27 Als 200

NGRS N
g1 8
S0 NFORWY B
“HippL yNNES

ANALYSIS OF LOCAL METEOROLOGICAL DATA FOR
AN INDUSTRIAL SOURCE COMPLEX MODEL: A CASE STUDY
OF MAP TA PHUT INDUSTRIAL ESTATE, THAILAND

EUANGPORN PUNTUMAKOOP

P
AT TR U b

9o

Yo ingray mminnguaiing

........................
................................................

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
(TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)
FACULTY OF GRADUATE STUDIES

MAHIDOL UNIVERSITY
2001
ISBN 974-04-0433-2
TH
Pavy a

COPYRIGHT OF MAHIDOL UNIVERSITY

2001

c.2



Thesis
entitled

ANALYSIS OF LOCAL METEOROLOGICAL DATA FOR
AN INDUSTRIAL SOURCE COMPLEX MODEL: A CASE STUDY
OF MAP TA PHUT INDUSTRIAL ESTATE, THAILAND

ﬂwdwf%‘“z ............

Asst. Prof. Anchaleé Pongpun
M.A. (Applied Linguistics)
Acting Dean

Faculty of Graduate Studies

P

Miss Puangporn Puntumakoop
Candidate

Asst. Prof. Luepol Punnakanta, M.Sc.
Major-Advisor

Mr. Sangsant Panich, Ph.D.
Co-Advisor

Mr. Vimut Prasertpunt, Ph.D.

‘Co-Advisor

........ ey (Qoﬁcpm/m»l,{w%

Asst. Prof. Raywadee Roachanakanan,
M.Sc.

Chairman

Master of Science Programme in
Technology of Environmental Management
Faculty of Environment and Resource
Studies



Thesis
entitled

ANALYSIS OF LOCAL METEOROLOGICAL DATA FOR
AN INDUSTRIAL SOURCE COMPLEX MODEL: A CASE STUDY
OF MAP TA PHUT INDUSTRIAL ESTATE, THAILAND

was submitted to the Faculty of Graduate Studies, Mahidol University
for the degree of Master of Science (Technology of Environmental Management)

on

July 23, 2001

Miss Puangporn Puntumakoop
Candidate

Mr. Sangsant Panich, Ph.D.
Member

Mr. Vimut Prasertpunt, Ph.D.

Member
Asst. Prof. Anchalee P¢ngpun ;A:sso;:. Prof. Anuchat . Poungsomlee i)'h.D.
M.A. (Applied Linguistics) Dean
Acting Dean Faculty of Environment and Resource Studies
Faculty of Graduate Studies Mahidol University

Mabhidol University



ACKNOWLEDGEMENT

I would like to express my grateful thanks to Asst. Prof. Luepol Punakanta,
my major advisor, for his great support and consistent care during my study for a long
time. You were born to be a teacher.

Sincere appreciation and gratitude is expressed to Dr. Sangsant Panich, my co-
advisor, for his valuable suggestion best care, guidance, encouragement and support
throughout my study and deepest gratitude for giving me an opportunity, the
knowledge of understanding air model and great work experience. I wish I could be
the good scientist following your footprint in someday.

Special thanks and gratitude is extended to Dr. Vimut Prasertpunt, my co-
advisor, for his valuable suggestion and consistent care during my study. My
appreciation is also expressed to Dr. Songkran Agsorn for his helpful suggestion.

I am very grateful to the staffs of Meteorological Department, Pollution
Control Department and Map Ta Phut industrial estate for their assistance about the
meteorological data, related information and their suggestion.

Special thanks as well go to my friends and staffs in Faculty of Environment
and Resource studies and Faculty of Science, including staffs in ENVISYS Co., Ltd.
for their encouragement and assistance throughout my study.

Thank you for the teaching staff for giving me the systematic knowledge. And I
would like to express my gratitude to Dr.Anuchat Poungsomlee for supporting me and
leading me to meet a lot of good persons in this society.

Thank you for all friends in ET23. I’'m very appreciated having all of you as
my friends and getting a chance to be one part of our generation.

I can’t find any words to say how much I feel grateful to “Mam”, my sister who
always cheer me up, “Weera”, for his helpful suggestion about data computing and
my best friend, “Keng” for his take care and supporting me.

Thank you for my father, my sister ,my aunt and her family for their nice care,
great encouragement understanding, and enormous support throughout my study.

Finally, I would like to express my deepest appreciation and sincere gratitude

my passe away mom for her love You always stay in my heart.

Puangporn Puntumakoop



Fac. of Grad. Studies, Mahidol Univ. Thesis / 1v

3937150 ENET/M : MAJOR: TECHNOLOGY OF ENVIRONMENTAL
MANAGEMENT; M.Sc. (TECHNOLOGY OF
ENVIRONMENTAL MANAGEMENT)

KEY WORDS : METEOROLOGICAL DATA TRANSFORMATION/
AIR QUALITY MODEL/ ISCST3/ SO2/ MAP TA PHUT
PUANGPORN PUNTUMAKOOP : ANALYSIS OF LOCAL

METEOROLOGICAL DATA FOR AN INDUSTRIAL SOURCE COMPLEX MODEL:
A CASE STUDY OF MAP TA PHUT INDUSTRIAL ESTATE, THAILAND. THESIS
ADVISORS: LUEPOL PUNNAKANTA, M.Sc. SANGSANT PANICH, Ph.D. VIMUT
PRASERTPUNT, Ph.D. 90 p. ISBN 974-04-0433-2

Meteorological and air quality data from monitoring stations are important to air
quality management at Map Ta Phut Industrial Estate. However, data obtained from
seven meteorological stations located in the area are inconsistent. The Meteorological
Department’s station with the complete data set is measuring every three hours data
while, the Pollution Control Department and Map Ta Phut Industrial Estate’s stations,
which have incomplete data, are measuring data hourly. The objectives of this study are,
therefore, to study the relationship of the Meteorological Department’s data and hourly
meteorological data before and after transformation by mathematical methods and to find
a station that can represent the meteorological conditions of the area.

