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MATEMATICKE MODELOVANIE VPLYVU DIALNICE

NA ZNECISTENIE OVZDUSIA

MATHEMATICAL MODELLING OF THE HIGHWAY INFLUENCE TO AIR POLLUTION

Prispevok sa zaoberd posudzovanim vplyvu dialnic na znecisto-
vanie ovzdusia a oficidlnou metodikou, ktord sa pre tento iicel pouziva.
Metodika pouzivand pre mestské komunikdcie bola modifikovand
pre modelovanie znecistenia ovzdusia od dopravy na rychlostnych
komunikdcidch v nezastavanom tizemi.

1. Uvod

Negativny vplyv dopravy na znec€istenie ovzdusia je vSeobecne
znamy. Doprava v mestach prispieva k znecisteniu ovzdusia viac
ako 50 %, v centralnych castiach miest viac ako 70 % [5]. RieSenie
problému rasticej hustoty dopravy si vyzaduje vystavbu novych
ciest, hlavne dialnic. Je potrebné si zodpovedat na otazku, ¢i dial-
nice rieSia tiez problém negativneho vplyvu dopravy na znecistenie
ovzdusSia. Vystavba dial'nice nezniZuje pocet aut prechadzajucich
danym miestom. Skor tento pocet zvySuje, pretoze dialnice prita-
huju vel'ky pocet vodiCov motorovych vozidiel, ktori by ina¢ pouzili
ini dopravnu komunikaciu. Dialnice zvySuju priemernu rychlost
dopravného prudu. Preto spotreba paliva narasta, ¢o sposobuje na-
rast emisie hlavnych znecistujucich latok, ktoré produkuje doprava:
NO, - suma oxidov dusika,

CO - oxid uhol'naty,
VOC - prchavé organické zluceniny.

Pri projektovani dialnice je nutné zohladnit, aby negativny
vplyv dial'nice zasiahol pokial mozno najmens$i pocet Iudi. Nie
vZdy je mozne budovat dialnicu mimo obyvanych Casti miest. Je
dolezité, aby dialnice prechadzali takou trasou, aby v oblasti,
v ktorej koncentracie NO,, CO prevyS§uju kratkodobé imisné limity,
bol pocet obyvatelov, ktori tu stabilne ziju, minimalizovany. Emisia
oxidu uhol'natého na dial'nici je priebezne 4-krat vyssia, ako je
emisia oxidu dusika, ale imisny limit je 50-krat vacsi, t. j. CO je 50-
krat menej toxicky ako NO,. Preto je pochopitelné, Ze negativny
vplyv dialnice by mal byt posudzovany podla koncentracie NO,
a Sirku ochrannej zény okolo dialnice by mala urCovat izoCiara
200 ug.m > koncentracie NO, . Rozdelenie koncentracie NO,, CO
a VOC sa pocita na zaklade oficialnej metodiky pre vypocet zne-
Cistenia ovzdusSia z okolitych zdrojov [6].

The paper deals with the procedure of the highway project evalu-
ation from the standpoint of highway influence to the environment.
The official calculation methodology of air pollution is used for that
purpose. The methodology was adjusted so that the differences of high-
ways from the common roads were taken into consideration by the
calculation of pollutant distribution in the surroundings of the highway,
mainly from the high speed of the traffic stream point of view.

1. Introduction

The negative effect of traffic to air pollution is generally well
known. The traffic in cities contributes to more than 50 percent of
air pollution and in the central part of cities more than 70 percent
[5]. The solution of the increasing traffic density problem demands
construction of new roads, mainly highways. It is also necessary
to answer the question if highways solve the problem of negative
influence of traffic to air pollution. Building highways does not
bring down the number of cars that pass through a given place. It
sooner raises this number because highways attract more drivers
that would otherwise use another route. Highways increase the
average speed of the traffic stream. Therefore, fuel consumption
increases and results is increasing emission of the main harmful
substances produced by traffic: NO, - the sum of nitrogen oxides;
CO - carbon monoxide and VOC - volatile organic compounds.

By the projecting of highways it is necessary to take into
consideration that the negative influence of highways affects the
smallest number of people. Construction of highways out of city
living parts is not possible. It is important that the highway could
run in such a way, that in the zone, where the concentrations of
NO, and CO exceed the short-term imission standards, the number
of the permanent living inhabitants was minimalized. The emis-
sion of carbon monoxide by highway traffic is approximately four-
times higher than the emission of nitrogen oxides but the imission
standard is 50 times higher, e.g. CO is 50 times less toxic then
NO.,.. Therefore, it is comprehensible that the negative influence
of the highway should be judged according to the NO, concentra-
tion, and the width of the protective zone round the highway should
be determined by the isoline 200 /.l,g.mf3 NO,, concentration. The
distribution of NO,, CO and VOC concentration is calculated on
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Prezentacia metodiky vypoc¢tu automobilového znecistenia
ovzdusia a jej modifikacie pre vypocet distribucie koncentracie hlav-
nych zlozZiek spalovania paliva okolo dialnice je jeden z cielov
tohto ¢lanku.

