9E-04

		the source.		150		1.4E-03		2.1E-03		3.0E-03		4.1E-03		5.4E-03		6.8E-03		8.2E-03		9.5E-03		1.1E-02		1.1E-02		1.1E-02		1.1E-02		1.1E-02		9.5E-03		8.2E-03		6.8E-03		5.4E-03		4.1E-03		3.0E-03		2.1E-03		1.4E-03

				162.5		2.1E-03		3.1E-03		4.5E-03		6.2E-03		8.1E-03		1.0E-02		1.2E-02		1.4E-02		1.6E-02		1.7E-02		1.7E-02		1.7E-02		1.6E-02		1.4E-02		1.2E-02		1.0E-02		8.1E-03		6.2E-03		4.5E-03		3.1E-03		2.1E-03

				175		3.0E-03		4.5E-03		6.5E-03		8.9E-03		1.2E-02		1.5E-02		1.8E-02		2.1E-02		2.3E-02		2.4E-02		2.5E-02		2.4E-02		2.3E-02		2.1E-02		1.8E-02		1.5E-02		1.2E-02		8.9E-03		6.5E-03		4.5E-03		3.0E-03

				187.5		4.2E-03		6.3E-03		9.0E-03		1.2E-02		1.6E-02		2.0E-02		2.5E-02		2.8E-02		3.2E-02		3.4E-02		3.4E-02		3.4E-02		3.2E-02		2.8E-02		2.5E-02		2.0E-02		1.6E-02		1.2E-02		9.0E-03		6.3E-03		4.2E-03

				200		5.6E-03		8.3E-03		1.2E-02		1.6E-02		2.1E-02		2.7E-02		3.3E-02		3.8E-02		4.2E-02		4.5E-02		4.6E-02		4.5E-02		4.2E-02		3.8E-02		3.3E-02		2.7E-02		2.1E-02		1.6E-02		1.2E-02		8.3E-03		5.6E-03

				212.5		7.1E-03		1.1E-02		1.5E-02		2.1E-02		2.7E-02		3.4E-02		4.1E-02		4.8E-02		5.3E-02		5.7E-02		5.8E-02		5.7E-02		5.3E-02		4.8E-02		4.1E-02		3.4E-02		2.7E-02		2.1E-02		1.5E-02		1.1E-02		7.1E-03

				225		8.7E-03		1.3E-02		1.8E-02		2.5E-02		3.3E-02		4.2E-02		5.1E-02		5.9E-02		6.5E-02		6.9E-02		7.1E-02		6.9E-02		6.5E-02		5.9E-02		5.1E-02		4.2E-02		3.3E-02		2.5E-02		1.8E-02		1.3E-02		8.7E-03

				237.5		1.0E-02		1.5E-02		2.2E-02		3.0E-02		3.9E-02		4.9E-02		5.9E-02		6.8E-02		7.6E-02		8.1E-02		8.3E-02		8.1E-02		7.6E-02		6.8E-02		5.9E-02		4.9E-02		3.9E-02		3.0E-02		2.2E-02		1.5E-02		1.0E-02

				250		1.1E-02		1.7E-02		2.4E-02		3.3E-02		4.3E-02		5.5E-02		6.6E-02		7.7E-02		8.5E-02		9.1E-02		9.3E-02		9.1E-02		8.5E-02		7.7E-02		6.6E-02		5.5E-02		4.3E-02		3.3E-02		2.4E-02		1.7E-02		1.1E-02
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		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



Crosswind distance

Conc. 
(ug/m3)

Downwind distance



		Plume Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug/s)								1.6E+07		_m1

				Emission rate (g/s)								16				names												X receptor increment (m)								50				Array element for SC								7

				Release height above receptor (m)								50				_h1												Y receptor increment (m)								50				Array element for urban/rural								2

		Enter		NOTE: Unlike the puff model, there is  no time in this steady-state model.																								Wind speed (m/s)								2.7777777778		_u1

		parameters		Maximum downwind distance (m)								1000				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								1000				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								f														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.06		0.71		0

				Urban/Rural								urban																		B				0.4		0.91						0.24		0.001		0.5				urban				0.08		0.0015		-0.5

				Wind speed (km/hr)								10																		C				0.4		0.91						0.2		1		0

																														D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Plots of																												DN				0.22		0.8						0.14		0.003		-0.5						0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

		Vertical &																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		0.9647614764		1.5781607951		2.104631394		2.5815619262		3.0247442272		3.4427646993		3.8409580318		4.2229296274		4.5912626207		4.9478890601		5.2943025977		5.6316886693		5.961008397		6.283054962		6.5984928037		6.9078856708		7.2117171944		7.5104062977		7.8043189524		8.0937772955

		Horizontal																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		3.8579425774		7.4600384659		10.8420948349		14.0329283089		17.0560573084		19.9309151649		22.673737245		25.2982212813		27.8160267343		30.2371578407		32.5702612487		34.8228600053		37.0015394822		39.1120965631		41.1596604342		43.1487911976		45.083561001		46.9676212598		48.8042587292		50.5964425627

		Dispersion																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		Coefficients for																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		selected																								Coefficients				A				24.167		2.5334						0.32								rural				4.1667		0.36191

		conditions																												B				18.333		1.8096						0.32								urban				0.11		0.0015		-0.5

		(urban/rural;																												C				12.5		1.0857						0.22										Crosswind distances

		stability class)																												D				8.333		0.72382						0.16										0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

																														DN																				calc. In rural		0		0.0916452426		0.0872669637		0.0847058347		0.0828886847		0.0814791938		0.0803275558		0.0793538597		0.0785104058		0.0777664268		0.0771009149		0.0764988861		0.0759492769		0.0754436854		0.0749755808		0.0745397859		0.0741321269		0.0737491902		0.0733881479		0.0730466311		0.0727226359

																														E				6.25		0.54287						0.11								rural		0		2.1372716097		4.0692636556		5.9238843013		7.728282596		9.4953469374		11.2326662291		12.945253866		14.6366724434		16.3095853177		17.9660595195		19.6077461507		21.2359945945		22.8519283742		24.4564975271		26.0505159343		27.6346886511		29.209632377		30.7758910923		32.3339482091		33.8842361572

																														F				4.1667		0.36191						0.11								urban		0		5.5547277161		11.2178429299		16.9877897326		22.8630706599		28.8422433247		34.9239173061		41.1067512703		47.3894503028		53.7707634314		60.2494813256		66.824434154		73.4944895894		80.2585509463		87.1155554422		94.0644725707		101.1043025791		108.2340750411		115.4528475179		122.7597043007		130.1537552282

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

		This is the worst

		case!

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)																																										Dispersion Coefficients

		calculates		(m)		-500		-450		-400		-350		-300		-250		-200		-150		-100		-50		0		50		100		150		200		250		300		350		400		450		500		Vertical		Horizontal

		concentra-		0

		tions.		50		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		6.5E-191		6.0E-103		3.7E-50		1.4E-32		3.7E-50		6.0E-103		6.5E-191		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00		3.9		5.6

				100		0.0E+00		0.0E+00		1.6E-282		8.0E-218		9.6E-162		2.7E-114		1.8E-75		2.9E-45		1.1E-23		9.4E-11		1.9E-06		9.4E-11		1.1E-23		2.9E-45		1.8E-75		2.7E-114		9.6E-162		8.0E-218		1.6E-282		0.0E+00		0.0E+00		7.5		11.2

		Each cell in		150		9.2E-190		5.1E-154		4.9E-122		8.0E-94		2.3E-69		1.1E-48		9.6E-32		1.4E-18		3.6E-09		1.6E-03		1.2E-01		1.6E-03		3.6E-09		1.4E-18		9.6E-32		1.1E-48		2.3E-69		8.0E-94		4.9E-122		5.1E-154		9.2E-190		10.8		17.0

		the matrix		200		7.0E-104		3.8E-84		1.7E-66		6.5E-51		2.0E-37		5.4E-26		1.2E-16		2.3E-09		3.5E-04		4.6E-01		5.0E+00		4.6E-01		3.5E-04		2.3E-09		1.2E-16		5.4E-26		2.0E-37		6.5E-51		1.7E-66		3.8E-84		7.0E-104		14.0		22.9

		represents		250		1.4E-64		3.5E-52		4.4E-41		2.7E-31		8.2E-23		1.2E-15		9.2E-10		3.4E-05		6.2E-02		5.6E+00		2.5E+01		5.6E+00		6.2E-02		3.4E-05		9.2E-10		1.2E-15		8.2E-23		2.7E-31		4.4E-41		3.5E-52		1.4E-64		17.1		28.8

		a receptor		300		1.8E-43		5.0E-35		1.9E-27		8.8E-21		5.4E-15		4.2E-10		4.3E-06		5.6E-03		9.4E-01		2.0E+01		5.7E+01		2.0E+01		9.4E-01		5.6E-03		4.3E-06		4.2E-10		5.4E-15		8.8E-21		1.9E-27		5.0E-35		1.8E-43		19.9		34.9

		at a given		350		6.5E-31		8.2E-25		2.4E-19		1.6E-14		2.4E-10		8.0E-07		6.3E-04		1.1E-01		4.5E+00		4.1E+01		8.6E+01		4.1E+01		4.5E+00		1.1E-01		6.3E-04		8.0E-07		2.4E-10		1.6E-14		2.4E-19		8.2E-25		6.5E-31		22.7		41.1

		downwind		400		7.3E-23		2.9E-18		3.7E-14		1.6E-10		2.2E-07		9.8E-05		1.5E-02		7.2E-01		1.2E+01		6.2E+01		1.1E+02		6.2E+01		1.2E+01		7.2E-01		1.5E-02		9.8E-05		2.2E-07		1.6E-10		3.7E-14		2.9E-18		7.3E-23		25.3		47.4

		and cross-		450		2.0E-17		7.5E-14		1.2E-10		7.7E-08		2.1E-05		2.5E-03		1.2E-01		2.5E+00		2.2E+01		7.9E+01		1.2E+02		7.9E+01		2.2E+01		2.5E+00		1.2E-01		2.5E-03		2.1E-05		7.7E-08		1.2E-10		7.5E-14		2.0E-17		27.8		53.8

		wind		500		1.4E-13		9.9E-11		3.4E-08		6.0E-06		5.3E-04		2.3E-02		5.2E-01		5.8E+00		3.2E+01		9.1E+01		1.3E+02		9.1E+01		3.2E+01		5.8E+00		5.2E-01		2.3E-02		5.3E-04		6.0E-06		3.4E-08		9.9E-11		1.4E-13		30.2		60.2

		distance from		550		9.0E-11		1.8E-08		2.1E-06		1.4E-04		5.4E-03		1.2E-01		1.5E+00		1.0E+01		4.2E+01		9.8E+01		1.3E+02		9.8E+01		4.2E+01		1.0E+01		1.5E+00		1.2E-01		5.4E-03		1.4E-04		2.1E-06		1.8E-08		9.0E-11		32.6		66.8

		the source.		600		1.1E-08		9.2E-07		4.7E-05		1.5E-03		3.1E-02		3.9E-01		3.2E+00		1.6E+01		5.1E+01		1.0E+02		1.3E+02		1.0E+02		5.1E+01		1.6E+01		3.2E+00		3.9E-01		3.1E-02		1.5E-03		4.7E-05		9.2E-07		1.1E-08		34.8		73.5

