FOANLHWK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. UBAH PUNCK", Tom 59, Cs. II, [Jobus n npepaboTka Ha M1HepanHu cyposuHm, 2016
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI”, Vol. 59, Part Il, Mining and Mineral processing, 2016

MODELING OF THE ATMOSPHERIC DISPERSION OF FINE PARTICLE MATTERS (PM1o)
RELEASED DURING THE OPERATION OF TPP “MARITZA EAST-2", BULGARIA
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ABSTRACT. The main aim of this article were modeling of PM+o dispersion in the atmosphere released during the operation of TPP “Maritza East- 2" and at what
distance their concentration in the ground atmospher could be higher than the relevant Maximum Admissible Concentration (MAC). The model was based on the
following assumptions: the lignite consumption and the pollutant's emission rate to the atmosphere were constant, the atmosphere conditions (temperature, direction
and wind speed, efc.,) were also constant on hourly base, and the wind speed was higher than 0.9 m/s. Having in mind the lignite's ash content and the efficiency of
electroprecipitators operation, 2.45 g PM+ /m3s was calculated as the emission rate of the power plant to the atmosphere. PM1o dispersion was modeled in
dependence on the atmospheric stability categories which determined the effective plume-rise height (he) in the atmosphere at the relevant climatic conditions and the
specific values of pollutant dispersion coefficients (ay, az). The wind rose for a period July 2015 — January 2016 determined that the plume released in the atmosphere
will be transported in north .direction to Nova Zagora town by means of south wind with prevailing wind speed up to 5 m/s. However, the model determined that the
ground concentration of PM1o would be higher than MAC during the night and at a distance of 6.25 km from TPP “Maritza East - 2 if the hour lignite consumption was
higher than 2250 tone coals/ h as well as the ground wind speed was lower than 5 and 10 m/s for atmospheric stability classes E and D, respectively.
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MOOENUPAHE OUCNEPCUATA HA ®UHHU MPAXOBU YACTULW (PM1o) B ATMOC®EPATA, OTOENEHU NPU PABOTATA
HA TEU ,MAPULIA U3TOK-2"

lnamen eopaues, bopucnas lMeHyes

MurHo-eeonoxku yHusepcumem ,,Ce.UsaH Puncku”, Cogpusi 1700, ps_georgiev@mgu.bg

PE3IOME. OcHoBHaTa Lien Ha cTatusTa Be mopenupaHe Aucriepcusita Ha uHHW npaxosn yacTuum (PM1o) B aTmMocdepata, otaenenu npu pabotata Ha TEL|
,Mapuua W13Tok-2" n onpepensHe pa3cToOsHUETO, NPU KOETO TAXHATa KOHLEHTpauus 6u 6una no-ronsma ot cvotBeTHUTe MNK. MogensT ce basupatue Ha cregHuTe
BOMyCKaHs: KOHCYMaLMATa Ha BBITIWLLA W CKOPOCTTA Ha OTAENsHe Ha 3aMbpcuTens B aTMocdepaTa 6e nocTosiHKa, aTMoCcepHUTe YCroBus (Temnepatypa, nocoka
11 CKOPOCT Ha BATbpa ) Ca MOCTOSHHW Ha YacoBa 0asa, CKOPOCTTa Ha BATHPA He e no-Hucka ot 0.9 m/s. CkopoCTTa Ha eMUCUsATa Ha (MHHW NPaxoBK YacTALM B
atmMocepata (2.45 g PMyp /m3s) Belle onpepeneHa OT CpPegHOTO NEMENHO CbAbpXKaHWE Ha NUMHUTHUTE BBIMMLLA W e(EKTMBHOCTTa Ha MPeYnCTBaHE Ha
enektpodunTpuTe. [lucnepcusta Ha Tean Yactuuy bele MofenMpara B 3aBMCUMOCT OT KNacoBeTe CTabunHOCT Ha aTMocdeparta, KouTo onpeaensixa edekTnBHaTa
BICOYMHA Ha M3aWraHe Ha rasoBus noTok (he) B aTMOCepaTta npy CbOTBETHUTE KIMMATUYHI YCIIOBUS U CbOTBETHUTE CTONHOCTW Ha AMCEPCUOHHINTE KOB(ULIMEHTM
(0y, 07). Po3ata Ha BsiTbpa 3a nepvoga Honu 2015 — Axyapu 2016 onpeaenuxa, Ye rasoBUST NOTOK, OTAENEH B aTMocdepaTa Lye ce TpaHCnopTipa B CeBepHa
nocoka kM rpag Hosa 3aropa, ¢ npeobnagagatya CkopocT Ha BATbpa A0 5 m/s. Bunpekn ToBa, MOAENBT onpefeny Ye Npu3eMHaTa KOHLUEHTpaUUs Ha UHHM
npaxosu yactuuy (PMio) 61 6una no-ronsama ot MK npe3 HowTa n Ha pasctosHue 6.25 km ot TEL| ,Mapuua A3Tok-2", ako pa3xofbT Ha MUTHUTHM BBIMNLLA € Mo-
ronsim ot 2250 ToHa BbINMLLA/ Yac, KaKTo W MpU3EMHaTa CKOPOCT Ha BATbpa e no-Hucka oT 5 and 10 m/s 3a aTmocdepHm knacose E u D, cboTBETHO.