2. Metodika vypoctu znecistenia ovzdusia
z automobilovej dopravy

V prvom pribliZzeni sa moze ulica uvazovat ako liniovy zdroj
znecistujucich latok. Disperzia znecistujucich latok z liniového
zdroja je popisana stacionarnou dvojrozmernou rovnicou turbu-
lentnej difuzie:

aC a*C 4 aC

U—=K.—+—K—. @)

0x T oox 0z 0z

Ulicu si mozeme predstavif ako kafion, ohranieny z oboch
stran budovami. Pre takuto ulicu hrani¢né podmienky budu:

aC
T |x=0FC pre0 <z <,

ox X =35
aC

Kz — =0 nad cestou, (1a)
0z |z=0
aC

Ke—|,_, =0,
0z z=H

kde C - je koncentracia znegistujucej latky v mg.m 3,

K., K. - su zloZky koeficientu difuzie v prislu§nych smeroch
vm’s ™!,

U - rychlost vetra v m.s™ !,
h - vyska budov m,

H - vySka vrstvy premieSavania v m,
S - Sirka kanonu ulice v m,

Q - emisia komunikéacie v mg.m 25!,
v - parameter, charakterizujici pohltenie znecistujucej

latky stenami zastavby v m.s .

Prva hrani¢na podmienka simuluje odraz popr. prechod polu-
tanta medzi budovami. Koeficient v mozeme vyjadrit vztahom

=(1-PR) LS (2)
A
kde A, - je Sirka chodnikov na oboch stranach cesty. Ak je
zastavba spojita PR = 1, ak je cesta bez zastavby
PR =0.

X

Druha a tretia hrani¢na podmienka vyjadruju produkciu zne-
Cistujucich latok nad cestou a uplny odraz polutanta na povrchu
zeme a na hornej hladine vrstvy premieSavania.

Sirka cesty SIC je dand poétom jazdnych pruhov. Pre jeden
jazdny pruh sa urCuje Standardna Sirka 3 m. Predpoklada sa, ze
chodniky na oboch stranach cesty maju rovnaku Sirku.

the basis of official air pollution calculating methodology from
traffic [6].

One of the purposes of this paper is to present air pollution
calculation methodology from car traffic and its modification for
calculation of concentration distribution of the fuel combustion
main products around the highways.

2. Methodology of air pollution calculation from car traffic

In the first approximation a street may be taken as a line source
of pollutants. The dispersion of pollutants from a line source is
described by the stationary, two-dimensional equation of turbulent
diffusion:

ac ?C 9 aC
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Street may be imagined as a canyon enclosed from either one
or both sides by the buildings. For this type of street the limiting
conditions will be

aC
e |x=0FC for0=z=h,

ax X =95
aC L

Kz 6— =Q over the communication, (la)

Z [z=0

aC

K—|,-,=0,
dz z=H

where C - is the pollutant concentration in mg.m_3,

K., K. - components of diffusion coefficient in the corres-
1

ponding direction in m%s ™!,
- the wind speed in m.s~ ",
- the height of the built-up area in m,
- the altitude of the mixed layer in m,
- the width of the street canyon in m,
- the specific emission of the road in mg.m 2.5,
- the coefficient of the pollutant passage through the

walls of the built-up area in m.s™ .

S OownI=s C

The first limiting condition simulates the reflection and passage
of pollutants through the walls of built-up area. We can express the
coefficient v by the relation

(1 = PR) X )

v=(1— L

A,
where A, is the width of the footway on the both sides of the road.
PR =1 for continual built-up area
PR = 0 for the road out from built-up area.

The second and third limiting condition express the pollutant
production over the road as well as the perfect reflection of the
pollutant on the ground surface and on the upper level of the
mixed layer.

The width of the road (SIC) is given by the number of lanes.
For one lane the standard width 3 m is taken. The pavements on
both sides of the street are assumed to have equal width.
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Hranic¢ny problém (1), (1a) bol rieSeny numericky, metoédou
konecnych diferencii. Je to implicitna metoda a teda bezpodmie-
necne stabilna. Zaklada sa na tom, Ze namiesto funkcii spojitych
argumentov uvazujeme funkcie diskrétnych argumentov, zadanych
v uzlovych bodoch. Vypoctova oblast je konStruovana tak, ze cely
kafion je deleny v horizontalnom smere na tri stipce boxov. Vypo-
Citana koncentracia polutanta v uzlovom bode predstavuje prie-
mernu koncentraciu v prislusSnom boxe, v centre ktorého sa uzlovy
bod nachadza.

