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Abstract:

This work is addressing the decision making pro@easived in the selection of the most suited aiality model to assess the impact of a
cement plant located within a complex terrain dem@aiNorthern East of Italy.

The overall objective is the description and arialgé operational issues arising from the caseystutich are among others: complexity of
problem setting, assumptions and range of modéicaylity (pollutant types, spatial and temporehtes, orography description, wind calm
treatment) and the input data availability. The ofea specific model and its setting up is alwaysaale off between consistency and
accuracy of results. Two air quality models (CALFRNs ADMS-Urban) were used to simulate emissioomfthe kiln of a cement plant
over a complex orography domain (6 Km x 6 Km). Botbdels were run under different configurations aensitivity analysis of results
was performed. On strict terms this ‘field testingas not a comparison of model performances blieraa cross-check of air quality
impacts calculated by different modelling approachtence a key issue was to evaluate at which ploéndifferences between the model
outputs make one model inadequate for evaluatiqadts. Modelling exercise showed a discrete agneemiken comparing long term
averages but a strong contrast in short term osi{{pigh hourly percentiles).

Analysis showed that a crucial choice in deterngnithe differences of CALPUFF outputs was the altBme use of continuous
parameterisation of the turbulence properties withe atmospheric surface layer as computed bygithidarity approach or by the discrete
characterization through the Pasquill-Gifford digpen coefficients; the comparison of CALPUFF vMS showed a significant contrast
in modelling outputs due to the different computasil treatment of the similarity approach.

Short term outputs are crucial for a regulatorynpaif view because they imply different compliantoeair quality standards. The use of
multiple models of varying complexities appliedth® same case study allows useful insights into semsitive results are to the different
computational choices and how much trust shouldoliein the results from anyone model. This also imasortant implications for
interpretation of model results by final users. (&&akeholders, policy makers).
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INTRODUCTION: FRAMING THE ENVIRONMENTAL CONTEXT

The cement plant under study is a medium-sizeifiaa@bnsisting of one dry-process rotary kiln wih5-stage cyclone
suspension preheather and a precalciner builtth®@aiser duct is using scrap tires as alterndtieé A quenching system,
an electrostatic precipitator and a fabric filtgstem is adopted for the pollutant abatement o fyas before the final
emission into the atmosphere. The plant is locatedhe embankment of a major river near a resideatiea of a small
village and close to a small mixed commercial-iridakarea; also in the vicinity of the plant thexee crops, a small fish
farm and some natural environments of interests. Whole area is characterized by a complex tedamain (a valley with

significant altimetric variations) with diurnal thmally driven flows (mountain-valley winds, slopengs) and associated
specific anemological features affecting pollutagitpersion such as stagnation (where atmospHeris fdecrease or stop
in speed), recirculation (polluted air initiallyrc@d away from the source is later returning baak)l ventilation (stagnant
air is replaced or diluted by fresh air) (AllwinecaWhiteman, 1994).

The objective

The main goal of the present study was to addresslifferent issues involved in the selection & timost appropriate’ air

quality model to assess thazal impacts of the cement plant in the above given computatidomain. In strict terms this is
not a model comparison from a theoretical pointiefv but a description of the difficulties, uncéntées and trade-offs that
a practitioner is facing in order to assure copsisy and accuracy of modelling results. In othemsethis investigation is a
sort of ‘quality assurance’ of the different modeitputs by the systematic comparison and evaluatforesults over

different simulation assumptions. Finally, from tkeholder point of view, all these issues have ataich relevant

implications for the interpretation of results biyal users such as policy makers, local author#ies concerned residential
population.

CALPUFFVS.ADMS

ADMS-Urban v.2.2 (CERC, 2005) uses a boundary layeicttre parameterisation based on the Monin-Obukéogth
(LMO), and the boundary layer height (H). Distiretimodelling features can be summarised as follmescentration
distributions are Gaussian in stable and neutraditions, but the vertical distributions is non-Gsian in convective
conditions to take account of the skewed structfréhe vertical component of the turbulence; a met®gical pre-
processor (Hungt al., 1981; 1988; Carruthers al., 1988) calculates the required boundary layermaters from a variety
of input data: e.g. wind speed, day time cloud cavevind speed, surface heat flux and boundargrlagight.

CALPUFF v.5.7 (Scirest al., 2000; 2001) is a non-steady-state meteorologicdlair quality modelling system adopted by
the U.S. Environmental Protection Agency (EPA, 20@5its Guideline on Air Quality Models as the fanreed model for
assessing long range transport of pollutantson a case-by-case basis for certain specific near-field applications involving
complex meteorological conditions. Main components of the modelling system are CAOMEiagnostic 3D meteorological
model), CALPUFF (air quality dispersion model), aLPOST (post-processing of results).