The methods used in the transformation of the Meteorological Department’s data
were linear regression and 3 transform methods (repetition [, II and interpolation). The
relationship between the transformed and hourly measured meteorological data was
tested by correlation coefficient and RMSE. The selection of 7 meteorological stations, in
order to find a representative one, was made by employing ISCST3 model and the paired
t-test statistical method with monitored SO,.

The interpolation method resulted in minimum RMSE for all meteorological data
in every season and period of day. The concentration measured from Ta Kuan receptor
and ISCST3 that used meteorological data from Ta Kuan station show no significant
difference in all seasons. The concentration in winter at Field Crop Research Center had
significant difference according to ISCST3. Furthermore, transformed meteorological
data from Huai Pong station did not yield significant differences at Ta Kuan and Nong
Faep station in summer. However, all the rest of the results illustrated differences
between the on-site measurement and ISCST3. Therefore, it is not completely justifiable
to conclude that any of the seven meteorological stations can be a good representative for
the study area.

For future research, there should be studies using other transform methods.
Moreover, there seems to be a need to develop stability class criteria suitable for
Thailand.




Fac. of Grad. Studies, Mahidol Univ. Thesis / v

3937150 EMTM/M @ @19 ma TuTadmsusnsdanadey
. (naTuTadmsuSmsfunaden)

wans  wuguila : MR manammmuuu'mmmahmnimmmnam
INDUSTRIAL SOURCE COMPLEX : nsdifinn wunuﬂnqmmwﬂssnummwn
dYszinelne (ANALYSIS OF LOCAL METEOROLOGICAL DATA FOR AN
INDUSTRIAL SOURCE COMPLEX MODEL: A CASE STUDY OF MAP TA PHUT
INDUSTRIAL ESTATE, THAILAND.) Agizns sumsauquineiinug : dona
Jouaufud MSC., uadud wiliy D, 3y@ 1sziedgiug Ph.D. 90 nil1. ISBN 974-04-
0433-2

fuimaaﬁuuu'mmuawauaammwmmﬂms'Jmmnﬂﬁmum'Jmmi‘lum
mf-mmamismmsﬂfumwmmﬂ“luwunuﬂnqmmnnsssuummvgﬂ Soyaitldnnanil
asI9 IR 7 ﬁmu“luwunm'lummsm'i'lumtmwauanmuaamnamumwm
veansugaiinuInn ldhmsaseiadoyagaiioninemn 3 Faluiidoyansuaaea
31 luvazfiaoriiasasSavesnsunruguuanuuaziaugaaInIsuaIAnng
masnmlonaswmlmumuuauamﬂmu'hlma‘m

amﬂsvmﬂ‘lumsﬁnymsw fe Amnanuduiuisznihedeyagaiionined
@57933A310 3 %ﬂmua.,swmimmnauuaznmmsuﬂawauaiﬂonmsma
ﬂmﬂmﬁmua~mamumwmmfmmmsmi‘lumtmuﬁmwwunﬁnm

mﬂuﬂ)ﬁw‘li’f"lumsuﬂawanasw 3 mlmﬂaﬁummnaaummu HagIsNs
wasdoya 3 33 1dun 3 Ssuui 1 Fdeuuud 2 uriimstznamlugoe
mnmmsﬁﬂmasmmsuﬂawauasmemwmsmnmm RMSE lumsidenaaniigy
Sowinen 7 gl emdumniu Bhmsanunlasldiuudiass 1ScST3 uazlims
SRTEYNNABAULY paired ttest lumsiSouioniSunafadanies lavenlad (s0,)
NNUVUTIABUAZIINMIATIVIAIT

wamsfnywyhmsulasdeyagamai firmeay wazaudaon Tavld3ims
Usznuamluyn mmu1sﬂ"lnmﬂ11uﬂmamaauuatmqa“lunnqﬂmaummmawm
Fu anududiuves so, fasaeTannamilmnauiazmialfein 1ScsTs Tnsld¥eryagn
u:m'mmmnamummu"luummmnmmu"luunqqnm luggnuniianiiaseia
omefinls manududuginanhiiaimuandsuiielddeyannandingls uaz
1uqasauma°lwauaqquumnum'lmmmsuﬂmﬂmnﬂmu'nwTﬂawn'nmmmwu
w'nm'm'mﬂswmfm1ummuua.mumuﬂu'lmmﬂmqnu ama'lsnmuwummmm
{Wnduves so, nnamiiasnemefindeuazan ISCST3 fiAnuuanateiu mmm
1ua1u1snﬁ;ﬂ'lﬂ11ﬂmu1ﬁmu1sm"i‘lumtmwmwunﬁnm'lé’ TumsAnundesely
msﬁnmmnmsuﬂawaga'inmmu 9 uBANINTIAITNAIAIITAUANUADETVES
yssmafimnzaudmivlszmaing




CONTENTS

Page
ACKNOWLEDGMENT i
ENGLISH ABSTRACT v
THAI ABSRACT \
LIST OF TABLES ix
LIST OF FIGURES xi
CHAPTER
I INTRODUCTION 1
1.1 Background 1
1.2 Conceptual framework 7
1.3 Objectives 10
1.4 Scope of the study 10
1.5 Expected outcome 11
II LITERATURE REVIEW | 12
2.1 Factors that effected on air pollutant distribution in atmosphere 12
2.2 Meteorological data monitored by the Meteorological
Department 18

2.3 Meteorological data monitored by the Pollution Control

Department 21



CONTENTS (CONTINUED)

2.4 Meteorological data monitored by Map Ta Phut
Industrial Estate
2.5 Map Ta Phut industrial estate area
2.6 Air basin of the study area
2.7 ISCST mathematical mbdel
2.8 Transformation of data from 3 hours to hourly average
in the existing practice
2.9 Related researches
III MATERIALS AND METHODS
3.1 Research design
3.2 Transformation and relationship of meteorological data
3.3 Meteorological data selection for representation of
Map Ta Phut industrial estate area
IV RESULTS
4.1 Transformation and relationship of meteorological data
4.1.1 Temperature transformation
4.1.2 Wind direction transformation
4.1.3 Wind speed transformation
4.2 Survey results of the study area
4.2.1 Evaluation of monitoring stations locations

and surroundings

Vil

Page

23
24
26

27

31
33
34
34

34

38
40
40
41
46
58

63

63



CONTENTS (CONTINUED)