Introduction
TPP *Maritza East 2” is the largest thermal power plant in

Coals are widely distributed on the Earth and for long period Bulgaria with total install capacity of 1620 MW. The power

of time they have been a Cheap source of energy which plant is a part of Maritza East Complex which Operates on the
allowed the Industrial society to emerge and develop rapidly for local lignite coal mined by Maritza East mine. TPP “Maritza
a relatively short period of time. The coal burning is connected East 2" produces about 21 % of total electricity generated in
with taking of significant amount of carbon, nitrogen, sulfur, and Bulgaria as its portion in comparison to all thermal plant reach
heavy metals and toxic elements from their respective about 40 % (South-East European Industrial Market. 2010).
depository reservoirs and the relevant reactive gases and fine The coal lignites utilized by the power plant characterized with
particles are the waste products released in the atmosphere. low caloric value and higher content of sulfur and ashes. For
Strong absorptive and/ or acidifying properties of the emitted that reason, TPP “Maritza East 2" is among the top ten largest
gases as well as the toxicity of fine particle matters determine industrial enterprices in Europe releasing higher amount of
the detrimental effect of the coal utilization on the Earth contaminants in atmosphere. In order to meet the national and
ecosystems at g|0ba|, regionaL and local scale. The regiona| international regUlationS Conceming the concentration of the
effect is triggered when by means of dry or wet deposition the main contaminants (ordinance N910, 2003), a lot of funds have
relevant pollutants are transported from atmosphere to the been invested during the last ten years in sulfur removal
earth ecosystems in doses higher than the critical limit which installation and improvement in the way of operation of
the relevant ecosystems could sustain. electroprecipitators for the flue gases treatment.
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Table 1. Table 3.

Main properties of the coals burnt at TPP “Maritza East 2” Atmospheric stability categories according Pasquill
Index Value Wind Daytime Nighttime
Carbon, % 20.0 speed at —

: I t .01 kW/ m2

Hydrogem, % 215 ground ng rad|3a0|_%g Q (’1(3_ ;)9 /1"1‘ 4)

Nitogen, % 0.3 levels,

Sulfur, % 25 m/s

Oxygen, % 7.3 <20 A A-B B D F

Ash content, % 35.0 2-2.9 A-B B C D E

Heat value, MJ/ kg 6.5 3-3.9 B B-C C D D

Total consumption 4-5.9 C C-D D D D

(average), t/'y 11000 000 >6.0 C D D D D
Table 2. Table 4.