Priemerna koncentracia polutanta v danom boxe bude zavisiet
od rozmeru boxu. Preto Sirku dial'nice nie je mozno pocitat z poctu
jazdnych pruhov. Z tohto dévodu sa Sirka pocitaného useku dial-
nice zadava interaktivne cez obrazovku.

Vzdialenost vybranej izoCiary koncentracie polutanta od dial-
nice zavisi od smeru vetra. Tato vzdialenost je maximalna, ked
smer vetra je kolmy na os dial'nice. Z tohto dovodu §irka ochran-
nej zony je vzdialenost od dialnice, v ktorej koncentracia NO,
dosiahne hodnotu 200 pug.m > (kratkodoby imisny limit pre NO,)
pri smere kolmom na os dial'nice. Okrem inych vypoctov sa pocita
tiez celkové mnozstvo NO,. CO a VOC, ktoré emituje automobilova
doprava na danom useku cesty za urcity ¢as (obvykle den, popr.
rok).

Specificka emisia cesty Q sa poita z poétu osobnych POS
a nakladnych aut PNAK, ktoré prechadzaju dialnicou za Cas sprie-
merovania 7 (0,5 h, 24 h)
__POS - EOS + PNAK - ENAK
0= 3600 - T- SIC ’ ()

Specifické emisie aut (emisné faktory) EOS a ENAK zavisia
od technickej urovne aut. V sucasnej dobe vo vypoctoch sa pouZzi-
vaju Specifické emisie uvedené v tab. 2.

3. Aplikacia modelu v procese posudzovania vplyvov
komunikacii na zivotné prostredie

3.1 Doprava

Sektor dopravy je jeden z hlavnych Cinitelov problémov energe-
tickych a problémov Zivotného prostredia, pretoze patri k najvacsim
spotrebitelom fosilnych energetickych zdrojov a je zodpovedny
za podstatné ovplyviovanie a zataZovanie Zivotného prostredia.
Tato myslienka vyplyva zo spravy ,Doprava v rychle sa meniacej
Europe®, ktoru spracovala skupina ,Doprava 2000 plus® Eur6p-
skeho spolocenstva [1].

Dalsi vyvoj dopravy je neoddelitelne spojeny s otazkami
hodnét zivotného §tylu, sposobu Zivota a hospodarstva. Treba si
uvedomit, Ze doprava ovplyviuje Zivotné prostredie kladnym aj
zapornym sposobom:

® pozitivne tym, Ze ucelnym premiestiovanim osob a tovaru zabez-
pecuje potreby spolocnosti a vykon niektorych sluzieb i vyrazne
prispieva k rastu turizmu,
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The limiting problem (1), (1a) was solved numerically by the
method of finite differences. This is an implicit method and thus
unconditionally stable. It consists of fact that instead of functions
of continuous arguments, the functions of discrete arguments are
considered, and their values are given in the grid points. The cal-
culation domain is constructed so, that the whole canyon is divided
in horizontal direction into the three columns of the boxes. The
calculated pollutant concentration in a grid point presents the
mean pollutant concentration in this box, in the centre of which
the grid point is situated.

The mean pollutant concentration in a given box will depend
on the dimension of the box. The width of the highway is not
always possible to calculate from the number of the lanes. For that
reason the width of the calculated section of highway is given
interactively through the screen.

The distance of a chosen isoline of pollutant concentration
from the highway depends on the wind direction. This distance is
maximal when the wind direction is perpendicular to the axis of
the highway. For this reason the distance from the highway is cal-
culated, in which NOx concentration achieves the value of 200
ug.m > (shortterm imission standard for NO,). The whole amount
of pollutants NO,, CO and VOC emitted by the existing road
traffic during some time interval, usually during one year, is also
calculated.

The relation calculates specific emission of the road Q from
the number of the passenger cars and duty vehicles (POS and
PNAK), which passed the highway in the averaging time of the
pollutant concentration 7' (0.5 h, 24 h)

__POS - EOS + PNAK - ENAK
0= 3600 - T SIC ' ®

Specific emissions EOS and ENAK depend on the technical
level of the cars. In present time the specific emission given in the
Table 2 are used in calculations.

3. Application of model in appraisal process of
communications effects to the environment

3.1 Transport

The transport sector is one of the main energy and environ-
mental problems, because it is part of the biggest consumption of
petrified energy sources and is responsible for essential affect to
environment. This opinion results from the “Transport in quickly
changing variable Europe” report, processing by “Transport 2000
plus” of European community [1].