In spatial terms a comparison of ADMS vs. CALPURRpuits implies a short- against a medium-rangeedsspn model
which is a clear violation of the assumptions rdgay the applicability of each one model. But on tither hand an
alternative use of ADMS vs. CALPUFF was a necessamgrational trade-off in order to encompass manhelertainties
associated with the complex computational domaishastly described in the introduction (i.e. winalras and complex
orography). As will be shown later, wind calms hetmodelling domain amount on annual average up4#b of the
recorded data by the meteorological surface stdtemeafter called Quero. This fact was clearly dgipp for the use of a
model fully capable of dealing with low winds: i.EALPUFF better than ADMS. On the other hand, cosréid) the
objective oflocal impact assessment, the use of ADMS can also lifigdsbecause of the need to evaluate impacthen t
near-field and from an operational point of vievedgse of the less input requirements.

Hence the need for handling trade-offs among ojeratissues and modelling constraints for the lawmbsetting and the
final evaluation. To encompass shortcomings of botidels under study, ADMS and CALPUFF were run urttiféerent
configurations as described in Table 2 and detaigetsitivity analysis of results was performedegorted in Table 3.

THE EMISSION SOURCE, THE POLLUTANT AND THE SIMULATION PERIOD

Table 1 contains the relevant descriptive pararaatbthe stack emitting pollutants from the rotkiip of the cement plant.
NOx dispersion was modelled for the year 2008 usimanthly time-varying emission factors. In orderditow a more
realistic comparison of results across model ostpNOXx (with no information about the ratio NO/NO&as treated as a
non-reactive pollutant with no deposition ratehag gjround level.

Table 1. Descriptive parameters of the emissiomcgoand the modelled pollutant.

Parameters Unit of measure | Stack from rotary kiln
Stack height m 62

Stack exit diameter m 4

Flue gas average temperature °C 159
Flue gas average emission rate Nrh 535316

Flue gas average speed ms? 11.8

NOx average flow emission rate s 38.2

Modelling outputs were discussed in terms of GI& ffi°]: i.e. pollutant concentration Gu§ m*] over flow emission rate E
[g sY] as defined by the following simple equation (1) :

C/E=[%/%}=[,usl]‘n‘3] (1)

THE MODELLING DOMAIN, THE METEOROLOGICAL INPUTSAND THE MODEL CONFIGURATIONS

The computational domain for the modelling runs defined as a square centred over the cement gtiack with a side of
6 km and a mesh size of 60 m for a total of 10.€@®putational sampling grid points. Given the sabtal diversity of the
possible meteorological schemes serving as inplAEMS vs. CALPUFF, a discrete number of micro-nogtdogical input
scenarios were defined as reported in Table 2.

The hereafter called AMDS(1) run used a singleag@fstation Quero, located about 10 km North frbendement plant
with recorded wind at 5 m height, nested into tlengutational domain. This station was consideredth@s most
representative among three other possible alt@esafor the area under study. A meteorologicalgyoeessor FLOWSTAR
fully integrated into the ADMS suite performed ttmmputational flow over the complex terrain (Carartiet al., 1988).

The hereafter called CALPUFF(1) run used CALMET mddehterpolate meteorological data from 10 surfste¢ions (one
of which is the same station of Quero used by ADM$d 4 are synoptic) and 3 radio sounding statiora 9 km x 8 km
domain with a 250 m resolution grid.

In between of these two, a number of ‘blend runstevdefined using different meteorological inputrerios, hereafter
called AMDS(2) and CALPUFF(2) to CALPUFF(6), with tladm to test sensitivity of results in function edntrasting
model parameterisations.

ADMS(2), CALPUFF(2) and CALPUFF(3) were all used withe same meteorological input: i.e. an extractidn
micrometeorological variables as computed by tH@rFesolution CALMET grid at the stack point.

CALPUFF(2) used the similarity approach whilst CALFR{B) relied on the discrete approach defined byRasequill-
Gifford dispersion coefficients. CALPUFF(4) and CALPE(5) both used the same classical meteorologiaedrpeters
recorded by the single surface station Quero a@ddme micrometeorological parameters from a ldgolution CALMET
grid but they differ from each other for the altatime description of atmospheric dispersion condgi(Pasquill-Gifford vs.
similarity). For a short summary of all model rueger to Table 2.

Figure 1 compares the wind rose and the wind dtaggiency distribution monitored by the surfacdisteQuero, a few km
outside the modelling domain (upper left and lovedt), with the analogous data interpolated by CAEMwithin the
modelling domain in the position level of the cemnglant stack (upper right and lower right).