4.3 Comparison of SO; concentration between result
from ISCST 3 model and on-site measurement data
V DISCUSSION
5.1 Relationship and the statistical analysis of meteorological
data in the study area
5.1.1 Temperature data
5.1.2 Wind direction
5.1.3 Wind speed
5.2 Meteorological data for representation of
meteorological status in Map Ta Phut industrial estate area
VI CONCLUSION AND RECCOMENDATION
6.1 Conclusion
6.2 Recommendation
REFERENCES
APPENDIX

BIOGRAPHY

viil

Page

71

78

78
78
78

78

79
&3
&3
83
85
90

96



LIST OF TABLES

Table Page
1 Atmospheric stability classification by Pasquill-Gifford 14
2 Mixing height and atmospheric stability 17
3 Comparison of knots scale and m/s scale for wind speed 21
4 Analysis of temperature data for each season and time of day 45
5 Transformation of temperature data in summer, rainy and winter seasons 45
6 Analysis of wind direction data for each season and time of day 50
7 Transformation of wind direction data in summer, rainy and winter

seasons 50

8 Comparison of wind speed data of Meteorology Department (MD)

and Pollution Control Department (PCD) 58
9 Analysis of wind speed data for each season and time of day . 61
10 Transformation of wind speed data in summer, rainy and winter

seasons 62
11 Available meteorological data in 1999 and 2000 71
12 Compérison of SO, ground level concentration between result from

ISCST 3 model and on-site measurement data in summer 73
13 Comparison of SO, ground level concentration between result from

ISCST 3 model and on-site measurement data in rainy seasons 74
14 Comparison of SO, ground level concentration between result from

ISCST 3 model and on-site measurement data on winter 76



LIST OF TABLES (CONTINUED)

Table Page

15 Comparison of SO ground level concentration between result

from ISCST3 model and on-site using Huai Pong Station 77



LIST OF FIGURES

Figure

1 Monitoring station in Map Ta Phut industrial estate area

2 The conceptual framework of the research

3 The conceptual framework of the research (continued)

4 Horizontal dispersion coefficient as a function of downwind

distance from the source

5 Vertical dispersion coefficient as a function of downwind
distance from the source

6 Map of Map Ta Phut Industrial Estate

7 Wind direction during 30 years (1961-1990)

8 Characteristic of Guassian Plume Model

9 Transformation and relationship of meteorological data

10 Selection Process for representative of meteorological data in
Map Ta Phut industrial estate area

11 Temperature data of summer on daytime as measured by
PCD and MD in daytime

12 Temperature data of rainy season on daytime as measured by
PCD and MD in daytime

13 Temperature data of winter on daytime as measured by

PCD and MD in daytime

Page

15

16

24

26

28

37

39

42

42

42



LIST OF FIGURES (CONTINUED)

Figure

14 Temperature data of summer on nighttime as measured by
PCD and MD

15 Temperature data of rainy season on nighttime as measured by
PCD and MD

16 Temperature data of winter on nighttime as measured by
PCD and MD

17 Wind direction data of summer on daytime as measured by
PCD and MD

18 Wind direction data of rainy season on daytime as measured by
PCD and MD

19 Wind direction data of winter on daytime as measured by
PCD and MD

20 Wind direction data of summer on nighttime as measured by
PCD and MD

21 Wind direction data of rainy season on nighttime as measured by
PCD and MD

22 Wind direction data of winter on nighttime as measured by
PCD and MD

23 Wind rose of MD and PCD in summer on day and nighttime

24 Wind rose of MD and PCD in rainy season on day and nighttime

X1

Page

43

43

43

48

48

48

49

49

49

51

52



Figure
25

26

27

28

29

30

31
32

33

34
35
36
37

38

LIST OF FIGURES (CONTINUED)

Wind rose of MD and PCD in winter on day and nighttime

Wind rose of transformed MD and PCD in summer on day

and nighttime

Wind rose of transformed MD and PCD in rainy season on day

and nighttime

Wind rose of transformed MD and PCD in winter on day

and nighttime

Wind speed data of summer on daytime as measured by PCD and MD
Wind speed data of rainy season on daytime as measured by

PCD and MD

Wind speed data of winter on daytime as measured by PCD and MD
Wind speed data of summer on nighttime as measured by PCD and MD
Wind speed data of rainy season on nighttime as measured by

PCD and MD

Wind speed data of winter on nighttime as measured by PCD and MD
Map Chalut monitoring station

Nong Faep monitoring station

Ta Kuan monitoring station

The Field Crops and Huai Pong monitoring stations

X1l

Page

53

55

56

57

59

59

59

60

60

60

63

64

65

66



LIST OF FIGURES (CONTINUED)

Figure

39 Map Ta Phut Health Center monitoring station

40 Map Ta Phut Phanphithayakarn School monitoring station
41 Wind speed on 1 to 7 March 2000

42 Wind speed of 6 monitoring stations on 1 to 7 March 2000

X1v

Page
67
67
69

70



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 1

CHAPTERI

INTRODUCTION

1.1 Background

As the consequence of National Social and Economic Development Plans in
particular the Sixth and the Seventh, in which the government aimed to lead Thailand
to be New Industrialized Country (NIC) (1), (2). The industrial sector had increased to
127,364 manufacturers at the end of year 1998 (3). Large-scale industrial estates were
established in many areas. These caused pollution problems and deterioration of
natural resources. One of major pollution problem is air pollution, which has
widespread impacts since the polluténts disperse rapidly and extensively in the air,
affecting human, animals, plants and ecosystem. The impacts are both direct and
indirect such as threats to health, respiratory system and effects to other systems (4).
Furthermore, it causes econémic effect from migration for health (5).