Future evolution of traffic is inseparably connected with envi-
ronment values questions, manner of life (modus vivendi) and
economy. It is necessary to sense that the traffic is influencing the
environment positively and negatively, too:

® Positive effect of traffic is providing for society needs and per-
formance of some services by effective transportation of persons,
goods, and traffic also goes towards the rise of tourism.
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® negativne dlhodobym ucéinkom podielu na spotrebe neobnovi-
tel'nych prirodnych zdrojov, kratkodobo pésobenim na okolie
a cloveka.

NajzavaznejSie u€inky automobilovej dopravy na Zivotné pros-
tredie s dopadom na zdravie obyvatelstva ma hluk a exhalaty.
Prave preto zaujimaju podstatné miesto v metodike posudzovania
vplyvov Cinnosti na zivotné prostredie - EIA (Environmental
Impact Assessment).

Znecistenie ovzduSia ako jeden z bezprostrednych dopadov
automobilovej dopravy na svoje okolie vznika hlavne prevadzkou
motorov pohybujucich sa vozidiel, ale aj virenim €iastoCiek prachu
usadenych na komunikacii a v jej okoli a tiezZ opotrebovanim jed-
notlivych Casti vozidla, ako su napriklad brzdové obloZenie, pneu-
matiky a pod.

Imisna studia by preto mala byt sucastfou projektovej doku-
mentacie cestnych komunikacii na urovni variantného rozhodova-
nia o vybere vhodného umiestnenia komunikacie. Aby splnila svoj
ucel, mala by obsahovat modelovanie produkcie plynnych emisii
od automobilovej dopravy v takom rozsahu, aby bolo mozné porov-
navat rozne varianty trasy.

3.2 Imisna studia

V strukture emisnej Stidie by nemalo chybat posudenie tvorby

imisii od dopravy:

® sucasnej na jestvujucej cestne;j sieti v sledovanom tzemi,

® vyyhladovej na jestvujucej cestnej sieti v sledovanom uzemi za
predpokladu, Ze sa novonavrhovana komunikacia nebude reali-
zovat, tzv. nulovy variant,

® vyhladovej na novonavrhovanej komunikacii v sledovanom tizemi,

® zostatkovej na jestvujucej cestnej sieti v sledovanom uzemi za
predpokladu, Ze sa novonavrhovana komunikacia vybuduje,

® navrh opatreni na zniZenie znecCistenia ovzdusia,

® navrh monitoringu ovzdusia.

Takto koncipovana imisna Studia moze byt podkladom pre
proces posudzovania vplyvov na Zivotné prostredie podla zakona
NR SR ¢. 127/94 Z. z. [2].

Vyuzitim popisaného vypoctového programu, v ktorom su
zohladnené vsetky rozhodujuce faktory ovplyviujuce produkciu
plynnych emisii, je mozné modelovat zneCistenie ovzdusia v okoli
komunikacie.

Vstupné udaje pre modelovanie:

® emisné faktory pre sucasny a buduci vozidlovy park,
® objem dopravy a jej zloZenie podla druhov vozidiel,
® pozdizny sklon komunikacie,

® rychlost jazdy vozidla,

® poveternostné podmienky.

Posudzované su mnozstva nasledujucich zneéistujucich latok:
® CO oxid uhol'naty,

® NO, oxidy dusika,

® JOC uhlovodiky.

® Negative effect of traffic has long-term impact of nonrevivable
natural source consumption part, by the instrumentally of short
- term impact to surroundings and humans.

The most significant effects of car traffic to environment with
the impact to the population’s health are noise and imissions.
Therefore, they take a substantial place in Environmental Impact
Assessment methodology - EIA.

Air pollution, one of the immediate impacts of traffic on its
surroundings, is mainly a result of moving cars, motors operation,
but also by whirling of sedimentary dust elements on the road and
in its surroundings, and by individual car part abrasions, for
example, brake lining, tires, etc. Therefore, the imission study
should be part of road design documentation up to the mark of
variant decision by the appropriate location choice. In order to
fulfil its aim, it ought to include the modelling of gaseous emis-
sions production from car traffic in such a proportion that it will
be possible to compare different variants of the route.

3.2 Imission study

In imission study there should be imission creation arbitra-

tion from:

® actual traffic on the existing network of roads in regarding area,

® forecast traffic on the existing network of roads in regarding
area, provided that the redesigned road will not be realised,
called zero variant,

® forecast traffic on the redesigned road in regarding area,

® residual traffic on the existing network of roads in regarding
area, provided that redesigned road will be realised,

® suggestion of arrangements for air pollution reduction,

® suggestion of air monitoring.

