(2) Govemment Plicy on Reconstruction of Power Stations

The Hungarian Government carried out a study concermning abolition of over-aged

furnaces used in coal firing power stations and reconstruction projects in which

_environmental proteélibn and improving energy efficiency were taken into consideration.

It is presented below.

1)

2)

3)

Considering the o_i:tdated power station nctwork, the construction of separators and
filters, widely applied in West Europe (¢.g., desulfurization units, NOx filicrs) is not
justiﬁable in most cases either from technical or economic terms. The relatively
short "remaining life cyé_le" would questiori the implementation of such program of
several tens of billion HUF, as énvironmental investment projects. Therefore the de-
commissioning, reconstruction and conversion of fucl (¢.g., replacing coal with
natural gas, in most cases)'- o be implerﬁentéd during a period of patience, defined
by legislation, and expectedly prior to the end of the century - can be the most -
likely solutions um'il the turn of the _t:en_tury. ‘In additi_oh io these aciions, other
projects should also be implemented in the blocks that will continue to operate also
after the tum of the century : for the i)rotection of the environment. The capital
expéndilureslof' such projécté are estimated, subject to factors with great impact on
such costs, to be HUF 35 - 45 billion.

To retain the operational capabilitics of existing power station blocks that are
expected to function for longer time'alsé folléwing the turn of the century, such
blocks need to be wholly or partially reconstmcted. The said blocks will mostly be
ﬁring hydroéarbons.: But the réconstmclion of coal-firing blocks that can become
profitable units on the long run will also become inevitable (the cost frame of such
reconstrucltion projects can be quantified within a very wide band, subject to the
influencing factors, i.c., something like HUF 5 - 20 billion),

In the middle of the 90s, new capacities will be requi'red' for replacing the missing
import coal—ﬁring power generating capacities to be de-commissioned. The
requirement for a better controlled clectricity system will appear on iop on that.
Until the end of the 80s, the regularly received, reliable supplies imported from the
former Soviet region played a dominant role in the control and regulation of the
system, The said task can only be resolved by the construction of gaS turbine
power blocks, as required, that can be constructed within short lead time (i.c., 2 - 3
years). Within the framework of this program, construction of capacities capaible of
outbalancing the fluctuations of daily peaks and waves will also be addressed (in
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somne cases, peak shaving turbines).

4) 'The program of gas turbine development will involve the construction of blocks
with relatively low specific capital expenditures (only half or one-third in
comparison with the base load power station) and with smail per unit capacity, with
a total capacity of some 700 MW, (With the help of the construction of units with
small per unit capacity, demands can be more easily followed and met, as well as
mplacing imports can become simpler, through a flexible and gradual process. The
program will require capital investment in a speed and rate tolerable and
financeable by the country and the electricity sector. Therefore the figure

mentioned above is only for orientation.)

5) ‘Though the costs of fuel for the gas turbine power plants are higher than those of
the coal-firing or nuclear stations, the capital expenditure requirements arc
signiﬁcamly'lower (subject to the specific location and type, it could be 350 - 700
USD/KW). This type of power plant is the most favourable for environmental
aspects as well. The fuel of gas turbine power plants is mostly natural gas, whereas
during the winter season gas oil. In the case of combined heat supply, the said heat

production and electricity generation technology is capable to secure a very
favourable rate of efficiency, i.c., 80-90 %. Considering the fact that the said rate
of efficiency is more than twice higher than that of the traditional (condensation
type) power stations, the increase of hydrocarbon demands is relatively moderate.
This may case rise from the present 120 PJ up to 150 PJ by the tumn of the century
(and in the case of replacing coal-firing electricity generation capacities with natural
gés firing units, this rise can be even higher). This will undoubtedly be a very
critical element from aspects of the safety of supply and the present unilateral
dependency in natural gas import (as the difference of 30 PJ would represent an
additional volume of 1 bem natural gas). Diversification of gas import should be

an objective of the energy policy, irrespective of the said need.
2.3.5 Energy Prices

Table 2.3.11 shows the trends in prices of energy carriers in Hungary. Table 2.3.12 shows

currently effective tariff structure of electric current.



- Table 2.3.11  Encrgy Source and Energy Prices in January (HUF)

_ 1989 | 1990 1991 1992
Briguettes, Dorog-type (100 kg) 113.0 | 161.0 | 214.0 | 699.0
Fire-wood, unified price (100 kg) 1350 [ 193.0 | 256.0 [ 314.0
Natural gas (m3) - 324 | 392 | 5.1 7.8
LPG (kg) ' - 7.7 9.2 | 120 21.9
Household fuel oil (1) 8.0 9.2 | 119 21.2
Electric energy (kWh) ' '
day-time electricity : : o L
in Budapest & selected bigger towns 1.7% 1.7 2.45 3.7
in other towns 2.05 2.05 2.45 3.7
in villages 2.45 2.45 2.45 3.7
night-time electricity 0.9 0.9 1.3 1.9 | 3
Gasoline (1) _ : ’ L
normal, 86 octane-number 225 | 212 | 476 57.0
super, 92 octane-number | 240 287 | 506 | 60.0
Note : *For Budapest it was 1.25. ' '

Source ; A-14.
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Table 2.3.12 Electric Current Tariff Struciure

a)  Tariffs with demand charge (Effective from 1 November 19%0)

Day Peak Day Peak Night
' HUF/KW, year HUF/kWh
Voltage category: '
Grid 2,040 4,440 3.00 4.50 2.25
Principal distribution station 2,160 4,560 3.10 4.60 2.30
Medium voltage 3 times of use 2,220 4,620 3.20 7.70 2.35
Medium voltage No. 1 2,340 4,800 3.60 3.60 2.50
Medium voltage No. 2 1,260 2,520 5.50 5.50 2.60
Low voltage No. 1 2,460 4,980 3.70 3.70 270 -
Low voltage No. 2 1,320 2,640 5.70 5.70 2.80
Purchase from auto-producers - - 2.70 4.50 2,00
Railway traction : - - 3.15 3.15 3.15
Traction of trams - - 3.80 3.80 3.80
b)  General tariffs
Demand kVA Demand charge HUF/year
To 2.5 ' 1,440
To 3.5 _ 2,280
To 5.0 3,540
Over per kVA ' 720
Energy charge : 6.20 HUF/kWh
Energy charge of night - 3.00 HUF/kWh
¢)  Tariffs for households (Effective from 1 November 1993)
_ HUF/kWh
Universal for households _
from 0 to 50 kWh/month 3.70
51 - 300 kWh/month 5.30
over 300 kWh/month 7.50
Separately recorded by night = - ' _
from 0 to 200 kWh/month 1.90
201 - 1000 kWh/month 2.70
over 1000 kWh/month 3.50
Energy charge for public lighting 4.20
Demand charge for spotlight 9,600 (HUF/kW, year)
- Demand charge for high illumination 14,400 (HUF/kW, year)

d) Hourly Structure of the Time-calculation for Electric Current Tariffs

' Winter “Summer

Day 06.00 - 16.30 07.00 - 17.30
Peak 16.30 - 21.00 17.30 - 22.00
Night 21.00 - 06.00 22.00 - 07.00

Source : A-23,



2.3.6 Fuel Consumption in the Study Area

¢

Investigation of Fuel Consumpiioh in the Study Area
1) Objeétivcs

The Study Team mvesngated fuel consumpuon in the Smdy Area based on existing

documents, questionnaires and interviews.

Objects of the investigation were all consumers in the Study Area according to the
foliowing classification: o

- Major busmess cstabl:shmems (32 cstablishments)
- Medium business establishments having furnaces with more then 120 kW (103 200
kcal/h or 432,000 kJ/h) of capacity (130 establishments )
- Small business cstablishments having fﬁmaces with less than 120 kW of capacity
(1,857 establishments) _
- Communal consumers including the following:
i} household
ii) state and local government offices, institutions
ili) schools, kindergartens, institutions of public education
iv) institutions of health service |
v) other organizations not belonging to business establishments
- Motor vehicles

Investigation of fuel consumption was made for one-year period divided into two seasons:

- Non-heating scason : from April 1, 1992 to September.ii(), 1992
- Heating scason . from October 1, 1992 to March 31, 1993

2} Fuel C'onsumption by Business Establishments

Basic data necessary for determining fucl consumption of es!fab'lishrﬁe_ms'were collecied
on one hand from county authorities: of the Bureau of Environment Protection, the
Statistical Bureau and the Dircctory of Road Supervisioﬁ, and on the other hand, as basis
for comparison, from interviews and questionnaires filled out by major and medium

business establishments.
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3)  Fuel Consumption by Communal Consumers

Basic data concerning communal consumers ate available from the publications of the
BAZ County Statistical Burcau. These data are regisicred by towns and other settlements.
Basis for investigation of fuel consumption by the population was composition and the
number of the population,

Schools and kindergartens were identified by number of classrooms, irisﬁtutions of public
education and health service by number of Space. The rest are estimated values which
- were finally expressed altogether in number of flats according to the following

classification:;

- flats with gas pipes

- flats with propane-butane gas

- number of flats by the number of rooms in them

- number of flats having bathroom or other bathing facilities

Quantity of gas from pipelines provided for households was available from data by the
Central Statisticat Bureau by settlements, according to which summer time consumption is
10 % of that of the calendar year.

4) = Fuel Consumption by Motor Vehicles

The investigation was limited only Lo roads. Railways were ignored since lines with heavy

traffic are all clectrified.
Objects of the investigation were all iypes of motor vehicles as shown below:

- Cars
- ail types of busses

- trucks (single and long)
- motorcycles

As basis for determining the quantity of the consumed fucl, data of a total traffic
counting survey made in 1990 was used. Data on the 1692/93 traffic were calculated
using so called ratio values of traffic progress (applied planning values) concemning roads
tocated in the investigated area.

When calculating fuel consumption, fucl consumption rates for diesel or gasoline were
considered for various types of vehicle.

Total traffic volumes for summer and winter were estimated to be 55% and 45% of the

annual total volume, respectively.



5) - Result

Results of above investigations are summarized in Table 2.3.13. According to the Table,

business establishments account for 87% of the total energy Conéu_med in the Study Area.

The shares for communal consumers and motor vehicles are 9.5% and 3.6%, respectively.

