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Air Quality Simulation Model
Selection of Simulation Madels

The main objective of the air quality simulation analysis is to predict the
effects of pollution control measures in reducing the ambient concentration
of pollutants, It is intended to present useful information to decision makers

in the process of selecting appropriate control measures among various

_alternatives. . Therefore, it is important for the simulation model to have

ability to predict, with the adequate accuracy, the concentration of ambient
air quality taking various factors such as metem‘ology, topography, and
pollutant dlstnbutmn into account.

In the case of 31r pollution in Ankara it is clear that drastic control measures
are necessary. At the same time, since the implerhent_ation of drastic
measures takes generally a long period of time, temporary shorter-term
measures such as the restriction of fuel use at the time of occutrence of high

pbllutant'cohcentration may also be necessary.

Selection of simulation model, therefore, must be made considering the two
cases in time scale, i.e,, seasonal time scale for the evaluation of mid-term
drastic measures and hourly time scale for the evaluation of emergency

ineasures.

Various mathematical models commonly used are shown in Table 1-1-1 for

reference.

Model to be used for the evaluation of mid-term measures must be able to

“simulate the local distribution of pollutant concentration for a wide area.

Among this type of models, a time-averaged plume-puff model was selected
because it is internationally recognized as a reliable and practical model.

From the seasonal av’érage c:on'centration computed using this model, one-

hour mean concentranon distributions at the tirne of high pollutant level can

also be obtamed by applying statistical factors.



Table 1-1-1 Mathematical Aiir Quality Models

Category Name Characteristics
Smoke plume represents smoke shape emitted
Plume continuously from source.
model Calculation of concentration is very simple. “This
model can be applied for statmnary conditions over
relatively flat terrain.
Puﬁ is one . smoke mass emxtted mstantaneousiy
Puff Continuous smoke is represented by a procession of
Dispersion model puffs. This model can either be applied for non-
Model stationary or calm conditions. o
Box Exchange of pollutants bei:.weep neighboring boxes
model is calculated. This model is suitable for
photochemical smog.
Difference | Differential equation of diffusion is solved
equation numerically under complex boundary cond;tmn
model expressing real topography.
Relationship between concentration of pollutant
and meteorological and other factors is correlated
Regression | based on the past data by means of multiple _
model regression anaiysus or control theory to predict the
concentration. This model can not be applied when
Statistical emission source conditions change in the future.
Model
Past data of concentratmn and meteorology are -
Grouping classified statlsm.aliy into groups. Prediction
model of concentration is made stocastically. This model

can not be used under the conditions that are .
different from those being grouped.
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Model to be used for the evaluation of-emergency measures needs to be able
to describe the time variation of pollutant concentration within a period of
one or two days, For this purpose, convective pufi model, box model, or
difference equation model can be used. Taking model performance and the
available time into account, the convective puﬁ model was selected and
modified so that it can be used in conjunction with the locally varying wind

field computed num'erica'_lly by the finite difference method.

Time-Averaged Model

In the computation of winter-average concentration of pollutant, a plume

equanon and a puﬁ equatmn are used, the former under the windy conditions
and the latter under the calm conditions. Computations are made dividing
one day into 6 time zones applying conditions of wind direction, wind speed,
atm.ospheri.c stability, miking height, and amount of emission averaged over
each time zone, Computation is made on all the emission sources (virtually
all the mesh points and soine points outside the mesh). Concentration values
thus computed for the winter pel".iod_ are then added up and averaged out for
each mesh point to obtain the winter average concentration distribution.

Equétions used in this model are explained below.

{1) Plume Equation

The following plume equation is used when wind speed (U) is greater

than or equal to 1 m/s.

1. (z- He)?-’} i (2+He)2}
C(R Z) \/—; RU U [exp { 202‘.2 v eEp 202.2

when U 2 1.0 m/s



where,

C(R,z) : concentration at the location (R,z)

R : - horizontal distance between emission source
and computation point, R? = x2 +y

x,y;z : coordinates of the computation point

Qp : emission rate of the source point _

oz :  dispersion coefficient in the vertical direction
(see Figure 1-2-1)

U :  wind speed |

He + effective height of the source

Values of vertical dispersion coefficient can be obtained from the
pasquill-Gifford diagi‘am shown in Figure 1-2-1.
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Figure 1-2-1 Pasquill-Gifford's Vertical Dispersion Coefficient

(2)  Puff Equation

The following puff equation is used in the case when wind speed is less
than 1.0 m/s.

YR BN W o/ S (0 W UZ(z-He)?
N Y [ﬂz ex?{’ 2Y2n2

' 2 2
+ L *oexp {- UZlz+He) } when U < 1.0 m/s
2Y2n3

~lpe



where,

o+ horizontal dispersion coetficient {from Table 1-2-1)
Y: vertical dispersion coefficient (from Table 1-2-1)

F = R2.,%7(z-He)2
7 v

2
n= RZ2+2.(z « He)?
v2

- and meaning of other symbols are same as that in the plume equation.