One of air pollution problem was at Mae Moh sub-province, Lam Pang
province so called “Mae Moh incident” was caused by Sulfur dioxide (SO3),
generated by lignite burning at power generating plant‘ of Electricity Generating
Authority of Thailand (EGAT). Plume of the gas covered a village and caused 500
illness cases. Eighty percent of the patients had eye and nasal irritation, dizziness and
inflammation in respiratory system. In addition, pets were sick and dead, and plants

withered (6).



Puangporn Puntumakoop Introduction / 2

After the incident, various government organizations had taken actions on
solving this problem. Notwithstanding, some records of Sulfur dioxide level detected
during 1992-1999 still exceeded emission standards. In June 1997, at Map Ta Phut
Phan Withayakhan School, Map Ta Phut district, Amphur Muang, Rayong province,
which is located in the vicinity of Map Ta Phut Industrial Estate, 120 victims effected
by chemicals vapors were reported on having dizziness, headache, nasal
inflammation, throat soreness, thirstiness, and exhaustion (7).

As there are numerous mentioned cases, it is crucial to manage air pollution by
assessing effects through air quality monitoring and simulation in order to control and
prevent the impacts of air pollution (8). Estimated air pollutant concentration can be
obtained by using mathematical model or on-site measuring, however, the latter
alternative is sometimes very costly. In case that the pollution information is not
available, only limited existing pollutant concentration can be used as baseline for
future comparisor: and can not be used for assessing impacts. Therefore, mathematical
model becomes important and frequently used since it can estimate result by
reasonable time with lower cost, although the precision is lower and it can not replace
on-site measuring in any case (9).

Generally, most of the existing mathematical models for prediction of
dispersion of the air pollutants were developed on the basis of Gaussian Plume Model
theory. There are plenty of models available for appropriate selection. For chemical
and petrochemical industrial areas in Thailand, the selected and popular model is
ISC3 (Industrial ‘Source Complex Version 3), which is one of various model of
UNAMAP 6 (User’s Network for Applied Modeling of Air Pollution) under United

State Environment Protection Agency (U.S.EPA). This model has been continuously
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developed and can be applied for extensive purposes. It has been accepted by many
Thai agencies such as Department of Industrial Works, and Office of Environmental
Policy and Planning. It can estimate pollutant concentration from point source, area
source and volume source within downwind distance (10), (11).

The significant requirement for using the air pollution model is data,
consisting of source data, meteorological data and impacted area. Meteorological data
is the most important variable (12). The meteorological data, needed for the model,
are wind speed, wind direction, cloud cover, mixing height and air temperature. The
data have to be utilized for calculating stability class. There are two agencies,
Meteorological Department and Pollution Control Department, which measure this
data (13). The Meteorological Department has been collecting this information since
1958. The data are manually obtained from station every 3 hours, hereafter called
“every 3hrs data”. The detected data is real-time (spot) data rather than continuous
measuring data since it is collected on the basis of weather forecast following
standard of World Meteorological Organization. The Meteorological Department
conducts 112 monitoring stations throughout Thailand, which includes 57 surface
monitoring stations, 34 agricultural monitoring stations and 21 hydrologic
meteorological monitoring stations.

Pollution Control >Department has been collecting data from automatic air
quality monitoring stations since 1996. The data are averaged per time unit (e.g.
hourly average). There are 30 Air Quality Monitoring Stations in 16 provinces.
However, the data are not complete because of instrumental failure and the problem in

maintenance.
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Nowadays, the modeling groups prefer every 3 hrs data of the Meteorological
Department for inputting to mathematical model for air quality impact assessment
since the Meteorological Department has complete data set while there are gaps in
hourly data of PCD. Thereby, to utilize the data for air quality modeling, which
requires hourly data, it is necessary to modify the data to hourly data.

Several methods are used on data modification. The most favorable methods
are repetition and interpolation. Presently, the repetition is recommended for
modifying wind data by experts on air quality under the Steering Committee on
Environmental Impact Assessment of Industrial Project (14). Nevertheless this
practice has not been tested nor compared to other methods. The appropriate method
should give the applicability their usage data to increase accuracy of output of the
model.

For the study area, the researcher has selected an area in Rayong province,
where two stations, Huai Pong agricultural monitoring station of Meteorological
Department and air quality monitoring station of PCD at Field Crop Research Center
are next to each other. These two stations were placed 10 meters from each. Besides,
the area is in the vicinity of petrochemical industries, which are major sources of
pollution.

Apart from the mentioned information, the researcher has surveyed and found
that there were seven meteorological stations collecting data on wind direction, wind
speed and air temperature. The details of the stations are as follows:

o Meteorological Department: Huai Pong Station, which is about two kilometers
from the Map Ta Phut Industrial Estate. The station has complete every 3 hrs data

consisting of wind speed and direction and temperature.
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o Pollution Control Department’s station at Field Crop Research Center, 3
kilometer northeast of Map Ta Phut Industrial Estate next to the station Huai Pong.

o Pollution Control Department’s station at Map Ta Phut Health Center, 1
kilometer northwest of Map Ta Phut Industrial Estate.

Out of these two departments, Map Ta Phut Industrial Estate also installed
four air quality monitoring stations in the vicinity of the Estate, measuring
meteorological data at 10 m height. Other data of air pollutant concentration level has
also been being monitored since 1998 such as Sulfur dioxide, Nitrogen dioxide,
particulate and ozone etc. The mentioned stations are detailed as follows:

e Map Ta Phut Industrial Estate’s station at Wat Nong Faep Tugsinaram, nears
the southwest corner of the Industrial Estate.

e Map Ta Phut Industrial Estate’s station at Wat Ta Kuan Kongkaram, about 1
kilometer from the southeast corner of the Industrial Estate.

e Map Ta Phut Industrial Estate’s station at Wat Mapchalut, in the northwest
direction from the Industrial Estate.

e Map Ta Phut Industrial Estate’s station at Map Ta Phut Phan Withayakharn
School, northeast corner of the Industrial Estate.

The locations of these 7 stations are shown in Fig. 1
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Fig. 1 Monitoring stations in Map Ta Phut industrial estate area
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To assess impact to air quality in Map Ta Phut Industrial Estate area by using
air quality model, it requires data on pollution source, impact area and meteorological
data. It comes into the question of this research on selecting representative

meteorological data within the study area from these 7 stations.