Table 2.3.13 Result of Investigation of Fuel Consumption in the Study Area
Non-healing season 'Heating season | One year total

Apr. 92 - Sept. 92 | Oct. 92 - Mar. 93| Apr. 92 - Mar. 93
Solid (1) 1,135,453 1,456,592 2,592,045
, (G _ 27,414,938
Business Liquid @) 181,014 119,570 300,583
Establishments ) 12,121,938
Gas (1,000 m3) 803,129 1,121,343 1,924,472
(G 44,715,909
Total  (G)) 84,252,430
Solid () 13,083 423,031 | 436,114
Communal (GI) _ 6,105,600
Consumers | Gas (1,000 m3) 14,569 76,428 91,297
(G 3,104,098
Total 9,209,698
Motor Liquid (1) 45,850 37,514 83,364
Vehicles (GI) 3,502,010
96,964,138

Grand Total (GI)
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(2) Production and Fuel Consumption in Power Stations and Iron Factorics

The prominent energy consumers in the Study Area are three thermal power stations and
the DIMAG group iron maker factories. The fuel consumption during one year period
from April 1992 io March 1993 was as follows:

1) Borsod Power Station 10,333,129 GJ
2) Tisza I Power Station 14,426,355 GJ
3) Tisza Il Power Station 26,276,258 GI
4) DIMAG group 21,390,552 GJ

Total 72,426,294 GJ

In the total fuel consumption by business establishments in the Study Area at 84,252,430
GJ (see Table 2.3.13), the above total of the three power stations and iron factories
accounts for 86%. Therefore, the general trend of the fuel consumption by industries in
the Study Area can be well represented by these large fucl consumers.

Figures 2.3.12 through 2.3.15 show the yearly changes of fuel consumption and power
and heat generation in the power stations, and Figure 2.3.16 shows the annual change of

production by the DIMAG group faciories.

The total power and heat production as well as fuel consumption by three power stations
in 1992 was 60% of the peak year level (see Figure 2.3.15), and the production levels of
iron products in 1992 were 1/3 to 1/2 of those in peak years (sec Figure 2.3,16).

The decline of Borsod Power Station is the combined result of the recessed economy and
superannuation of the boilers, turbines, gencrators, etc., and its recovery of generation
activity with existing facilities is very unlikely. '

After 1991', Tisza Il Power Station increased its power generation with increased fucl
consumption, since neighbouring countries slashed their electricity exports to Hungary.

These three Power Stations and the DIMAG group factories arc largest emission sources
of air pb]lutants in the area. With regard to SO2 emission, these plants make up 95% of
the emission from factories in the area including small factories, and 85% even when

communal emissions are added.
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2.3.7 Future Energy Demand

Forecasts of future energy demand in the national level are available from the Ministry for
Trade and Industry (IKM) -and Hungarian Electricity Companies (MVM Rt.).

IKM's forecast (Ref. A-21) in 1993 for the year of 2000 was based on two factors: 1) the
average growth rate of the economy, and 2) the rate of annual reduction of average encigy

intensity. It is shown below.
The following were assumed:

3% (min.) - 4% {max.)
3.0% (min.) - 3.5% (max.)
2.0% (min.) - 2.5% (max.)

Annual average growth rate of GDP (1990-2000):
Annual reduction of total energy intensity (1990 - 2000):
Annual reduction of electricity intensity (1990 - 2000):

Then the forecast of demands for the year 2000 was made as follows:

Total energy demand: 1,200 PJ (min.) - 1,300 PJ (max.)

Electricity demand: 43 TWh (min.) - 46 TWh (max.)

MVM, considering above forecast as a guideline, studied future demand of electricity for
planning development of their power planis. They supposed three cases of increase in
electricity demand. The electricity demands forecasted are shown in Table 2.3.14 and Figurc
2.3.17.

Table 2.3.14 Future Electricity Demand Forecast by MVM Rt.

Case for Demand Increase 1993 TWh 1995 TWh 2000 TWh 2005 TWh
Low increase 33 37 42
Medium increase 33.5 33 40 46.4
High increase 36 45 54

“Source : Ref. A-24.
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Figure 2.3.17 National Electricity Demand Forecast by MVM Rt.
(Source : Ref. A-24) '

In the recent discussion with the Hungarian authorities including IKM and MVM, they

recommended the following figures for the future energy demand,

Annual average growth rate of GDP (1993-2000) Lo 1.5% (min.) - 2% (max.)
Annual reduction of total energy intensity (1990-2000) : 2.5% (min.) - 3.0% (max.)
Annual reduction of electricity intensity (1990-2000)  : 2.0% (min.) - 2.5% (max.)

Total energy demand (2000) : 1,100 PJ (min.) - 1,200 PJ (max.)
Electricity demand (2000) : 37 TWh (min.) - 40 TWh {max.)

Above minimum and maximum electricity demands correspond, respectively, to the cases of
low demand increase and medium demand increase referred in Table 2,3.14 and Figure 2.3.17.
More detailed figures for the case of the medium demand increase are shown in Table 2.3.15.

The ground for expectation of reduction of total energy or electricily intensity in above
forccasts is that Hungary has been less effective in reducing its total energy intensity than the
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majority of other industrialized countries as shown in Table 2.3.16, therefore, there are more
possibilities of reducing it by modernizing the cconomic system and by accelerating technicat

development,

Table 2.3.15 Forecast of Electricity and Thermal Energy Demand for Cardinal Years

(for medium increase of demand)

1995 2000 2005

Electric energy (1T'Wh) :
System demand. 33.0 40.0 46.4
Production by MVM Rt. 31.7 387 43.3
nuclear ' 13.5 13.5 13.5
coal 6.6 7.4 15.6
hydrocarbon 11.4 17.6 14.0

Thermal energy (PJ) :

Heat delivery by MVM Rt. 47.0 . 45.0 45.0
coal 15.1 13.8 8.9
hydrocarbon 31.2 30.5 35.4

Combustibles Requirements (PJ) .

Primary energy by MVM Rt. 382.4 418.5 453.2
nuclear 148.5 148.5 148.5
coal 88.9 88.9 137.9
hydrocarbon 145.0 181.1 166.8

Source : Ref. A-22. .

Table 2.3.16 Changes in the Electricity Intensity - An International Comparison

Rate of annual average change
1960 - 1980 1979 - 1989 1990 - 2000
%jycar_ Yofycar f%’;;,giit

Ausiria 1.5 0.0 -00.8
Denmark 10.0 0.6 0.0
Belgium 4.0 0.3 -0.3
Sweden 4.1 1.9 2.4
UK 2.6 -1.5 -0.9
France 4.0 1.8 -
1USA 2.9 -0.6 0.0
Japan 2.0 -1.1 0.7
Hungary 1.9 1.4 (-2) - (-2.5)

Source : Ref, A-20,






Chapter 3 ANALYSIS OF AIR QUALITY AND METEOROLOGICAL DATA

3.1 Qutline of Monitoring
3.1.1 Ambient Air Quality Monitoring

Locations of automatic monitoring stations for ambient air quality and meteorology in the
Study Area are shown in Figure 3.1.1. There were six existing stations (HI ~ H3 and EC1 ~
EC3) before the start of the present study. Stations H1 ~ H3 were cstablished by the Hungarian
authority to monitor the ambient air quality in Miskolc City, and stations EC1 ~ EC3 were
established by the PHARE (Poland and Hungary Aid for Reconstruction of Economy) program
of EC to monitor the ambient air quality in Sajo Valley. Measuring items at these stations arc
shown in Table 3.1.1. The data measured at these stations are gathered and controlled by

ANTSZ-BAZ.

In the Study, ten stations (JICA's monitoring stations) werc newly established to strengthen the
monitoring network in the Study Area. Their measuring items arc shown in Table 3.1.2. Their

characteristics arc as follows:

JE1 : Data measured here are considered to represent the background lcvel of
ambient air quality in the Study area in summer and to show the effect from the

household heating in winter.

JE2 : Data measured here are considered to represent the ambient air quality of the

southern industrial zone in the Study arca.

J1 : Data measured herc are considered to represent the background level of

ambient air quality in the Study area.

12 : Data measured here are considered to represent the ambient air quality of the

northern industrial zone in the Study area.

J3 . Data measured here are considercd to represent the ambient air quality of the
area affected by the northemn industrial zone under the condition of dominant

northwesterly wind.

J4 : Data measured here are considercd to represent the ambient air quality of the

suburban residential area.
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Measuring Items in Existing Monitoring Stations

Table 3. 1.1
Name of
Station Location -+ Measuring - liems
H1 ANTSZ-BAYZ, Miskolc $02 , NO, NO2 , NOg , CO, Dust, Wind,
- Temperature, Radioactivity Background
H2 Hospital, Miskolc S02 , NO, NO2 , NOy , CO, Dust, THC,
CHg -, NMHC, Wind :
H3 DIMAG Rt., Miskoic S0O2, NO, NO2 , NOy , CO, Dust, O3,
. THC, CH4 ; NMHC, Wind '
EC1 Biza-tér, Miskolc 502, NO, NQ2, NOyx , CO, Dust, O3,
THC, CH4 , NMHC, Wind, Temperature,
= Solar Radiation
EC2 Menttk, Sajészentpéter S0O2, NO, NO2 , NOy, CO, Dust, O3,
THC, CH4 , NMHC, Wind, Temperature,
Solar Radiation, Atmospheric Pressure
EC3 |Chemical. Secondary School,| SO2, NG, NO2 , NOx , CO, Dust, O3,

Kazincharcika

Wind, Temperature,
Solar Radiation-

Note: 1) Wind: Wind speed and wind direction _ .
2) Data acquired at Stations HI~H?2 are transmitted to ANTSZ-BAZ by telemeter system.