Table 1-2-1 Dispersion Coefﬁcients for Calm and
Low-Wind Conditions

Stability "YU <05 mis 0.5 < U < 0,9 m/s
_ Class Cobooas Y o Y
A ] 0.948 1.569 | 0.748 1,569
A-B 0.359 0.862 | 0.659 0.862
B 0,781 0,474 0.581 0.474
B-C S 0.702 | 0.314 0.502 0.314
C 0.635 0.208 0.435 0.208
c-D - |.o0.542 | 0.153 0.342 0.153
D 0.470 0.113 0.270 0.113
B 0.439 0.067 0.239 0.067
F 0.439 0.048 0.239 0.043
G 0.43%9 | 0.029 0.239 0.029

(3) Estimation of 24-Hour Mean and One-Hour Mean
Concentration at High Pollutant Levels

When the variation o.f_ concentration values at a particular point is
~assumed to fit the logarithmic-normal distribution, the relationship
- between _th'e arithmetic mean concentration and a concentration to be
occurred in the probability P(%) is expressed as follows:

S (= InSg -z}
- C=CpSg I _



in which, C 1 arithmetic mean concentration
Cp: conceniration at probability P
Sg + geometric standard deviation

Z ¢ variable in the standard normal distribution

&

1 2\ P
SZZTT exp-’e—i—) dt"wloo

{z = 2.05, when P = 98%)

Therefore, Cp can be obtained as follows:
_ '(%* inSg -z}

Cp =C/sg
From the P-C curves for 507 presented in Section 2.2.3, _vaiuéé of Sg for
24~hour mean (Sg+D) and for one-hour mean (Sg-H) are obtained as

follows:

Sg+hy = 1.71, and SgH = 2.25

When the 90% valuel) (z = 1,28) and the 99% value?) (z = 2.33) are
chosen as the typically high values of 26-hour mean and one-hour mean

concentration, respectively, the following relationships are obtained:

CD = .{.72 6
Cq=475C

in which, Cp represents the typically high 24-hour mean concentration,
and Cpj represents the typically high one-hour mean concentration.

Motes:

1) Typically High 24-Hour Mean Concentration

A concept of "2% exclysion of values” is employed in Japan in order to
assess daily mean 30; levels during a year. The highest 2% of data (7
data) are excluded from the 365 data. The remaini'ng 93% of the data
are checked against a designated level (environmental standard value).
In other words, the daily mean values should not exceed the s.téndard'
value for more than 98% of days of the year. For the present study,
ambient air quality monitoring was conducted in Ankara for 86 days in

-6-



“the winter. Since the SO levels are suppose'd to be lower in other
seasonis, the 98% value of the daily mean $O3 concentration in the year
co'rt;espdnds approximately to the 90% value of those 86 data, For this
reason, the 909 values of those monitored during the 86-day period are
édopﬁéd here as the typically high daiiy mean levels.

2) Typicaiiy High One-Hour Mean Concentration

From the P-C curve for one-hour mean levels, the upper limit of the
range that can be assumed to be idgarithrﬁic-normal distribution roughly
'cor‘resp'onds to 99% in probability. This 99% value was adopted here as
the typically high hourly fevel.

Time-Dependent Model

Dispersion equation used in the time-dependent model is a puff equation
which describes the local and temporal variation of pollutant concentration
corresponding to the instantaneous emission of a smoke puif from a point

source. The equation is as follows:

s : - RZ
CR,z,t) = _-Qpt) cex (—--——_)
’ - (2m3/26y()202(1)2 P 20y(t)2
(Z-HE)Z { (z+He) }J
ex ex _
[ P{ 202(t)2 P 202(1)2
in' which,
t: - elapsed time
Qplty ¢ pc_)_llutaht-emission rate at time t
oy(t) ¢ horizontal dispersion coefficient for time t - '

ozf{ty s _}:érticai dispersion coefficient for time {
C(RQZrt)

-

_concentratidn of the pollutant at a point at time t
‘and definitions of the other notations are the same as those given'prev iously.

Values IOf_ horizontal and vertical dispersion coefficients can be obtained from

©the Turner's dia-,gram.shdw'n in Figure {-3-1,



- - R '. iy ..,..ﬁ
.‘l
/‘L‘w‘g 10 1/ a
104} LA o Fas s ARELE
AW Z’ ]
- I o i
1A A
S ;' ¥ I
R.ﬁfs P’-‘ ) / | 4
AU 44 3 ul
10° AAhee5 6,71 10° - -
— 2= 4 it 7 TRy i
E e —— s A -
= .Z{ A4 ! - =
o 2 A ‘: ] 1 L] Vf‘,— = n
// / yia el e
/ VAI/'AM#”‘M'/‘? 1" i
]02 . 10‘! L/ AJ Lj aA/
i ZIJ[
i 10 - 1 10
T (hr) T{hr) '
Horizontal dispersion coefficient Vertical dispersion coefficient

Figure 1-3-1  Dispersion Coefficients as the Function of -
Time Given by Turner

i-4  Topographic Condition

Topographic data used in the sirnulation were prepared using the topographic
map of Ankara, specifying the height at each point on the 500 in grid system

as shown in Table 1-4-1.
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Note: For the grids where altitude is above 1000 m, values
-after subtracting 1000 m are shown,

1-5 Meteorological Condition
(1)  Meteorological Conditions for the Time-Averaged Model
1) Time Zones

Considering th_é hourly frequency of occurrence of wind direction and
wind speed and the time-variation patterns in atmospheric stability and
heating fuel consuraption, one day was divided into six time zones as
shown in Table 1-3-1.