				650		4.6E-07		1.8E-05		5.0E-04		9.2E-03		1.1E-01		9.7E-01		5.6E+00		2.2E+01		5.7E+01		1.0E+02		1.2E+02		1.0E+02		5.7E+01		2.2E+01		5.6E+00		9.7E-01		1.1E-01		9.2E-03		5.0E-04		1.8E-05		4.6E-07		37.0		80.3

				700		8.4E-06		1.9E-04		3.1E-03		3.7E-02		3.2E-01		1.9E+00		8.5E+00		2.7E+01		6.1E+01		1.0E+02		1.2E+02		1.0E+02		6.1E+01		2.7E+01		8.5E+00		1.9E+00		3.2E-01		3.7E-02		3.1E-03		1.9E-04		8.4E-06		39.1		87.1

				750		8.3E-05		1.2E-03		1.3E-02		1.1E-01		7.0E-01		3.3E+00		1.2E+01		3.2E+01		6.4E+01		9.8E+01		1.1E+02		9.8E+01		6.4E+01		3.2E+01		1.2E+01		3.3E+00		7.0E-01		1.1E-01		1.3E-02		1.2E-03		8.3E-05		41.2		94.1

				800		5.3E-04		5.4E-03		4.3E-02		2.7E-01		1.3E+00		5.0E+00		1.5E+01		3.6E+01		6.6E+01		9.5E+01		1.1E+02		9.5E+01		6.6E+01		3.6E+01		1.5E+01		5.0E+00		1.3E+00		2.7E-01		4.3E-02		5.4E-03		5.3E-04		43.1		101.1

				850		2.4E-03		1.8E-02		1.1E-01		5.4E-01		2.2E+00		7.1E+00		1.8E+01		3.9E+01		6.6E+01		9.1E+01		1.0E+02		9.1E+01		6.6E+01		3.9E+01		1.8E+01		7.1E+00		2.2E+00		5.4E-01		1.1E-01		1.8E-02		2.4E-03		45.1		108.2

				900		8.1E-03		4.8E-02		2.4E-01		9.7E-01		3.3E+00		9.2E+00		2.1E+01		4.1E+01		6.6E+01		8.7E+01		9.6E+01		8.7E+01		6.6E+01		4.1E+01		2.1E+01		9.2E+00		3.3E+00		9.7E-01		2.4E-01		4.8E-02		8.1E-03		47.0		115.5

				950		2.3E-02		1.1E-01		4.5E-01		1.6E+00		4.6E+00		1.1E+01		2.4E+01		4.3E+01		6.5E+01		8.3E+01		9.1E+01		8.3E+01		6.5E+01		4.3E+01		2.4E+01		1.1E+01		4.6E+00		1.6E+00		4.5E-01		1.1E-01		2.3E-02		48.8		122.8

				1000		5.3E-02		2.2E-01		7.6E-01		2.3E+00		6.0E+00		1.4E+01		2.6E+01		4.4E+01		6.4E+01		7.9E+01		8.5E+01		7.9E+01		6.4E+01		4.4E+01		2.6E+01		1.4E+01		6.0E+00		2.3E+00		7.6E-01		2.2E-01		5.3E-02		50.6		130.2



Site of release

Downwind Distance (m)

Concentration (ug/m3)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



rural

urban

Downwind Distance (m)

Vertical Dispersion Coef (m)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



rural

urban

Crosswind Distance (m)

Horizontall Dispersion Coef (m)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0
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				7.46042843375441E-209		8.21095501147272E-50		6.13956185040024E-21		0		0.0000011995		0.0002512483		0.0055063981		0.0369811764		0.1264913363		0.2870738177		0.5013808263		0.7358945655		0.9587836705		1.148829258		1.2962228341		1.3996786461		1.4629816424		1.492266839		1.4942622925		1.4753166725

				2.364483521141E-169		3.97858170819293E-40		1.02686133052818E-16		0.0000000096		0.0000350038		0.002508324		0.0289836326		0.1290308141		0.3338895757		0.6219448146		0.9399504037		1.2372560667		1.4822911473		1.6628541097		1.7800272414		1.8418772167		1.8590029052		1.8419758192		1.8001272706		1.7411390276

				5.20848846786438E-134		1.8431215814827E-31		0		0.0000011672		0.0007161733		0.0196551677		0.128089423		0.3947103352		0.7957416487		1.2421302612		1.6493465728		1.9694800622		2.1889168031		2.3149823626		2.3641441185		2.3547361019		2.3034010261		2.2238032865		2.1265043851		2.0193339902

				7.97425307514678E-103		8.16339443371998E-24		0.0000000013		0.0000808955		0.0102730004		0.1208877947		0.4752793697		1.0586097874		1.7122550986		2.2868593668		2.7088731756		2.9681892353		3.0875062786		3.0998173365		3.0368375749		2.9246441799		2.7829624021		2.6259340674		2.4632928798		2.3014914511
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				0.0000000029		0.7092856455		13.405787982		26.9317382754		30.3203975575		28.1254551086		24.2804116657		20.422463337		17.059158491		14.2710656764		12.0010411099		10.1604180387		8.6645025202		7.4422002514		6.4367169877		5.6035779527		4.9081823376		4.3236065577		3.8288236006		3.4073205889

				0.0049387904		23.992998675		62.2502269789		62.866658783		51.6500481235		40.4464769591		31.5604498323		24.8770916648		19.884600949		16.1239286586		13.2530023047		11.0290873484		9.2815252661		7.8896735693		6.7672767528		5.8518283238		5.0973944868		4.4697543615		3.9430774903		3.4976249607

				0.5924055966		77.5959372446		103.8541375606		83.3948138978		61.6854414161		45.6535351348		34.4433642269		26.568279629		20.9268231947		16.7935439669		13.6987011166		11.3348447493		9.4968138248		8.044732283		6.8811936318		5.9369988243		5.1620724677		4.5195599707		3.9819147998		3.5282551732

				0.0049387904		23.992998675		62.2502269789		62.866658783		51.6500481235		40.4464769591		31.5604498323		24.8770916648		19.884600949		16.1239286586		13.2530023047		11.0290873484		9.2815252661		7.8896735693		6.7672767528		5.8518283238		5.0973944868		4.4697543615		3.9430774903		3.4976249607

				0.0000000029		0.7092856455		13.405787982		26.9317382754		30.3203975575		28.1254551086		24.2804116657		20.422463337		17.059158491		14.2710656764		12.0010411099		10.1604180387		8.6645025202		7.4422002514		6.4367169877		5.6035779527		4.9081823376		4.3236065577		3.8288236006		3.4073205889

				1.15247673801604E-19		0.0020046978		1.0372370596		6.5564848515		12.4788671032		15.3507992265		15.6835418714		14.6990406015		13.2137315025		11.6439133862		10.1716952509		8.8619965749		7.7259299762		6.7520950337		5.9212746918		5.2130091425		4.6083072513		4.0905686312		3.6457098526		3.2619647282

				3.22583605219732E-34		0.0000005417		0.0288335407		0.9070691774		3.6007381084		6.5761997709		8.5056496585		9.2756040112		9.2410325753		8.7578711692		8.0693308672		7.3181208863		6.580225198		5.8921069138		5.2682493346		4.7115172202		4.2190090971		3.7852642846		3.4039685831		3.0688243334

				6.27560075727589E-53		0		0.0002879733		0.071313611		0.7284236166		2.2112180811		3.8729873099		5.1317767604		5.8350243665		6.0723271719		5.9917194894		5.7215748132		5.3532016153		4.9453560953		4.5333343493		4.1369693797		3.7664117148		3.4259714317		3.1165613594		2.8372088302

				8.4853784061619E-76		3.45683516589085E-17		0.0000010333		0.0031861566		0.1033124374		0.583580443		1.480675527		2.4892336167		3.3265342267		3.8812248037		4.1642346117		4.2352551883		4.1597698022		3.9922653273		3.7728496506		3.5290113697		3.2786376194		3.0328174762		2.7980309747		2.5777279573

				7.97425307514678E-103		8.16339443371998E-24		0.0000000013		0.0000808955		0.0102730004		0.1208877947		0.4752793697		1.0586097874		1.7122550986		2.2868593668		2.7088731756		2.9681892353		3.0875062786		3.0998173365		3.0368375749		2.9246441799		2.7829624021		2.6259340674		2.4632928798		2.3014914511

				5.20848846786438E-134		1.8431215814827E-31		0		0.0000011672		0.0007161733		0.0196551677		0.128089423		0.3947103352		0.7957416487		1.2421302612		1.6493465728		1.9694800622		2.1889168031		2.3149823626		2.3641441185		2.3547361019		2.3034010261		2.2238032865		2.1265043851		2.0193339902

				2.364483521141E-169		3.97858170819293E-40		1.02686133052818E-16		0.0000000096		0.0000350038		0.002508324		0.0289836326		0.1290308141		0.3338895757		0.6219448146		0.9399504037		1.2372560667		1.4822911473		1.6628541097		1.7800272414		1.8418772167		1.8590029052		1.8419758192		1.8001272706		1.7411390276

				7.46042843375441E-209		8.21095501147272E-50		6.13956185040024E-21		0		0.0000011995		0.0002512483		0.0055063981		0.0369811764		0.1264913363		0.2870738177		0.5013808263		0.7358945655		0.9587836705		1.148829258		1.2962228341		1.3996786461		1.4629816424		1.492266839		1.4942622925		1.4753166725



Crosswind distance
(+-500m)

Conc. 
(ug/m3)

Downwind distance
(0 to 1000m)
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		Overview

				This workbook includes several worksheets addressing aspects of air pollutants

						Properties				Properties - a few useful properties of air and particle dynamics

						Distribution				Distribution - plots particle number, surface and area distributions

						Puff_model				Puff_model - a "puff" model to simulate an instantaneous release

						Plume_model				Plume_model - a Guassian plume model to simulate a constant release

		Properties

				This sheet gives some useful properties of air, e.g., density, saturation

				vapor pressure.  The water vapor equation is from McRae, 1980. It

				the saturation pressure of water vapor in atmospheres at the specified temperature as:

						pH20,sat,T = exp(13.3185 a - 1.9760 a^2 - 0.6445 a^3 -0.1299 a^4)

						where:  a = 1 - Ts/T = 1 - 373.15/T for T in K

				This equation does not correct for air pressure.  "Steam tables" are available for this.

				The property sheet also gives some useful equations for particles in air, e.g.,

				Stokes velocity, Reynolds number, and diffusion coefficient.