Table 3.1.2  Measuring Items in JICA Established Monitoring Stations

Name of : . :
Station L.ocation Measuring Items
JE 1 Vérosi Sportcsamok, 502, NO, NO7 , NOx , CO, HC(THC,
Putnok CH4 , NMHC), 03, SPM, Wind, Solar
' Radiation, Temperature, Humidity
JF 2 Tiszatit TSZ, 8502 , NG, NOj, NOy , CO, HC(THC,
Osrzlar CH4 , NMHC), O3, SPM, Wind, Solar
' Radiation, Temperature, Humidity
J1 Eszak-Magyarorszdgi Regiondlis 502 ,NO, NO32 , NOx
. Vizmi, Rudabdnya ' '
J2 Tikzoltosag, 5072 ,NO, NO7 , NOx
Kazincbarcika
J3 Eszak-Magyarorszdgi 408 Tiizépiclep, | SO2 , NO, NO3 , NOx
Berente
J4 Polgdrmesteri Hivatal Mellett, SOz, NO, NO2, NOy
Szirmabescnyt .
J 5 Kisfaludi U. 94 - Alfoldi U. 1 S07 , NO, NOz, NOx
Kereszieztidés, Martintelep
Jo6 Park, SO2 , NO, NO2 , NOx , O3, SPM
Gorémboly
J7 Kdéiziti Igazgatdsig, 5072, NG, NO2 , NOy ,
(JM 2) | Nyékladhdza Wind, Net Radiation
JM 1 Borsodi Hoerbmii Szennyviztelep, Wind

Mucsony

Notes: -1) Wind: Wind Speed and Direction
2) All data acquired arc transmitted to

ANTSZ-BAZ by telemeter system.



Is

Jé6

J7

M1

M2

Data measured here are considered 1o représem the ambient air quality of the
residential area in Miskole City, and to supplement the data measured at the

~ existing stations (H1, H2 and EC1).

Data measured here are considered to represent the ambient air quality of the

newly developed residential zone.

Data measured here are considercd to represent the ambient air quality of the

. area affected by the southern industrial zone under the condition of dominant

somheastcrly wind.

Data measured here are considered to represent the wind condition of the

“northern part of the Study area.

Data measured here are considered to represent the wind condition of the
southern part of the Study area and the radiation condition of the whole Study
area, The equipment arc installed in the same container of the J7 station.

Installation and sctting up of JICA's monitoring stations were carried out beginning in March
1993. Placement of container houses foi’_ 10 Stations JF1, JF2, IM1, J1, §2, J3, J4, 15, J6, and )7
(= IM2) was completed by the cnd of March. In April, preparation works were made for
installation of monitoring equipment, and some equipment uniis were installed. Equipment

units procured in Japan arrived on April 20 and were installed in the beginning of May. Afier
adjustment and calibration works, all of above stations were on full operation on May 15,1993.



3.1.2  Upper-layer Meteorological Observation

Meteorological observations of upper layer were conducted in four seasons as described below.

(1) Observation pericd

Spring : May 27 - June 2, 1993
Summer : July 17 - 22, 1993
Autumn : October 1- 6, 1993
Winter ; January 17 - 22, 1994

{(2) Observation sites
JF1 station (Putnok), 48.28° N, 2043°E
JF2 station (Osylér), 47.88° N, 21.03° E

{(3) Observation items _
Verical profiles of air temperature by low-level sonde
Vertical profiles of wind direction/speed by navigation electric waves

(4) Equipment
Low-level sonde and receiver : PC-CORA Radiosonde System(VAISALR Co.,
Ltd.) |
i) navigating radiosonde
i) radiosonde recciver
| iii) omega receiver (for receiving navigation waves)

iv) data processing unit

(5) Observation time
1:00, 5:00, 9:00, 13:00, 17:00, 21:00 as adjusted to be the same hours of
observation in other places such as Budapest.
The observations were made 30 times at each site.

(6) Observation height .
Up to 2,000 m from the ground with measurement at every 100 m.



3.1.3 Air'Quality Measurement at Roadside

In thig s'urvey, concentrations of NOx at roadsides were measured by a simplified method

aiming to investigate influence of automobile exhaust gases to roadside air quality.

(1) Points of Mecasurement

Locations of measuring points of NO and NO2 are shown in Figure 3.1.2. Details are as

follows

Both sides of 10 locations of roads with a total of 20 poinis. Besides, 3 pomts were

added in the No 4 location because of road intersection.

2 road Cross sections
Section A: Route 26, necar Sajoecseg

_ Section B K:han, near Kiss labomok ut.

Each section consnstmg of 10 pomts (5 points cach on both sides) v)ith a total of 20
points : O m, 10 m, 20 m 40 m, 100 m from the edgc
Decrement of the NOx concentration with distance from 1he road edge is to be

investigated.

5 points were selected from the locations of the automatic monitoring stations as
shown below to compare the results of the simplified and the automatic

measurements:

Kazincbarcika (J2), Berente (13), Manixlteicp (J5), Gordmbdly (J6), Ny€kladhdza (J7)

(2) Mcasuring Items and Method

Items; NO and NO2

Method:  Simplified method developed by Yokohama Environmental Science Institute.

Samplers were exposed for 3 continuous days, and were analyzed by
spectrophotometer to obtain 3-day average concentration.

(3) Measuring Times and Periods

The measurements were made twice: summer and winter. The sampling in the summer

was conducted during July 14 - 17, 1993, and that in the winter was conducted during
February 7 - 10, 1994,

3-6



A
by

o ”%. ’%ﬁ“\; S L
A ;

o

£l

b K

W NS ! Wk

%/f':” G Tate WA o sy
TN 1

e e y / t'

S (RN + =

oo
Secti

- A LT ¥, -
o AR e, 2
% 3

P
G,

,;/"';K'" %%‘ ‘ .
N Mo, 4 location consisting
of § points,

SoNTTT] e
N %A { /ﬁn/

Decrement ol The :
Concentration by Distance °

1 == 40 Along the Trunk Road

Cross Check Point

S N

7 ]

Figure 3.1.2 = Locations of Roadside Measurément of NO and NO2 by Simplified Method

3-7



'3.1.4 Measurement of Ambient Concentration of Mercury

The ambient concentration of mcréui'y was measured once per month dun‘ng' one-year period
from May 1993 to May 1994 as described below.

(1)

(2)

3)

Measuring Points

The measurement was conducted at 8 stations among the automatic monitdring'stations as
shown in Figure 3.1.1. The sampling points of TSP and Soil are also shown in the figure.

These 8 stations are as follows:

Rudabdnya (J1), Kazincbarcika (J2), Kazincbarcika (EC2), Szirmabesenyd (J4),
Manintelep (J5), _Gﬁr(imbbly (J6), Nyéklddhdza (J7), Berente (J3) '

Berente (J3) was added from the mcasurement in November, 1993. Additionally,
measurement was also made at the background point (Szentlelek) in September and
January, and at the BVK factory in Scptember,

Sampling Time
The sampling was made once per month for 24 continuous hours, The samp]i.ng periods

are as follows:

May 26 - June 2, 1993, June 21 - 30, July 20 - 23, .AI_.lgiiS[ 10 - 13, September 27 - 30,
October 13, - 16, November 23 - 26, December 14 - 17, January 25 - 28, 1994,
February 21 - 24, March 21 - 24, April 19 - 26, May 5 - 11

Sampling and Analytical Methods

Ambient air is taken into a collection tube containing a silver tip, thereby converting
mercury in the air to mercury amalgam. The collection tube is brought to the laboratory
and the concentration of mercury is measured by a flamecless atomic absorption

spectrophotometer.




3.1.5 Measurcment of Falling Dust

At present, there are 43 points established by ANTSZ-BAZ for measuring falling dust within
the study area. This report covers the data taken between April 1993 and April 1994,

(1

(2)

Measuring Points

Measurements are not always made at every measuring point, but a sufficient number of
measuring points have been used for determining the concentrations of falling dust in the

study area.

The breakdown of 43 measuring points is as follows :

Ozd 7 points
Kazincbarcika 5 points
Sajoszenipeter 2 points
Miskolc 24 points
Tiszadjvéros 5 points

Locations of these measuring points are shown in Figures D3.1.1 and D3.1.2 in Data

Book,
Methods of Measurement and Analysis
Sampling was made over a one~-month period by using dust jars made of polyethylene.

The collected dust is extracted with distilled water and classified as soluble or insoluble.
Water in the aqueous solution is evaporated, and the remainder is quantified by the

gravimetric method.

The results of measurement are indicated in g/m%/month (t/km2/month).
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3.2 Analysis of Automatic Monitoring and Meteorological Observation Data
3.2.1 Air Quality at Automatic Monitoring Stations

* The analytical !e_stﬂts of measured data at the nine automatic monitoring stations for the period
from May 16, 1993 to May 15, 1994 are presented below. Seasons are defined as follows:

Heating season : October 16 through April 15
Non-heating season April 16 through Ociober 15

(1) Outlines of Measured Data

The measured air quality data at all monitoring stations are summarizéd_by seasons in
Tables D3.2.1 (1) through D3.2.1 (5) in Data Book.

1)  Nitrogen Oxides (NOx, NO2, and NO)

The ambient air quality standards of the nitrogen oxides in the Study Area are
shown in Table 3.2.1. '

Table 3.2.1 Ambicnt Air Quality Standards of NOx (ppm)
Protected Area I Protected Arca 1I

(JF1,JF2,J1,J4,J5 J6,17) (32,13

Annual average 0.052 0.078

NOx 24 hours ave 0.078 0.108
30 minutes ave 0.105 0.209

Annual average 0.037 0.063

NO; 24 hours ave 0.044 0.078

30 minutes ave 0.052 0.105

Stations J2 and J3 (located in industrial areas) correspond to Protected Area 1I. All
other stations correspond to Protected Arca 1.

The measurement resulis of NOx and NOj at each siation by the evaluation periods

of the standards are shown in Tabile 3.2.2.



Table. 322 Measurement Results of NOx (ppm)

Protected Area I I I
Station JF1 JF2 J1 J2 J3 | J4 15 i6 1?7

NOx Annual Ave Q.Oll 0.096 0.01}1 0.033 0.017 6.016. 03%7 0.023 {70.0292‘_

24 hours Ave | 98% ' G g

. Max
30 minutes Ave | 98%
' Max IR EE AR DEELEY :

NO2 Annual Ave 0.007 | 0.004 0,008 0.020 0.01210.011] 0.0i6] 0.0131 0.016

24 hours Ave 98% {0.016) 0.012} 0.014] 0.0371 0.0623

. Max | 0.021} 0.021 | 0.025] 0.047] 0.040 B

30 minuies Ave | 98% | 0.02: | 0.032 0A042 0.040

Max | 0.079 |

| : Over Ambiant Air Quality Standard

i) NOx

- A high concentration of NOx was observed at Stations J2, J5, and J7. The annual
average value at Station J2, the station having the highest concentration, was
0.033 ppm,

- The annual average values at all stations satisfied the ambient air quality

standard.