Main properties of flue gases generated during the burning of

coal at TPP “Maritza East 2”

Index Value
Outlet flue gases temperature, °C 65

Specific gravity of flue gases, g/cm3 1.007
Outlet flue gas volume, m¥ s 893.3
Outlet flue gas, kg/ s 876,4
Emission of PM1q, kg/s 1.9747
Rate of PM1o emission generation,g/m3ys 2.445

The main aim of this article were modeling of PMio
dispersion in the atmosphere released during the operation of
TPP “Maritza East- 2” and at what distance their concentration
in the ground atmospher could be higher than the relevant
Maximum Admissible Concentration (MAC).

Materials and methods

The data about the atmospheric pressure, the direction and
wind's speed, temperature, and rate of precipitation in the area
of of Radetski village, District of Stara Zagora was collected on
hourly base from the bulletins of National Institute of
Metereology and Hydrology at BAS within the period July
December 2015. On month base, the data was averaged and
the mean temperature, the prevailed wind direction, and the
wind speed for both halves of the day were determined.

The PM1o emission generated during the burning of coal in
TPP “Maritza East 2" was calculated by means of CorinAir
methodology (EAE, 2007). Eleven million tons of coals were
accepted as the total amount of coals burnt at the power plant
per year. The operating hours were averaged to 5300 hours
per year. The data about the utilized coals are presented in
Table 1.

The main properties of the generated flue gases and the
emission rate of PM1o from TPP “Maritza-East 2” are presented
in Table 2. Emission rate of fine particle matters to atmosphere
was calculated having in mind the total amount of burnt coals
per hour, their ash content and 97.5 percentage efficiency of
the electroprecipitators operation being used at the power plant
for treatment of flue gases.
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Atmospheric conditions at TPP “Maritza East 2” during the day
for the period of observation

Index Month/ Wind speed (m/s)
July - October November -
September December
02 | 25 [ 02 | 25 [ 02 ] 25
Southeast direction
t,°C 14-30 | 127 - - - -
Stabiity | AB/ | ] ] ] ]
class B-C
Southwest direction
t,°C - - 9-18 315 | 315 | 1823
Stability ~ | aps| Bc |AB/ | AB
class C C
West direction
t,°C 25-31 | 5-13 - - - -
Stability AB/B | BIC i i i i
class
Norththwest direction
t,°C 2030 | 1318 | 1318 | 1820 | 916 | 8-19
Stbiity | p | B | aB |ABB| NB|BIC
class

PM1o modeling in the atmosphere was carried out by means
METI-LIS Dispersion Model (Kouchi et al., 2004). It was based
on the following hypothesis:

1.The emission rate of PM1o to atmosphere was constant;

2.The temperature of atmosphere, the wind speed and
direction were unchangeable at the relevant climatic
conditions;

3.The pollutant dispersion carried out in horizontal direction
mainly;

4 PM1o didn’t undergo any transformation in atmosphere at a
distance up to 30 km in relation to the point source of
pollution;

5.Wind speed was > 0.9 m/s.

The pollutant dispersion in atmosphere was calculated by
Gaussian dispersion equation (Beychok, 2005) having in mind
the relevant climatic conditions and the effective plume rise
height (he). The latter was determined by the Briggs equation
(Briggs, 1965). The correction of wind-speed elevation at 135
m height was adjusted by the wind power law (Peterson &
Hennessey, 1978).



Results and discussion

TPP “Maritza-East 2” is situated at altitude of 120 m almost in
the middle of Thracian valley. For that reson, a lot of towns and
villages are situated around the station at a distance within the
range of 30 km to the plant. In north direction at a distance of
10.5 km and 24.1 km by air are situated Mlekarevo village and
Nova Zagora town, which population are 700 and 24 00
people, respectively. In west direction at a distance of 14 km is
situated Radnevo town with population of 13 000 people.
Galabovo town is situated at about 24 km from TPP “Maritza-
East 2" and it has 8 600 inhabitants. General Toshevo village
and Topolovgrad town are situated at a distance of about 14
and 24 km in south/ southeast directions and their population
are 400 and 5500 people, respectively (National Statistical

Institute. Main Towns Census 2011, 2013).