Table 1-5-1 Time Zones

Time zone - Time of day

Mid-night 0:00 - %00
Early morning 5:00 - 7:00
‘Morning ' 2:00 - 10:00
Afternoon 11:00 - 14:00
Evening 15:00 - 17:00
Night 1 18:00 - 23:00

i) Wind Direction Classification

Wind directions were classified into 16 directions and the calm

- condition (U< 0.8 m/s)
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it}  Wind Speed Classitication

Wind speeds are categorized into 6 classes as shown in Table 1-5-2,

Table 1-5-2 Wind Speed Classiﬁcatiqn

" Actual speed - | Speed used

Condition (m/S;j (ITI/S)
Calm 0 - 0.4 0.0
Low wind | 0.5~ 0.9 0.7
1.0 - 1.9 1.3

v!indy 2-0 - 2:9 255
3.0 - 3.9 3.5

4.0 - 5.0

iv) Atmospheric Stability Classification

vi)

Atmospheric stability was classified in accordance with the
classification of Pasquill using insolation, net radiation, and wind speed’

observed,

Mixing Depth

Mixing depth (height of the lid) was specified for the time zones of
morning and evening shown in Table }-3-1 within the range of 100 m -
200 m.

Area Blocks

In order to take the differences in top.ogr'ap_h_y and wind patfern inte
account, the whale simulation area was divided into three biocks, i.e;,
north, central, and south blocks where wind conditions were specified -
using the data obtained at Meteorological Agehcy, Tan_dcgan, and

Kavaklidere, respectively.

-10-
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Wind Condition in the Time-Dependent Modef

For the air quality simulation with the time-dependent model, the
simulation perio_d was chosen to b¢ the two-day period of December 20

' ahd 21, 1984 'w_heri a characteristic high concentration pealk appeared.

Wmd field in the three-dimentional space during this period was
computed by the wind simulation model using the variational .
optimization technique. Hourly wind data {direction and speed) at the

three observation stations were used as the basis of the computation.

_Wind'vectors at 10 m above the ground are shown in Figures 1-5-1 and
152 |

1.6 Emission Source Condition

(1)

Effective Stack Height

For the windy and low-wind conditions the Concawe equation was used

to obtain the effective height of the emission source:

He = Ho + AR
where, He: effective height of the source, (m)
Ho ¢ _ height of the source {stack), (in)
AH:  AH = 0.175:Qul/2.u-3/%
Qu: heat emission rate, (cal/s)
U :  wind speed at the height of the source, (m/s)

From the building distribution data, height of the source {(Ho) was
categorized into smalt-height (10 m) and medium-height (30 m).

For the calm cond:t;on, the Briggs equation was used to obtain: A H:

AH = 14-Qpl/4:(d0/dz)3/3

where, d8/dz denotes the lapse rate.
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()  Flue Gas Emission by Time Zone

Figure 1-6-1 shows the hourly variation of the flue gas emission
obtained through the on-site questionnaire on the 100 boilers.

50000
= OFFICES _
0 - | T HOUSES =
4009 = 2] HOUSE LB
30000 -
Flue gas
tmission

(Nm*/h) oopEn -

12008
] T |_'T‘Jr1 LA 1 T aﬁ%%T IS N (O ittt URS | —|—
12245678 9101112131415161718192021222324
Time of Day

Figure 1-6-1 Hourly Variation of Flue Gas Emission

For the time-averaged model, pollutant emission rate was specified for
each of the 6 time zones described in 1-5, (1), i) averaging the hourly

rate over each time zone.

For the time-dependent model, the hourty variation pattern as shown in
Figure 1-6-1 was used. '
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Air Quality Monitoring System and Emergency Forecasting System
Necessity of Monitoring System and Emergency Forecasting

At the present in Ankara City, air quality is monitored on the basis of 24~

‘hour mean concentration. Sampling for a 24-hour period is made from [1:00

a.m. to 11:00 a.m. the next day. Concentration of air pollutants, however,
varies from time to time depending on the changes in.weather conditions and
the pollutant source conditions. Even if drastic source control measures are
enforced, it generaily takes a considerable length of time for them to take
effects. Therefore, it is considered to be necessary to take emergency

control measures at the time of high pollutant concentration that may occur

until the drastic measures are widely implemented. In order to take

‘emergency actions promptly, it is necessary to seize the ever changing

pollutant concentration and weather conditions on the hourly basis and to

develop the system of forecasting air pollution and judging the necessity oi

the emergency actions. The steps leadmg to the execution of the emergency

actions are shown below.

Hourly Measurement of Weather Condltions and Pollutant
Concentration

Y

Transmission of Data from Measuring Stations

v

Batch Processing of Data Transmitted

Y
Forecast of Air Pollution and Judgement of Actions to be
Taken

Emergency Actions

wl G



2-2 A Plan for Air Quality Monitoring System

(1} Air Quality Monitoring System
With the air quahty ronitoring system, the real time situation of air
-quality at each monitoring station is measured and the measured data
are accumulated. This system s divided into tow parts, the monitoring
stations and the control station as shown in Figure 2-2-1, The
monitoring stations are equipped with automatic air and weather
measuring devices, and telemeter terminais, The control station is
equipped with a signal transmitter {wire or wireless system), a host
telemeter, and a data processor. Installation of on-thewstreet displays
is also desirable to let the public' know the situation of air pollution.
Monitoring Station Control Station
Telemeter Signal Control On~the
Terminal - Devices A= -Street
Displa
? 1 liid
Measuring Measuring . Host Telemeter
Instruments Instruments { [~ T )
Data Processor
bt
Magnetic Tape
File

Figure 2-2-1 Air Quality Monitoring System

Various kinds of data measured‘at'each monitoring station is
temporarily filed in the telemeter terminal 6f the station and
transmitted to the control station when instructed. After checking the
transmitted data, the host telemeter transmits the data to the data
processor where the transmitted signals are dxgitaily processed and the
data are displayed on the auxxlxary devices such as display scr_eens,
printers, and data memorizers. Based on the digital data, judgement
whether emergency actions should be taken is made and the air quality

levels are shown on the on-the-street displays for the public.