- The annual 98% values (hereafter referred to ‘as "the 98% value™) of the daily
average at Stations J5 and J7 exceeded the ambient air quality standards.

As for the maximum daily average values, those at Stations J2, J5, J6, and J7

exceeded the standards.

- The 98% value of the 30 minutes average at Stations J5 and J7 exceeded the
ambient air quality standalrds. The maximum values of the 30 minutes average
were recorded during the héating season. The maximum values of .304 ppm ai
Station J2 and 0.297 ppm at Station J5 greatly exceeded the ambient air quality
standards of 0. 209 ppm.

- At ail stations, the NOx concentration values during the heating season exceeded
| those of the non-heating seéson. The values ddring the heating season were
from 1.3 to 2.7 times those of the non-heating season. In particular, the
concentrations at Stations JF1, J4, and J5 (stations in housing areas) became very
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high during the heating season.
ii) NO2

- The highest anm_xai average value of 0.020 ppm was observed at Station J2. The
second highést annual average value was 0.016 ppm at Station J5. Both values
were below the ambient air quality standards for each area.

- The 98% vmﬁes of both the averagc daily and 30 minutes average were below the
ambient air quality standards at all stations. But, the maximum values of the
daily average congentration exceeded the ambient air quality standards at some

_ stations. . At all stations except J1 and J3, the maximum 30 minutes values
excecded the ambient air quality standafds. |

As indicated above, the values for short evaluation times, i.¢. the déiiy and 30

minutes average values, exceeded the ambient air quality standards. -

The seasonal and hourly variations were large indicating a very high
instantancous concentratiofi.

- The rate of NO2 in NOx (NO2/NOx) of the annual average value was in the range
of 0.53 (at Station J7) to 0,74 (at Station J1) as shown in Table 3.2.3. But, the
ratio during the heating scason lowered to the range of 0.48 (at Station J7) to
0.71 (at Station J1). 1n particular, there was a signiﬁcént reduction of the NO2
ratio at such stations as J2, J5, and J7 where very high concentration values were
observed. This 'phcnomenori is thought t0 be caused by the decrease of the
amount of solar radiation and the O3 concentration duﬁng the heating season,
thereby decelerating the oxidization prbcess to produce NO», '

Table 3.2.3 Ratio of NO2 to NOx

MONITORING STATION

Kind of Value 1K1 IF2 J1 12 13 14 15 16 17

All season 0.69 | 0.73 ] 0.74 | 0.61] 0,72 | 0.65 0.57. 0.57 | 0.53

Non-heating season 071 0731 080 ]| 071 ]| 0.83 | 0.77 | 0.68 | 0.63 | 0.60

Heating sesson 0.68 { 0.70 | 0.71 | 0.55 ] 0.66 | 0.61] 0.531 0.53 | 0.48

- The rate of concentration increase of NO, the primary product of combustion, in
the heating season was greater than that of NO; as shown in Table 3.2.4. The
variation of the NO concentration by the scasons is greater than that of NO, in
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both the 30 minutes average and the daily average values, since the NO

concentration is greatly influenced by nearby pollutant sources.

Table 3.2.4 Ratio of Conceniration (heating / non-heating scason)

_ MONITORING STATION
KindofVaie | R0 | gr2 | n | 32 | 33 | 54 | 35 | 36 | y1
NO 2.65] 1.54 | 238 | 2.47 | 313 | 432 | 3.47] 2.79 | 1.90
NO2 2571 124 | 138 | 1.26 | 1.40 | 2.01 | 185 | 1.82 | 1.18
NOx 2691 1.29 | 1.57 | 164 1.75 | 2.55 | 2.40 ] 217 | 1.47
Table 3.2.5 Cocfficient of Variation (30 Minute Value : ¢ / mean)
MONITORING STATION
- Kind of Value il | o d 2l | ga ] a5 | g6 | 37
NOo | 1.25)1.5611.90)1.65]|1.88] 176 1.88 | 1.45| 1.55
Al season NO, | 0.78 | 1.09 | 0.58 | 0.56 | 0.64] 0.68 | 0.69 | 0.73 | 0.63

wox | 0.841 1.10 | 0.79 | 0.88 | 0.88] 0.91] 1.10] 0.95 | 0.96
o | 0901 1.54) 2000 1.72] 2271 2.00]2.21]1.28] 1.68
Non-heating season | NOy | 0.81 | 1.11 ] 0.58 | 0.61 | 0.65] 0.66 | 0.73 { 0.68 | 0.65
NOx [ 0.75 | 1,08 0.73 | 0.83| 0.83| 0.82 } 1,07 | 0.83 | 0.93
NO | 1.12] 145 1691 1.42 1 1.54] 137 11,53 ] 1.23 | 1.39
Hoating season NO, | 6.551] 1.08 | 0.54 1 0.50] 0.57] 0.53 | 0.56 | 0.64 | 0.60
Nox | 0.6211.071 074 ] 0.82] 0.80] 071 ] 093] 0.82]0.92

Table 3.2.6 Coefficient of Variation (24 Hour Value: ¢ / mean)

N MONITORING STATION
Kind of Value Pl k2 | |2 | 93 | va | a5 | 36 | 17
No | 086075 0,96 1.06] 1.19] 114 1.19] 0.92 ] 0.89
Al season N0 | 0.61]0.70| 0.43 | 0.40 | 0.45] 0.53 | 0.54 | 0.55] 0.43

Nox | 0.65 | 0.68] 0.48 | 0.60 | 0.61] 0.67} 0.77 | 0.66 | 0.61
NO | 0.45] 0.54 | 0.75 | 1.19 ] 0.91] 1.42§ 1.26 | 0.58 | 0.81
Non-heating season NOy | 0.48 § 0.45 0.4i. 0.45{ 0411 0.43] 0.47 | 0.33 | 0.39
NOx | 0.46 | 0.42 | 0.43 | 0.64 | 0.45] 0.58 | 0.64 | 0.39 | 0.52
NO | 0.70] 0.75]0.82 [ 0.84{ 0.96] 0.77 | 0.89 | 0:73 | 0.80
Heating season NO, | 036 0.81[0.38 | 0.32] 042} 038 ]0.42| 0.47 | 0.45
NOx | 0.41] 0.75 1 0.43 | 0.49| 0.55] 0.44: 0.60 | 0.53 | 0.59
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2)  Sulfur Dioxide (SO2)
The ambient air quality standards of $O2 in the Study Area are shown in Table
3.2.7.
A summary of the medsured SOz values for each standard evaluation time are
shown in Table 3.2.8
Table 3.2.7 Ambient Air Quality Standards of SO, (ppm)
Pfotectcd Areal Protected Arca I
(F1,JE2,11,34,15,6,37) (2, 13)
_ Annual average {.026 0.038
S02 24 hours ave 0.056 __0.113
30 minutes ave 0.094 0.150
Table 3_.2.8 Summary of Measured Results of SO * (ppm)
Protectod Area 1. -1 o I
Station JEL LV JF2 | o | J2 | 33 ) d4 ) 35 |36 | 47
50, Annual Ave i 0.009 1 0.006 | 0.016 | 0.016 | 0.009 0.014] 0.009 | 0.009
24 hours Ave . 0. 0,060
30 munites Ave

: Over Ambiant Air Quality Standard

- The highest SO; concentration was obsc_rved at Station JFI that was located in a
housing area. The annual average value was 0.028 ppm which exceeded the
ambient air quality standard. 'Thc 98% valucs of both the daily average and the
30 minutes avcia’ge values exceeded the ambient air quality standards.

- The next highest SO, concentrations were observed at Stations J2 and J3 that
arc located in industrial areas and at Station J5 in a heusing area. But the
annual average and the 98% values of thé'dai'ly average and the 30 minutes
average at those stations were lower thén the ambient quality standards.
However, at seven of the nine stations, the maximum daily average values
exceeded the ambient air quality standards. The maximum 30 minutes values
exceeded the ambient air quality standards at all stations.



- The seasonal variation of the SOy concentration was larger than that of the NOx
concentration. In particular, the SQg concentrﬁtions at Stations IF1, 4, and J5,
located in housing arcas, greatly increased during the heating season as shown
in Table 3.2.9. This phenomenon is thought to be attributed to heating of

individual houses.

Table 3.2.9 Ratio of Concentration {heating/non-heating season)

MONITORING STATION

Kind of Value JF1 JE2 ‘J.l J2 I3 14| I I6 I7

502 6.26 | 1.51 | 3.79 | 2.37 | 3.46 | 6.46 | 5.80 ] 4.70 | 3.92

- As for the coefficient of variation (standard deviation o/mean), there is a
| tendehcy that it is greater in the industrial areas than in the housing areas (see
Table 3.2.10). In particular, during the non-heating season, the éoefﬁcien_ts of
the variation of hourly values at Stations J2, J3, and JF2 (located in industrial
areas) were in the range of 2.4 to 2.9 which were greater than those at the other
stations where the values were less than 2.0. It is believed that the high
concentrations of SO are caused by large-scale emission sources under certain

wind directions and speed.

Table 3.2.10 Coefficient of Variation (30 Minutes Value : ¢ / mean)

MONITORING STATION
Kind of Value JF1 JF2 J1 J2 J3 J4 I5 J6 37
All season 1.32 2.33 1.93 | 199 | 1.72 | 177 1.42 ] 2.01 | 1.26
.. Non-heating season] 1.29 | 288 1.96 | 2.46 | 243 ] 1.85) 1.13 ] 1.85 | 1.1
Heating season 0871 197} 157 1 1.65| 132 1.25} 1.02 ] 1.51 | 0.95

3)  Carbon Monoxide (CO)

The concentration of carbon monoxide was measured at Stations JF1 and JF2. The
‘annual average values were very small: - 0.5 ppm at Station JF1 and 0.2 ppm at
Station JFZ. The 30 minutes values were relatively high, but the maximum value at
Statidn JF1 was 3.6 ppm which was far less than the ambient air quality standard of

8.6 ppm.

The concentrations during the heating season were higher than those during the



4)'

3)

rion-heating season. Even though the concentrations. were generaily low, the

seasonal variation is evident.
Ozone (O3)

'The ambient air quality standards of ozone are 0.05 ppm for the daily average and
0.055.ppm for the 30 minutes average.

