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COMBINING MODELLING AND MONITORING TO ESTIMATE FUGITIVE RELEASES FROM
A HEAVILY INDUSTRIALISED SITE
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Abstract: Ambient air-quality data contains detailed infation about individual sources that is currentlydemexploited. This study
examines ambient measurements of fine particuladt¢tem (PMg) from a complex industrial site, in order to shdww ambient
concentrations depend on factors related to digperssuch as wind speed and wind direction, andlifferent levels of source activity -
such as time-of-day and day-of-week. When this tawidil information is combined with inverse-modadjitechniques, it can be used to
attribute PM, impacts to individual sources. The information edsp be used to comprehensively verify the peréoroe of atmospheric
dispersion models.
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INTRODUCTION

The ‘AirTrack project (ttp://airtrack.lancs.ac.ul/is funded by the UK’s Natural Environment Resea@duncil and is
working to develop and disseminate ‘smarter’ methimil analysing modelled and measured ambientusility] data. These
novel methods permit air-quality data to serve demiange of applications, including source apportient and detailed
assessments of model and source performance. @pisr presents aAirTrack case study of a multi-source industrial
situation in Scunthorpe, UK, where a major steekwoadjoins an urban area. This is an area whergsems of fine
particulate matter (PN) from combustion and fugitive sources (e.g. stidekpand un-paved roads) are contributing to
exceedances of PMIlimit values. The study focuses on preparing esti® of fugitive PN releases from storage, handling
and vehicle activities, using information from amftti monitoring data.

BACKGROUND

Human exposure to fine particulate matter is assediwith morbidity and mortality because of itwvade effect on the
respiratory and cardiovascular systems. It has lsbemwn that there is no ‘safe-level’ below whichpplations do not
experience health effects (Martuetial, 2006). The serious impacts of RMn human health have led the EU Commission
to set strict ambient P} standards with binding daily, and annual-averéiggt values. However, a number of EU countries
have not yet complied with these standards; these hesked the Commission for additional time to cogmplut these
requests have been rejected (EUROPA, 2009). Techsifpr attributing ambient concentrations of gNb individual
sources are not particularly well developed (Harrist al,, 2008), but are required so that relevant souraasbe controlled.
This is particularly important in complex industraeas where there are fugitive releases ofRNhese tend to be poorly
characterised because they are diffuse and commeeljap other sources.

The town of Scunthorpe has a population of appratéty 70,000; on its eastern side it has a majdustrial area that
includes an iron and steel works. There has bdustary of elevated concentrations of air pollutemound Scunthorpe, due
to the dusty nature of steel production and theipmity of the industrial and urban areas. The hgjhmonitored air-quality
impacts for PM, currently occur at a monitor adjacent to a smathher of houses at the village of Santon, which fierth-
east (down-prevailing wind) of the steelworks amatrio the steelworks site boundary. In 2006, Saetxceeded the daily
air-quality limit value on 158 days, and in thesfi7 months of 2009 Santon recorded 116 exceedafdbg daily limit
values. These exceedance rates are substantialeythem the 35 exceedance days each year thaearitted. There are a
number of fugitive sources on the site that areigind to contribute to the high number of exceedankeeparticular, there is
a network of unpaved dusty roads that are useddyrheavy-goods vehicles and nearby stockpilesatteatised for open
storage and handling of industrial raw materials.

METHODOLOGY

Our approach combines and builds on previous teclesi for attributing fugitive sources of Mo individual sources, so
that estimates can be made of their emissions. &fedstrate that detailed and source-specific irdion can be extracted
from ambient data if hourly concentrations are ysed ‘conditionally’ i.e. for particular ranges wfind speed, wind

direction and time-of-day/week — this informaticande associated with elevated impacts from spesifirces. By contrast,
conventional analyses of air-quality tend to udeawhilable data i.e. all wind speeds, directions éimes of day/week
(Carslaw and Ropkins, 2010) — this is not as effedivdistinguishing impacts from individual sources

We combine modelled and monitored data in an itegirocess by using inverse modelling technigees. Mensinket al,
2007). We use bi-polar plots for conditioning thetadby factors related to atmospheric dispersiaghsmurce-activity levels
(e.g. Barratt and Fuller, 2008). These plots buitdtlee concept of using a polar plot (or pollutiarse) to show how
concentrations vary with direction, by adding aosetvariable e.g. wind speed or time-of-day.