2] G-



(2) Maintenance of Monitoring System

While this system features real time data, detailed planning is required
for the maintenance of the total system. Not only the maintenance of
the mechanical system (measurement-transmission-processing), but also
the:imprOVement on the personnel management of the staif members

operating this monitoring system is essential.

Before the monitoring system is actuated, planning and preparations
should be made with care and in detail.

(3) Budget Required for Seven Full-Time Monitoring Stations

The following estimate was made on the assumption that 7 monitoring

stations, 2 transit stations, and one on-the-street display are to be set

up,

t. Equipment and Materials 95,520,000
1) Supervisor/Control Center '36,100,000

~ 2) Repeater Station x 2 16,400,000
3) Gauging Station x 7 £1,020,000
4) On-the-Street Display Equipment 2,000,000
2. Freight /Insurance/m land Transportation 11,050,000
3. Instal'latio_n/ Adjustment/Testing 77,863,000
4. Radio Wave Propagation Test and | 10,120,000

Site Survey

Total  ¥367,120,000
(770,952,000 T/L)

Notes:

L Sensors, station housmg, testing mstruments, spare partsfunits, air-
‘ conditioners are not included.

2. On-the-job traimng, operation, and maintenance services are not
© - included., .

Data transmission speed is 200 BP3. :
4. Cost of electricity (AC220V, l¢, 50Hz) is not included.

17



2.3 Tentative Plan for the Emergency Forecasting System

n

Steps for the Development of Emergency Forecasting System

In order to ask the public for their_cooperation in taklng necessary
measures at the time of high concentration, it is necessary and
effective to predict the poliutant concentration approaching the

emergency level as soon as possible and to make forecasting.

It should be noted that even if an emergency action plan is made public,
good effects can not be expected without cooperation and
understanding of the public and the businees firms in concern. .

As shown in Figure 2-3-1, it is desirable that the forecasting system be
introduced step by step by gaining understanding and cooperation of the

public and the business firms.

Mass Education of Improvement - | Forecasting
Air Pollution on 2 System
+ General Weather Monitoring

+ Air Poliution

Forecasting System

Weather-
Information

(2)

Ist Step 2nd Step 3rd Step

Figure 2-3-1 Steps of Introduction of Forecasting System

Mass Education of Air Pollution

In order to arouse interest and understanding of the public, information
about weather conditions related to air pollution should be added to
daily weather forecasting by the weather station. In this éase'éuch -
technical terms as values of 503 concentration should'not be used.
Insiead, explar{atlon should be made about iéveis of pollution using such
terms as low concentration, high concentration, and extreme.ly high

concentration.

-18-



(3)

LY

Such mass media as television, radio, and newspaper should be used in

informing general weather and air pollution forecasts.

[mprovement of Monitoring System

As air pollution is largely dependent on the weather condition from

time to time, hourly concentration should be constantly monitored,

And introduction of telemeters is necessary to transmit concentration

data,

Maintenance of the measuring instruments at 7 monitoring sites should
be improved so that better accuracy be obtained,

. In order to arouse interest of the residents, mean and highest

concentration_levelé of the previous day should be added 1o air pollution

information through mass media,

"Cb'h\}éﬁtiéha_iiy, Ankara City has er_np'lo'yed 24 hour mean value and

analysis has been manually made. Due to this, the analysis has been
delayed to some extent after Saturdays and Sundays. The stafi should
be reinforced during the heating season so that daily analysis can be

conducted.

Introduction of Forecasting System

After technical and organizational procedures stated above, the

forecasting system shown in Figure 2-3-2 can be introduced.

-19-



Meteorological Station Forecast of
General Weather and

Air Pollution

Public  Ja—— e

Through Mass
Media such as
TV, and newspaper

Organization | Telemeter Monitoring
P e e .
in charge stations -

Continuous Monitoring
of Air Quality

Judging from the forecast of weather and air pollution, the emergency action

plan is to be put into practice if there is any sign of high concentration or high
concentration has already taken place, _ :

Figure 2-3-2 Example of Foi‘écésting Systein

2-4 Tentative Method for the Forecast of High 50 Concentration

The method presented here for the forecast of 507 concentration has heen
schemed out based on the stétistical_ analysis of meteorological data of 3
months as frorn Dec. 18, 1984 through Mar. 9, 1985. Due to the lack of data,
there is room for improving reliability. However, it is expected that this
method can be utilized if data is supplemented and adjustment is made during

the preparatory stages of introducing the emergency forecasting system.

The tentative method for forecasting SOp concentration is described as

follows.

{1} Classification of Weather Conditions at
the Times of High Pollutant Concentration

On the basis of all the weather chartsinade by the _Ankara
Meteorological Station at ground level and upper layers (altitudes

~20-



5,000m) as irom Dec. 18, 1984 through Mar. 9, 1985, the distributions of
atmospheric pressure at the time of high SO7 concentration were
classified into the typical patterns. A summary of the classification
was presented in Table 7.3..1 in the Main Report. A more detailed

description is given below.

i) Pattern of High Concentration under High Temperatures
(ci. Figure 2-4-1)

- On the Ground level weather chart, there is a cyclone or a front over
the Eéstern European Plains, Lesistyje Karparty, and Mediterranean,
and an anti-cyclone in Caspian Sea spr'eads out to Turkey. In this cas'e.,
strong southwest (SW) wind blows in the upper layers (5,000 m),
introducing warm air. Thus the ground level temperature tends to be

" higher _than 09C, and the weather is mostly fine. The wind speed is Jow
during night through early morning. Under these condition, an inversion

layer and radiation fog are apt to form.