The ozone concentration was measured at Stations JF1, JF2, and JF6. The 98%
values of the daily average were in the range of 0.029 o 0.03¢ ppm which are
below the ambient air quality standard. However, the 98% valucs of the 30 minutes
'avérage' were in the range of 0.084 to0 0.114 ppm which is above the standard value.

In general, the ozone concentration increases during the non-heating season when

the amount of solar radiation is larger.

Suspended Particulate Matter (SPM)

The SPM was measured at Stations JF1, J¥¥2, and J6 which beloﬁg to Protected Area
L

The ambient air guality standards of SPM in Protected Area I are 0.05 mg/m?3 for
the annual average, 0.10 mg/m3 for the daily average, and 0.20 mg/m? for the 30
minutes average.

At cach station, the measured annual average value was in the range of 0.022 10
0.026 m_g/m3, the 98% value of the daily average was in the range of 0.062 to
0.072 mg/m3. and the 98% value of the 30 minutes average was in the rahge of
0.065 to 0.087 mg/m3. These values arc below the ambient air quality standards,

All of the maximum daily average values were less than 0.10 mg/m3. All of the
measured values except the maximum 30 minutes values satisfied the ambient air

standards.

The niaximum value of the 30 minutes average measured at Station J6 was as high

" as 0.7.52 mg/m3,

The SPM concentration during the heating season was higher than those during the
non-heating scason. The effect of house heating was noticeable.




6) Hydrocarbons (HC)

The concentration of hydrocarbon was measured at Stations JFL and JF2. The
annual average values of methane that is, to a great extent, contributed by natural
sources were 1.76 p’me at Station JF1 and 2.11 ppmC at Sf_ation JF2. The
deviation (o) of the 30 minutes values and.the annual average values at both stations

were small and the seasonal varialions were not scen.

The high concentration of non-methz_me'hydrocarbon_s (NMT) that is normally
originated from man-made sources was observed at Station JF2 located near an oil
refinery and petrochemical complex. The maximum value of the daily average was
1.16 ppmC, and the maximum value of the 30 minutes average was 5.54 ppmC.

These maximum values are far below the ambient air quality standard in Protected
Area 1. The ambient air quality standard for the daily average is 3.0 ppmC and that
for the 30 minutes average is 10.0 ppmC.

(2) Varation Characteristics of Air Pollutant Concentrations
1)  Daily Variation

The daily variations of NO, NO3, NOy, SO2, CO, O3, and SPM concentrations and
air temperature are shown in Figures D3.2.1 through D3.2.8 in Data Book.

- The figures show the large daily variations of NO and SO2. During the heating
season, the concentrations as well as the variations of NO and SO increase. As

NOg is a secondary product, the daily variation of NOz is smalicr than those of
NO and SO4.

- As shown in Figures 3.2.1 and 3.2.2, particularly high concentrations of SO3 and
NOx were observed toward the end of November. In particular, very high daily
average concentrations of SO3 at about 0.2 ppm were observed on November 28
at Stations J¥1, 32, 13, J5, and JF2,

- The level of CO is normally low, but it becomes higher during the heating
season. The level of SPM is also higher during the heating season. The O3
concentration becomes lower during the heating season when the amount of

solar radiation is smaller.
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2)

3)

4)

- ‘The daily average air temperature below 0°C started to appear in the late October
and the cold temperature continued until late February. The daily variation of
SO9 well corresponded to the temperature variation. When the temperature was
below 0°C, a high concentration of SO, appeared. This is considered to be the
effect of house heating.

Day of the Week Variation

The day of the week van‘aﬁons of NOy and SO concentrations arc shown in
Figures D3.2.9 and D3.2.10 in Data Book.

- Practically no day of the week variations of NOx are seen at st_atibns’ where
concentrations were low. However, at Stations §2, J5, and J6 where relatively high
concentfations were observed, the concentration tends to decrease on Saturdays
and Sundays. It is believed that this phenomcnbn is related to changes in vehicle

traffic volume.

- The day of the week variation of SO, concentration varies from station to station. '
it is believed that the SO7 concentration is influenced by operating conditions of

each pollutant source factorics affecting cach station.
Monthly Vatiation

The monthly variations of pollutant concentrations are shown in Figures 13.2.11
through D3.2.15 in Data Book.

- Among nitrogen oxides, the monthly variations of NO are greater than those of
NQO;. In paricular, the monthly variations at Stations J2, J5, J6, and J7 are large.

- S0 concentration becomes higher during the October through March period.
Large monthly variations of SO3 concentrations were observed at Stations JF1,

J4, J5, and J6 which are located in housing areas.
- As for SPM and CO, the monthly variations at Station JF1 were particularly large.
Hourly Variation

The hourly variations of pollutant concentrations during the heating and non-
heating seasons are shown in Figurcs D3.2.16 throngh D3.2.22 in Data Book.




- The hourly variations of NO concentrations were very large at Stations J2, J5, J6,
and ¥7 which are located near major roads. These stations have two different
hourly variation patterns: the non-heating scason having one peak at 6:00 a.m.
and the heating season having two peaks at 6:00 am. and 6:00 p.m,

- The NO; concentiation has a milder hourly variation than the NO concentration.
The nature of NO3 being a secondary product is considered to be the reason for

this tendency.

- The hourly variation of the SO; concentrétion varies from station to station. The
houtly variation of Station JF1 (located in a housing area) has a pattern showing

_ two remarkable peaks. Those at Stations J2 and J3 (located in industrial areas)
and JE2, which is affected by the pollutant source of a large thermal power plant,
have two different patterns: onc peak in the non-heating season in which the

concentration begins to increase after 9:00 a.m. and lowers by 3:00 p.m., and
two peaks in the heating season (one in the morning and another from around

17:00 which continues throughout the night).

- ‘The hourly variations of SOy concentration at other stations have a tendency to
show a high concentration from 18:00 through 0:00 during the heating season.
House heating is believed to be the reason for this tendency. '

- ‘The hourly variations of SPM conccntration' during the non-heating season show
morning and evening peaks only at Station J6. The peaks are generally small,
During the heating season, the hourly variations at Stations JF1 and J6 show two

remarkable peaks. These variations are thought to be caused by house heating.

The SPM concentration at Station JF2 shows no hourly variation even during the

heating season.

- The O3 concentration became higher during daytime and lowered during
nighttime at all three stations; the correlation between the concentration and the

amount of solar radiation is significant.
(3) Appearance Frequency Distribution of Air Pollutant Concentration

Analysis of the appearance frequency distribution of air pollutant concentration provides
valuable suggestions for presuming pollutant sourccs affecting a station and for

unerstanding characteristics of the station in air polution.
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Comparison of the characteristics of different stations and comparison of the appearance
frequency distributions of different air pol_luténts in different seasons at each station were
‘made by plolling the appearance frequency of the 30 minutes values on the logarithmic
nOnnal.probability chart or the normal probability chart.

If the plotted cumulative frequency curve on a probability chart forms a straight line it
can be considered that the frequency distribution follows that type of disiribution, e.g. the
logarithmic normal distribution or the normal distribution. The slope of the straight line
indicates the degree of scattering of the distribution. A small slope indicates a large
degree of scattering. In general, when air poliuta'nt concentration is I.argely affected by a
specific pollutant source, the frequency distribulioﬁ has a large scaitering and is reflecied

by a line having a small slope.
1)  Comparison of the Appearance Frequency Distribution Between Stations

The comparison of the cumulatwe frequcncy distribution of the 30 minutes average
concentration of each pollutant at different monitory stations are shown in Figures
3.2.3 through 3.2.9.

As the ﬁppearance frequency dlstnbunon of 03 concentration generally follows the
normal dlstnbuuon pattem better thar it follows the logarithmic distribution patiern,
the measured 03 conceniration values were plotted on a normal probability chart.

The appearance frequency d_iéiribulions of concentrations of other poliutants
generally follow the logarithmic normal distribution pattem.

Following are the characteristics of the appearance frequency distributions of the

major pollutants: NOy and SO;.

- According to the appecarance frequency distribution of NO shown in Figure
3.2.3, the straight lines for stations J2, J5, and J7, where high concentrations were
observed, have small slopes that indicate large scattering of concentrations.

The cumulative frequency distribution curves of Stations J2 and J3 are concave.
It is considered that the curves indicate a difference of pollutant source
characteristics from those at Stations J5, J6, and J7 where the curves are nearly

straight.

- As for NOy (see Figure 3.2.4), all of the culﬁulalive frequency distributions,



except for the one at Station JF2, have lines that are almost straight. The line
slopes are practically identical. These slopes are greater than those for NO
indicating smaller scattering and smaller differences from station to station.
According to the distribution curve of Station JF2, the distribution tendencics at
the high and low concentration zones are different providing a hint that affecting

pollutant sources in these zones are different.

For NOy (see Figure 3.2.5), all the cumulative frequency distributions, excépt for
the one at Station JF2, have lines on the logarithmic normal probability chart that
arc practically straight. The high concentrations were observed at Stations J2, 35,
and J7 where 3% of the concentration values in the ycar exceeded the ambient
air qualily standard of Protected Area I (Station J2 is regarded as Protected Area
iD).

As seen in Figure 3.2.6, all the appearance distributions of SOz have smaller
slopes than those for NO. The scattering of the distributions is large as that of
NO.

The distribution carves of Stations JF1 and J5 look like concave. It is considered
that the curves are composed of two distribution patterns because of the large
difference of concentrations during the heating and non-heating scasons,
Characteristics of the curves in each station are described in Section 2) that

follows_.

The distribution at Station JF2 shows a very unique pattern in comparison to
those of other stations. The cumulative frequency distribution is composed of
two straight lines connected at 30 ppb. The slope of the straight .line in the high
concentration zone is smaller (indicating a larger deviation) than the one in the
low concentration zone. It is considered that the distributions in the high and
low conc'entration zones are affected by different pollutant sources.