Data showed the same substantial patterns for fomghtions with most frequent winds blowing from tNerth West and
wind calms (defined as average wind speed < 0:5 mighin the range 5-14% of recorded data.
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Figure 1. Wind rose and wind class frequency distion (year 2008) respectively recorded by thesmretogical surface station Quero,
located about 10 km North form the cement planh wie anemometer at 5 m height (upper and lowgrdefl calculated by CALMET
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Table 2. Short definition of the modelling configtions, micro-meteorological input scenarios aredrtiost relevant parameters used for the
different computational runs.

Model configurations Micro-meteorological input scenarios Relevant dispersion parametrisation

single surface station with recorded wind at 5
ADMS (1) height and ADMS meteorological pre-processo
interpolation at 10 m height
1D extraction of micrometeorological variables from

Monin-Obukhov length (LMO) and boundary
layer height (H) as computed by ADMS

Monin-Obukhov length (LMO) and boundary

ADMS (2) CALMET 3D field —-250m resolution grid at stac layer height (H) as computed by CALMET
point, layer 10 m
CALPUFF (1) CALMET 3D field - 250 m resolution grid | onin-Obukhov length (LMO) and boundary

layer height (H) as computed by CALMET

Monin-Obukhov length (LMO) and boundary
layer height (H) as computed by CALMET

1D extraction of micrometeorological variables frgm

CALPUFF (2) CALMET 3D field — 250 m resolution grid at stac
point, layer 10 m

1D extraction of micrometeorological variables frg

CALPUFF (3) CALMET 3D field — 250 m resolution grid at stac
point, layer 10 m

surface station with recorded wind at 5 m height|+

1D extraction of micrometeorological variables frgm Monin-Obukhov length (LMO) and boundary

CALMET 3D field — 1 km resolution grid at the layer height (H) as computed by CALMET
surface station, layer 10 m

single surface station with recorded wind at 5 m

CALPUFF (5) height + Stabiliy Classes from Calmet 3D — 1 k

resolution grid at surface station, layer 10 m

mPasquiII-Gifford (PG) (rural areas) and McElroy
Pooler (MP) dispersion coefficients (urban areqs)

CALPUFF (4)

| Pasquill-Gifford (PG) (rural areas) and McElroy:
n‘ Pooler (MP) dispersion coefficients (urban areqs)

RESULTSAND DISCUSSION

Table 3 reports the outputs and the most relevéasrormeteorological parameters of the above defimedelling runs.
Maximum C/E values (high hourly percentiles P100 BA8, respectively the 100° percentile and thep@Beentile) always
occurred, as it is typical for elevated point segtcduring convective conditions of the boundapetaas showed by the



reciprocal of Monin-Obukhov Length always less tlzano). Extreme C/E values were reached for verywimd or calm
conditions, which are normally reported as a lowuaacy condition for a typical Gaussian model fiis tsense much more
affecting ADMS rather than CALPUFF).

Concerning C/E short terms outputs (hourly averaghs)most contrasting values were accounted forl@@ percentile
(P100) referring to ADMS(1) vs. CALPUFF(1) comparisavith an estimate of about 17 times larger fa slecond model
configuration; for the 98° percentile (P98), aswehdy CALPUFF(3) vs. ADMS(2), the difference was abb2 times larger
for the latter. Regarding C/E long term outputs (AV&nual average), the most contrasting valueframethe comparison
of CALPUFF(3) vs. ADMS(2) for which the differenaeas up to 50 times larger for the second modeligordtion. As
evident by Table 3 all these ‘inconsistencies’ wardirect consequence of the very different atmesptboundary layer
description and the pollutant dispersion paramedéion. Above mentioned cases were at the ‘extrenas’ of our model
comparison exercise and all other cases were soat@hlted in between of them.

Beside this, many other aspects of interest areeavioly examining data reported in Table 3:

ADMS(1) vs. ADMS (2): ADMS experienced a very diéat output in terms of both P100 and P98 (thetkffice

is obviously less evident for the annual averageg; maximum C/E value (P100) increased dramatidatign
ADMS(1) to ADMS(2) showing how the model was veensitive to alternative meteorological inputs;
CALPUFF(1) vs. CALPUFF(2) vs. CALPUFF(4) on one sated CALPUFF(3) vs. CALPUFF(5) on the other:
CALPUFF resulted not so sensitive to 3D vs. 1D disi@mng of the meteorological inputs (i.e. singleface
station or a 3D field) yet it was much more sewusitio the dispersion coefficient parametrizatioihe use of
Pasquill-Gifford parameters leads to ‘diluted’ weduof a factor of 10 both for high percentiles (®1P98) and
annual average (AVG);

ADMS(1) vs. CALPUFF(3) showed that the second mam®iverged upon the first with the use of Pasquill-
Gifford parameters; on the contrary, ADMS(2) vs.I®AJFF(1) experienced how the first model ‘forceatoi the
use of the micrometeorological parameters as coedpby CALMET was in good agreement with the ‘exteém
C/E outputs of the second.