A multi-stage process of estimating and refiningssions from fugitive sources is described and tiemonstrated below:
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1. Existing emission inventories for industrial comtiois point sources, urban, domestic and backgramuices are
used to model hourly ambient concentrations of Pl Santon.

2. Predicted hourly concentrations from [1] are sutigd from hourly monitored concentrations on theuagption
that the remaining, or residual, concentrationgdaeto impacts from on-site fugitive sources. Hiptesiduals are
analysed conditionally using bi-polar plots, in@rdo characterise how ‘missing’ releases depenalctinity levels
and dispersion conditions.

3. Information from [2] on the dispersion and activiéwel dependencies of residual concentrationsuseel to infer
the locations and characteristics of likely fuggtiactivities e.g. the directions of fugitive adiies, and if fugitive
activities are related to particular hours/daypanticular wind speeds/directions. Aerial photofpapnd site maps
are used to identify potential sources.

4. The inferred locations and characteristics are usegstimate the positions, magnitudes and timiofghugitive
emissions based on USEPA emission factors. Themrads at Santon are then modelled using the ADMS
dispersion model.

5. Estimates of fugitive impacts from [4] are verifiegg comparing modelled fugitive concentrations witferred
fugitive concentrations from [2]. Conventional variftion methods use statistics that indicate thgmtade of
discrepancies only. However, a more comprehensiethad is used here to verify emissions, by compgabiin
polar plots of measured and modelled concentratibhs not only shows the magnitudes of discrepemdbut
also their directions and their dependence on sppekd and time-of-day, so that the inventory carefieed on
the basis of these characteristics.

RESULTS
Fig. 1 contains 2 bi-polar plots which uses a colamp to show PM concentrations monitored at Santon during 200&. Th

inner plot shows how concentrations vary with witicection and wind speed (radial axis), and theeoptot shows how
they vary with wind direction and time-of-day (rabaxis). These ‘signatures’ of Rpconcentrations indicate that raised
impacts are generally confined to working hours awlease notably with strong winds. The plots superimposed on a
map at the position of the Santon monitor.
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Fig. 1 Bi-polar plot of monitored hourly PlMat Santon during 2006.

As described in Stages 1 and 2 above, the contribof fugitive sources to P)dat Santon was estimated by subtracting a
modelled contribution of known ‘existing’ sourcdsd. 2a), from monitored concentrations at Santeig.(1). The residual
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concentrations (Fig. 2b) are the discrepancies dmtwneasurements and modelling, and can be intedpas an ‘inferred’
fugitive contribution.

The positive residuals on Fig. 2b show that th&ah{Stage 1) modelling of P} at Santon greatly under-estimated gM
impacts. In particular, it shows that the greatester-estimates occur to the west and south-weSanfon, corresponding to
the general direction of the steelworks. In ordereduce these discrepancies, the inventory of,Péeases must be refined
to include the inferred fugitive sources of RMFig. 2b is used to characterise how those fugitwurces depend on wind
speed, wind direction and time of day.
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Fig. 2 Bi-polar plots of (a) modelled hourly RMising ‘existing’ sources, and (b) hourly R\oncentration residuals

One feature of the residual plot (Fig. 2b) is thmé swathe (covering directions from c. S to c.)NVpositive residuals,
where modelling under-estimates observed conc@risatiuring ‘working-hours’ i.e. between approxieigtéam and 6pm
— feature (i). The time dependency of this feasuggests that residual concentrations are relatperiods of activity e.g.
traffic and/or handling of materials during workihgurs, and are not especially related to metegicéb conditions e.g.
wind raising of dust from stockpiles.

There is an additional smaller feature (ii) of mioateder-estimation in a WNW direction that contaitiscrepancies > 300
gm® for periods of high-wind speeds. The residual pleb indicates that residual concentrations witeaiure (ii) continue
to increase with wind speed, which supports winldtan as an important mechanism for deliveringediimpacts.

Using these activity- and dispersion-related depanis, potential sources of fugitive RMeleases were identified on the
steelworks site from site maps and aerial photdgdpig. 3). We identified 3 sources — 2 area ssuwhich are shown as
hatched areas and include an area of coal-handédg and a slag processing plant, and 1 line saungzh is shown as a

dashed line and is an un-paved slag-haul road.
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Fig. 3 Fugitive sources identified from site mapsl aerial photographs
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Information on the activities at the coal-handllmeds, slag-processing plant and slag-haul roaccesabined with USEPA
emission factors (USEPA, 1995), in order to estarthe fugitive emissions from these sources. Réaticemphasis was
placed on re-creating the temporal and positiohatacteristics of their fugitive emissions. Thereated fugitive emissions
from these 3 sources were input to the ADMS disparsnodel in order to calculate their impacts omumd-level
concentrations of P at Santon.