				Some of the equations for particulate parameters are from Willeke and Baron,

				"Aerosol Measurement," Van Nostrand Reinhold 1994.  Other equations are

				Hinds, "Aerosol Technology," J. Wiley and Sons, 1982.  The Hinds book has

				been updated recently.

		Distribution

				This page calculates and plots particle size distributions.  You provide the

				input distribution in terms of particle number concentrations, often called just "number

				concentration."  The number concentration is the number of particles of all sizes

				contained in a specified volume.   You specify the median number concentration and the

				geometric distribution.

				The mass concentration is much more commonly measured than the number concentration.

				Thus, typically size distributions are expressed in terms of aerosol mass.  The spreadsheet

				calculates the volume distribution, which will follow the mass distribution.

				It is somewhat difficult to specify a "typical" size distribution.  Coarse mode aerosols, resulting from

				grinding-type processes, may have a median diameter of 3-10 um.  Fine mode

				aerosols, resulting from combustion, may have a typical median diameter of 0.1 - 0.6 um.

				Smaller aerosols, including "ultrafines" resulting from molecular agglomerations and other phenonmenon,

				may have a typical median distribution of 0.001 - 0.02 um.

				Typical geometric standard deviations for aerosols range from 1.2 to 2.0, with values about 1.5 to 1.8

				being most common.

		Puff_model

				The "puff" model is useful for instantaneous sources.  The model calculates ground level concentrations.

				You can select the meteorology (wind speed and stability class), the nature of the terrain (urban or rural), and

				the source release and release height (0=ground level).   This is a dynamic & analytical model.

				It is based exactly on the material presented in course notes.

				The first part of the page shows dispersion coefficients (vertical and horizontal) for the specified

				stability category (A - F, where A is the most unstable and F is most stable).   Urban and rural

				dispersion coefficients are compared in the plots.  Urban terrain includes more surface roughness and greater

				heat fluxes, forces that lead to more rapid dispersion in most cases for the same atmospheric stability.

				Dispersion coefficients are a key parameter in these models.

				The dispersion coefficients have a limited range of applicability.  They should not be used for very short

				distances (less than about 25 m), or very long distances (greater than about 50 km).

				The model limits them to a maximum of 5000 m.   Finally (and quite important at times),

				there are circumstances when a Gaussian plume is a poor assumption.

				These dispersion coefficients are based on empirical experiments.  There are a number of parameterizations.

				In this model, the rural parameters are taken from Gifford-Hanna and Pasquill-Gifford-Turner. The urban ones

				are taken from McElroy-Pooler.

				Compare urban and rural dispersion coefficients, and also dispersion coefficients for different stability categories.

				The lower part of the page plots concentrations using a 3-D plot and also the puff-centerline concentration.  The

				latter is the concentration obtained directly downwind of the source.  Note that the 3-D plot does not show the

				X & Y scales - these represent the maximum distances in the downwind and crosswind direction. If these are not

				the same, then the plume will seem asymmetrical.  (The puff model, as formulated here, is symmetrical.)

				On the 3-D plot, the puff is moving toward the right.  Try changing the time since release.

				Hint: To visualize the effect, try temporarily hiding the middle rows.

		Plume_model

				The upper half of this page is identical to that in the puff_model page.   The bottom half simulates a continuous

				air pollution source.  This is a dynamic and steady-state model.

				The plume model behavior can be complex.  Try simulating an elevated source.  The maximum concentration

				may not appear near the source.  Why?
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		Properties												© S. Batterman 4/2/99

		Inputs										Standard conditions

				Temperature		293.15		oK				293.15 oK		20 oC		68 oF

				Pressure		101.30		Kpascal				101.3 kpa		1 atm		760 mm Hg

				Particle/molecule diameter		1.00		µm

				Particle density		1.00		g/cm3

		Properties of Air

				Air density =		1.205E-03		g/cm3

				Air viscosity =		1.807E-04		poise				intermediate calc:				-0.273

				Saturation water pressure =		0.023		atm		The water vapor calculations apply to atmospheric pressure

				Water concentration =		29.583		g/m3		only and temperatures from 10 - 90 oC only.

		Particle settling velocity in Stokes regime

				Slip correction factor =		1.166E+00				Accounts for continuum effects

				Settling velocity =		3.516E-03		cm/sec		Verify that Reynolds number is small to use this estimate

		Particle Reynolds Number

				Particle velocity =		3.516E-03		cm/sec		Uses stokes velocity or replace if you want

				Reynolds number =		2.344E-06				If Re < 0.1 then flow is laminar

		Diffusion coefficient, mechanical mobility, mean thermal velocity

				Diffusion coefficient =		2.457E-08		cm2/s		Applies to molecular range

				Diffusion coefficient =		2.769E-07		cm2/s		Applies to particle range

				Mechanical mobility =		6.846E+06		cm/(s-dyne)

				Mean thermal velocity =		4.436E-01		cm/s





Distribution

		Distribution												© S. Batterman 4/2/99

		Change		Particle size distribution - enter number density statistics (in green)														Intermediate Calculations

		distribution				d(50) =				1.00		µm		(median)				sqrt(2*pi) =				2.506628

		here				sigma g =				2.00				(lognormal std deviation)				ln (sigma g)=				0.693147

						Total # of particles =				1000								ln (d(50)) =				0.000000

		This plot																Size mult. for geo. scale=				1.33

		shows

		the classical

		lognormal

		distribution,

		i.e., positive

		skew, long

		right-hand

		tail

		This is the

		same data

		as above

		but plotted

		using a

		logarithmic

		scale.

																		Midpoint size computed as sqrt(upper limit * lower limit)

																		Surface computed as Pi * (midpoint size)^2

																		Volume computed as Pi * (midpoint size)^3 / 6

		Calculations		Mindpoint

		are performed		Size		Number Concentration				Surface Area				Volume				Bin

		here		(um)		no.		(%)		(um2)		(%)		(um3)		(%)

				0.115		1.28		0.13%		0.05		0.00%		0.00		0.00%		0.1

		See formulas		0.153		4.23		0.42%		0.31		0.00%		0.01		0.00%		0.133

		at right.		0.204		11.83		1.18%		1.55		0.02%		0.05		0.00%		0.1769

				0.271		27.93		2.79%		6.46		0.08%		0.29		0.01%		0.2353

				0.361		55.67		5.57%		22.77		0.28%		1.37		0.03%		0.3129

		Calculations		0.480		93.68		9.37%		67.79		0.83%		5.42		0.12%		0.4162

		use the		0.638		133.08		13.31%		170.35		2.07%		18.12		0.40%		0.5535

		midpoint		0.849		159.62		15.96%		361.42		4.40%		51.14		1.12%		0.7361

		value for		1.129		161.64		16.16%		647.39		7.88%		121.83		2.68%		0.9791

		each cell		1.502		138.19		13.82%		979.06		11.92%		245.05		5.39%		1.3022

				1.997		99.75		9.97%		1250.08		15.22%		416.13		9.15%		1.7319

				2.656		60.79		6.08%		1347.57		16.41%		596.61		13.12%		2.3034

				3.533		31.28		3.13%		1226.46		14.93%		722.18		15.88%		3.0635

				4.699		13.59		1.36%		942.41		11.48%		738.05		16.22%		4.0745

				6.250		4.98		0.50%		611.38		7.44%		636.81		14.00%		5.419

				8.312		1.54		0.15%		334.87		4.08%		463.90		10.20%		7.2073

				11.055		0.40		0.04%		154.85		1.89%		285.31		6.27%		9.5858

				14.703		0.09		0.01%		60.46		0.74%		148.15		3.26%		12.7491

				19.555		0.02		0.00%		19.93		0.24%		64.95		1.43%		16.9562

				26.008		0.00		0.00%		5.55		0.07%		24.04		0.53%		22.5518

				34.591		0.00		0.00%		1.30		0.02%		7.51		0.17%		29.9939

				46.006		0.00		0.00%		0.26		0.00%		1.98		0.04%		39.8919

				sum ->		999.59		99.96%		8212.26		100.00%		4548.92		100.00%		53.0562

				max ->		161.64		16.16%		1347.57		16.41%		738.05		16.22%





Distribution

		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239

0.1192187293

0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124



Puff_model

		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239

0.1192187293

0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124



Plume_model

		Puff Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug)								1.0E+06		_m

				Release (g)								1				names												X receptor increment (m)								12.5				Array element for SC								1				Vertical dispersion coefficient at x								60.8394667999		_sz		These are picked off the calculations below.

				Release height above receptor (m)								100				_h												Y receptor increment (m)								12.5				Array element for urban/rural								1				Horizontal dispersion coefficient at x								60.9936219196		_sy		"

		Enter		Time since release (s)								100				_t												Travel distance x  (m)								277.7777777778																Wind speed (m/s)								2.7777777778		_u

		parameters		Maximum downwind distance (m)								250				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								250				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								a														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.4		0.91		0

				Urban/Rural								rural																		B				0.4		0.91						0.24		0.001		0.5				urban				0.24		0.001		0.5

				Wind speed (km/hr)								10																		C				0.4		0.91						0.2		1		0

		Plots of																												D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Vertical &																												DN				0.22		0.8						0.14		0.003		-0.5						0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

		Horizontal																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		3.9833466566		7.4848896037		10.8250134581		14.064448116		17.2310128819		20.3406928089		23.4038507335		26.4277379203		29.4177048779		32.3778571891		35.3114414808		38.2210872576		41.1089660483		43.9769003667		46.8264407862		49.6589219728		52.4755043832		55.2772059249		58.0649264195		60.8394667999

		Dispersion																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		3.0186917696		6.0745370194		9.1671969544		12.2963409192		15.4616460961		18.662797218		21.8994862953		25.1714123561		28.4782811981		31.8198051534		35.1957028627		38.6056990611		42.0495243731		45.5269151162		49.0376131148		52.5813655205		56.1579246411		59.7670477772		63.4084970647		67.082039325

		Coefficients for																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		selected																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		conditions																								Coefficients				A				24.167		2.5334						0.32								rural				24.167		2.5334

		(urban/rural;																												B				18.333		1.8096						0.32								urban				0.32		0.001		0.5

		stability class)																												C				12.5		1.0857						0.22										Crosswind distances

																														D				8.333		0.72382						0.16										0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

																														DN																				calc. In rural		0		0.6155501774		0.5849018622		0.566973747		0.5542535469		0.5443869931		0.5363254317		0.5295094787		0.5236052316		0.5183973165		0.5137386778		0.5095244265		0.5056771164		0.5021379342		0.4988611634		0.4958105627		0.4929569163		0.4902763275		0.4877490013		0.4853583557		0.4830903625

																														E				6.25		0.54287						0.11								rural		0		4.1117005293		7.6999656328		11.105358923		14.3947209064		17.5990899773		20.736477236		23.8186511879		26.8539013179		29.848379345		32.8068296246		35.7330210361		38.6300187288		41.5003636359		44.3461958085		47.1693419401		49.971379187		52.7536827942		55.5174623516		58.2637898798		60.9936219196