The high_est concentration was observed at Station JF1 where 5% of the 30

minutes values in the year exceeded the ambient air quality standard.
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2)  Characteristics of the Monitoring Stations Indicated by the Frequency Distribution
of Concentration

The cumulative frequency distributions of the 30 minutes average concentrations of
major pollutants, such as NO, NO3, NOy, and SO; at é_ach station during the heating
and non-heating seasons are shown in Figures 123.2.23 through D3.2.31 in Data
Book. '

The stations can be classified into the following groups according to the location

characteristics:

i) JF1,J1,J4,15,J6 : Located in housing arcas and not affecied by

particular pollutant sources.
i) J2,)3 ' : Located in industrial areas.

iii) JF2 :  Located in a farming area but affecied by certain large
pollutant sources.

iv) J7 ' » Located along a major road.
The characteristics of each group are as follows:
i) Stations JF1, J1, J4, 15, and J6

- There are no large poliutant sources nearby these stations. Except for Station J1
where there are no houses around, the stations are located in ordinary housing

arcas. The appearance frequency distributions of pollutant concentrations at

these stations have very similar distribution patierns.

The cumulative frequency distributions of NO and $SO7 concentrations have
small slopes, indicaling large distribution scatiering. The distribution patterns of
both the heating and non-healing scasons are about the same. There is a
remarkable increase of $Q2 concentration during the heating scason at all of

these stations.

- The seasonal variation of NO; concentration is small compared to those of other

pollutants.

- The appearance frequency distribution curves of S0, conceniration at Stations
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J1, J4, 15, and J6 during the non-heating scason have small slopes in the high
concentration zones. The distributions have large scattering. This phenomcnon
is mainly attributed to the effects of a small number of pollutant sources during
the non-heating season. These graphs show the characteristics of the hourly
variation in which a high concentration appears instantancously under the
.continuous low 503 concéntration by ceriain weather conditions, such as

particular wind directions,
ii}  Stations J2 and J3

The characteristics of the appearance frequency distribution graphs of pollutant
concentrations observed at these stations located in industrial areas can be

summarized as follows:

- The seasonal variations of nitrogen dioxide concentrations are small,
Particularly for NOg, although the concentration.is higher during the heating
season in the low concentration zone, there is little difference between th{a heating

and non-heating seasons in the high concentration zone,

- The appearance frequency distributions of S0 during the heating and non-
heating scasons are very different. During the non-heating season there is a
large scaltering in the high concentration zone bordcring with 10 to 20 ppb. As
described above, it reflects instantaneous high concentrations caused by certain

stationary pollutant sources.

i)  Station JF2

Station JF2 is believed to be affected by ck;r[ain stationary pollution sources. The
appearance frequency distributions of pollutant concentrations observed at Station

JE2 have the following characteristics:

- ‘The conceniration of NOy obscrved at Station JF2 has a small seasonal variation

compared with those at the Station J2 and J3 group.

- The appearance distribution of the SO, concentration shows very particular
characteristics. The cumulative frequency curve bends to sepafatc into two
different appearance distribution patterns not only in the non-heating scason but
in the heating scason as well. It indicates the strong effects of stationary

poltutant sources throughout the year.
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- Further for SO, the frequency of the appearance of high concentration is higher
during thc non-heating scason than during the heating season. This
phenomenon is considered to be related to weather conditions; in particular, to

the stabilify of the 'atmosphere.

- Ih gehe’rﬁl. the maximum ground-level concentration of a pollutant emitted from
a high smokestack becomes higher ymdcr:unstablc atmospheric conditions
(stability classes A through C) than under stable atmospheric conditions (E
through G).

The location where the maximum ground-level concentration occurs during an
unstable atmospheric _c:ondiii_on is normally closer to the poilutant source than
that during a stable atmospheric condition. The distance from the source to the

maximum concentration location during an unstable atmospheric condition is in
the range from a few hundred meters to several kilometers, while that during a

stable amiospheric condition is more than several kilometers.

- During the non-heating season, atmospheric conditions normally become
unstable. Pollutants from the Thermal Power Stations in Tisza causes a high
pollutant concentration at Station JE2. As the atmospheric conditions during the
heating season become more stable, it is believed that the location of the
maximum concentration on the ground becomes further from the poliutant

* source and the appearance frequency of high concentration becomes lower than

that during the non-heating season.

iv)  Station J7

The characteristics of the concentration appearance distributions observed at Station

¥7 that is located along a major road are as follows:

- The seasonal variations of nitrogen oxides, particularly NOy, are very small. The
reason for this is considered that the major pollutant sources are automobiles and
the scasonal variation of the poltutant emissions from these vehicles is smaler

than those from house heating.

- The seasonal variation of SOz concentration is great. The appearance
distribution patter of SO2 concentration rescmbles those observed at the station
group located in housing areas. As thc_re'is a housing area developed around
Station J7, it is believed that house heating affected the appearance distribution
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pattern.
(4) Correlation Analysis of Pollutant Concentrations

To understand the pollutant source characteristics at each monitoring station, and
similarity of conditions of the pollutant dispersion ficlds and pollutant sources between
the stations, analyses were made on the correlation betwecn'tht_z pollutant concentrations at
each station, and on the correlation between the stations for each pollutant.

1)  Correlation Analysis of Pollutants.

| By obtaining the correlation coefficient of the concentrations (30 minutes values)
of two pollutants, it is possible to evaluale whether or not they are affected by the

same pollutant source.

Tables 3.2.11 and 3.2.12 show the correlation matrix of pollutants at Stations JF1
and JF2 that have vastly different characters. '

- At Station JF1, it is quite natural that the correlation coefficients of NOy and NO,
and NOy and'NOg are large. The coefficients of correlation between each others
of three pollutants, SO2, NOy, and CO also exceed 0.8 in the year. The
correlation coefficients of SPM versus SOz, NOy and CO exceed 0.7.

- As the above tendency is seen only during the heating season, it is considered
that the main pollutant source for Station JF1 during that season is house heating
and it greatly affects not only the SO; concentration, but also NOx, CO, and SPM

concentrations,

- At Station JF2, the correlation coefficients of pollutants are small, other than each
others of nitrogen oxides (NO, NOj, and NOy) and of hydrocarbons (CH4,
NMT, and THC). The correlation coefficient of SPM and CO becomes larger
during the heating season. But the correlation coefficients of all other pollutants

are small and do not vary by seasons.

- At Station JF2, the correlation coefficient of SO; and NOy (the main pollutants) '
is small at only 0.462 even during the heating season. Thus, the main sources of
S0, and NOy are evidently different. It is believed that the SOy source must be
the Tisza 1 Thermal Power Station and the NO, sources must be the oil refinery

and the petrochemical comf;lcx.
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Table 3.2.11 Coefficients of Correlation Between Pollutants

o (JF1 : 30 minutes _all season )
NO2 I'NOK S02 cO a3 SPM CH4 i NMT | THC

Poliutant NO |
NO 1 .OOO{)E )
NO2 0.5288

1.0000)

1.6000

8
-0.3693 1.0060
-0.4145
0.651 -0.6391 1.0000

0.5921]
-0.3996

0.4797
0.6543:

. S : (JF1 : 30.minutes non-heating season )
Pollutant NO j NO2 NOx 502 Co 03 SPM CH4 [ NMT | THC
NO | 1.0000

NO2 0.3960  1.0000

1.0000 -
_so2 | 03047 04760] 0.4898]  1.0000
co 03562] 0.6911] 067870 05178  1.0000
03 | -0.3015] -0.4307] -04619] 0.0064] -0.1924] 1.0600

SPM 02120; 03552 03630  03092] 04731] 00322] 1.0000|
CH4 03758 05811 05919 02339] 04045 -04805 ©.1905]  1.0000
TONMT | 02878 0.3940] 04406 02635 04860 0.1749] 0.4147| 0.0953
THC 04089 0.5856! 06313 03233 05911 -0.0539 04402 0.5056

1.0000

. ( JF1 : 30 minutes heating season )
Pollutant] NOQ NO2 | NOx SO2 Co 03 SPM CH4 | NMT | THC
NO 1.0000
NO2 | 04402] 1.0000
NOx
$02
e
03
SPM
CH4
NMT
THC 0.4909

-0.4455

1082 r >0.7

oy 08
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Table 3.2.12 Coefficients of Corrclation Between Pollutants
' ( JF2 : 30 minutes _all season )

Pollutant| NO | NO2 NOx | SO2 Co 03 SPM | CH4 | NMT | THC
NO | 10000 - .
NO2 | 05837 1.0000{ =
NOx o Too00] B
sO2 0.3108] 03895 04018 1.0000 - | S

CO | 03052] 04416  04372| 02102 1.0000 T ;

03 032711 -04578] -04601] 0.0036] -04320[ 10000] . i}

SPM 0.2060] 0.3798| 03556/ 0.1820] 0.5566| -0.2583] . 1.0000
CHa | 02717] 03383 03486 0.0096 0.2597| -03838) 02330 1.0000]
NMT | 70.1456] 02964] 02700 0.0497] 02484 -0.2461] 0.1724] 02071  1.0000
THC | 02699 04116] 04013] 00365] 0.3258] -0.4115] 0.2616

: . : - (JF2 : 30 minutes non-heating season )
Poliutant}] NO "NO2 | NOx | S02 - CO 03 SPM CH4 | NMT | THC
NO 1.0000 ' :

NO2 | 05701} - 1.0000

1 8] toooo| | g R
s02 | 0.2660[ 0.2810] 03055 1.0000{ g
CO | 00808 01363 0.1319] 00532] 1.0000; . i L
03 | -0.3185] 04350 -0.4437| 0.1549] -0.1204/ 1.0000}.