Imission study drafted in this way can be the foundation for
the environmental impact assessment process according to the
Law NR SR €. 127/94 Z. z. [2].

With the exploitation of described computing program, which
deliberates all determining factors influencing the gaseous emis-
sions production, it is possible to simulate air pollution of the road
surroundings.

Input information for modelling:

® emission factors for actual and future vehicle stock,

® traffic volume and its composition by the type of vehicles,
® [ongitudinal gradient of road,

® urban and eventually suburban treatment of traffic,

® speed of vehicle drive,

® atmospheric conditions.

Following pollutants are appreciated:
® CO carbon oxide,

® NO, nitrogen oxides,

® JOC volatile organic compounds.
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Vystupy:
® rozptyl vo volnej atmosfére
- CO, NO,, VOoC,
- celkova produkcia za rok,
- max. koncentracia v ovzdusi od $pi¢kovej dopravy,
® hranica prekrocenia limitu 200 ug.m™* NO, - vzdialenost od
osi komunikacie.
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Outputs:
® diffusion in open atmosphere
- (€O, NO,, VOC concentrations,
- total year production,
- max. concentration in atmosphere from highest traffic,
® frontier of the limit excess 200 ug.m > NO, distance from the
road axis.

Imisné limity v SR [3]: Tab. 1 Imission limits in Slovakia [3] Tab. 1
Znecistujuca latka Imisné limity v ;Lg.m73 Emission Imission limits [,u,g.m73 ]
Priemerna koncentracia znecistujicej latky average concentration of pollution
rocna IH, dennd /H, polhod. IH, annual /H, daily 7H, short-term IH,
Oxid uholnaty CO - 5000 10 000 Carbon Oxide CO - 5000 10 000
Oxidy dusika NO, 80 100 200 Nitrogen Oxides NO, 80 100 200
Polietavy prach 60 150 500 Particulate 60 150 500

3.2.1 Principy hodnotenia znecistenia ovzdusia

Oxidy dusika - NO, - patria ku Skodlivinam, ktoré pri sucas-
nom zlozeni benzinov predstavuju jednu z najzavaznejSich zloziek
vyfukovych plynov, pretoZze dosahuji najvacsie koncentracie §kod-
livych latok, su dobre zistitelné monitorovanim resp. vypoctom
a zaroven maju najprisnejsi imisny limit. Preto sa spravidla pouzi-
vaju za indikator znecistenia ovzdusia vyfukovymi plynmi.

V imisnych studiach sa znecistenie ovzdusia posudzuje podla
celkového mnozZstva vyprodukovanych emisii od automobilovej
dopravy v t.rok ! dalej sa sleduje max. koncentracia NO, v ovzdusi
v dychacej zone (1,5 m nad povrchom vozovky) od 1/2 - hodino-
vej Spickovej dopravy a vychadza sa z mnozstva obyvatelov zasiah-
nutych znecistenim ovzdusia nad pripustny hygienicky limit.

Emisné faktory

3.2.1 Principles of the air pollution evaluating

Nitrogen oxides - NO, - belong to deleterious substances,
which is representative one of the most momentous element of
exhaust gas by contemporary petrol structure. Because they reach
the highest harmful pollutant concentrations, they are identifiable
by monitoring or calculation and have the strictest limits. Hence,
they use a similar indicator of air pollution by exhaust gas.

In imission studies air pollution is appreciated according to
the total production emissions quantity from the car traffic in
t.year” !, moreover the max. NO, concentration in air in breathing
zone (1,5 m over the pavement surface) is pursuing from 1/2 hour
peak value of the traffic and the input is the quantum of inhabi-
tants stricken by air pollution over the allowable imission standard.

Tab. 2 Specific emission of the cars in Slovakia Tab. 2
Rezim jazdy Vozidla Emisie mg.m ™! Regime of the Vehicle Pollutant [mg.m ']
Cco NO, roc Drive co NO, yoc

V zastavanom osobné 17.0 1.5 2.5 Urban Passenger 17.0 1.5 2.5
uzemi nakladné 13.0 9.0 33 Lorries 13.0 9.0 3.3
V nezastavanom osobné 8.0 1.8 1.4 Country Passenger 8.0 1.8 1.4
uzemi nakladné 7.0 8.0 1.1 Lorries 7.0 8.0 1.1
Dialni¢ny osobné 8.0 3.3 1.1 Highway Passenger 8.0 33 1.1

nakladné 7.0 8.0 1.0 Lorries 7.0 8.0 1.0

Celkové mnozstvo produkovanych Skodlivin je ovplyvnené
predov§etkym intenzitou a zloZenim dopravného prudu (podiel
tazkych vozidiel), dizkou trasy a velkostou pozdiZzneho sklonu
komunikacie. Teda ¢im je dlhsi usek komunikacie, tym viac §kod-
livin sa do ovzdusia vyprodukuje.