																														F				4.1667		0.36191						0.11								urban		0		4.0099875312		8.0399004969		12.0896650078		16.1592079014		20.2484567313		24.3573397562		28.4857859291		32.633724887		36.8010869405		40.9878030638		45.1938048852		49.4190246767		53.6633953454		57.9268504236		62.20932406		66.5107510106		70.8310666304		75.1702068642		79.5281082385		83.9047078536

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)

		calculates		(m)		-125		-112.5		-100		-87.5		-75		-62.5		-50		-37.5		-25		-12.5		0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125

		concentra-		0		3.9E-07		5.9E-07		8.4E-07		1.2E-06		1.5E-06		1.9E-06		2.3E-06		2.7E-06		3.0E-06		3.2E-06		3.2E-06		3.2E-06		3.0E-06		2.7E-06		2.3E-06		1.9E-06		1.5E-06		1.2E-06		8.4E-07		5.9E-07		3.9E-07

		tions.		12.5		9.8E-07		1.5E-06		2.1E-06		2.9E-06		3.8E-06		4.7E-06		5.7E-06		6.6E-06		7.4E-06		7.9E-06		8.0E-06		7.9E-06		7.4E-06		6.6E-06		5.7E-06		4.7E-06		3.8E-06		2.9E-06		2.1E-06		1.5E-06		9.8E-07

				25		2.3E-06		3.5E-06		5.0E-06		6.8E-06		9.0E-06		1.1E-05		1.4E-05		1.6E-05		1.8E-05		1.9E-05		1.9E-05		1.9E-05		1.8E-05		1.6E-05		1.4E-05		1.1E-05		9.0E-06		6.8E-06		5.0E-06		3.5E-06		2.3E-06

		Each cell in		37.5		5.4E-06		8.0E-06		1.1E-05		1.6E-05		2.1E-05		2.6E-05		3.1E-05		3.6E-05		4.0E-05		4.3E-05		4.4E-05		4.3E-05		4.0E-05		3.6E-05		3.1E-05		2.6E-05		2.1E-05		1.6E-05		1.1E-05		8.0E-06		5.4E-06

		the matrix		50		1.2E-05		1.8E-05		2.5E-05		3.4E-05		4.5E-05		5.7E-05		6.9E-05		8.0E-05		8.9E-05		9.4E-05		9.6E-05		9.4E-05		8.9E-05		8.0E-05		6.9E-05		5.7E-05		4.5E-05		3.4E-05		2.5E-05		1.8E-05		1.2E-05

		represents		62.5		2.5E-05		3.7E-05		5.3E-05		7.2E-05		9.5E-05		1.2E-04		1.4E-04		1.7E-04		1.9E-04		2.0E-04		2.0E-04		2.0E-04		1.9E-04		1.7E-04		1.4E-04		1.2E-04		9.5E-05		7.2E-05		5.3E-05		3.7E-05		2.5E-05

		a receptor		75		5.0E-05		7.5E-05		1.1E-04		1.5E-04		1.9E-04		2.4E-04		2.9E-04		3.4E-04		3.8E-04		4.0E-04		4.1E-04		4.0E-04		3.8E-04		3.4E-04		2.9E-04		2.4E-04		1.9E-04		1.5E-04		1.1E-04		7.5E-05		5.0E-05

		at a given		87.5		9.7E-05		1.4E-04		2.1E-04		2.8E-04		3.7E-04		4.7E-04		5.7E-04		6.6E-04		7.3E-04		7.8E-04		7.9E-04		7.8E-04		7.3E-04		6.6E-04		5.7E-04		4.7E-04		3.7E-04		2.8E-04		2.1E-04		1.4E-04		9.7E-05

		downwind		100		1.8E-04		2.7E-04		3.8E-04		5.3E-04		6.9E-04		8.7E-04		1.0E-03		1.2E-03		1.4E-03		1.4E-03		1.5E-03		1.4E-03		1.4E-03		1.2E-03		1.0E-03		8.7E-04		6.9E-04		5.3E-04		3.8E-04		2.7E-04		1.8E-04

		and cross-		112.5		3.2E-04		4.8E-04		6.8E-04		9.3E-04		1.2E-03		1.5E-03		1.9E-03		2.2E-03		2.4E-03		2.6E-03		2.6E-03		2.6E-03		2.4E-03		2.2E-03		1.9E-03		1.5E-03		1.2E-03		9.3E-04		6.8E-04		4.8E-04		3.2E-04

		wind		125		5.5E-04		8.1E-04		1.2E-03		1.6E-03		2.1E-03		2.6E-03		3.2E-03		3.7E-03		4.1E-03		4.4E-03		4.5E-03		4.4E-03		4.1E-03		3.7E-03		3.2E-03		2.6E-03		2.1E-03		1.6E-03		1.2E-03		8.1E-04		5.5E-04

		distance from		137.5		8.9E-04		1.3E-03		1.9E-03		2.6E-03		3.4E-03		4.3E-03		5.2E-03		6.0E-03		6.7E-03		7.1E-03		7.3E-03		7.1E-03		6.7E-03		6.0E-03		5.2E-03		4.3E-03		3.4E-03		2.6E-03		1.9E-03		1.3E-03		8.9E-04

		the source.		150		1.4E-03		2.1E-03		3.0E-03		4.1E-03		5.4E-03		6.8E-03		8.2E-03		9.5E-03		1.1E-02		1.1E-02		1.1E-02		1.1E-02		1.1E-02		9.5E-03		8.2E-03		6.8E-03		5.4E-03		4.1E-03		3.0E-03		2.1E-03		1.4E-03

				162.5		2.1E-03		3.1E-03		4.5E-03		6.2E-03		8.1E-03		1.0E-02		1.2E-02		1.4E-02		1.6E-02		1.7E-02		1.7E-02		1.7E-02		1.6E-02		1.4E-02		1.2E-02		1.0E-02		8.1E-03		6.2E-03		4.5E-03		3.1E-03		2.1E-03

				175		3.0E-03		4.5E-03		6.5E-03		8.9E-03		1.2E-02		1.5E-02		1.8E-02		2.1E-02		2.3E-02		2.4E-02		2.5E-02		2.4E-02		2.3E-02		2.1E-02		1.8E-02		1.5E-02		1.2E-02		8.9E-03		6.5E-03		4.5E-03		3.0E-03

				187.5		4.2E-03		6.3E-03		9.0E-03		1.2E-02		1.6E-02		2.0E-02		2.5E-02		2.8E-02		3.2E-02		3.4E-02		3.4E-02		3.4E-02		3.2E-02		2.8E-02		2.5E-02		2.0E-02		1.6E-02		1.2E-02		9.0E-03		6.3E-03		4.2E-03

				200		5.6E-03		8.3E-03		1.2E-02		1.6E-02		2.1E-02		2.7E-02		3.3E-02		3.8E-02		4.2E-02		4.5E-02		4.6E-02		4.5E-02		4.2E-02		3.8E-02		3.3E-02		2.7E-02		2.1E-02		1.6E-02		1.2E-02		8.3E-03		5.6E-03

				212.5		7.1E-03		1.1E-02		1.5E-02		2.1E-02		2.7E-02		3.4E-02		4.1E-02		4.8E-02		5.3E-02		5.7E-02		5.8E-02		5.7E-02		5.3E-02		4.8E-02		4.1E-02		3.4E-02		2.7E-02		2.1E-02		1.5E-02		1.1E-02		7.1E-03

				225		8.7E-03		1.3E-02		1.8E-02		2.5E-02		3.3E-02		4.2E-02		5.1E-02		5.9E-02		6.5E-02		6.9E-02		7.1E-02		6.9E-02		6.5E-02		5.9E-02		5.1E-02		4.2E-02		3.3E-02		2.5E-02		1.8E-02		1.3E-02		8.7E-03

				237.5		1.0E-02		1.5E-02		2.2E-02		3.0E-02		3.9E-02		4.9E-02		5.9E-02		6.8E-02		7.6E-02		8.1E-02		8.3E-02		8.1E-02		7.6E-02		6.8E-02		5.9E-02		4.9E-02		3.9E-02		3.0E-02		2.2E-02		1.5E-02		1.0E-02

				250		1.1E-02		1.7E-02		2.4E-02		3.3E-02		4.3E-02		5.5E-02		6.6E-02		7.7E-02		8.5E-02		9.1E-02		9.3E-02		9.1E-02		8.5E-02		7.7E-02		6.6E-02		5.5E-02		4.3E-02		3.3E-02		2.4E-02		1.7E-02		1.1E-02
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		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



Crosswind distance

Conc. 
(ug/m3)

Downwind distance



		Plume Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug/s)								1.6E+07		_m1

				Emission rate (g/s)								16				names												X receptor increment (m)								50				Array element for SC								2

				Release height above receptor (m)								50				_h1												Y receptor increment (m)								50				Array element for urban/rural								2

		Enter		NOTE: Unlike the puff model, there is  no time in this steady-state model.																								Wind speed (m/s)								5.5555555556		_u1

		parameters		Maximum downwind distance (m)								1000				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								1000				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								b														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.4		0.91		0

				Urban/Rural								urban																		B				0.4		0.91						0.24		0.001		0.5				urban				0.24		0.001		0.5

				Wind speed (km/hr)								20																		C				0.4		0.91						0.2		1		0

																														D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Plots of																												DN				0.22		0.8						0.14		0.003		-0.5						0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

		Vertical &																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		14.064448116		26.4277379203		38.2210872576		49.6589219728		60.8394667999		71.8191619563		82.6345966689		93.3113737897		103.8683849589		114.3201262172		124.6780607938		134.9514729749		145.1480300209		155.2741668851		165.3353583503		175.3363168718		185.2811398038		195.173421186		205.0163381196		214.8127185481

		Horizontal																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		12.2963409192		25.1714123561		38.6056990611		52.5813655205		67.082039325		82.0926306071		97.5991803244		113.5887318355		130.049221451		146.969384567		164.3386746935		182.1471932257		200.3856282272		219.0452008148		238.1176179958		257.595031008		277.4699983782		297.7354530451		318.3846729979		339.4112549695

		Dispersion																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		Coefficients for																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		selected																								Coefficients				A				24.167		2.5334						0.32								rural				18.333		1.8096

		conditions																												B				18.333		1.8096						0.32								urban				0.32		0.001		0.5

		(urban/rural;																												C				12.5		1.0857						0.22										Crosswind distances

		stability class)																												D				8.333		0.72382						0.16										0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

																														DN																				calc. In rural		0		0.414586868		0.3926948685		0.3798888698		0.3708028691		0.3637552194		0.3579968704		0.3531282556		0.3489108697		0.3451908716		0.34186322		0.3388529929		0.3361048709		0.3335768438		0.3312362562		0.3290572213		0.3270188702		0.3251041338		0.3232988722		0.3215912413		0.3199712206

																														E				6.25		0.54287						0.11								rural		0		10.2347787054		19.265517543		27.8570141238		36.1662419847		44.2669996144		52.2024615482		60.0010115627		67.6827410592		75.2626213026		82.7522390904		90.160827153		97.4959147229		104.7637586056		111.9696401499		119.118076509		126.212975032		133.2577487154		140.2554042594		147.2086103987		154.1197517367

																														F				4.1667		0.36191						0.11								urban		0		16.1592079014		32.633724887		49.4190246767		66.5107510106		83.9047078536		101.5968503449		119.5832764228		137.8602190626		156.4240390733		175.2712184017		194.3983539025		213.8021515327		233.4794209347		253.4270703773		273.6421020238		294.1216075027		314.8627637559		335.8628291431		357.1191397839		378.6291061184

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

		This is the worst

		case!