1.2 Conceptual framework

The conceptual framework of this research is divided into 2 framework:
1.2.1 Transformation and relationship of meteorological data
Three hours meteorological data in air quality model were transformed
to hourly data. Currently, experts on air quality suggest that repetition‘ is appropriate
for transformation of wind data. The researcher question is whether the recommended
data transformation method is really appropriate comparing to other two methods,
interpolation and repetition for the hour before and aﬁér. Furthermore, the researcher
tried to apply these three methods to suit local climate characteristic. The procedure is

shown in Fig. 2
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Data collected every 3 hours Data Modifying
1. Air temperature by using these 3 modifying methods
2. Wind speed 1. Method one (Repetition one)
3. Wind Direction ——| 2. Method two (Repetition two)
3. Method three (Interpolation)

l

Comparison of results from these 3 methods

considering on each type of climate by statistic

l

Determination of appropriate transformation method for each climate condition

Fig. 2 The conceptual framework of the research

1.2.2 Meteorological data selection for representation of meteorological

status in Map Ta Phut Industrial Estate
In Map Ta Phut Industrial Estate area, there are presently seven
meteorological detecting stations, collecting data on wind speed, wind direction and
temperature. Whereas air quality model is used to assess impacts to air quality, there
are necessary to have input data of pollution sources, receptor areas and the
meteorological data. Hence it generates the question on how to select meteorological
data from which station to be representative of the meteorological condition in the
study area. This research has designed at Sulfur dioxide to be used as index since

there are plenty of Sulfur dioxide sources and the study area boundary is not too far



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 9

from the sources-.v The researcher assumed that there would not be much change in
Sulfur dioxide form chemically. Furthermore, there is no other non-indeedrial major
source of Sulfur dioxide while other pollutants, such as oxides of nitrogen (NOx) and
particulate, are also generated from transportation.

The defined study area is limited, within less than 3 kilometers from
Map Ta Phut Industrial Estate in order to minimize interference from transportation of
pollutant by wind to each station (within 1 hour approximately). As the model that is
used for comparing air quality is Steady State type, it should not be compared with the
real concentration in case of distance is over 1 hour. Once there is high wind
turbulence, there will be high deviation if the longer distance was selected choosing,

because wind might change direction. The conceptual framework as shown in Fig 3.

Meteorological data from 7 stations in the study area
1. Air Temperature
2. Wind Speed

3. Wind Direction

l

Comparisons of data from each station considering

statistical relation and air quality model

l

Determining a station to be the best representative of

meteorological condition in the study area

Fig. 3 The conceptual framework of the research (continued)
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1.3 Objectives

1.3.1 To study relationship and transformation of meteorological data
measured every 3 hrs and hourly.
1.3.2 To select a meteorological monitoring station to be the best

representative of the meteorological condition at Map Ta Phut Industrial Estate

1.4 Scope of the study

1.4.1 Technical scope
1.4.1.1 Transformation and relationship of meteorological data
This research is to find transformation equation of meteorological data
measured every 3 hrs and hourly by using linear regression and root mean square
error (RMSE) and to study on 3 data transformation techniques to fill the missing
data, There are three methods available detailed as follows:
e Method 1: The repeating of data of the 1** hr was used for the subsequent 2 hrs.
o Method 2: The repeating data of the 1* hr was used for the hour preceding and the
hour after.
« Method 3: The data of the 1 hr and the 4™ hrs are used for interpolation to fill in
the values for the 2" and 3™ hours.
1.4.1.2 Selection of a meteorological monitoring station, representing
meteorological condition at Map Ta Phut Industrial Estate
1) Study on relation of meteorological data from seven different stations

2) Input meteorological data into the air quality model (ISCST3)
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1.4.2 Scope of data

1.4.2.1 Meteorological data, which was transformed from every 3 hrs
data to hourly data are wind speed, wind direction and temperature

1.4.2.2 Meteorological data used for study on data transformation that
measured at Field Corp Research Center and Huai Pong station since 1996 to 2000.

1.4.2.3 Meteorological data, used for comparative study on selection of
a representative station for local meteorological condition, were obtained from 7
stations measured since 1999 to 2000.

1.4.2.4 Emission database from point and area sources in Map Ta Phut
area was collected from data available from the Environment Impact Assessment
(EIA) reports. This secondary data was further checked and confirmed by actual
survey for some of the large emission sources. The location in UTM coordinates for
each emission sources may not be very accurate, as it was found that some of the
stacks were not properly located and some were identical with other stacks. But, this
may not cause significant errors in air quality simulation.

1.4.2.5 Mathematical Model for comparing air quality data is a model
developed by U.S.EPA named Industrial Source Complex Model 3 (ISCST3), using

hourly data and designing SO, as index for comparing the hourly concentration data.

1.5 Expected outcome

1.5.1 Relation of data measured by the mentioned two agencies and
appropriate data modifying technique for each type of meteorological data.
1.5.2 A selected meteorological monitoring station that best represents

meteorological condition at Map Ta Phut Industrial Estate.
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CHAPTERII

LITERATURE REVIEW

2.1 Factors that effected on air pollutant distribution in atmosphere

Meteorological condition, for example, wind speed, wind direction, and
atmospheric stability condition is important factors, which effects to air pollutant
distribution in the atmosphere. (15)

2.1.1 Wind direction

Wind is an important factor on air pollutant distribution, because when
pollutant is released from emission source, it is blows directly with that wind. In case
of Thailand, wind direction is variable because Thailand is tropical country and
receive high sunshine. This causes large difference of temperature between ground,
water and air. Therefore, wind is generated by movement of hot air and cool air
replacement.