SPM | 00421] 0.1084] 00956 0.0181] 0.0264| -0.0105
Chd4 | 03739] 03536] 03975] -0.0866] 0.0356] -0.3899
TNMT | 01149] 030100 0.2647) -0.0130] 0.1557{ -0.1962
THC 03380 0.4211] 04353] -00753] 0.1038] -0.4002

1.0000!
06814 £.0000

( JF2 : 30 minutes _heating season )

Pollwant NO NO2 NOx S02 CO 03 SPM CH4 | NMT ;| THC
NO 1.0000 %
NO2 | 05853 1.0000 - i o B
NOx 1.0000 N N
802 04622|  1oooo| | ~
CO 0.5814] 02665

O3 | -03114] -04754] -0.4663f -0.0992)
TTSPM | 02723 05590]  0.5092  0.2890 00( -
CH4 | 02009 03298 03154]  0.1014 0.4066]  1.0000! |
TNMTE 003870 028100 0.2558] 00704] 0.2380| 02522 0.1969] 0.1939)  1.0000!
TTHC | 702159 03946] 0.3677]  0.1103]  0.4325] CORI50]  1.0000
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Table 3.2.13 Cocfficients of Comelation Table 3.2.14 Coefficients of Correlation
’ Between Pollutants Between Pollutants

( J3: 30 minutes all season ) (J6 ;: 30 minutes all season )

Polhitand NOIl NO2 i{ NOx | SO2 Pollutanf NO - | NO2 | NOx i S02 : O3 | SPM
1.0000 ) NO i 1.0000 | o

| 0.5726] 1.0000 ]

NO2 o
_Loooo] - NOx 21 U.R798]_ 1.0000! 1
0.4967) 042281 1.0000  SO2 | 02443 05381} 0.3996/ 1.0000

03 | -0.4008| -0.4568; -0.4621 ‘":70.17815 1.0000,
SPM 0.5488| 0.6545! 0.6437 0.4700' -0.3069 1.0000

0.2729

{ J3 : 30 minutes non-heating scason ) ¢ J6 : 30 minutes non-heating season )

Pollutanf NGO NO?2 NOx 502 Poltutant] NO NO2 ! NOx | S02 ! 03 | SPM

~ NO | 1.0000 N 3 P )

NOz | 0.5700] 10000 NO2 | 0.6996] 1.000 o

NOx [ 08408 1.0000 NOx 79) 1.0000 | -
[

502 | 0.1174] 03071 02431 10000  SO2 | 0.1478] 03370) 0.2622) 1.0000 o
03 | -0.3308 -0.2651 -0.3258! 0.1510° 1.0000

sPM | 0.2042] 03436/ 0.2962] 0.2380° 0.0141; 1.0000

( J3 : 30 minutes heating season ) (16 : 30 minutes heating scason )

Pollutan] NO | NO2 | NOx | 502 Polluanf NO | NO2 | NOx | $02 ' 03 | SPM
“No_ | wooon _ _No I
~ NO2 | 0.5538] 1.0000] _ NO2 o

NOx [7.0: | 1.0000 NOx

s02 [ 02236 05270 03965 10000  SO2 | 0.15400 0.53100 0.3297, 1.0000;
03 | -0.4163 -0.5104 -0.4984! -0.1193! 1.0000;

SPM | 0.5572] 0.6842] 0.6662] 04640 -03850' 1.0000

108z >07
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2)

- At other stations, the coefficients of correlation between each others of_ nitrogen
oxides (NO, NO», and NO,;) are large.. But the correlation coefficient of NOy
and 805 is small. As examples, the correlétion coefficients matrix at Stations I3
and J6 are shown in Tables 3.2.13 and 3.2.14.

Correlation Analysis of Monitoring Stations

In the correlation analysis of the monitoring stations, the similarities of atmospheric
dispersion fields and that of characteristics of the pollutant sources among the

stations are to be discerned.

The correlation coefficient métrix_ _of NOx is shown in Table 3.2.15 and the
correlation coefficient matrix of 503 is shown inTable 3.2.16.

- As for NOy, the correlation between Stations J4, 15, and 16, which are Tocated
relatively close to each others, is lafge. On the other hand, Stations JE1 and J3
‘have large'con'clation_ coefficients with Stations J4 and J6, which are remotely

located.

Among the nine stations, Stations J1 and JF2 have small correlation coefficients
with other stations. This fact indicates that'Stalion_s 11 and JF2 have relatively
independent dispersion ficlds or governed by characteristic polutant sources,

- As for SO3, Siations JF1 and J4 have large correlation coefﬁcicnts with other
stations. The coefficients of correlation between J2 and J3, between J4 and J3, J5
and J6, and between J7 and J6 are large, These stations are located relaiively

close to each others,

- Being similar to NOy, coefficients of correlaiion of SO; concentration between
Station JF2 and other stations are smatl. Station JF2 is independent from others.

- For NOy, the correlation between certain stations is evident during the heating
and non-heating scasons. But the correlation between each station's SO2
concentration is small during the non-heating season. Such stations having high
correlation with other stations during the heating scason are affected greatly by

individual house heating.

3-34



Table 3.2.15 Coeflicients of Corrclation Between Monitoring Stations
_ { NOx : Daily average all season )
Station | JEt 1 JE2 1l 12 13 14 35 16 17

IFI 10000 -
) 0.4939]  1.0000
1 0.6915] 0.4693
0.3692
0.5852

-0.4215
0.4785
0.5568
0.4390

{ NOx : Daily average non-heating season )

Station IR i 32 13 J4 )5 16 17
JF1 -
R 1.0000
T 0.0325] 1.0000
32 0.2469] 0.2611
13 0.3436]  0.2659
J4 0.1467{ 0.2801}

35 0.3109] - 0.2661

16 L 0.3644]  0.2656 1.0000]

17 0.6688[ 02573 04134 0.6803  1.0000
- ( NOx : Daily average heating season )

Station JE2 1 2 13 4 5 16 17
JF1
IF2 1.0000
11 0.5011]  1.0000
2 0.3643]  0.5722| 1.0000
13 0.6158 i
14 0.4571
i5 0.4766
J6 0.5822 1.0000
37 0.4495 0.6983|  1.0000

0Bz >07
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Table 3.2.16  Cocfficients of Correlation Between Monitoring Stations
' : o ( SO2 : Daily average _ail season )
Station | JF1 JE2 J1 J2 . 13 ~J4 15 - J6 - J7

JF1 1.0000

JF2 0.4394] 10000 ~

N 0.5066

12 0.5520

3 0.5950}

34 1 06410

15 . 0.4671

16 0.2136

17 0.2275 1.0000

(-SO2 : Daily average non-heating séason ) g

Station | JF1 IF2- . J1 12 13 14 15 16 37 ;
JF1 L.O000F
IR 0.0309]  1.0000 .

It 03969 -0.0313]  1.0000

12 - 0.4931f -0.1001] 0.3908] 10000 :

13 028091  0.4454| 0.1827] 02701 1.0000] -

14 03078 0.1023| 00542 :0.1972] 0.4421 :

15 0.3229] 0.1107| 0.1096] 03066 0.4066} 1.0000

16 042781 02059 0.1369] 0.2322}  0.3955] 0.5884!. !

77 046371 0.2379] 0.1253] 039491 0.4566] 0.6745: 1.0000

S ( $O2 : Daily average heating season )

Station | JFl 1 JF2 i1 7 33 L 4 35 6 1

IF1 1.0000 '

2 0.5410]  1.0000

3 0.63531  0.5915

” 0.6712
n 0.6442

14 07482 _

15 0.5398 1.0000

16 0.3046 0.6133] 10000

17 0.1695 0.6702}  (.8531 1.0000

08z 1 >07
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3.2.2 .Surface Meteorology
(1) Wind Direction and Speed
1)  Wind Direction Distribution

The wind direction distribution diagrams at the four surface meteorological
observation stations (JF1 and JM1 in the northern part, and JF2 and J7 in the
southern part) during the heating and non-heating seasons are shown in Figure
3.2.10 (also in Tables D3.2.2 and D3.2.3 in Data Book). Diagrams by time zones
in each season are shown in Figures D3.2.32 through D3.2.35 in Data Book.

- At Station JF1, the prevailing wind direction throughout the year is ESE and the
predominant wind direction is W - ESE axis which is the valley direction. The

scasonal variation of the wind is small. The variation of the wind by time zones
- is also small during both the heating and non-heating seasons, except that the
prevailing wind direction during the heating season is ESE for 24 hours, while
the one during the heating season is ESE . during the daylime and W during the

nighttime,

- At Station JMI, the prevailing wind direction is in the range of NW to NNW
throughout the ycar. The predominant wind is on the NNW - SSE axis which
cormmesponds to the topography. The scasonal variation of the wind is small. For
the 24 hour period during the non-heating season, a cyclic wind direction pattern
appears ; from 00:00 to 06:00 the NNW wind is predominant, after that it is
gradﬁa]ly replaced by the SSE wind. Dﬁring the healing season also, there is
such a wind direction cycle, but its change is small and the hourly variation is

small.

- At Station IF2 in the southem part, the prevailing wind direction is SW and the
predominant wind is on the SW-NE axis. During the 24 hour period in each
season, the appearance patterns of the prevailing wind direction and the

predominant wind change only slighily.

- At Station J7, the N wind is very distinctive, The predominant wind axis is N -
SW to SSW. The direction corresponds to the valley orientation which forms the
Tisza River. The seasonal variation of wind is small. For the 24 hour period,

however, there is a cyclic wind direction change during the heating and non-
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JFY Stations { non-heating season ) TF1 Siation  heating season )
Calm=25.4% Calm=30.5%

M Station { non-healing season ) . M) Stalion ( bealing scason )
Calin=7.2% _ Calm=10.6%

JE2 Station { non-healing season ) 1F2 Station ( heating season }
Calm=7.1% Calm=8.0%

17 Stanion ( non-heating season ) ¥T Syation { heating season )
Calm=$1.3% _ Calm=9.9%

Figure 3.2.10 Wind Direction Distribution Diagram (JF1, JM1, JF2, 7
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heating seasons. North winds prevail during the early morning to noon periods
and SSW winds prevail in the afternoons,

2)  Wind Speed Condition

The average wind speeds for different directions at the four surface meteorological
stations (JF1 and JM1 in the northern part, and JF2 and J7 in the southemn part)
during the heating and non-heating seasons are shown in Figure 3.2.11 (also in
Tables D3.2.2 and D3.2.3 in Data Book).

The average wind speeds at Station JF1 are the smallest; they are in the range of
1210 1.3 mfs. The average wind speeds at the other stations are in the range of
2.010 2.4 m/s. At the two stations in the southern part, the airerage wind speeds
are higher in the heating season than in the non-heating season.

- The hourly and monthly variations of wind speed are shown in Figures 3.2.12
and 3.2.13, respectively. According to the hourly variation graph, the average
wind speed varies from station fo station, but the wind speed decreases during the
nighttime then gradually increases after sunrise at ail stations throughout the
heating and non-heating seasons. There is a wind speed peak at 16:00 to 17:00
during the non-heating season and at 13:00 to 14:00 during the heating season.

The wind speed variation range during the non-heating season is greater than the
one during the heating season. The average nighttime wind speed during the
heating season is greater than the one during the non-healing season,

- As for the monthly variation of wind speed, the speeds are low in November and
February and highest in March in all stations. This pattern corresponds
favorably with the monthly variations of air pollutant concentrations shown in
Figures D3.2.11 through D3.2.15 in Data Book. During a month having a small
average wind speed, the concentrations of NO, and SO, are high.