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)																																										Dispersion Coefficients

		calculates		(m)		-500		-450		-400		-350		-300		-250		-200		-150		-100		-50		0		50		100		150		200		250		300		350		400		450		500		Vertical		Horizontal

		concentra-		0

		tions.		50		7.5E-209		2.4E-169		5.2E-134		8.0E-103		8.5E-76		6.3E-53		3.2E-34		1.2E-19		2.9E-09		4.9E-03		5.9E-01		4.9E-03		2.9E-09		1.2E-19		3.2E-34		6.3E-53		8.5E-76		8.0E-103		5.2E-134		2.4E-169		7.5E-209		12.3		16.2

				100		8.2E-50		4.0E-40		1.8E-31		8.2E-24		3.5E-17		1.4E-11		5.4E-07		2.0E-03		7.1E-01		2.4E+01		7.8E+01		2.4E+01		7.1E-01		2.0E-03		5.4E-07		1.4E-11		3.5E-17		8.2E-24		1.8E-31		4.0E-40		8.2E-50		25.2		32.6

		Each cell in		150		6.1E-21		1.0E-16		6.2E-13		1.3E-09		1.0E-06		2.9E-04		2.9E-02		1.0E+00		1.3E+01		6.2E+01		1.0E+02		6.2E+01		1.3E+01		1.0E+00		2.9E-02		2.9E-04		1.0E-06		1.3E-09		6.2E-13		1.0E-16		6.1E-21		38.6		49.4

		the matrix		200		4.5E-11		9.6E-09		1.2E-06		8.1E-05		3.2E-03		7.1E-02		9.1E-01		6.6E+00		2.7E+01		6.3E+01		8.3E+01		6.3E+01		2.7E+01		6.6E+00		9.1E-01		7.1E-02		3.2E-03		8.1E-05		1.2E-06		9.6E-09		4.5E-11		52.6		66.5

		represents		250		1.2E-06		3.5E-05		7.2E-04		1.0E-02		1.0E-01		7.3E-01		3.6E+00		1.2E+01		3.0E+01		5.2E+01		6.2E+01		5.2E+01		3.0E+01		1.2E+01		3.6E+00		7.3E-01		1.0E-01		1.0E-02		7.2E-04		3.5E-05		1.2E-06		67.1		83.9

		a receptor		300		2.5E-04		2.5E-03		2.0E-02		1.2E-01		5.8E-01		2.2E+00		6.6E+00		1.5E+01		2.8E+01		4.0E+01		4.6E+01		4.0E+01		2.8E+01		1.5E+01		6.6E+00		2.2E+00		5.8E-01		1.2E-01		2.0E-02		2.5E-03		2.5E-04		82.1		101.6

		at a given		350		5.5E-03		2.9E-02		1.3E-01		4.8E-01		1.5E+00		3.9E+00		8.5E+00		1.6E+01		2.4E+01		3.2E+01		3.4E+01		3.2E+01		2.4E+01		1.6E+01		8.5E+00		3.9E+00		1.5E+00		4.8E-01		1.3E-01		2.9E-02		5.5E-03		97.6		119.6

		downwind		400		3.7E-02		1.3E-01		3.9E-01		1.1E+00		2.5E+00		5.1E+00		9.3E+00		1.5E+01		2.0E+01		2.5E+01		2.7E+01		2.5E+01		2.0E+01		1.5E+01		9.3E+00		5.1E+00		2.5E+00		1.1E+00		3.9E-01		1.3E-01		3.7E-02		113.6		137.9

		and cross-		450		1.3E-01		3.3E-01		8.0E-01		1.7E+00		3.3E+00		5.8E+00		9.2E+00		1.3E+01		1.7E+01		2.0E+01		2.1E+01		2.0E+01		1.7E+01		1.3E+01		9.2E+00		5.8E+00		3.3E+00		1.7E+00		8.0E-01		3.3E-01		1.3E-01		130.0		156.4

		wind		500		2.9E-01		6.2E-01		1.2E+00		2.3E+00		3.9E+00		6.1E+00		8.8E+00		1.2E+01		1.4E+01		1.6E+01		1.7E+01		1.6E+01		1.4E+01		1.2E+01		8.8E+00		6.1E+00		3.9E+00		2.3E+00		1.2E+00		6.2E-01		2.9E-01		147.0		175.3

		distance from		550		5.0E-01		9.4E-01		1.6E+00		2.7E+00		4.2E+00		6.0E+00		8.1E+00		1.0E+01		1.2E+01		1.3E+01		1.4E+01		1.3E+01		1.2E+01		1.0E+01		8.1E+00		6.0E+00		4.2E+00		2.7E+00		1.6E+00		9.4E-01		5.0E-01		164.3		194.4

		the source.		600		7.4E-01		1.2E+00		2.0E+00		3.0E+00		4.2E+00		5.7E+00		7.3E+00		8.9E+00		1.0E+01		1.1E+01		1.1E+01		1.1E+01		1.0E+01		8.9E+00		7.3E+00		5.7E+00		4.2E+00		3.0E+00		2.0E+00		1.2E+00		7.4E-01		182.1		213.8

				650		9.6E-01		1.5E+00		2.2E+00		3.1E+00		4.2E+00		5.4E+00		6.6E+00		7.7E+00		8.7E+00		9.3E+00		9.5E+00		9.3E+00		8.7E+00		7.7E+00		6.6E+00		5.4E+00		4.2E+00		3.1E+00		2.2E+00		1.5E+00		9.6E-01		200.4		233.5

				700		1.1E+00		1.7E+00		2.3E+00		3.1E+00		4.0E+00		4.9E+00		5.9E+00		6.8E+00		7.4E+00		7.9E+00		8.0E+00		7.9E+00		7.4E+00		6.8E+00		5.9E+00		4.9E+00		4.0E+00		3.1E+00		2.3E+00		1.7E+00		1.1E+00		219.0		253.4

				750		1.3E+00		1.8E+00		2.4E+00		3.0E+00		3.8E+00		4.5E+00		5.3E+00		5.9E+00		6.4E+00		6.8E+00		6.9E+00		6.8E+00		6.4E+00		5.9E+00		5.3E+00		4.5E+00		3.8E+00		3.0E+00		2.4E+00		1.8E+00		1.3E+00		238.1		273.6

				800		1.4E+00		1.8E+00		2.4E+00		2.9E+00		3.5E+00		4.1E+00		4.7E+00		5.2E+00		5.6E+00		5.9E+00		5.9E+00		5.9E+00		5.6E+00		5.2E+00		4.7E+00		4.1E+00		3.5E+00		2.9E+00		2.4E+00		1.8E+00		1.4E+00		257.6		294.1

				850		1.5E+00		1.9E+00		2.3E+00		2.8E+00		3.3E+00		3.8E+00		4.2E+00		4.6E+00		4.9E+00		5.1E+00		5.2E+00		5.1E+00		4.9E+00		4.6E+00		4.2E+00		3.8E+00		3.3E+00		2.8E+00		2.3E+00		1.9E+00		1.5E+00		277.5		314.9

				900		1.5E+00		1.8E+00		2.2E+00		2.6E+00		3.0E+00		3.4E+00		3.8E+00		4.1E+00		4.3E+00		4.5E+00		4.5E+00		4.5E+00		4.3E+00		4.1E+00		3.8E+00		3.4E+00		3.0E+00		2.6E+00		2.2E+00		1.8E+00		1.5E+00		297.7		335.9

				950		1.5E+00		1.8E+00		2.1E+00		2.5E+00		2.8E+00		3.1E+00		3.4E+00		3.6E+00		3.8E+00		3.9E+00		4.0E+00		3.9E+00		3.8E+00		3.6E+00		3.4E+00		3.1E+00		2.8E+00		2.5E+00		2.1E+00		1.8E+00		1.5E+00		318.4		357.1

				1000		1.5E+00		1.7E+00		2.0E+00		2.3E+00		2.6E+00		2.8E+00		3.1E+00		3.3E+00		3.4E+00		3.5E+00		3.5E+00		3.5E+00		3.4E+00		3.3E+00		3.1E+00		2.8E+00		2.6E+00		2.3E+00		2.0E+00		1.7E+00		1.5E+00		339.4		378.6
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		Overview

				This workbook includes several worksheets addressing aspects of air pollutants

						Properties				Properties - a few useful properties of air and particle dynamics

						Distribution				Distribution - plots particle number, surface and area distributions

						Puff_model				Puff_model - a "puff" model to simulate an instantaneous release

						Plume_model				Plume_model - a Guassian plume model to simulate a constant release

		Properties

				This sheet gives some useful properties of air, e.g., density, saturation

				vapor pressure.  The water vapor equation is from McRae, 1980. It

				the saturation pressure of water vapor in atmospheres at the specified temperature as:

						pH20,sat,T = exp(13.3185 a - 1.9760 a^2 - 0.6445 a^3 -0.1299 a^4)

						where:  a = 1 - Ts/T = 1 - 373.15/T for T in K

				This equation does not correct for air pressure.  "Steam tables" are available for this.

				The property sheet also gives some useful equations for particles in air, e.g.,

				Stokes velocity, Reynolds number, and diffusion coefficient.

				Some of the equations for particulate parameters are from Willeke and Baron,

				"Aerosol Measurement," Van Nostrand Reinhold 1994.  Other equations are

				Hinds, "Aerosol Technology," J. Wiley and Sons, 1982.  The Hinds book has

				been updated recently.

		Distribution

				This page calculates and plots particle size distributions.  You provide the

				input distribution in terms of particle number concentrations, often called just "number

				concentration."  The number concentration is the number of particles of all sizes

				contained in a specified volume.   You specify the median number concentration and the

				geometric distribution.

				The mass concentration is much more commonly measured than the number concentration.

				Thus, typically size distributions are expressed in terms of aerosol mass.  The spreadsheet

				calculates the volume distribution, which will follow the mass distribution.

				It is somewhat difficult to specify a "typical" size distribution.  Coarse mode aerosols, resulting from

				grinding-type processes, may have a median diameter of 3-10 um.  Fine mode

				aerosols, resulting from combustion, may have a typical median diameter of 0.1 - 0.6 um.

				Smaller aerosols, including "ultrafines" resulting from molecular agglomerations and other phenonmenon,

				may have a typical median distribution of 0.001 - 0.02 um.

				Typical geometric standard deviations for aerosols range from 1.2 to 2.0, with values about 1.5 to 1.8

				being most common.