The example for local area scale is sea breeze and for regional scale is
southwest monsoon wind which brings humidity northward from sea to land and
causes heavy rain in rainy season. Another monsoon is northeast monsoon, which
brings cold air from northern part of the country to the south. Apart from local or
regional wind, there are also specific winds that are generated by geographical
conditions like buildings or mountains which cause change of wind direction, which
may effect community located under wind directions and cause impacts from air

pollutant.
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2.1.2 Wind Speed
Wind speed has a major impact on distribution of air pollutant, because
distance of air pollutant distribution depends on wind speed. Wind speed in the same
area will vary on high scale, so the effect on concentration will also vary.
2.1.3 Temperature
Temperature has an effect on air pollutant rising from factory stack. If
atmosphere outside has a different temperature from air released from the stack, it
causes different “plume rise” as well. Furthermore, in the colder climate when
temperature is lower it may be necessary to add heat to exist plume rise. In Thailand
where temperature variation is low, temperature may be less important.
2.1.4 Atmospheric Stability Class
Impacts from air pollutant emitted from sources are distributed
depending on atmospheric stability condition. Atmospheric stability classification can
be obtained by various methods as following: method developed by Passquill-Gifford,
method for analyzing wind speed transition by Brookhaven, and method of analyzing
of temperature change varies on height. The favorite method is a2 method developed
by Passquill-Gifford, which is by analyzing wind speed, solar radiation, or amount of
cloud in the sky to classify the atmospheric stability class into 6 classes as shown in

Table 1.
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Table 1 Atmospheric stability classification by Pasquill-Gifford

Surface Insolation Stability Classes
Wind Speed Day Night
(at 10 m) Incoming Solar Radiation (Watt/m®) Cloud Amount
Above the Strong Moderate Slight >4/8 | <3/8
ground (m/s) | (1> 700) (350<1<700) | (1<350) | cloudy | Clear
<2 A A-B B E F
2-3 A-B B C E F
3-5 B B-C D D E
5-6 C C-D D D D
>6 C D D D D

Source: D.B Tuner, Workbook of Atmospheric Dispersion Estimates (1967) (17)

Class A = Very unstable

Class B = Moderately unstable

Class C = Slightly unstable

Class D = Neutral

Class E = Slightly stable

Class F = Stable

Stability class is determination with time of day consideration that

separates be daytime and nighttime. Nighttime included 1 hr after sunrise and before
sunset, which in the Map TaPhut study area found sunrise is normally at 6 A.M. and
sunset at 6 P.M. Thus, nighttime is considered to be 5 P.M. to 7 A.M. and daytime
was 8 A.M to 4 P.M. Daytime was separated into 3 cases by using solar radiation
(w/m”), while nighttime was separated by consideration of cloud amount (octa) that
divides sky into 8 sections. One octa is 1/8 cloud in sky or 1/8 of sky covered. Cloud

amount > 4/8 is called cloudy and cloud amount < 3/8 is called clear. At present,
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determination of cloud in Thailand by Meteorological Department was changed by
separate sky to 10 section (scale is deca). Cloud amount 2 5/10 is cloudy and cloud
amount < 4/10 is clear. Wind speed is monitored at 10 m height from ground.
Furthermore, horizontal and vertical dispersion coefficients as a function of

downwind distance from the source were shown in Fig. 4 and 5.
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Fig. 4 Horizontal dispersion coefficient as a function of downwind distance from the

source

Source : Meteorology and Atomic Energy (1968) (18)
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Fig. 5 Vertical dispersion coefficient as a function of downwind distance from the
source
Source : Meteorology and Atomic Energy (1968) (18)
2.1.5 Mixing Height
Mixing height is a height from ground of atmospheric condition which

mixes or transferees mass efficiently. Mixing height can be determined from air
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temperature at height level. Measuring by radiosonde can be estimated from drawing
a dry adiabatic line from surface maximum temperature data to observe “inversion”
which shows negative slope against adiabatic line.

Pollution Control Department operates a sounder near Wat Mapchalut
and the results are available for 2000-2001. No significant inversion was observed
during day or night up to 1,000 m. From values used by Nieuwstadt FTM, Verheul
CM, Addicks J. (19) the daytime mixing height layer which mixing of air pollutants
occur can be estimated at 1,500 meters from the ground and during the nighttime the
value of 200-500 m can be adopted. In view of close distances from receptors to
sources in the present study, it is unlikely that the use of mixing heights of 500-1,000
m. would make significant difference.

Table 2 Mixing height and atmospheric stability

Atmospheric Stability Class Mixing Height (meters)
A 1,500
B 1,500
C 1,000
D 500
E 200
F 200

Source: Nieuwstadt, et al. (1976) (19)

Other than wind direction, wind speed, temperature, atmospheric stability, and
mixing height, which directly effect air pollutant dispersion, rainfall, humidity, solar
radiation, and visibility are of secondary importance (20). Turbulence, which is
regularly caused by wind direction and difference in temperature, has an impact on
reducing air pollutant concentration. Normally, air turbulence is a phenomenon

accordingly with eddies and it is non-direction turbulence.
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For the present work, there was study on air pollutant dispersion by
considering 5 meteorological factors as wind direction, wind speed, temperature,
atmospheric stability, and mixing height. All are essential as input into ISCST

mathematics model.

2.2 Meteorological data monitored by the Meteorological Department

The Meteorological Department has duty to measure meteorological condition
and disclose the information for various objectives as: for weather forecast, for
agriculture, and for air traffics. As a rule, each ground station should not be far from
each other more than 150 kilometers and for upper-level measurement station should
not be more than 300 kilometers. (21) (22)

At present, there are 112 meteorological stations covering whole country.
They can be classified as:

- Surface stations 57 stations

- Station of agricultural purposes 34 stations

- Hydrologic meteorology stations 21 stations

Measurement from all stations is done at the same time as expected by World
Meteorology Organization. The time is every 3 hours initially from midnight of
Greenwich time as: 00.00, 03.00, 06.00, 09.00, 12.00, 15.00, 18.00 and 21.00 of
Greenwich time, which is same as Thai time as ordering as: 07.00, 10.00, 13.00,
16.00, 19.00, 22.00, 01.00 and 04.00. The information gained from this system is not
continuous, thus, it is not suitablé for using with mathematics model for evaluating air
pollutant concentration at ground level. However, information from the

Meteorological Department, which has many stations covering whole country and has
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measured continuously for a long time, is the most suitable information resource
compared with other sources.