In case the.antiécyclone weakens, or it inoves toward east leaving
Turkey behind, a cyclone is apt to appear in Aegean Sea resulting the
formation of frontal fog. With this type of weather patiern, high 50,
concentration occurs when the ground level temperature is as high as
above 0°C. (This is the case which belongs to A or B rank shown in
Tables 2-4-1 through 2-4-4.) |

—

Ground Level Weather Chart Upper Layer.(S,OOO m) Weather Chart

Figure 2-4-1  Patternof Occurrence of High 505
Concentration under High Temperature

-2]-



ii)  Pattern of High Concentration under Low Temperature -
{cf. Figure 2-4-2)

On the weather chart at grouhd level, there is a cyclone or a front ove.r'
Bol'shoy Kavkas through Tigris River, and an anti~cyclone spreads out
over Eastern Europe plains or Lesisty)e Karpaty ihrbu.gh Turkéy. And
strong NW wind keeps on blowing in upper layers (5,000 m). In case
when the wind épeed exceeds 20 m/s, the ground level témperature
tends to fall below -10°C, and with the wind speed of over 25 m {s, the
ground level temperature is like'ly to fall below ~-159C; extremely low

temperatures,

Concentration of 50 1argeiy depends on the wind speed at the ground

level, High $0O7 concentration is apt to occur at low temperatures

below -10°C. (This is the case which belongs to C or D rank shown in
- Tables 2-4-1 through 2-%#-4.)

i

Ground Level Weather Chart
Figure 2-4-2 ~ Pattern of Occurrence of High SO3
Concentration under Low Temperature

~22~



(2)

Forecast of 503 Concentration in the Peak Time-Zones by

Use of Classification Table and Estimation Chart

' High concentration of SO7 in Ankara City is characterized by the tow-

peak type. The peaks genei'aliy appears in the morning (8:00 a.n.} and

in the evening (8:00 p.m.).

By forecasting the weather conditions at these two timne-zones, SO3

concentration may be estimated.

~As a means of estimating 507 concentration from weather forecast,

estimation charts have been made for the areas of Kavaklidere and

Bahcelievler,

Estimated correlation between temperature and SO concentration is
illustrated in Figures 2-4-3 through 2-4-6 according to the four ranks of
meteorological condition denoted by A through D as shown in Tables 2-
-1 through 2-4-4, - ' '

These charts were statistically mapped out, taking temperature, wind
speed, weather, and conditions of upper layers as irom Dec. 18, 1934

through Mar. 9, 1935 into consideration.

The axis of abscissas of the charts shows the mean temperature during
the two timne zones (morning: 7 - 9 a.m., evening:' 7 ~ 9 p.n.), The axis
of ordinates shows SO7 concentration in Kavaklidere or Bahcelievler
area during the time zones. The classification of meteorological
condition {A - D) was made taking wind speed at ground level, weather,
and upper layer meteoralogical conditions (wind speed, inversion layer,

etc.) into consideration.

Since the SO, concentration at a place is dependent on changes in wind
speed, not only the wind speed forecasted for the peak time-zones but
also the one before thein should be taken into account., Wind speed
during thé. peak time-zones is divided into two ranks; windless (wind
speed below 1.0 m/s) and windly (wind speed over 1.1 m/s}. Wind speed
before the peak time-zones is devided into four ranks. Time-zones
before'fhe peaks were taken as 3 - 6 a.m. for the morning and 3 - 6 p.m.

for the evening.

-23-



f the rank of wind speed at ground level and the upper layer-
meteorological condition can be predicted, a propér SQ2 estimation
curve can be selected out of A-D, and SO3 concentration can be
estimated from the predicted temperature at each peak time-zone,

~24-



Table 2-#-1 Ranking Table by Weather Conditions

When forcasted wind spaed is lass than 1.0 a/sec,
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Table 2-4-2 Ranking Table by Weather Conditions
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Table 2-4-3 Ranking Table by Weather Conditions
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3 Boiler Flue Gas Analysis
3-1. Methodology
(1) : Object of measurement

‘Houses {Apartment) 8 Boilers for heating
Government office 2 Boilers for heating

{2) Measurement period and time

Febn_ 20’1985 i Febc 27, 1985
09:00 - 12:00 / 14:00 - {7:00

{3) Measuring items and methods

Measuring items and methods are shown in Table 3-1-1.

Table 3-1-1 Measuring Items and Methods

. Measuring item Analytical method

Manual analysis
Sulfur oxides | (neutralizing

titration method)

~Particulate Manual analysis
matter ' (gravimetric methods)
Oxygen - Manual analysis
Carbon monoxide (Orsat method)

‘Carbon dioxide

The apparatus used for sampling flue gas are shown in Figure 3-1-1.

3-2 Resukts' |

The results are shown in Tables 3-2-} through 3-2-3.
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A : Sampling noezzle E : S0, absorption botlie i.: Thersometer
B : Adagter F : Dryer “J : Maacaster
C: Filter G : Flow controt K : Gas neter
D : Keeping warath or heating. - H - Vatuus pump o

Sampiing nozzie

507 Sampler |

gist arrestor

F A Sampting nozzle
heater G vacuua pusp 8 Gas buret
filter holder H thersameter c abso}p:tlon tubes
Slidac I flow meter D vwater levelar
H, 0, solusfon J  yas meter |

Dust Sampler QOrsat Sampler

Figure 3-1-1 Sampling Apparatus for Flue Gas Analysis
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Table 3-2-2 Combustible Sulfer Content in Fuels
Kind ' 50, | Combustible
No. of Fuel emission | . sulfer
Fuel consurmption (kg/n) content (%)

Laved 0.79

! mite 70 ke/h 1.10

2 Oil 20 i/h 0.20 0.50 7
Ungraded . )

3 lipoiie 30 kg/h 0.84 1,40
Ungraded 2.

