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Abstract: Slovenia is starting a nationally important invesnt — new block of the thermal power plant int&8ogwhich burns coal from a
local mine in Velenje. The new Block 6 will replaseveral existing blocks that operate now usingraiechnology. With its 600MW it will
cover almost one third of Slovenia’s needs andlitraduce the present Sostanj £@nissions by 35%.

The Sostanj TPP is located in Velenje basin whiatharacterized with very complex terrain. Becaafthe TPP location near the high hills
the air pollution examination as part of the enmirental impact assessment is an interesting exaofipleage of the modern Lagrangian
particle model Spray coupled with diagnostic mamssistent wind field model Minerve for the deteration of combined cooling tower
(with stack inside) appropriate height determimatiad for determination of the air pollution impa€the whole future configuration of the
TPP.

In the paper we will show the historical evaluatifithe modelling of air pollution from Sostanj TPFhe first successful attempts were
reported with the initial version of the same Lamjian model by this group already at the secondmdarsation workshop (as this
conference was called then) in Manno Switzerland.Will show firstly comparison of results from thane to the abilities of our present
evaluations.

Then we will show how modelling is presently used $ystematic scientific approach to answer thdcehof having stack and cooling
tower or having combined cooling tower with stackide. The second question that was evaluatedhesaptpropriate height of one or the
other installation to ensure obeying the Européandsards for ambient air. Due to complexity of $iteation this was not an easy question.
We will explain methodology for modelling of oneayeof meteorological data including SODAR profileseasured at intervals of every
half an hour for a local domain at 150m horizortegolution. In addition a separate study was dameadarger domain to evaluate
possibilities of trans-boundary pollution as thestion is only 25 km from the Austrian border.

The study represents an example of good practisaasf modelling over Slovenia’s highly complex &émr

Key words: air pollution, environmental impact assessmenty&tean complex terrain, Lagrangian particle modprey, trans-boundary
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INTRODUCTION
Sostanj TPP together with Kr5ko Nuclear Power Pdaatthe two most important energy sources in Sliavieesides several
smaller River Hydro Power Plants.

Slovenia is starting a nationally important investin— a new block at the thermal power plant (TiRF§ostanj which burns
coals from the local mine in Velenje. The new Bldckvill replace several existing blocks that openadsv using older
technology. With its 600MW it will cover almost otleird of Slovenia’s needs and it will reduce thegent Sostanj CO2
emissions for 35%.

Most of the Slovenian territory where we have paped towns and cities and where our industry andepglants are
installed is very complex orography. The Sostar T®located in the Velenje basin, characterizedvbyy complex terrain,
low winds and often thermal inversions, amongléss preferable conditions for the dilution of esioss. Figure 1 shows
the location of the TPP on the map of the area.

Figure 1: Topography of selected domain with |lawagiof automatic environmental measuring stationsT&PP in the centre

TPP Sostanj has a modern Environmental InformaBigstem that collects meteorological and air pallutiata from several
automatic stations in the TPP vicinity and from &sion stations which are installed on the TPP stathe first version of a

Session 2 — Environmental impact assessment 233



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

modern automatic ambient and emission measurernsgstem started to operate there in 1990. Therd¢fmearea offered
already in the past several measurements suitab#@rfpollution models validation.

In the paper almost two decades long evaluatiolidatson and usage of Lagrangian particle modela@ginarelliet al,
2000) coupled with diagnostic wind field model otteis area will be presented.

1991 SOSTANJ MEASURING CAMPAIGN AND VALIDATION OF MO DELS

The authors of this paper together with other egjiees started studies of Lagrangian particle m8dedy evaluation already
in the early nineties. In early spring 1991 a meagucampaign was organised in the Sostanj TPRBudings in order to
capture data suitable for air pollution model vatidn in complex terrain case (Elisgtial, 1992). At that time TPP was the
only significant source of S(pollution in the area. Desulphurisation plantseveot installed yet and concentrations of SO2
were on-line measured in the stacks and on six emhhstations that were measuring also ground |lemeteorological
parameters covering an area of approximately 1% ks km. In addition, one SODAR and one LIDAR werstafied in the
middle of the basin to capture vertical wind prediland SO2 concentrations cross-cuts through titeedrplume for plume
rise formulas validation. First results of modeddidation were reported already on the second Haisation workshop (as
this conference was called then) (BoZetal, 1993). Several advanced Gaussian and Gaussibmpdéls were tested, but
none of them successfully due to the complexitthefarea. First successful attempts were reporitbdtie initial version of
the same Lagrangian model Spray as it is presandymuch more developed version used for compdeses evaluation in
Slovenia. Spray was used with a 3D mass considiaghostic wind field model that took into accogmbund level wind
data and SODAR profiles.