For the Map Ta Phut industrial estate area, it has one station, which is Huai
Pong agricultural station. It is located on research station, Amphur Muang, Rayong
province at latitude 12’ 44’ and longitude 101 8. It is located on 43.348 meters up
to mean sea level. This station was established in 1963 until now. (23)

2.2.1 Various parameters measured by the Meteorological Department

2.2.1.1 Surface meteorological information (24)

Surface station has monitored significant parameters as
following: atmospheric pressure, air temperature, relative humidity, ground-level
wind, amount of rainfall, dew-point temperature, water evaporation, underground
temperature, solar radiation, solar duration and water temperature.

2.2.1.2 Wind measurement

1) Wind direction

Wind direction measurement instrument is Anemoscope or
Wind Wane. Character of the instrument is lightweight metal core with straight tail,
which can be single or double tails. Wind arrow is put on center of horizontal circle so
it can rotate around. Wind arrow is flow parallel with the wind, then where a head of
arrow points to is where the wind blows from. At present, anemoscope has records of
wind direction on graph paper or attached instrument showings wind direction on
screen at the station.

For wind direction report, when wind it is according to 8 or 16
directions-compass. For a report of wind direction in term of degree, it can report

angle of wind direction from north follow the clock by using number 0 degree to 360
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degree, for example, 40 degree wind direction is a wind from between north and
northeast making angle of 40 degree with north. Normally, wind direction is reported
in form of degree (25) (26) and (27).

2) Wind Speed

Wind speed is velocity of air that flows passed reference point
located the Meteorological Department and the unit is Knot. It can be measured by
cup anemometer, which is a cup shaped like half a circle or cylinder (3 or 4 cups).
Mouth of cups located horizontally and when wind blows, cups turn around the core.
Number of rotation is related to distance of wind speed through the instrument in one
period. For wind speed measurement instrument using electricity, core of cup is
attached with magneto, with is a small electricity generator. It has cable connected to
voltmeter and needle on a screen shown the velocity in unit of Knot. In some model
of wind speed meter, it has an instrument for using pen to record on graph paper (28)
and (29).

From surveying of Huai Pong station, wind monitoring was performed
2 times at every 3 hrs at 10 minute. Before and after monitoring time. Wind direction
and wind speed data were averaged value of these 2 measurements.

Anemometer can monitor to 60 knots by reading 2 scales that were
inner and outer scale. Inner scale is used for fine reading, from 0 to 20 knots and outer
scale can monitor 0 to 60 knoté. For Huai Pong air monitoring station, inner scale was
out of order. Thus, outer scale was used. Scale at 5 to 10 knots is with a width of
approximate 0.5 cm, which had effect to accuracy of wind speed value. However,
there was training of staff there in order to obtain similar standard for wind speed

value reading.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 21

Wind speed values were knots scale, which were changed to be m/s
scale by estimation as procedure of wind speed monitoring in agricultural air
monitoring station shown in Table 3.

Table 3 Comparison of knots scale and m/s scale for wind speed

knots scale m/s scale
1 0.5
2 1.0
3 1.5
4 2.1
5 2.6
6 3.1
7 3.6
8 4.1
9 4.6
10 5.1
11 5.7
12 6.2
13 6.7
14 7.2

Source : Huai Pong agricultural station. 1 knot =0.512 m/s
Huai Pong station of PCD measured wind speed by using manual system for
every 3 hrs data that measure 2 times at 10 min before and after measurement time,

each time used 30 min.

2.3 Meteorological data monitored by the Pollution Control

Department

Pollution Control Department has established a system of meteorology and air
quality stations in all regions of Thailand. At present, it has monitoring stations in 20

provinces, include 30 stations as:
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Metropolitan region area has 10 monitoring stations located at Samut-
Prakarn, Samut-Sakomn, Pathumthani, Nonthaburi, and Nakom Prathom provinces.
Northern region has 5 weather-monitoring stations located at Chiang-Mai, Lampang,
and Nakorn-Sawan provinces. Northeast region has 2 weather-monitoring stations
located at Khon-Kaen and Nakom-Ratchasrima provinces. In central Thailand, there
are 4 automatic air quality monitoring stations located at Ayuttaya, Saraburi and
Ratchaburi provinces. Furthermore, in eastern and southern Thailand, there are seven
stations in Chonburi and Rayong and two stations in Suratthani and Phuket provinces,
respectively.

Pollution Control Department (PCD) operated air quality aufomatic station
since 1983. Measurement of general parameters includes wind speed, wind direction,
temperature, humidity, net radiation, air pressure and precipitation. On the other hand,
pollutants such as sulfur dioxide, ozone, nitrogen dioxide, PM 10, THC and TSP are
monitored. PCD has the network on over Thailand and publicize air quality data by
Internet (http://www.pcd.go.th).

The meteorology data of PCD is hourly average data according to the
requirement -of air quality data model. However, there is problem from measuring
instruments that make data incomplete and the fact that PCD does not has air quality
monitoring station for research purpose. (30) (31)

There are two automatic air quality stations of PCD in Map Ta Phut. One of
them is at Map Ta Phut health office (10 m. height) to the northeast and another at
Field Crop station (10 and 30 m. height) to the north of the industral estate.

Field crop center station of PCD measured wind speed from north (u), east (v)

and vertical (w) direction by using sonic system for hourly data (m/s scale and 4
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decimal), which was average of wind speed data at every minute in each hour. Thus,
there was necessary to calculated wind speed in horizontal direction (X) by vector

calculation of wind speed from north and east directions as follow.

x = N+

2.4 Meteorological data monitored by Map Ta Phut Industrial Estate

In Map Ta Phut estate, there are four automatic air quality stations which
measure meteorological data at 10 m height. Measurement includes the concentration
of air pollution such as SO;, NOy, O; and dust since 1998. Air quality automatic
stations are located as follow

2.4.1 Map Ta Phut Industrial Estate’s station at Wat Nong Faeb Tugsinaram,
near the southwest comer of the Industrial Estate, which located at 730059 E 1402974
NUTM.