4 lisite 60 kgfh 3.41 84
Ungraded ,

5 it 40 kg/h 3.51 4.39

6 Ungraded 30 kg/h 1.30 2.16
lignite

7 oil 30 Ifn 0.57 0.96

8 il 70 kih 1.36 0.97
Ungraded

9 lincite 40 kg/h 2.18 2.73
Ungraded

10 lignite 75 kg/h 2.91 1.94

Table 3-2-3 Emission of Dust and SOy per Unit Fuel Consumption
, and Unit Heating Surface

Emission per | kg/h or Emission per 1 m2 of
one 1/h of Fuel Heating Surfac
Kind Fuel Heating | Flue Flue IR
No. of jconsump- i surface £as Pust SOy gas Dust | SOy
Fuel! tion (m2) (wet) | (wet) | .. :
m3fkg,t| g/kg,d {m3N/kg,lfn3/m2 | g/m3 | m3N/kg
I Lig | 70 kg/ 70 17.1 | 4.19 | 0.0055 | 17.) | .19 | 0.0055
2 0il | 201/ 30 | t4.4 | 2.40 | 0.0035 | 9.6 | 1.60 | 0.0023
3 Lig | 30 kg/n 35 12.9 {16.00 | 0.0098 | il.1 {13.70 | 0.0084
4 Lig | 60 kg/h 55 30.4 | 32.40 | 0.0199 | 33.1 |[35.70 | 0.0217
5 Lis | 40kgh | 40 | 25.4 [ 10.50 | 0.0307 | 25.4 [10.50 | 0.0307 -
6 Lig | 30 kg | 60 | 20.7 |31.50 | 0.0150 | 10.4 |15.80 | 0.0076
7 oil | 30 Un 45 | 28.3 | 1.57 | 0.0067 |18.9 ‘| 1.04 | 0.0045
8 Oil | 70 I/n 125 50.3 | 0.57 | 0.0068 |28.2 |-0.32 {0.0038
9 Lig | 40 kg/h 50 17.1 | 2.80 | 0.0191 | 13.6 | 2.24 |0.0153
10 Lig | 75 kg/h 65 12.2 | 2.52 | 0.0136 | 146.0 | 2.91 [0.0156




4 Automobile Exhaust Gas Analysis
4~ Methodology

In the investigation of emission factors from mobile sources, sulfur dioxide
and piartic:ulate matter in automobile exhaust gases were measured by simple

methods for the typical types of cars prepared by the Turkish side.

Methods of sampling and analysis are as follows,

Sulfur dioxide ~ swererssees Sampled directly froin car exhaust p.ipe,
| and measured manuatly by the SO detector
tube method.

Particulate matter ssesssseesr Exhaust gas during idling was sampléd
directly from the car exhaust pipe, and
measured by combined use of filtration and

light scattering methods.

4-2  Results

The results are shown in Table 4-2-1.
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Table 4-2-1 Results of Automobile Exhaust Gas Analysis
Poliutant PM 509
Light
Method Qf Filtration method scattering I?]Ziigzor tube
measurement _ method |7
i d Mass Mass _
temand 1 yioss V?iume conceni- | concent- | Concentration
Kind of ¢ unit 1 Of gas ration, ration -
oo @ | (03) | (ng/m?) | (mg/m3) |  (ppm)
Large-sized | MAN-590 | 0.G158 0.3 52.7 - 1 (0.3)
car BMC-140 g.0178 0.3 59.3 - !
(Diesel) BMC-140 | 0.0101 Q.2 50.5 - (0.8)
Bus Mercedes 0.0098 0.15 65.3 - Not detected
(Diesel) Ikarus 0.0198 0.15 | 132.0 - 1.7
. [ Dodge 0.0102 0.1 [102.0 - (0.7)
Small-sized } Chrysler
car Chrysler " -
(gasoline) Far o 0.0003 0.3 [.C 0.33 Not detected
Passenger | Repault 12| 0.0001| 0.3 3.7 - Not detected
car
(gasoline) Chevrolet 0.0011 0.3 3.7 - Not detected
Note: The values of concentration shown are the averages of several

measurements.,
Since the detector tube method for SO has the detecti

on limit

of Ippm, the average values less than Ippin are shown with the
parentheses.
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Traffic Volume Survey

Méthodology

“The traffic volume survey was conducted at 5 stations on the major roads in

Ankara City in the following manner.

1) Time of the Survey: 6:00 a.m. - 10:00 p.m. (16 hours)
March 14, 1985

in Locations of the survey stations are shown in Figure 2.1.1 ol the main

report, Station number and station name are as follows:

Station No. Station Name
' I - PBormitory
2 EGO
3 ~ MENR
4 Opera House
5 GDE

iii} Types of automobiles counted are categorized as follows:

- Large vehicle :+ large buses and trucks
- Small cargo vehicles ¢ small trucks and minibuses

- Passenger car i1 taxies and passenger cars

‘iv)  Traffic count was made for two directions,

- Results

The results are shown in Tables 5-2-1 through 5-2-3. Numbers in three rows

for each time zone indicate as follows:

- Lipper roé.f_ : direction'm\;vard the central part of the City {Ulus)
- Middle row : direction from the central part of the City (Ulus)

- Bottomn row : . total of the above two

The two-way totaled trafﬂc counts by stations are also shown in Figure 5-2-
1, '

~35.