The studied period, July — December 2015, covered the
second part of the year, when TPP “Maritza East 2" worked
continuously at a relatively constant coal consumption because
of the higher demand of energy (Annual Individual
Management Report, 2014). The southeast, west and
northwest directions of wind dominated during the day (08-18
h) for the summer months (July-September) as the dominating
wind speed was in the range of 2-5 m/s (Figure 1). For the rest
part of observed period, the dominating wind ditections were
south, southwest, and northwest as the typical wind speed was
in the range of 2-5 m/s too. Winds with speed higher than 5
m/s were non-typical for the area (with a frequency in the
range of 0.8-5.3 %, Table 4). The atmosphere’s temperature
was higher during the July and August and the lowest value
measured during December. For example, the usual
atmosphere temperature during the summer was in the range
of 26.3-31.3 °C. In all cases, the west and southwest winds
determined the atmosphere temperature with 2.5-3.2 °C higher
than temperature measured when the southeast wind
dominated. The same tendency was observed during the
autumn as the northwest and southwest winds determined the
warmer atmosphere in comparison to the temperature
measured when south wind dominated. For example, the
difference reached almost 4 °C during December.

The incoming solar radiation steadily decreased and the
dominance of classes of atmosphere stability gradually
changed from A, B (duing the summer) to C class (in
December) (Table 2). Those processes determined the
observed difference in the winds® speed. For example, the
warmer winds with southwest and northwest directions
determined higher atmosphere turbulence and wind speed
within the range of 3.3-4.1 m/s. The typical wind speed with
southeast direction was in the range of 2.3-2.6 m/s. The
decreased incoming solar radiation during the autumn
determined the lower wind speed (in the range of 2.2-3.48 m/s)
in comparison to the speed measured during the summer.

It was found that the class of atmosphere stability F
dominated during the summer night, especially in the case
when the wind speed was lower than 2 m/ s. At higher wind
speed and colder temperature of the atmosphere, the
dominating classes of atmosphere stability were D and E
(Table 5). In comparison to the day period, the seasonal
changes in wind speed wasn't so clearly shown.
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Table 5.
Atmospheric conditions at TPP ‘“Maritza East 2” during the
night for the period of observation

Index Month/ Wind speed (m/s)
July - October November -
September December
02 | 25 [ 02 | 25 | 02 | 25
Southeast direction
t,°C 1623 | 1521 | 1115 | 11-13 5-12 4-11
Stbiity \ ¢ | gp | FE | BD | FIE | FID
class
South direction
t°C - 1314 | 10-12 7-12 6-10
Stability - | Fme | &0 | FE | BD
class
Southwest direction
t,°C 1522 | 15-28 | 1214 | 1113 6-14 2-6
Stabilty | e | gp | FE| E | FE | E/D
class

et (-2 M/, sSummer S «=@==2-5m/s, summer

e=jm= (-2 m/s, autumn e==fll==2-5 m/s, autumn

Fig. 1. The typical wind rose of the area around TPP “Maritza-East 2”
during the day (08-18 h) for period July-December

==f==2-5m/s, summer S e=lll==2-5m/s,summer
=@==72-5m/s, autumn

2-5 m/s, autumn

Fig. 2. The typical wind rose of the area around TPP “Maritza-East 2”
during the night (19 — 07 h) for period July-December
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Table 6.
Mean concentration of PM1o (ug/m?) in the below ground

atmosphere (2 m) in dependence on the atmospheric stability
and the distance to TPP “Maritza-East 2”

Stability Distance from TPP “Maritza-East 2", km

class 7625 | 84 | 150 | 200 | 250
A 1.64 38 0.77 0.6 0.50
B 8.55 5.00 1.60 0.92 0.59
c 10.43 8.98 25 1.52 1.02
D 8.17 8.79 6.75 5.63 4.22
E 0.81 1.80 3.82 4.36 4,07
F 0.02 0.07 0.56 0.83 1.02

Table 7.