The results of the fugitive-source modelling weoenpared to the inferred fugitive contribution irstages. Firstly, we used
conventional statistical methods of comparing miedeland monitored data. However, conventional nathsuch as
quantile-quantile plots and bulk statistics likerqemtiles (CERC 2007) do not provide a detailed accainmodel
performance. This is because they tend to compatistics that do not describe model performanceéaticular dispersion
conditions or stages of activity cycles. Secondlg used a more comprehensive ‘conditional valigétio verify the
emissions inventory and dispersion modelling, bgoking if temporal and directional features of #mbient data are re-
produced by the model.

An initial verification is made between predictegjitive impacts and the inferred fugitive contrilbut A final verification

is made by comparing the results of modelling ;PNbncentrations at Santon using the complete iovent urban,
domestic, industrial-combustion and industrial-fivgi, with monitoring (Fig. 1). Statistics are coaned in Table 1.

Table 1 Summary statistics of RMnodelling and monitoring

PMyo pgni Annual averagel  100%ile 99" %ile 90" %ile 50" %ile
Monitoring 59.2 958.0 382.0 127.2 36.0
Modelling 56.4 1101.7 358.8 129.4 31.0

Discrepancy (%)

. -4.7 15.0 -6.1 1.7 -14.0
from modelling

DISCUSSION

By including fugitive sources in the inventory dfiF, releases, the numerical agreement between magleltid monitoring
is greatly improved. Furthermore, by comparing esponding bi-polar plots for modelling and monitgriFig. 1), it can be
seen that the patterns of raised impacts for @iffedispersion conditions and activity-cycles @asonably reproduced. For
example, the dependence of raised impacts on vpeddsand time-of-day from modelling agrees broadil the observed
dependence. Given the good agreement obtainedifferetit wind directions, time-of-day, wind speeaisd percentiles,
considerable confidence can be placed in the dvenaissions inventory. A robust inventory meang thas possible to
assess the contribution of different sources by etliog) their combined impacts and then separatingtibe incremental
impacts of each source. This will allow the mosifyimg sources to be identified and targeted fontcol. Analysis shows
that slag-haul road emissions dominate fugitive fiMpacts at Santon (Fig. 4).

All fugitive
Industrial
(combustion)

Slag haul
road ~ 50%

RGeS Urban
(<1%)

Fig. 4 Modelled source attribution of impacts cdmiting to PM, exceedance days at Santon.

CONCLUSION

Bi-polar plots are an extra and useful tool that enused when analysing or comparing air-qualitydetiing and
monitoring data, because they combine a numbeeagébles that are commonly examined independeRtly.example, bi-
polar plots of concentration residuals describentlaginitude of inferred ‘missing’ sources and thiipendence on time-of-
day and wind speed. In addition, they show thectiva of the missing contribution from the monigwr that information on
the nature of the release can be linked to indaligholluting activities and sources. Bi-polar plare useful for studies of
model verification, and when combined with inversedelling techniques, can be used to help withs®attribution.
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These methods for conditionally verifying modelfpemance are more comprehensive than conventiopttiads because
they check if the dispersion model produces thetragmswer for the ‘right reasons’. In particuldrey provide a means of
interrogating the meteorological and activity-lemechanisms that deliver high impacts. This mehasdontrol measures to
reduce pollution impacts can be applied more prongstd confidently.

A robust inventory is important for identifying theost polluting sources to be targeted for contfotobust inventory is
also important if the model is to be used for clmgkhow impacts from a source may vary in futurg. @s a result of
specific conditions that deliver raised impactsdminig more frequent under climate change. For el@nmgised impacts
from open storage of raw materials tend to occuwing ablation during high-wind-speed events. lioias that if the wind-
speed dependency of impacts is not correctly repred by the model, then the impacts of that somaedelled for a future
climate with more frequent high-wind speeds mayibger-estimated.

The techniques have been demonstrated here faebvstks site, but could also be applied in ottegufated industrial
situations where there are similar issues, i.eravtigere are other wind-ablated sources such dfllarmr ash-mounds.
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