Table 5-2-1 Traffic Count at Station 1

1 _
Vehicle Type Large Small Passenger
Tin:e\\\jp Vehiile Cargo Vehicle Car Total
67 178 108 - 353
6:00 - 7:00 58 93 88 244
125 276 196 397
. 136 395 454 985
7:00 - &:00 120 306 220 646
236 _ 701 674 1631 -
123 - 386 90 L4l
8:00 - 9:00 100 322 410 832
223 708 1320 2251
9l 2638 CEL 853
9:00 - 10:00 93 239 - 371 708
: 189 307 865 156l
75 243 bal . 761
10:00 - 11:00 87 263 457 - . 807
162 ' 308 393 1563
&8 247 468 ' . 803
1£:00 - 12:00 91 228 445 764
179 473 913 1567
32 . 211 342 _ 635
12:00 - 13:00 101 23} 392 724
183 442 734 1359
77 238 487 g0z
13:00 - 14:00 98 246 546 820
175 484 1033 1692
75 243 367 885
14:00 -~ 15:00 99 303 _ 575 977
174 246 1142 - 1862
74 222 357 853
15:00 - 16:00 71 264 65 . . 800
145 486 1022 1653
35 233 529 847
16:00 - 17:00 32 225 458 765
167 458 987 1612
101 260 459 : 820
17:00 - 13:00 1i0 295 522 927
211 353 981 L1747
_ 99 338 433 - B70-
18:00 - 19:00 105 320 663 1093
204 638 1191 1963
77 199 351 627
19:00 - 20:00 92 290 587 969
169 489 938 1596
51 122 215 . 388
21:00 - 22:00 69 180 373, 622
120 302 588 1010
25 77 147 - 249
21:00 - 22:00 b2 77 247 366
67 134 394 615
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Table 5-2-2 Traffic Count at Station 2

~—__Vehicle Type Large Small Passenger Total
Time Vehicle Cargo Vehicle Car ©
Lo 270 95 832 1197
6:00 - 7:00 174 99 739 1012
G444 194 . 1571 2209
S : : 249 192 1075 i516
- 7:00 - 8:00 249 244 863 1356
. 498 436 1938 . 2872
' ' 286 242 1519 2047
- 8:00 - 9:00 298 221 1005 . 1524
3 : 384 463 2524 3371
226 ¢ 336 975 1537
- 9:00 - 10:00 _ 294 298 939 : 1531
N ' 320 634 1914 3068
: . - 237 275 281 1493
10:00 - 11:00 291 ' 258 322 1371
_ _ 528 533 1803 2864
. 234 . 213 836 1283
11300 - 12:00 235 49 : 7823 1272

: _ 469 462 1624 2555
- B 198 177 837 1212
12:00 - 13:00 223 172 735 1150
. . 421 349 1592 2362
S 197 203 882 1282
13:00 - 14:00 214 61 783. 1158
: ' 411 364 : 16635 2440
B . 236 277 294 1507
14500 - 15:00 270 236 1000 1 506
506 _ 513 1994 3013
. 241 236 1027 1504
15:00 - 16:00 269 203 1013 1485
' 510 © 439 2040 2989
o ‘ 222 209 950 1381
16:00 - 17:00 . 224 190 933 1347
. : 46 399 1883 2728
' : 280 219 1043 1547
17:00 - 18:00 240 159 Lo4s [44y
. 320 3738 2093 2991
o 267 188 903 1358
18:00 - 19:00 233 164 1042 1439
o L 500 ' 352 1945 2797
c 147 132 757 1036
19:00 - 20:00 . 211 124 990 1325
: 358 256 1747 2361
. 139 108 674 921
20:00 - 21:00 183 104 698 985
. " 322 212 1372 1906
- ' - 95 68 469 632
21:00 - 22:00 97 52 526 675
- _ 192 120 995 1307
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Table 5-2-3 Traffic Count at Station 3

T _Yehicle T Large Small Passenger
Time P | venidle  Cargo Vehicle Car - Total
186 78 6l 778
6:00 - 7:00 113 76 - 43 _ 237
299 154 112 565
: 268 231 219 ' 713
7:00 - 3:00 179 200 159 538
- 447 431 378 1256
. 282 272 327 881
8:00 - 9:00 292 237 420 - 949
374 509 747 1330
259 189 317 165
9:00 - 10:00 232 217 244 693
491 406 J6l 1458
137 174 322 633
10:00 - 11:00 247 175 323 - 745
434 349 645 1428
' 181 174 299 654
£1:00 - 12:00 257 191 321 769
438 365 620 1423
_ _ 318 162 306 680
12:00 ~ 13:00 253 154 291 698
467 316 595 . 1378
220 150 328 698
13:00 - 14:00 263 197 342 . 307
433 347 670 1505
180 133 239 622 .
1400 - 15:00 234 204 303 4l
. G414 357 592 1363.
217 160 260 637
15:00 - 16300 203 223 293 719
420 383 553 1356
718 156 250 30
16:00 - 17:00 225 218 272 - 715
443 374 512 1329
269 138 320 777
17:00 - 18:00 252 240 281 773
521 428 601 1550
252 184 267 703
18:00 - 19:00 273 132 263 723
323 366 : 533 - 1426
148 113 174 433
19:00 - 20:00 172 136 163 . 473
320 249 339 908
110 66 140 316
20:00 - 21:00 il 76 : 13t o318
221 142 271 634
74 51 " 103 - 228
21:00 - 22:00 97 69 LU 250