Maximalna koncentracia skodlivin v ovzdusi je zavisla od inten-
zity a zlozenia dopravného prudu, pozdizneho sklonu komuniké-

Total amount production of deleterious substances is influen-
ced mainly by intensity and structure of the traffic flow (rate of
heavy vehicles), length of the route and the longitudinal gradient
and intensity of the road. Thus, by longer distance of the road,
more deleterious substances are produced in the air.

Maximal deleterious substances concentration in the air
depends on the traffic flow intensity and structure, oblong gradient
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cie, od polohy sledovaného useku trasy k smeru prevladajucich
vetrov a rychlosti pridenia vetra. Najvadsi vplyv ma pozdizny
sklon komunikacie a podiel nakladnych vozidiel v dopravnom
prude. Cim menej nakladnej dopravy a éim miernejsie pozdizne
sklony komunikdcie, tym vznikaju menSie koncentracie NO,..

3.2.2 Modelovanie znecistenia ovzdusia planovanou
vystavbou dialnice D1

® Obr. 2 prezentuje narast dopravy v rokoch 2005 - 2035, pricom
vybudovanim dialnice by doslo na stcasnych cestnych fahoch
1/61, 11/507 a 11/517 k znacnému poklesu zostatkovej dopravy.

® V tab. 3 je prezentovana celkova suctova hodnota produkcie
emisii do ovzduSia od sumarnej dopravy na vSetkych cestach
pre nulty variant a porovnanie pre subeh dialnice D1 a zostat-
kovej dopravy na jestvujucich cestach.

Rozdiel je badatelny od roku 2015, kde sa ako najpriaznive;jsi
javi variant Vl1a a V7.

Z tab. 4 a 5 je patrné, Ze sa predpoklada narast dopravy na
dvojnasobok, pricom vybudovanim dialnice stipne celkova pro-
dukcia emisii v roku 2035 len o priblizne 5 %. To je sposobené tym,
Ze modelové rieSenie vychadza z uplatnenia slovenskej vyhlasky

11/507
Puchov

size, location of pursuing route distance concerning the dominant
wind direction and the speed of wind circulation. The longitudinal
gradient size and the part of commercial vehicles in the traffic
flow have the biggest influence. Less the commercial traffic and
smaller longitudinal gradient size, thereby, minor concentrations
of NO, originate.

3.2.2 Modelling of air pollution from planned highway
construction

® Figure 2 presents a rise of traffic between years 2005 and 2035,
when by the constructing of highways it can come to consider-
able decline of the rest of traffic at the same time.

® Table 3 presents the total summary value of emissions produc-
tion in air from the summary of traffic on all streets for zero
variant and the comparison for contact of highway D1 and resi-
dual traffic on actual roads.

The difference is noticeable since year 2015, where the variants
Vla and V7 appear most favourable.

From tables 4 and 5 it is evident that the growing up of traffic
to double is predicted, but by constructing highways, total pro-
duction of emissions in year 2035 will rise only about 5 percent.
That is induced by the fact that the model solution takes the cutting
edge out from the enforcement of Slovak edict 248/91, which is the

11/507
Bytca

1/61
Zilina

Vla

1/61
Bratislava

Sverepec

ské Bystrica

/517
Rajec

Obr. 1. Schéma sucasnej a navrhovanej cestnej siete v Povazskej Bystrici
Fig. 1. The scheme of suggested alternative of highway design D1 in the surround of Povazska Bystrica
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Obr. 2. Predpokladand intenzita dopravy na planovanej dialnici D1
a siicasnej ceste 1/61

Fig. 2. Forecast traffic volume on the planned highway and on the

contemporary Ist-class road

ECO
[ Nox

Obr. 3. Celkovd produkcia emisii v roku 2035, t/rok
Fig. 3. Total emission production in year 2035, t/vear