In 1994 a successful validation of a complex p@huif a convective spring day was reported (Boatal, 1994). At that
time simulations were done on an IBM workstation amde very slow in comparison to the simulationgvadays. It was
only possible to simulate one half or one enting afeactual pollution due to relatively low computesources. Nowadays it
is feasible to simulate a whole year by half heteps with a finer space resolution. In any casis important to note that
already at that time this successful validationsved that numerical Lagrangian particle model cedphith 3D mass
consistent diagnostic wind field model was a tapable of reproduction of the most complex airyah cases at a short-
scale.

Figure 2 shows reproduction of most important sliffem a previous work (Boznat al, 1994).
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Figure 2. 3D reconstruction of air pollution disgien done in 1993, reported in Barcelona 1994

Validations with the same data set were repeatélleifast years with the present version of Spragleh These validations
were very successful and prove that a combinaticancadvance numerical Lagrangian particle modeaypoupled with
the Surfpro turbulence pre-processor (SilibelloD&0and Minerve (Desiatet al, 1998) 3D mass consistent wind field
model based on diagnostic measurements that inchedécal wind profile measurements are superiorotber used
techniques.

The presented technique shows agreement of modmilaneasured values in time and space on thsizelbf 150m over
very complex terrain.

The agreement was shown even on the most compdes caich as air pollution due to accumulation déifamts because of
thermal inversion layer during the night time felled by morning convective mixing during a brighhsy day. In addition
the case is characterised by low wind speeds.

The validation methodology and detail results aesented in (GraSiet al, 2007) and (Gra8iet al, 2008). The emphasis
was on checking concentrations within +/- one ha#rval time window and +/- one grid cell in aifekttions.

PLANS FOR NEW BLOCK OF TPP SOSTANJ

A few years ago TPP Soétanj started to plan a deeklthat will substitute several old blocks the¢ anvironmentally and
economically not acceptable any more. New techrietogllow for much cleaner emissions and also ffieiency of the
new TPP technologies are higher which results ais85% reduction of C@exhaust for the same electrical power in
comparison to the old blocks.

Already in the beginning of the planning processtfie new block, TPP ordered a modelling studyaicuate the emission
impact on ambient air.
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For a reliable study additional measurements ofilvgrofiles with a SODAR were done in the middle loé basin for one
year period. This data were complimentary to 1Qugdblevel automatic stations meteorological measards on the hills
and in the basin, well covering a 15 km x 15 knaameound the plant. In a situation characterizedumh complex terrain
features, diagnostic meteorological model fieldst include measured wind profiles still can bpesior to the results of
prognostic meteorological modelling when a hortabresolution below 200m is needed to capturateroperly.

For a reliable statistical study of air pollutianpact of an industrial plant in complex terrain,dalling of at least one year
in short averaging intervals (half hour or at lemst hour) is mandatory. Based on results of susthdy all regulated values
can be reliably calculated. This includes for evgrgund level cell of the domain the calculatioryeérly average values of
pollutants and more importantly also the numbéanoilences of hourly or daily limit values suchrasnber of incidences of
NOx hourly limit values, S®hourly and daily limit values. The latter ones imietter represent the degree of pollution in
the area than the yearly average values.

POSSIBLE STACK GEOMETRIES

Modelling as described in the previous paragrapk used for a systematic scientific approach to anghe choice of
having classic stand alone stack and separatengomiver or having combined cooling tower with &tatside. The second
question that was evaluated was the appropriatghheif one or the other installation to ensure afbgyhe European
standards for ambient air. Due to complexity ofgheation this was not an easy question.

In addition it was required to model also existiBipck 5 as it will be used as a cold-reserve andhimig certain time

operate in parallel to the new block in case dfufai of other main Slovene power plants. We werzefore seeking the
solution of appropriate new block geometry that é environmentally acceptable together with tkisteng block for the

whole year, because it is not possible to forei€dkey will operate together in good or bad weatt@nditions (from the air
pollution point of view).

Around ten different configurations of the propogmbmetries were simulated in order to find thenopin geometry that
proved to be environmentally acceptable and thatalso economically suitable. Simulations were dover the area of 15
km x 15 km, with horizontal cell size of 150m aneftical terrain following layers. Surfpro meteo y@cessor was used
together with 3D mass consistent wind field modé&hddve. Air pollution was simulated with numeri¢agrangian particle
model Spray. To model properly the plume rise fthmcooling tower in addition the scheme basedAarfiossiet al, 1979)
and (Marzorati, 1992) studies was introduced.