171 120 187 473
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Table 5-2-6 Traffic Count at Station 4

Vehicle Type _ Large Small Passenger

Time Vehicle Cargo Vehicle Car Total
s 118 51 142 311

6:00 - 7:00 233 8l 146 460
351 . 132 288 771

313 130 439 932

- 7:00 - 8:00 406 161 652 1219

: 719 291 Lig1 0 2151

370 152 1873 2395

8:00 - 9:00 281 131 1491 - 1903
o . 651 283 3364 4298

o 268 160 1598 2026

9:00 - 10:00 20% 198 1160 1561
471 358 2758 3587

. . 221 248 _ 1593 2062
10:00 ~ 11:00 194 153 1144 1491
415 401 . 2737 3553

S 212 171 1227 1610
11:00 - 12:00 220 160 1151 1531

- 432 331 2378. 3141
' 223 . 119 1139 1481

12:00 - 13:00 214 95 ' 981 1290

: 437 24 2120 2771

' - 206 L49 1258 1613

13:00 ~ 14:00 212 125 £070 1467

' ' 418 274 2128 3020

N 224 214 1572 2010

- 14:00 - 15:00 211 152 1203 1566
435 366 2775 3576

- 202 198 158] . 1981
15:00 - 16:00 221 i67 1315 1763

. 423 365 2896 3684

- S - 214 158 1449 1821
16:00 - 17:00 251 132 1319 1702

' 465 290 2763 3523

: R 230 139 1313~ 1632
17:00 - 18:00 266 130 1385 1731
- 496 . 269 2698 3463
o 217 142 1382 1741
18:00 - 19:00 234 103 1155 1492
- 451 ' 245 2537 3233

o _ 221 84 1379 1634
. 19:00 - 20:00 - 189 63 922 1174
: 410 147 2301 2858

o . 192 54 815 1061
20:00 ~ 21:00 ' 146 44 542 732
338 98 1357 1793

T 87 50 535 662
21:00 - 22:00 73 41 354 468

160 _ 31 889 1130
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Table 5-2-5 Traffic Count at Station 5

Vehicle Type Large Small  Passenger o
Mp Vehidle  Cargo Vehicle Car  Towml
x 142 52 19 378
6:00 ~ 7:00 156 58 242 456
298 100 - 436 834
210 90 788 1088
7:00 - 800 240 138 753 1131
%50 228 1541 2219 |
227 95 2340 2657 |
8:00 - 9:00 240 134 2008 2382
462 229 4348 5039
217 124 2237 2578
9:00 - 10:00 197 125 1435 1757
414 249 3672 4335
190 134 1887 2261
10:00 - 11:00 197 162 1499 1858
387 346 3386 . 4119
195 160 1678 2037
1300 - 12:00 199 143 1523 1865
398 303 3201 3902
196 - 105 1582 1883
12:00 - 13:00 202 96 1458 1756
398 201 3040 - 3639
192 132 1746 2070
13:00 - 14:00 204 110 1527 1841
396 242 3273 3911
210 184 2056 2450
14:00 - 15:00 198 139 1770 2107
408 323 - 3826 . - 4557
94 141 2088 7123
15:00 - 16:00 184 139 1802 2125
373 280 3390 4548
201 130 1885 2216
16:00 - 17:00 201 146 1967 2314
402 276 3852 4530
235 100 1995 2330
17:00 - 18:00 227 144 2354 2725
462 244 4349 . 5055
230 124 1512 2266
18:00 - 19:00 230 81 2734 3045
460 205 4646 5311
227 75 (967 2249
£9:00 - 20:00 226 65 2145 2435
453 140 4092 4685
180 [y 1270 T 1492
20:00 - 21:00 140 43 1366 1549
320 85 2636 304}
33 _ 57 T803 948
21:00 - 22:00 76 30 858 964

164 37 1661 1912
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On-Site Questionnaire at Boiler Rooms

Methodology

In order to investigate the present state of heating buildmgs by boiler

combustion, the on-site questionnaire was made at 100 boiler rooms.

Major items in the questionnaire are as followss

1. Location of building 2. Usage of building

3. Height of building 4. Floor area of building

5. Kind of fuel 6. Combustion hours

7. Fuel consumption 2. Heating surface of boiler
Results

The results of the on—site questionnaire are shown in the subsequent Tables.

Figure 6-2-1 shows number of boilers according to buudmg stories, floor
areas, 1-day combustion hours, 1-day fuel consumption, 1-hour fuel

consumption, and heating surface areas of boilers.

The daily heating hour distribution and the hourly distribution of flue gas
etnission obtained from the results given in the Tables are shown in Figures 6-
2-2 and 6-2-3, respeciively. Clear two peaks of the day are seen in the

emission of flue gas.
More than 50% of buildings are used for both dwellings and shops.

Eight-story bu:idmg,s are inostly governmental buildings and officesand oil-
fueled. Majority of other buildings are lighite-fueled. Percent oi Oil- fueled
and lignite-fueled buildings are 35% and 65%, respectively. However,-_the
total fuel consumption per day is 15.7 ton for oil-fueled and 45.3 ton for |

lignite~fueled, oil consumption being about 34% of the total,
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Some Results of the On-site Questionnaire
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