		Puff_model

				The "puff" model is useful for instantaneous sources.  The model calculates ground level concentrations.

				You can select the meteorology (wind speed and stability class), the nature of the terrain (urban or rural), and

				the source release and release height (0=ground level).   This is a dynamic & analytical model.

				It is based exactly on the material presented in course notes.

				The first part of the page shows dispersion coefficients (vertical and horizontal) for the specified

				stability category (A - F, where A is the most unstable and F is most stable).   Urban and rural

				dispersion coefficients are compared in the plots.  Urban terrain includes more surface roughness and greater

				heat fluxes, forces that lead to more rapid dispersion in most cases for the same atmospheric stability.

				Dispersion coefficients are a key parameter in these models.

				The dispersion coefficients have a limited range of applicability.  They should not be used for very short

				distances (less than about 25 m), or very long distances (greater than about 50 km).

				The model limits them to a maximum of 5000 m.   Finally (and quite important at times),

				there are circumstances when a Gaussian plume is a poor assumption.

				These dispersion coefficients are based on empirical experiments.  There are a number of parameterizations.

				In this model, the rural parameters are taken from Gifford-Hanna and Pasquill-Gifford-Turner. The urban ones

				are taken from McElroy-Pooler.

				Compare urban and rural dispersion coefficients, and also dispersion coefficients for different stability categories.

				The lower part of the page plots concentrations using a 3-D plot and also the puff-centerline concentration.  The

				latter is the concentration obtained directly downwind of the source.  Note that the 3-D plot does not show the

				X & Y scales - these represent the maximum distances in the downwind and crosswind direction. If these are not

				the same, then the plume will seem asymmetrical.  (The puff model, as formulated here, is symmetrical.)

				On the 3-D plot, the puff is moving toward the right.  Try changing the time since release.

				Hint: To visualize the effect, try temporarily hiding the middle rows.

		Plume_model

				The upper half of this page is identical to that in the puff_model page.   The bottom half simulates a continuous

				air pollution source.  This is a dynamic and steady-state model.

				The plume model behavior can be complex.  Try simulating an elevated source.  The maximum concentration

				may not appear near the source.  Why?
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		Inputs										Standard conditions

				Temperature		293.15		oK				293.15 oK		20 oC		68 oF

				Pressure		101.30		Kpascal				101.3 kpa		1 atm		760 mm Hg

				Particle/molecule diameter		1.00		µm

				Particle density		1.00		g/cm3

		Properties of Air

				Air density =		1.205E-03		g/cm3

				Air viscosity =		1.807E-04		poise				intermediate calc:				-0.273

				Saturation water pressure =		0.023		atm		The water vapor calculations apply to atmospheric pressure

				Water concentration =		29.583		g/m3		only and temperatures from 10 - 90 oC only.

		Particle settling velocity in Stokes regime

				Slip correction factor =		1.166E+00				Accounts for continuum effects

				Settling velocity =		3.516E-03		cm/sec		Verify that Reynolds number is small to use this estimate

		Particle Reynolds Number

				Particle velocity =		3.516E-03		cm/sec		Uses stokes velocity or replace if you want

				Reynolds number =		2.344E-06				If Re < 0.1 then flow is laminar

		Diffusion coefficient, mechanical mobility, mean thermal velocity

				Diffusion coefficient =		2.457E-08		cm2/s		Applies to molecular range

				Diffusion coefficient =		2.769E-07		cm2/s		Applies to particle range

				Mechanical mobility =		6.846E+06		cm/(s-dyne)

				Mean thermal velocity =		4.436E-01		cm/s





Distribution
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		Change		Particle size distribution - enter number density statistics (in green)														Intermediate Calculations

		distribution				d(50) =				1.00		µm		(median)				sqrt(2*pi) =				2.506628

		here				sigma g =				2.00				(lognormal std deviation)				ln (sigma g)=				0.693147

						Total # of particles =				1000								ln (d(50)) =				0.000000

		This plot																Size mult. for geo. scale=				1.33

		shows

		the classical

		lognormal

		distribution,

		i.e., positive

		skew, long

		right-hand

		tail

		This is the

		same data

		as above

		but plotted

		using a

		logarithmic

		scale.

																		Midpoint size computed as sqrt(upper limit * lower limit)

																		Surface computed as Pi * (midpoint size)^2

																		Volume computed as Pi * (midpoint size)^3 / 6

		Calculations		Mindpoint

		are performed		Size		Number Concentration				Surface Area				Volume				Bin

		here		(um)		no.		(%)		(um2)		(%)		(um3)		(%)

				0.115		1.28		0.13%		0.05		0.00%		0.00		0.00%		0.1

		See formulas		0.153		4.23		0.42%		0.31		0.00%		0.01		0.00%		0.133

		at right.		0.204		11.83		1.18%		1.55		0.02%		0.05		0.00%		0.1769

				0.271		27.93		2.79%		6.46		0.08%		0.29		0.01%		0.2353

				0.361		55.67		5.57%		22.77		0.28%		1.37		0.03%		0.3129

		Calculations		0.480		93.68		9.37%		67.79		0.83%		5.42		0.12%		0.4162

		use the		0.638		133.08		13.31%		170.35		2.07%		18.12		0.40%		0.5535

		midpoint		0.849		159.62		15.96%		361.42		4.40%		51.14		1.12%		0.7361

		value for		1.129		161.64		16.16%		647.39		7.88%		121.83		2.68%		0.9791

		each cell		1.502		138.19		13.82%		979.06		11.92%		245.05		5.39%		1.3022

				1.997		99.75		9.97%		1250.08		15.22%		416.13		9.15%		1.7319

				2.656		60.79		6.08%		1347.57		16.41%		596.61		13.12%		2.3034

				3.533		31.28		3.13%		1226.46		14.93%		722.18		15.88%		3.0635

				4.699		13.59		1.36%		942.41		11.48%		738.05		16.22%		4.0745

				6.250		4.98		0.50%		611.38		7.44%		636.81		14.00%		5.419

				8.312		1.54		0.15%		334.87		4.08%		463.90		10.20%		7.2073

				11.055		0.40		0.04%		154.85		1.89%		285.31		6.27%		9.5858

				14.703		0.09		0.01%		60.46		0.74%		148.15		3.26%		12.7491

				19.555		0.02		0.00%		19.93		0.24%		64.95		1.43%		16.9562

				26.008		0.00		0.00%		5.55		0.07%		24.04		0.53%		22.5518

				34.591		0.00		0.00%		1.30		0.02%		7.51		0.17%		29.9939

				46.006		0.00		0.00%		0.26		0.00%		1.98		0.04%		39.8919

				sum ->		999.59		99.96%		8212.26		100.00%		4548.92		100.00%		53.0562

				max ->		161.64		16.16%		1347.57		16.41%		738.05		16.22%





Distribution

		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239

0.1192187293

0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124
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		0.1153256259		0.1153256259		0.1153256259

		0.1533830825		0.1533830825		0.1533830825

		0.2039994997		0.2039994997		0.2039994997

		0.2713193347		0.2713193347		0.2713193347

		0.3608547151		0.3608547151		0.3608547151

		0.4799367711		0.4799367711		0.4799367711

		0.6383159055		0.6383159055		0.6383159055

		0.8489601543		0.8489601543		0.8489601543

		1.1291170053		1.1291170053		1.1291170053

		1.501725617		1.501725617		1.501725617

		1.9972950706		1.9972950706		1.9972950706

		2.6564024439		2.6564024439		2.6564024439

		3.5330152504		3.5330152504		3.5330152504

		4.698910283		4.698910283		4.698910283

		6.2495506764		6.2495506764		6.2495506764

		8.3119023997		8.3119023997		8.3119023997

		11.0548301916		11.0548301916		11.0548301916

		14.7029241548		14.7029241548		14.7029241548

		19.5548891258		19.5548891258		19.5548891258

		26.0080025374		26.0080025374		26.0080025374

		34.5906433747		34.5906433747		34.5906433747

		46.0055556883		46.0055556883		46.0055556883



Number Concentration

Surface Area

Volume

Particle Diameter (um)

Probability

0.0012779962

0.0000065023

0.0000002256

0.0042323196

0.0000380908

0.0000017579

0.011833512

0.0001883904

0.0000115635

0.0279341301

0.0007866537

0.0000642196

0.0556727848

0.0027732859

0.0003011135

0.0936778764

0.0082545237

0.0011920082

0.1330814199

0.020743197

0.0039839561

0.1596188261

0.0440094215

0.0112418077

0.1616356285

0.0788318875

0.0267820649

0.1381899239
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0.0538689192

0.0997474854

0.1522205719

0.0914784429

0.060787437

0.1640924152

0.1311552146

0.0312760577

0.1493447509

0.1587591112

0.0135861522

0.1147566114

0.1622475146

0.0049827287

0.0744477824

0.1399921695

0.0015428522

0.0407767035

0.1019801703

0.0004033366

0.018856399

0.0627211509

0.000089022

0.0073619303

0.0325685634

0.0000165887

0.0024266712

0.0142780692

0.0000026099

0.0006753307

0.0052847769

0.0000003467

0.0001586749

0.0016514679

0.0000000389

0.0000314765

0.0004357124



Plume_model

		Puff Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug)								1.0E+06		_m

				Release (g)								1				names												X receptor increment (m)								12.5				Array element for SC								1				Vertical dispersion coefficient at x								60.8394667999		_sz		These are picked off the calculations below.