Sumarna tabul'ka celkovej produkcie §kodlivin do ovzdusia nad mestom, t/rok Tab. 3
Total deleterious substances production in the air above the city, t/year
1995 2005 2015 2035
zero variant 1/61+11/507+11/517 2002.7 2149.2 100.0% 974.4 100.0% 1733.2 100.0%
residual traffic Vla 2137.0 99.4% 1302.7 133.7% 1363.7 78.7%
residual traffic V2 23232 108.1% 1353.0 138.9% 1816.8 104.8%
residual traffic V7 2115.4 98.4% 1292.8 132.7% 1716.3 99.0%
residual traffic V8 2132.1 99.2% 1304.5 133.9% 1737.8 100.3%
Sumarna tabul'ka celkovej dopravy ( 1/61, 11/507, 11/517 ), voz/24h Tab. 4
Total traffic in 1/61, 11/507, 11/517 roads, vehicles/day
1995 2005 2015 2035
zero variant 11201 15548 100.0% 19604 100.0% 25688 100.0%
D1+ residual traffic Vla 21082 135.6% 28328 144.5% 41372 161.1%
D1+ residual traffic V2 21736 139.8% 29714 151.6% 41730 162.4%
D1+ residual traffic V7 27602 177.5% 36152 184.4% 50486 196.5%
D1+ residual traffic V8 27602 177.5% 36152 184.4% 50486 196.5%
Porovnavacia tabul'ka - narast dopravy a narast produkcie emisii Tab. 5
Comparative table - traffic rise and emissions production
2005 2015 2035
traffic emissions traffic emissions traffic emissions
% % % % % %
zero variant 100.0 100.0 100.0 100.0 100.0 100.0
D1+ residual traffic Vla 135.6 99.4 144.5 133.7 161.0 78.7
D1+ residual traffic V2 139.8 108.1 151.6 138.9 162.4 104.8
D1+ residual traffic V7 1775 98.4 184.4 132.7 196.5 99.0
D1+ residual traffic V8 177.5 99.2 184.4 133.9 196.5 100.3
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NOx, ug/m3

Obr. 4. Max. krdtkodobd koncentrdcia NO, na ceste 1/61 a D1
v roku 2035, ug/m -3
Fig. 4. Maximal momentary NOx concentrations
on the road 1/61 and D1 in year 2035, ug/m -3

¢. 248/91 navizujucej na predpisy EHK, z ¢oho vyplyva predpoklad
obmeny vozidlového parku a zniZenie hodnot exhalacii u automo-
bilov po roku 2010 cca na 40 % u NO,, na 50 % u CO, VOC a na
75 % u pevnych Castic v porovnani s rokom 1995.

® Obr. 4 prezentuje predpokladané hladiny kratkodobej koncent-
racie NO, od $pickovej polhodinovej dopravy, uvaZzovanej hod-
notou 6 % z celodennej intenzity dopravy.

Samotna zmena rezimu jazdy z mestského preruSovaného na
dial'ni¢ny plynuly, sposobuje pokles koncentracie NO, . Najnizsie
hodnoty sa predpokladaji pre variant V1a, najvyssie pre V2.

® Maximalne kratkodobé koncentracie sa akumuluju v miestach,
kde sa trasa dial'nice priblizuje k trase jestvujucej komunikacie
na vzdialenost do 220 m, nakol'ko taky je zasah tizemia s prek-
roCenym hygienickym limitom stanovenym pre kratkodobu
koncentraciu NO, v ovzdusi - 200 ug/m°>. Udaje su uvedené na
obr. 4 a 5.

Pri porovnavani stavu pre rok 2035 najnizSie hodnoty aku-
mulovanej koncentracie sa predpokladaju pre variant Vla, ktoré
by boli na ceste 1/61 nizSie ako pri nultom variante.

Z takto zdokumentovanych vysledkov podla modelu produk-
cie emisii od dopravy sa vo viacerych polozkach pri hodnoteni cel-
kovej produkcie emisii do ovzduSia ako aj pri hodnoteni
akumulovanych hodnoét (sucet D1 a zostatkovej dopravy na jest-
vujucich cestach) kratkodobej koncentracie NO, prejavuje variant
Vla ako priaznivejsi.

4 Zaver

Utinky emisii vznikajucich od dopravy su v konkrétnych uze-
miach velmi zavazné a podiel dopravnych prostriedkov ako ich
povodcov je na uzemie nerovnomerne rozptyleny. Riesenie tohto
problému moze mat efekt len vtedy, ak bude mat celosvetovy cha-
rakter. Medzinarodné dohody, rozsiahla a cielavedoma spolupraca

V1a - 61 Sverepec-Pov.Bystrica T

V2 - 161 Sverepec-Pov.Bystrica

V2 - 517 x W507 - W517 x V61

V7 - 161 Sverepec-Pov.Bystrica

V8 - 161 Sverepec-Pov.Bystrica

V8 - /507x 517 - Podvazie T

0 50 100 150 200 250 300 350

NOx, ug/m3

@ zero variant @ D1+road

Obr. 5. Sticet max. koncentrdcii NO, od dopravy na dialnici D1

a zostatkovej dopravy porovnany s nulovym variantom, rok 2035
Fig. 5. Sum of maximal NO, concentration from the traffic on highway

D1 and residual traffic comparison with zero variant, year 2035

continuation of EHK statutes and from this fact results the assump-
tion of vehicle stock modification and the reduction of exhausters
value at automobiles past year 2010 approximately to 40 percent
by NO,, to 50 percent by CO, VOC and to 75 percent by solid ele-
ments in comparison with year 1995.