- According to the appearance frequency distributions of wind speeds (Figure
3.2.14), the 1.0 to 1.9 m/s rank has the highest frequency at all stations except
JF1, At Station JF1, the highest appearance frequency is CALM (0 to 0.4 m/s

wind).
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JE1 Station { non-heating season ) JF1 Station { heating season )
V.Mean=1.3m/s . V.Mean=1.2nvy/s

IMI Station { non-fieating season ) JM1 Station { heating scason )
V.Mean=2.4m/s V.Mean=2.4nys

JE2 Siation ( non-heating season } JF2 Station { heating season )
V.Mean=2.0m/s V.Mean=2.3my/s

17 Station ( non-heating season ) " 17 Station { heating season )
V. Mean=2.0mfs V.Mean=23m/s

NW
WNW
w i

Figure 3.2.11 Mean Wind Speed by Wind Dircction (JF1, IM1, JF2, I7)
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Figure 3.2.12 Hourly Variation of Wind Speed (JF1, JM1, JF2, J7, 00:00-23:30)
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Figure 3.2.13 Monthly Variation of Wind Speed (JF1, JM1, JF2, J7 : May - April)
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2)

(3)

Solar Radiation and Net Radiation

The hourly variations by month of solar radiation and net radiation are shown in Figures
D3.2.36 through D3.2.38 in Data Book. Throughout a year, both the solar radiation and
net radiation become greatest during May and Jume and gradually decrease until
December when they reach minimum levels. '

The annual variation of solar radiation is very large. The greatest solar radiation in June
is 7.5 times greater than the highest radiation in December.

Appearance Frequency of Atmospheric Stability Classes

The atmospheric stability is an index for expressing dispersiveness of substances in the
atmosphere. As shown in Table 3.2.17, the aimospheric stability is divided into A
(extremely unstable) to G (extremely stable) classes according to wind speed, the amount

of solar radiation, and the amount of net radiation.

Table 3.2.17  Pasquill's Atmospheric Stability Classes (Modified)

Wind Speed Solar Radiation (T) kW/m? Net Radiation (Q)  kW/m?

Wmfs | 060 [060>T |030>T | 0.15T | 020020 |-0.020» | -00405Q
' 20.30 >0.157 Qz-0.040

U<2 A A-B B D b G G

2=U0<3 A-B ‘B C D D E F

3=U<4 B B-C C D D D E

4<Uctd C C-D b D D D D

6<U C D D D D D D

When the atmospheric stability is unstable, dispersion of emitted pollutants in the air is
accelerated. The pollutants emitted from a low smokestack is easily dispersed.and the
concentration level rapidly decreases on the ground. On the other hand, pollutanis
released by a fall smokestack easily reach to the ground by dispersion, and a high

conceniration of a pollutant occurs on the ground.

When the atmosphere stability is stable, it is difficult to disperse pollutants. Pollutants
emitted from a low smokestack are advected at high concentration. Contrarily, pollutants
released from a tall smokestack do not easily fall to the ground. Thus, the concentration

of pollutants on the ground is low.
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Figure 3.2.15 shows the appearance frequency of each aimospheric stability level that was
obtained from the wind speed, solar radiation, and net radiation at each station.

The aﬁ_ﬁospheric _stability classes of D (neutral) and G (cxireniely stable) are prevalent at
each station. The fmquenciés of these two classes are 62.3 to 70.4% of all classes that

appeared,

. The appearance frequency distributions of the ‘stability classes durihg the non—heatiﬁg
season grcatly' differ from those during the heat_iﬁg se._ason. During the non-heating
season, class D (neutral) appears less frcquently than duﬁ'ng the heating season. The
frequencies of classes A through D (unstable side) appear more frequently. The

frequency of G is also high.

During the heating scason, the frequency of class D (neutral) is high because, as described
earlier, the nighttime average wind speed is greater and the solar radiation is smaller.

The appearance frequencies of each atmospheric stability class for a 24 hour period at
Stations JF1 and JF2 are sho»_\}n in Figures D3.2.39 and D3.2.40 in Data Book. The
stability classes at both stétions ate in the stable side from evening to carly moming (from
00:00 10 06:00 and from 18:00 to 24:00). During the daytime in general, the appearance
frequencies of the unstable side classes are remarkable, although in the summer season,

the appearance frequency of stability class D is high,
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3.2.3 Upper-layer Meteorology

1

Occurrence of Inversion Layer

According to the result of the upper-layer meteorological observation, the occurrence of

the surface inversion layer is as shown in Table 3.2.18.

As .seen in the Table, the inversion layer was observed at all observation periods. During
the spring and summer seasons when solar radiation becomes slmngeét. the surface
inversion layer starts to grow around 21:00 at both Stations JF1 and JF2. Near the
ground surface, a relatively strong air temperature inversion continues througliout the

night. The inversion weakens at sunrise and ceases around 9:00. During the fall and
winter seasons, the inversion is not so strong. However, upper-layer inversion at the
altitude of 100 to 400 m is frequenily observed. In particular, during the winter season,
the upper-layer inversion that lasts for an entire day -- as observed on January 20 and 21

-- is seen occasionaly.

Table 3.2.18

Occurrence of Inversion Layer
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(2) Verical Profiles of Wind Speed and Temperature, and the Hourly Variation of Pollutant

Concentrations

The relationships between the vertical profiles of wind speed and air temperature, and the
hourly variations of 'po!lutant coticentrations observed are shown in Data Book : Figures
D3.2.41 through D3.2.44 for Station JF1 and Figures D3.2.45 through D3.2.48 for
Station JF2,

1)  Station JF1

- ‘During the spring and summer seasons, very strong surface inversions were
observed from midnight through dawn, The SO, concentration was low,
therefore the relationship between the surface inversion and the SO,
concentration is clear. On the other hand, the NO, concentration obviously

increased when a surface inversion layer occurred.

- During the fall and winter seasons, strong inversions were not observed and
neutral to stable atmospheric conditions continucd throughout each day.

During the winter season, upper-iayer inversion at an aliitude of 100 t0 400 m

continued and the atmospheric condition is comparable to a lid covering.

Within the surface boundary layer the winds were very low and high

concentrations of NO, and SO, occurred.

2)  Station JF2

- The occurrence condition of an inversion layer at this station is similar to the
condition at Station JF1. Strong inversions were seen during the spring and
summer seasons and weak inversions continued during the fall and winter

§€asons.

- The NO, concentration tends 1o become higher when the inversion layer appears.
But, there is no such tendency for the SO, concentration,

- The characteristics of the hourly variation of pollutant concentration at this
station show that the variation NO, concentration as well as the SO, concentration
is extreme and that the cffects of a large stationary pollutant source are very

clear,



- During the spring and summer seasons, the NO, and SO, concentrations are
extremely high when the wind is from NNE to NE diréctions. The effect of the
Tisza | Thermal Power Station that is l_ocated in the same direction is evident.
But, during the fall and winter scasons, wh_cn the wind is from the same direction,
the SO, concentration does not increase while NOx concentration increases. The
reason for this is thought to be that the pollutants from the 'power plant do not
reach the station because of the stable atmospheric condilibns during the heating
season while the pollutants from the plant reach the station under unstable

atmospheric conditions duri'ng the non-hcéting season.

- As the NO, concentration is lligher when the inversion layer appears, the NOx
concentration is largely influenced by low-clevation pollutant sources.



3.2.4 Cross Analysis of Meteorology and Pollutants

The cross analysis was conducted of the metcorological data and pollutants (NO, and S0O,)
concentration data that were monitored at the same time and at the same stations or nearby
stations shown in the following table. The purpose of the analysis is to learn the directions of
pollutant sources that affected the stations and the characteristics of the sources.

Station{ Ambient Air Quality | Surface Meteorological
Arca Moniloring Stations Stations
JF1 JF1
Northern Part of Study Area 2 M1
13 JM1
Southern Part of Study Area JJE:]Z 37'{5\2,[2)

The location maps of the monitoring stations are shown in Figures 3.2.16 (northem part) and
3.2.17 (southern part). Detailed maps of these stations are shown in Figures D3.2.49 through
D3.2.53 in Data Book.

(1) Average Pollutant Concentrations by Wind Directions and Wind Speed Classes

It is possible to presume the direction of major pollutant sources by knowing the

polutant concentration of each wind direction.

In genefal, according to the relationship between wind speed and pollutant concentration,
when an influencing pollutant source is at 2 high elevation, such as a factory's smokestack,
a high pollutant concentration occurs under relatively high wind speed rather than under

mild wind. On the other hand, when the pollutant source is at a low level, such as vehicles

and house hecating, a high pollutant concentration occurs under mild wind conditions and

the concentration becomes lower as the wind speed increases.

By knowing the poliutanf concentration under different wind speeds, it is possible to
presume the type and elevation of the major pollutant source.

1)  Station JF1 (Figure 3.2.18 for NO, and Figure 3.2.19 {or SO3)
NOy:

~ When the wind speed increases, the NO, concentration decreases as a whole. But
under the ESE wind direction in which a high concentration appears, no decrease of

concentration is observed until the wind speed reaches 6.0 m/s. The NOy
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concentration in the heating scason was higher than in the non-heating season. The
concentration was higher under NNE to NE winds.- '

SO

During the non-heating season, SO; concentration was lower. The concentration
was higher only when the wind was from the E to SE directions.

During the heating scason, $O2 concentration was higher under a wide range of
wing directions (the NNE to SE range). The decrease of the concentration due fo
wind speed increase was not obscrved.

The above phenomena provide a hint that the SO; concentration was affected by
remote tall smokestacks during the non-heating season and by nearby low pollutant

sources during the heating season.

During the non-heating .season. nearby po]lutant‘ sources do not affect the SO2
concentration and the level of concentration is low. Thus, the effééts of the
smokestacks in the industrial area (including the Borsod Therm_al'Powel* Station)
that is located {0 the southwest of Siation JF1 becorne. distiﬁct. Hd\vevcr, during the
heating season, the effcct of nearby house heating increases, and the concentration
distribution by wind speed shows mixed effects of high and low elevation sources.

This tendency is aiso scen in the NOy concentration during the heating season,
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