				Release height above receptor (m)								100				_h												Y receptor increment (m)								12.5				Array element for urban/rural								1				Horizontal dispersion coefficient at x								60.9936219196		_sy		"

		Enter		Time since release (s)								100				_t												Travel distance x  (m)								277.7777777778																Wind speed (m/s)								2.7777777778		_u

		parameters		Maximum downwind distance (m)								250				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								250				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								a														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.4		0.91		0

				Urban/Rural								rural																		B				0.4		0.91						0.24		0.001		0.5				urban				0.24		0.001		0.5

				Wind speed (km/hr)								10																		C				0.4		0.91						0.2		1		0

		Plots of																												D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Vertical &																												DN				0.22		0.8						0.14		0.003		-0.5						0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

		Horizontal																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		3.9833466566		7.4848896037		10.8250134581		14.064448116		17.2310128819		20.3406928089		23.4038507335		26.4277379203		29.4177048779		32.3778571891		35.3114414808		38.2210872576		41.1089660483		43.9769003667		46.8264407862		49.6589219728		52.4755043832		55.2772059249		58.0649264195		60.8394667999

		Dispersion																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		3.0186917696		6.0745370194		9.1671969544		12.2963409192		15.4616460961		18.662797218		21.8994862953		25.1714123561		28.4782811981		31.8198051534		35.1957028627		38.6056990611		42.0495243731		45.5269151162		49.0376131148		52.5813655205		56.1579246411		59.7670477772		63.4084970647		67.082039325

		Coefficients for																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		selected																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		conditions																								Coefficients				A				24.167		2.5334						0.32								rural				24.167		2.5334

		(urban/rural;																												B				18.333		1.8096						0.32								urban				0.32		0.001		0.5

		stability class)																												C				12.5		1.0857						0.22										Crosswind distances

																														D				8.333		0.72382						0.16										0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125		137.5		150		162.5		175		187.5		200		212.5		225		237.5		250

																														DN																				calc. In rural		0		0.6155501774		0.5849018622		0.566973747		0.5542535469		0.5443869931		0.5363254317		0.5295094787		0.5236052316		0.5183973165		0.5137386778		0.5095244265		0.5056771164		0.5021379342		0.4988611634		0.4958105627		0.4929569163		0.4902763275		0.4877490013		0.4853583557		0.4830903625

																														E				6.25		0.54287						0.11								rural		0		4.1117005293		7.6999656328		11.105358923		14.3947209064		17.5990899773		20.736477236		23.8186511879		26.8539013179		29.848379345		32.8068296246		35.7330210361		38.6300187288		41.5003636359		44.3461958085		47.1693419401		49.971379187		52.7536827942		55.5174623516		58.2637898798		60.9936219196

																														F				4.1667		0.36191						0.11								urban		0		4.0099875312		8.0399004969		12.0896650078		16.1592079014		20.2484567313		24.3573397562		28.4857859291		32.633724887		36.8010869405		40.9878030638		45.1938048852		49.4190246767		53.6633953454		57.9268504236		62.20932406		66.5107510106		70.8310666304		75.1702068642		79.5281082385		83.9047078536

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)

		calculates		(m)		-125		-112.5		-100		-87.5		-75		-62.5		-50		-37.5		-25		-12.5		0		12.5		25		37.5		50		62.5		75		87.5		100		112.5		125

		concentra-		0		3.9E-07		5.9E-07		8.4E-07		1.2E-06		1.5E-06		1.9E-06		2.3E-06		2.7E-06		3.0E-06		3.2E-06		3.2E-06		3.2E-06		3.0E-06		2.7E-06		2.3E-06		1.9E-06		1.5E-06		1.2E-06		8.4E-07		5.9E-07		3.9E-07

		tions.		12.5		9.8E-07		1.5E-06		2.1E-06		2.9E-06		3.8E-06		4.7E-06		5.7E-06		6.6E-06		7.4E-06		7.9E-06		8.0E-06		7.9E-06		7.4E-06		6.6E-06		5.7E-06		4.7E-06		3.8E-06		2.9E-06		2.1E-06		1.5E-06		9.8E-07

				25		2.3E-06		3.5E-06		5.0E-06		6.8E-06		9.0E-06		1.1E-05		1.4E-05		1.6E-05		1.8E-05		1.9E-05		1.9E-05		1.9E-05		1.8E-05		1.6E-05		1.4E-05		1.1E-05		9.0E-06		6.8E-06		5.0E-06		3.5E-06		2.3E-06

		Each cell in		37.5		5.4E-06		8.0E-06		1.1E-05		1.6E-05		2.1E-05		2.6E-05		3.1E-05		3.6E-05		4.0E-05		4.3E-05		4.4E-05		4.3E-05		4.0E-05		3.6E-05		3.1E-05		2.6E-05		2.1E-05		1.6E-05		1.1E-05		8.0E-06		5.4E-06

		the matrix		50		1.2E-05		1.8E-05		2.5E-05		3.4E-05		4.5E-05		5.7E-05		6.9E-05		8.0E-05		8.9E-05		9.4E-05		9.6E-05		9.4E-05		8.9E-05		8.0E-05		6.9E-05		5.7E-05		4.5E-05		3.4E-05		2.5E-05		1.8E-05		1.2E-05

		represents		62.5		2.5E-05		3.7E-05		5.3E-05		7.2E-05		9.5E-05		1.2E-04		1.4E-04		1.7E-04		1.9E-04		2.0E-04		2.0E-04		2.0E-04		1.9E-04		1.7E-04		1.4E-04		1.2E-04		9.5E-05		7.2E-05		5.3E-05		3.7E-05		2.5E-05

		a receptor		75		5.0E-05		7.5E-05		1.1E-04		1.5E-04		1.9E-04		2.4E-04		2.9E-04		3.4E-04		3.8E-04		4.0E-04		4.1E-04		4.0E-04		3.8E-04		3.4E-04		2.9E-04		2.4E-04		1.9E-04		1.5E-04		1.1E-04		7.5E-05		5.0E-05

		at a given		87.5		9.7E-05		1.4E-04		2.1E-04		2.8E-04		3.7E-04		4.7E-04		5.7E-04		6.6E-04		7.3E-04		7.8E-04		7.9E-04		7.8E-04		7.3E-04		6.6E-04		5.7E-04		4.7E-04		3.7E-04		2.8E-04		2.1E-04		1.4E-04		9.7E-05

		downwind		100		1.8E-04		2.7E-04		3.8E-04		5.3E-04		6.9E-04		8.7E-04		1.0E-03		1.2E-03		1.4E-03		1.4E-03		1.5E-03		1.4E-03		1.4E-03		1.2E-03		1.0E-03		8.7E-04		6.9E-04		5.3E-04		3.8E-04		2.7E-04		1.8E-04

		and cross-		112.5		3.2E-04		4.8E-04		6.8E-04		9.3E-04		1.2E-03		1.5E-03		1.9E-03		2.2E-03		2.4E-03		2.6E-03		2.6E-03		2.6E-03		2.4E-03		2.2E-03		1.9E-03		1.5E-03		1.2E-03		9.3E-04		6.8E-04		4.8E-04		3.2E-04

		wind		125		5.5E-04		8.1E-04		1.2E-03		1.6E-03		2.1E-03		2.6E-03		3.2E-03		3.7E-03		4.1E-03		4.4E-03		4.5E-03		4.4E-03		4.1E-03		3.7E-03		3.2E-03		2.6E-03		2.1E-03		1.6E-03		1.2E-03		8.1E-04		5.5E-04

		distance from		137.5		8.9E-04		1.3E-03		1.9E-03		2.6E-03		3.4E-03		4.3E-03		5.2E-03		6.0E-03		6.7E-03		7.1E-03		7.3E-03		7.1E-03		6.7E-03		6.0E-03		5.2E-03		4.3E-03		3.4E-03		2.6E-03		1.9E-03		1.3E-03		8.9E-04

		the source.		150		1.4E-03		2.1E-03		3.0E-03		4.1E-03		5.4E-03		6.8E-03		8.2E-03		9.5E-03		1.1E-02		1.1E-02		1.1E-02		1.1E-02		1.1E-02		9.5E-03		8.2E-03		6.8E-03		5.4E-03		4.1E-03		3.0E-03		2.1E-03		1.4E-03

				162.5		2.1E-03		3.1E-03		4.5E-03		6.2E-03		8.1E-03		1.0E-02		1.2E-02		1.4E-02		1.6E-02		1.7E-02		1.7E-02		1.7E-02		1.6E-02		1.4E-02		1.2E-02		1.0E-02		8.1E-03		6.2E-03		4.5E-03		3.1E-03		2.1E-03

				175		3.0E-03		4.5E-03		6.5E-03		8.9E-03		1.2E-02		1.5E-02		1.8E-02		2.1E-02		2.3E-02		2.4E-02		2.5E-02		2.4E-02		2.3E-02		2.1E-02		1.8E-02		1.5E-02		1.2E-02		8.9E-03		6.5E-03		4.5E-03		3.0E-03

				187.5		4.2E-03		6.3E-03		9.0E-03		1.2E-02		1.6E-02		2.0E-02		2.5E-02		2.8E-02		3.2E-02		3.4E-02		3.4E-02		3.4E-02		3.2E-02		2.8E-02		2.5E-02		2.0E-02		1.6E-02		1.2E-02		9.0E-03		6.3E-03		4.2E-03

				200		5.6E-03		8.3E-03		1.2E-02		1.6E-02		2.1E-02		2.7E-02		3.3E-02		3.8E-02		4.2E-02		4.5E-02		4.6E-02		4.5E-02		4.2E-02		3.8E-02		3.3E-02		2.7E-02		2.1E-02		1.6E-02		1.2E-02		8.3E-03		5.6E-03

				212.5		7.1E-03		1.1E-02		1.5E-02		2.1E-02		2.7E-02		3.4E-02		4.1E-02		4.8E-02		5.3E-02		5.7E-02		5.8E-02		5.7E-02		5.3E-02		4.8E-02		4.1E-02		3.4E-02		2.7E-02		2.1E-02		1.5E-02		1.1E-02		7.1E-03

				225		8.7E-03		1.3E-02		1.8E-02		2.5E-02		3.3E-02		4.2E-02		5.1E-02		5.9E-02		6.5E-02		6.9E-02		7.1E-02		6.9E-02		6.5E-02		5.9E-02		5.1E-02		4.2E-02		3.3E-02		2.5E-02		1.8E-02		1.3E-02		8.7E-03

				237.5		1.0E-02		1.5E-02		2.2E-02		3.0E-02		3.9E-02		4.9E-02		5.9E-02		6.8E-02		7.6E-02		8.1E-02		8.3E-02		8.1E-02		7.6E-02		6.8E-02		5.9E-02		4.9E-02		3.9E-02		3.0E-02		2.2E-02		1.5E-02		1.0E-02

				250		1.1E-02		1.7E-02		2.4E-02		3.3E-02		4.3E-02		5.5E-02		6.6E-02		7.7E-02		8.5E-02		9.1E-02		9.3E-02		9.1E-02		8.5E-02		7.7E-02		6.6E-02		5.5E-02		4.3E-02		3.3E-02		2.4E-02		1.7E-02		1.1E-02
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		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



Crosswind distance

Conc. 
(ug/m3)

Downwind distance



		Plume Model																		© S. Batterman 4/2/99						Intermediate calculations												names

																												Emission (ug/s)								1.6E+07		_m1

				Emission rate (g/s)								16				names												X receptor increment (m)								50				Array element for SC								2

				Release height above receptor (m)								50				_h1												Y receptor increment (m)								50				Array element for urban/rural								2

		Enter		NOTE: Unlike the puff model, there is  no time in this steady-state model.																								Wind speed (m/s)								5.5555555556		_u1

		parameters		Maximum downwind distance (m)								1000				These two distances affect the plots. They can differ,										Vertical								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		in green		Maximum crosswind distance (m)								1000				but the 3-D plot will not be correctly scaled.										Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

				Stability category (A-F)								b														Coefficients				A				0.4		0.91						0.24		0.001		0.5				rural				0.4		0.91		0

				Urban/Rural								urban																		B				0.4		0.91						0.24		0.001		0.5				urban				0.24		0.001		0.5

				Wind speed (km/hr)								20																		C				0.4		0.91						0.2		1		0

																														D				0.33		0.86						0.14		0.0003		-0.5						Downwind distances

		Plots of																												DN				0.22		0.8						0.14		0.003		-0.5						0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