® Figure 4 presents expected layers of short-term NO, concentra-
tion of peak half-hour traffic by value 6 percent regarding total
traffic intensity.

Change of drive by itself from discontinuous city mode to
smooth highway mode induces the decline of NO, concentration.
Variant Vla predicts minimal values, and variant V2 maximal
values.
® Maximal short-term concentrations are accumulated in places

where the route of highway converge to the route of existing
communication at 220 m distance, because the area of interfe-
rence with the hygienic limit is overrun, specified for short-term
NO, concentration in the air - 200 ug/m?>. The indications are
present in figures 4 and 5.

By the comparison of status considering year 2035, the lowest
accumulated concentration values are predicted for variant Vla,
which could have been lower on the road 1/61 than by zero variant.

From the results documented in this way according to emis-
sion production model from traffic in several items by regarding
total emission production as well as by regarding accumulated
values (sum D1 and residual traffic on actual roads) of short-term
NO, concentration, variant V1 appears more favourable.

4 Conclusions

Impacts of traffic emissions in given areas are very momen-
tous and the ratio of vehicles and their generators is unevenly dis-
persed. The solution of this problem can be effective only when its
character will be worldwide. International conventions, extensive
and systematic co-operation and realisation of agreements give the
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a realizacia dohdd dava predpoklady k uspechu. RieSenie konkrét-
nych uloh sa potom dotyka nielen vyrobcov automobilov, vystavby
ciest ale aj dopravnej prevadzky. Opatrenia maju potom charakter:
® rozvoja dopravnej techniky,

® prevadzkovo-technologicky,

® Uzemno-technicky.

Uz teraz s jasné predstavy rieSenia zafaZenia Zivotného
prostredia osobnymi automobilmi. Postupné celosvetové zavedenie
automobilov so zdvihovym objemom motora 3000 cm® (pogita sa
s obnovou vozidlového parku v rokoch 2000 az 2005) sa prejavi
nielen v relativnej uspore pohonnych latok, ale aj v relativnom
poklese produkcie emisii.

Zakladnym cinitelom, ktory ma vplyv na mnozstvo a zlozenie
produkovanych emisii je zloZenie paliva, typ a podmienky prace
motora a taktiez sposob jazdy.

Z udajov uvedenych v praci vyplyva, Zze umiestnenie trasy
v teréne a hlavne citlivé vyskové vedenie trasy priamo vplyva na
mnozstvo produkovanych emisii. So zvySujucou sa rychlostou
jazdy rastie produkcia a koncentracia emisii, ale pri porovnani
produkcie emisii pri preruSovanej jazde vozidiel v meste a pri ply-
nulej jazde mimo mesta je vel’ky rozdiel. Celkovu produkciu emisii
teda ovplyviiuje aj hustota uroviovych krizovatiek a rozptyl skod-
livych latok ovplyviuje vyska a hustota zastavby.

1000+
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\ ~
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10 30 50 100 200  pg/m?

Obr. 6. Priemernd dennd koncentrdcia NO, - hodnoty v centre
Povazskej Bystrice, rok 1995
Fig. 6. The average daily concentration NO, - values in centre of
Povazska Bystrica, year 1995
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assumption to success. The solution of concrete problem is then
relating not only to producers of vehicles and construction of roads
but of traffic operation, too. The measures are then of the follo-
wing character:

® Development of traffic technique,

® Operational and technological,

® Territorial and technical.

The conceptions of solution an environmental loading with
vehicles are evident already. Consecutive worldwide applications
of the so-called three-litre automobile (make allowance for
assumption of vehicle stock - between years 2000 and 2005) will
be registered not only in relative saving of fuel, but also in relative
decline of emission production.

The basic factor influencing the amount and structure of
produced emissions is composition of fuel, type and conditions of
motor work and style of drive.

From the information presented in the study result that loca-
tion of the route and an especially sensitive vertical line directly
influence the produced emission capacity. By increasing drive-
speed the emission production and concentration rises, but when
comparing the production of emmisions by discontinuous driving
in the city and by continuous driving out of the city comes to
important difference. Therefore, total emission production is influ-
enced by density level intersections, and the dispersion of pollu-
tion is affected by height and density of built-up area.
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Obr. 7. Priemernd dennd koncentrdacia NO, - predpokladané hodnoty
v centre Povazskej Bystrice, rok 2035
Fig. 7. The average daily concentration NO, - forecast values in centre
of Povazska Bystrica, year 1995
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