The studies result show that the optimum configonas a 157m high combined cooling tower that e the final choice
of the investors. The elaboration was done foprgod July 2006 - June 2007 in half-hour intervals

Figures 3 and 4 show some 3D simulation resultgi@es over the area) and side view of plume pagsiver the nearby
lying hills in one of the most unfavourable metdogical situations.

02-01-07, 00:00, Cool. t. 157 m, 1/2-hour, 3D particles, Picture 02-01-07, 00:30, Cool. t. 157 m, 1/2-hour, 3D partides, Picture 02-01-07, 01:00, Cool. L. 157 m, 1/2-hour, 3D partides, Picture

Figure 4. Air pollution dispersion in vertical peation oriented South-North nearby TPP presentedrhyal particles in red colour, the
arrows present wind direction and the foregrouridurahe wind speed, plume is spreading to soetinain is presented in white
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TRANS-BOUNDARY POLLUTION STUDY
Because of the SoStanj TPP location that is ratlesedo the border with Austria the question ohsboundary pollution
possibilities was also correctly addressed.

Sostanj TPP lies approximately 25 km from the boadeAustria and Slovenia. To evaluate properlyitifeience of TPP to
Austrian towns relatively close to border, a donm@fisize 80 km x 80 km was selected (Figure 5)aAtense meteorological
network is only available in vicinity of the TPPdaanly some stations are available in the othetsparthe selected area and
due to the fact that the whole area is very comfitercludes Karavanke Alps over the border) arotipproach to acquire
meteorological fields was chosen.

Reconstruction was made through the RAMS/ISAN proinesde and Minerve diagnostic code combinatiangiINNI
fields (zanini et al, 2004) for the period January 2005 - December 2B0%Half-hour intervals. In addition local
measurements were integrated into data at lockd stshe diagnostic code. Only those meteoroldgitations in the region
were taken into account whose location is repraseet for wider area. The MINNI 2005 meteorologifields cover the
following domains (red rectangles):
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Figure 5. Selected domains for inputs for transrdauy pollution study

The smaller MINNI ‘national’ domain has a horizdntasolution of 20x20 km. RAMS/ISAN was nested kmdresolution
(blue rectangle) and in addition integrating logadund level data and then a further nesting wa®peed using ISAN, the
RAMS pre-processor, which successfully assimilatackground fields (4km RAMS) and local data on trgét domain.

Then the classical Minerve/Surfpro chain was usdalild non-divergent fields over complex terraiitable for Spray.

Finally, the Spray air pollution Lagrangian pagichodel was applied at the final 1 km horizonll size resolution over
the 80km square area. Further on, yearly elaborsticere done as explained before near by TPP domain

The elaborations prove that the influence of th® DR the Austrian territory near the border is mbelow the 3% of yearly
limit values of the major pollutants and the newPTiRtock is acceptable also from this point of view.

CONCLUSIONS

Most of the Slovene territory where major industaad power plants are installed is characterizegidry complex terrain.
The complexity is represented by terrain consistihgeveral small valleys, basins, hills and mounstaln addition most of
the area is characterised by low winds and oftartervithermal inversions. Therefore the most advéimeedels are needed
to get reliable environmental impact assessmentefisting and for new industrial and power planishwemission of
pollutants into the atmosphere.

The crucial impact in such conditions is alwaysha close vicinity of the plant. Therefore the msdsre needed that give
reliable results in fine resolution (below 200m)emhevaluating point sources. Lagrangian particlelehcoupled with 3D
diagnostic mass consistent wind field model proi®the a successful combination that gives reshhs show agreement
with measurements in time and space which is vaportant for the local inhabitants.

Reliable environmental impact reconstruction in sgonditions can only be achieved using appropnmagteorological
measurements that include several ground levébstatind at least one remote vertical wind prafifgrleast one year of
meteorological measurements should be elaborated.

As an example of good practice of environmentalaotpevaluation of the possible air pollution froewnemission source
the studies for new block of Thermal Power Plarit&a were presented.

For these studies to be reliable, it is very importto use the set of models (meteorological angb@iution dispersion)
successfully validated in similar conditions.

236



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

In this case of Sostanj TPP a long time validati@s made on exactly the same domain and therdieressults are very
reliable. Unfortunately such validation on the satoenain is rarely possible, but it is mandatoryt the models are fit to the
purpose and that validation is always made befegelatory usage of the model and that validatioméle on similar
conditions (in terms of domain size, grid, timepsteerrain similarities and especially similar n@tdogical conditions) as it
is also required by FAIRMODE (FAIRMODE, 2009).
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