Mean concentration of PM1o (ug/m?) in the below ground
atmosphere (2 m) in dependence on the distance to plume’s
centerline at the relevant climatic conditions (a 8.4 km distance
to TPP “Maritza-East 2”)

Stability Distance from the plume’s centerline, m
class 1 25 50
A 1.27 0.68 0.08
B 448 1.41 0.07
C 8.98 1.08 0.003
D 9.07 0.08 0.003
E 1.80 0.003 <0.003
F 0.07 <0.003 <0.003

The atmosphere temperature and wind speed were the key
factors determined the particle matters dispersion after their
emiting to the atmosphere. Both parameters determined what
the vertical gradient of air temperature would be. It has direct
effect on the rate of pollutants diffusion, which had released in
the atmosphere (Briggs, 1965). For that reason, the wind
speed at 135 m above the ground (us) and the effective plume
rise height (he) were the key parameters which have been
used for the PM1o modeling in the atmosphere.

Data about the mean concentrations of PM+oin dependence
on the distance to TPP “Maritza East 2, the distance to
plume's centerline and the stability of atmosphere are
presented in Tables 6 and 7.

These data shown that during the day, when the classes A,
B, and C dominated, the pollutant’s dispersion in atmosphere
carried out on the x axis mainly. The classes A and B are
classified as unstable and they are related to higher or average
incoming solar radiation and wind speed up to 3.9 m/s. Having
in mind, the mean wind ground speed values for each month,
the model predicted wind speed at 135 m in the range of 6.45
- 6.98 m/s and 6.04 - 16.66 m/s for A and B classes,
respectively. These values determined the buoyancy induced
plume rise height (Ah) value in the range of 163 — 172 m as
the plume rise height was higher when the temperature of
atmosphere was lower. At that conditions, the emitted flue gas
elevated easily in vertical direction before its dispersion in
horizontal direction started. The fine particle matters dispersed
in horizontal direction solely and for that reason, the applied
model predicted their higher concentration at lower distance to
TPP *Maritza East 2" (Table 6). However, the pollutant
concentration predicted by this model for the prevailing
atmospheric conditions of the observed period was quite lower
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in comparison to the MAC. The northwest, west, and southwest
winds dominated during the day for the period of observation
and the southeast, east, and northeast were the directions for
pollutants transportation to Topolovgrad town, General Toshevo
village, and Boyadjik village, respectively. The class C is
classified as a slightly unstable and it was typical within the
range 11.3-17.5 % of the daily time of observed period. The
southeast, south, and southwest wind connected solely with
the appearance of that class of atmosphere stability in the
area. The typical wind speed was in the range of 3.4-3.8 m/ s.
In that case, the wind speed at 135 m and the buoyancy
induced plume rise height (Ah) would be in very narrow range
(19.1-32.9 m/s and 35.0-70.3 m), respectively. At these
climatic conditions, the used model predicted the maximum
concentration of PMo in the below ground atmosphere in
comparison to the other classes stability of atmosphere
ocurring during the day.

The class D is classified as neutral and during the autumn it
was more typical (about 19.2 %) in comparison to the summer.
The typical wind speed at below ground atmosphere was in the
range of 3.4-3.8 m/ s and the main winds directions were
southeast, south, and southwest. At these conditions, the
typical maximum concentration of PMip measured at a
distance of 8.4 km was in the range of 8-10 g/ m3.

The classes of atmospheric stability E and F appeared
during the night and the are correlated with minimal vertical
transfer of masses and energy. For that reason, these classes
are classified as stable and at these conditions the dispersion
of PM1oin atmosphere carried out in a thin layer of atmosphere
on the x axis at a significant height above the ground. For that
reason, the model predicted the highest concentration of PM1o
in the ground layer of atmosphere at a higher distance to TPP
“Maritza East 2" in comparison to the already discussed
classes. The model predicted the maximum concentration of
pollutant at classes of stability E and F at distance 15-25 km
from the source in the range of 4.8-5.6 ug/ m® and 0.46-1.2
Mg/ m3, respectively, (Table 6). The class E dominated in July
(23.8 %) and its appearance correlated with the southeast
wind. The typical atmospheric conditions connected with this
class were temperature and wind speed in the range of 19 - 22
°C and 11 — 15 m/ s, respectively. In the period October —
December, the atmosphere temperature and wind speed
dropped to the values within in the range of 13 - 2.5 °C and
1.8 - 3.6 m/s, respectively. The southwest wind determined
these atmospheric conditions.