Table 3 Modelling configurations, spatial maximuon €/E outputs with reference to 100°-, 98°-peritefP100, P98) and annual average
(AVG) for year 2008, micro-meteorological paramet@y = wind speed, PHI = wind direction, 1/LMO =igrocal of Monin-Obukhov
Length, H = boundary layer depth, Z0 = roughnesgtle), distance and azimuth from stack, date ofiseace for each event.

. C/E Distance| Azimuth Date of
coMnfci)gSr“alt?i?)ns Statisticg spatial_gnax [mlé-l] [PH]I 1{;'\410 [:;:] H/LM from from stack event
[us M) stack [m]| [degrees] | [dd/mm hh]
P100 2.6 0.59 309 -0.31 1348  -42p 231 130 22/09|13
ADMS (1) P98 1.8 1.72 123 -0.0§ 2000 -124 504 334 23/04(11
AVG 0.2 - - - - - 782 138 -
P100 30.2 0.75 317 -9.34 966  -9022 53 206 10/09|13
ADMS (2) P98 15.8 0.75 301 -6.53 1483 -9488 93 56 01/08|12
AVG 0.5 - - - - - 149 352 -
P100 44.1 0.39 350 -3.04 497  -1538 86 315 17/05|08
CALPUFF (1)| P98 8.8 0.37 325 -0.45 1365 -608 240 180 23/09(16
AVG 0.1 - - - - - 366 351 -
P100 33.9 0.14 224 -1.67 279 -46b 216 56 18/11(10
CALPUFF (2)| P98 11.4 0.42 320 -2.5( 730  -1825 247 166 14/01|14
AVG 0.2 - - - - - 247 346 -
P100 3.5 0.33 355 -10.0p 1257 -12573 494 166 052806
CALPUFF (3)| P98 1.3 0.21 25 -10.00 685 -6849 190 162 18/10(11
AVG 0.01 - - - - - 119 180 -
P100 30.0 0.19 122 -1.25 300 -37b 216 304 21/09|10
CALPUFF (4)| P98 11.7 0.50 131 -0.279 1717  -464 255 315 30/08|18
AVG 0.3 - - - - - 268 333 -
P100 5.6 0.12 117 -10.0p 1238 -12378 13% 297 19204
CALPUFF (5)| P98 2.2 0.41 67 -1.43 1967 -2809 180 270 27/06(15
AVG 0.02 - - - - - 60 271 -

Figure 2 depicts the average hourly profiles of M. (boundary layer depth (H) times the reciprodaMmnin-Obukhov
Length) used by the five modelling configurationstmthe similarity theory approach: i.e. ADMS(1), CRUFF(1),(2),(4);
data comparison showed the substantially diffedesscription of the boundary layer conditions indiion of the alternative
model computational approaches and their relaticeammeteorological variables used as input.
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Figure 2. H/LMO = boundary layer depth (H) times tieciprocal of Monin-Obukhov Length (1/LMO): comisan of the average hourly
profiles among the different modelling configurasausing the similarity theory approach; error taaesindicating the standard error of the
mean.

Finally, although both models (ADMS and CALPUFF) enuch sensitive to alternative meteorological isand relative
dispersion parametrizations, some computationaligurations were in good agreement within a faabtwo in terms of
C/E outputs. An important final caveat was idendifisensitivity analysis is a key issue in the deig’ of the ‘optimal
model configuration’ for a given computational domadne possible solution to overcome these madefdtions was the
method we have here briefly envisaged: i.e. thessahecking of one model results against the ofbgrpossibly
considering at least one more ‘advanced modelkéone specific features but with the same ovenadllifies).

L essons learned

A number of issues arise when selecting and applgimodel or a set of models for environmental ichpasessment and
related regulatory activities which are includitige selection of a model from multiple possibitiehe level of expertise,
the model assumptions and its range of applicgptlite cost and the availability of the model, &uaptability of the model;

and the data availability. All models come with gfie assumptions and application limitations anterstanding these
issues is critical because they define a spegifdieation range for a given model and computaticieaain.

Model practitioners should be fully aware of theibdary within which a model can be properly used ey should refrain

or refuse to use it when a major assumption withénmodel is directly violated or is close to beuigjated. A possible way

forward in such cases it to set up experimentsdtveays foreseen the parallel use of two or mordetspossibly run in a
series of standard configurations.

Effective decision making will require providing lfry makers, stakeholders and local concerned p@dionl with more than

a single pollutant distribution for a model output with a full insight of the degree of uncertgiof the same.

Models are tools providing input into decisionsheatthan truth-generating machines. Direct impiic®t of this finding are

clear: although policy makers may desire a cledruarique answer, models are best considered tasbene of the multiple

sources of input into the complex regulatory precééhe challenge then is to properly communicatelghoesults and

improve the understanding of policy makers aboetdipabilities and limitations of the model results
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