		Vertical &																												E				0.15		0.75						0.08		0.0015		-0.5				rural		0		14.064448116		26.4277379203		38.2210872576		49.6589219728		60.8394667999		71.8191619563		82.6345966689		93.3113737897		103.8683849589		114.3201262172		124.6780607938		134.9514729749		145.1480300209		155.2741668851		165.3353583503		175.3363168718		185.2811398038		195.173421186		205.0163381196		214.8127185481

		Horizontal																												F				0.06		0.71						0.08		0.0015		-0.5				urban		0		12.2963409192		25.1714123561		38.6056990611		52.5813655205		67.082039325		82.0926306071		97.5991803244		113.5887318355		130.049221451		146.969384567		164.3386746935		182.1471932257		200.3856282272		219.0452008148		238.1176179958		257.595031008		277.4699983782		297.7354530451		318.3846729979		339.4112549695

		Dispersion																								Horizontal								Rural				(G-H)				Urban				(M-P)								Selected Coefficients

		Coefficients for																								Dispersion								a1		a2						a1		a2		a3								a1		a2		a3

		selected																								Coefficients				A				24.167		2.5334						0.32								rural				18.333		1.8096

		conditions																												B				18.333		1.8096						0.32								urban				0.32		0.001		0.5

		(urban/rural;																												C				12.5		1.0857						0.22										Crosswind distances

		stability class)																												D				8.333		0.72382						0.16										0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000

																														DN																				calc. In rural		0		0.414586868		0.3926948685		0.3798888698		0.3708028691		0.3637552194		0.3579968704		0.3531282556		0.3489108697		0.3451908716		0.34186322		0.3388529929		0.3361048709		0.3335768438		0.3312362562		0.3290572213		0.3270188702		0.3251041338		0.3232988722		0.3215912413		0.3199712206

																														E				6.25		0.54287						0.11								rural		0		10.2347787054		19.265517543		27.8570141238		36.1662419847		44.2669996144		52.2024615482		60.0010115627		67.6827410592		75.2626213026		82.7522390904		90.160827153		97.4959147229		104.7637586056		111.9696401499		119.118076509		126.212975032		133.2577487154		140.2554042594		147.2086103987		154.1197517367

																														F				4.1667		0.36191						0.11								urban		0		16.1592079014		32.633724887		49.4190246767		66.5107510106		83.9047078536		101.5968503449		119.5832764228		137.8602190626		156.4240390733		175.2712184017		194.3983539025		213.8021515327		233.4794209347		253.4270703773		273.6421020238		294.1216075027		314.8627637559		335.8628291431		357.1191397839		378.6291061184

		An attempt

		at showing

		a 3-D plot.

		Excel is limited here

		but you can visualize

		the plume contours.

		Note that the scale

		depends on the

		downwind and

		crosswind distances

		This plot

		shows the

		concentration

		directly

		downwind of

		the source

		This is the worst

		case!

				Downwind										Concentrations in ug/m3

		This section		Distance		Crosswind distance (m)																																										Dispersion Coefficients

		calculates		(m)		-500		-450		-400		-350		-300		-250		-200		-150		-100		-50		0		50		100		150		200		250		300		350		400		450		500		Vertical		Horizontal

		concentra-		0

		tions.		50		7.5E-209		2.4E-169		5.2E-134		8.0E-103		8.5E-76		6.3E-53		3.2E-34		1.2E-19		2.9E-09		4.9E-03		5.9E-01		4.9E-03		2.9E-09		1.2E-19		3.2E-34		6.3E-53		8.5E-76		8.0E-103		5.2E-134		2.4E-169		7.5E-209		12.3		16.2

				100		8.2E-50		4.0E-40		1.8E-31		8.2E-24		3.5E-17		1.4E-11		5.4E-07		2.0E-03		7.1E-01		2.4E+01		7.8E+01		2.4E+01		7.1E-01		2.0E-03		5.4E-07		1.4E-11		3.5E-17		8.2E-24		1.8E-31		4.0E-40		8.2E-50		25.2		32.6

		Each cell in		150		6.1E-21		1.0E-16		6.2E-13		1.3E-09		1.0E-06		2.9E-04		2.9E-02		1.0E+00		1.3E+01		6.2E+01		1.0E+02		6.2E+01		1.3E+01		1.0E+00		2.9E-02		2.9E-04		1.0E-06		1.3E-09		6.2E-13		1.0E-16		6.1E-21		38.6		49.4

		the matrix		200		4.5E-11		9.6E-09		1.2E-06		8.1E-05		3.2E-03		7.1E-02		9.1E-01		6.6E+00		2.7E+01		6.3E+01		8.3E+01		6.3E+01		2.7E+01		6.6E+00		9.1E-01		7.1E-02		3.2E-03		8.1E-05		1.2E-06		9.6E-09		4.5E-11		52.6		66.5

		represents		250		1.2E-06		3.5E-05		7.2E-04		1.0E-02		1.0E-01		7.3E-01		3.6E+00		1.2E+01		3.0E+01		5.2E+01		6.2E+01		5.2E+01		3.0E+01		1.2E+01		3.6E+00		7.3E-01		1.0E-01		1.0E-02		7.2E-04		3.5E-05		1.2E-06		67.1		83.9

		a receptor		300		2.5E-04		2.5E-03		2.0E-02		1.2E-01		5.8E-01		2.2E+00		6.6E+00		1.5E+01		2.8E+01		4.0E+01		4.6E+01		4.0E+01		2.8E+01		1.5E+01		6.6E+00		2.2E+00		5.8E-01		1.2E-01		2.0E-02		2.5E-03		2.5E-04		82.1		101.6

		at a given		350		5.5E-03		2.9E-02		1.3E-01		4.8E-01		1.5E+00		3.9E+00		8.5E+00		1.6E+01		2.4E+01		3.2E+01		3.4E+01		3.2E+01		2.4E+01		1.6E+01		8.5E+00		3.9E+00		1.5E+00		4.8E-01		1.3E-01		2.9E-02		5.5E-03		97.6		119.6

		downwind		400		3.7E-02		1.3E-01		3.9E-01		1.1E+00		2.5E+00		5.1E+00		9.3E+00		1.5E+01		2.0E+01		2.5E+01		2.7E+01		2.5E+01		2.0E+01		1.5E+01		9.3E+00		5.1E+00		2.5E+00		1.1E+00		3.9E-01		1.3E-01		3.7E-02		113.6		137.9

		and cross-		450		1.3E-01		3.3E-01		8.0E-01		1.7E+00		3.3E+00		5.8E+00		9.2E+00		1.3E+01		1.7E+01		2.0E+01		2.1E+01		2.0E+01		1.7E+01		1.3E+01		9.2E+00		5.8E+00		3.3E+00		1.7E+00		8.0E-01		3.3E-01		1.3E-01		130.0		156.4

		wind		500		2.9E-01		6.2E-01		1.2E+00		2.3E+00		3.9E+00		6.1E+00		8.8E+00		1.2E+01		1.4E+01		1.6E+01		1.7E+01		1.6E+01		1.4E+01		1.2E+01		8.8E+00		6.1E+00		3.9E+00		2.3E+00		1.2E+00		6.2E-01		2.9E-01		147.0		175.3

		distance from		550		5.0E-01		9.4E-01		1.6E+00		2.7E+00		4.2E+00		6.0E+00		8.1E+00		1.0E+01		1.2E+01		1.3E+01		1.4E+01		1.3E+01		1.2E+01		1.0E+01		8.1E+00		6.0E+00		4.2E+00		2.7E+00		1.6E+00		9.4E-01		5.0E-01		164.3		194.4

		the source.		600		7.4E-01		1.2E+00		2.0E+00		3.0E+00		4.2E+00		5.7E+00		7.3E+00		8.9E+00		1.0E+01		1.1E+01		1.1E+01		1.1E+01		1.0E+01		8.9E+00		7.3E+00		5.7E+00		4.2E+00		3.0E+00		2.0E+00		1.2E+00		7.4E-01		182.1		213.8

				650		9.6E-01		1.5E+00		2.2E+00		3.1E+00		4.2E+00		5.4E+00		6.6E+00		7.7E+00		8.7E+00		9.3E+00		9.5E+00		9.3E+00		8.7E+00		7.7E+00		6.6E+00		5.4E+00		4.2E+00		3.1E+00		2.2E+00		1.5E+00		9.6E-01		200.4		233.5

				700		1.1E+00		1.7E+00		2.3E+00		3.1E+00		4.0E+00		4.9E+00		5.9E+00		6.8E+00		7.4E+00		7.9E+00		8.0E+00		7.9E+00		7.4E+00		6.8E+00		5.9E+00		4.9E+00		4.0E+00		3.1E+00		2.3E+00		1.7E+00		1.1E+00		219.0		253.4

				750		1.3E+00		1.8E+00		2.4E+00		3.0E+00		3.8E+00		4.5E+00		5.3E+00		5.9E+00		6.4E+00		6.8E+00		6.9E+00		6.8E+00		6.4E+00		5.9E+00		5.3E+00		4.5E+00		3.8E+00		3.0E+00		2.4E+00		1.8E+00		1.3E+00		238.1		273.6

				800		1.4E+00		1.8E+00		2.4E+00		2.9E+00		3.5E+00		4.1E+00		4.7E+00		5.2E+00		5.6E+00		5.9E+00		5.9E+00		5.9E+00		5.6E+00		5.2E+00		4.7E+00		4.1E+00		3.5E+00		2.9E+00		2.4E+00		1.8E+00		1.4E+00		257.6		294.1

				850		1.5E+00		1.9E+00		2.3E+00		2.8E+00		3.3E+00		3.8E+00		4.2E+00		4.6E+00		4.9E+00		5.1E+00		5.2E+00		5.1E+00		4.9E+00		4.6E+00		4.2E+00		3.8E+00		3.3E+00		2.8E+00		2.3E+00		1.9E+00		1.5E+00		277.5		314.9

				900		1.5E+00		1.8E+00		2.2E+00		2.6E+00		3.0E+00		3.4E+00		3.8E+00		4.1E+00		4.3E+00		4.5E+00		4.5E+00		4.5E+00		4.3E+00		4.1E+00		3.8E+00		3.4E+00		3.0E+00		2.6E+00		2.2E+00		1.8E+00		1.5E+00		297.7		335.9

				950		1.5E+00		1.8E+00		2.1E+00		2.5E+00		2.8E+00		3.1E+00		3.4E+00		3.6E+00		3.8E+00		3.9E+00		4.0E+00		3.9E+00		3.8E+00		3.6E+00		3.4E+00		3.1E+00		2.8E+00		2.5E+00		2.1E+00		1.8E+00		1.5E+00		318.4		357.1

				1000		1.5E+00		1.7E+00		2.0E+00		2.3E+00		2.6E+00		2.8E+00		3.1E+00		3.3E+00		3.4E+00		3.5E+00		3.5E+00		3.5E+00		3.4E+00		3.3E+00		3.1E+00		2.8E+00		2.6E+00		2.3E+00		2.0E+00		1.7E+00		1.5E+00		339.4		378.6
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