The class F reflected the most stable atmospheric conditions
which appeared during the night. For that reason, this class of
stability dominated during the summer (July and August) and
December when the typical atmospheric conditions for the
relevant season had reached. For example, class F appeared
in the range of 38.8 — 41.1 % for the summer night. The
southeast and southwest winds determined the average
temperature and winds speed in the range of 21.3 - 25.6 °C
and 2.47 — 2.72 m/s, while in December the value were in the
range of 4.7-5.2 °C and 1.4 - 2.5 m/ s. In dependence on the
season, the wind speed at 135 m and the buoyancy induced
plume rise height (Ah) varied in a wide range: 20.1 — 49.8 m/s
and 59 — 33 m, respectively.

The radial dispersion of PM+o carried out on the x axis and
for that reason the pollutant concentration decreased signifi-
cantly at higher distance from the plume’s centerline (Figure
4).
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Fig. 3. Mean concentrations of PM1, in the below ground atmosphere (2
m) in dependence on the climatic conditions and the distance to TPP
“Maritza-East 2”
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Fig. 4. Mean radial concentrations of PM1y concentration in the below
ground atmosphere at a different distance to TPP “Maritza-East 2” in
dependence on the climatic conditions

The next task of that study was to determine at which
climatic conditions the concentration of PMio in the below
ground atmosphere could reach the relevant Maximum
Admissable Concentration of 20 g/ m3. That calculations were
restricted to classes of atmosphere stability B, C, and D for
whom the model predicted the highest concentration of PM1oin
the below ground atmosphere. The results shown that with
lowering the temperaure of atmosphere at these classes, the
wind speed (us) decreased too and the below ground
concentration of the pollutant increased. For example, at 5.4
m/s for class B and 152 m/s for class C the predicted
concentration were 11.2 and 13.3 pg/ m3. For class D, at the
lowest temperature of atmosphere, (9.9 °C) and value of 23.3
m/s for us, the model predicted below ground concentration of
of PM1o at distances of 6.25 and 8.4 km from TPP *Maritza
East 2” 13.00 pg/m3and 12.74 pg/m3, respectively.

These results shown that at the regular coal consumption (at
about 2075 t/ h) and operation of electroprecipitators at TPP
“Maritza East 2, the rate of fine particle (PM1o) emission to
atmosphere was 2.445 g/m3s. However, the pollutant
concentration was lower than the relevant MAC at all climatic
conditions at at all distance up to 25 km from the point of its
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emitting. If the power plant increased the coal consumption by
70-75 % on the hour base, the concentration of PM1o higher
than the relevant MAC would be measured at distances of 6.25
and 8.4 km and at unstable conditions of atmosphere (classes
B and C).

Conclusions

1. The southeast, south, and southwest winds with speed 0-2
and 2-5 m/s were the most typical winds for the area around
TPP “Maritza East 2” during the day and night for the period
of observation July — December 2015.

2. All kind of Pasquill's atmospheric classes of stability was
determined for the period of monitoring as the most typical
classes during the day were A and B, and classes E and F -
during the night.

3. The applied model predicted that at coal consumption of
2075 t/ hour, the higher concentration of fine particle matters
(PM10) in the below ground atmosphere could be expected
at distances of 6.25 and 8.4 km for atmospheric classes B
and C. The atmospheric conditions associated with class D
determined the higher concentration of pollutant at the same
distances to TPP “Maritza East 2”. However, the predicted
concentrations in all cases were considerably lower than the
relevant Maximum Admissable Concentration (MAC) with a
value of 20 ug/ md,
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