2.4.2 Map Ta Phut Industrial Estate’s station at Wat Ta Kuan Kongkaram,
about 1 km. from the southeast comner of the Industrial Estate, which located at
736499 E 1401753 N UTM.

2.43 Map Ta Phut Industrial Estate’s station at Wat Mapchalut, in the
northwest direction from the Industrial Estate, which located at 731346 E 1406955 N
UTM.

2.44 Map Ta Phut Industrial Estate’s station at Map ’I;a Phut Phan
Withatayakharn School, northeast comer of the Industrial Estate, which located at

735180 E 1405328 N UTM.
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2.5 Map Ta Phut industrial estate area

Map Ta Phut Industrial Estate is the largest industrial estate in Thailand,
located in Muang district Rayong Province (Fig. 6), initially with four major
categories of industry; gas separation plants, petrochemical plants, fertilizer plants and
soda ash plants. Established in 1984, the current industrial area is more than 10 square
kilometers with more than 50 industrial plants in the Estate and its adjacent Pa Daeng
and Eastern Industrial Estates (32). The Estate is by the seashore and surrounded by
existing communities. (33) The important ones are (clockwise from the beach) Nong
Faeb (west of the Estate), Mapchalut (northwest), Wat Sophon  (north-northeast), Soi
Ruam Pattana and Ta Kuan-Ao Pradoo (east). As the monsoon wind direction in
summer and rainy seasons in Thailand is to north-northeast direction during February
to September, Wat Sophon community is effected most, and complaints were
frequently made by the local school, Map Ta Phut Phan Withayakharn, and the nearby
temple, Wat Sophonwanaram. During the Northeast monsoon wind in winter the
effected area is mostly to the south part near the beach (Ta Kuan-Ao Pradoo).

Recording of wind direction during 30 years (1961-1990) in Figure 7 shows
that the wind blew from the southwest between May and Oct., from northeast between
Nov. and Dec. and from the south between Jan. and Apr., Mostly, the wind speed has

velocity lower than 1 knot.
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Fig. 6 Map of Map Ta Phut Industrial Estate

Source: Map Ta Phut Municipality. (2000) (33)
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Fig. 7 Wind direction during 30 years (1961-1990)

Source: Meteorological Department (34)

2.6 Air Basin of the study area

Air basin pertains to a large region that shares a common geographical area of
source and atmospheric conditions. The boundaries of an air basin are usually
determined by mountains, large hill, and bodies of water.

Regional air quality pertains to the air quality prevailing in the air basin.
Regional air quality is influenced by the total emission of primary pollutants and

generation of secondary pollutants throughout the air basin.
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As partial and temporal variation in regional air quality will always occur as a
result of the spatial distribution of sources, meteorology, and topography in a given
air basin. For example, while a prevailing wind from the ocean may maintain a good
quality of air in communities adjoining the water, it will simultaneously transport
primary pollutants from the shore communities to the inland communities in the air
basin and provide time for secondary pollutants to form. For this reason, it is
" convenient to define the concept of a subregional air basin.

Subregional air quality pertains to the air quality prevailing in the subregional
air basin. A subregional air basin is a subdivision of the air basin, which encompasses
a number of communities that share a uniform quality of air. The uniformity of air
quality will be based on topographical features of the area (i.e. enclosing hills),
distribution of sources, and meteorology.

Local air quality pertains to that area in which a source increases the
downwind concentrations above the upwind ambient concentrations. An example of
local air quality impact would be the increased pollutant concentrations immediately
downwind of a freeway or large industrial source.

The study area is a terrain site, which is located beside coastline in the south

and mountains in the north and west. Thus, this area is under coastal condition. (35)

2.7 ISCST mathematical model

2.7.1 ISCST model
ISCST mathematical model is based on Gaussion Plume Model that
was developed from Heat Diffusion Equation of Adolph Fick and was developed by

Sutton and Pas quill. ISCST has formula and statistical data on dispersion.
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Characteristic of Gaussion Plume Model is shown in Fig 8 and ISCST equation is

shown below. (36)
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Fig. 8 Characteristic of Gaussion Plume Model

X,z H)=  Q 2 2 2
— exp[- V2(y/ g ) l{exp[-12([z-H) g )] +exp[- 1/ 2([z+H] & )]
Novoet y z z
where;
X (x,y,z; H) = Downwind concentration at a point X, y, z, g/m3
Q = Emission rate of pollutants, g/s

Oy, O; Plume standard deviations, m



Fac. of Grad. Studies, Mahido!l Univ. M.Sc. (Technology of Environmental Management) / 29

H = Mean vertical wind speed across the plume height, m/s
y = Lateral distance, m

z = Vertical distance, m

H = Effective stack height, m

Effective stack height can be calculated from stack height included
with plume rise value. At present, mathematical models calculates plume rise by using
Holland or Briggs equations, which calculate effective stack height from tip of stack

to equilibrium point above. Holland’s equation is shown as follow.
Ah = [ 1.6/4][ 8Vs {do/4} {(Ts-Ta)/ Ts} ]x2/3

From Briggs equation, equilibrium point of stack is higher for longer

distance as shown as follow.

Ah = (Ved/1)(£1.5-2.67}x107)(p[ {Ts-Ta}/T5)d)

where;

Vs = Stack wind velocity, m/s

H = Wind speed of ambient air, m/s

d = Diameter of stack, m

p = Air pressure, millibar

Ts = Temperature in stack, °xg

Ta = Temperature of ambient air, 'k

X = Distance from point source, m

The Industrial Source Complex Short-Term (ISCST) model provides

options to model emissions from a wide range of sources that might be present at a
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typical industrial source complex. The basis of the model is the straight-line, steady-
state Gaussian plume equation, which is used with some modifications to model
simple point source emission from stacks, emissions from stacks that experience the
effects of aerodynamic downwash. Emission sources are categorized into four basic
types of sources, such as point sources, volume sources, area sources and open pit
sources (11).

ISCST model accepts hourly meteorological data records to define the
conditions for plume rise, transport, diffusion and deposition. The model estimates the
concentration or deposition value for each source and receptor combination for each
hour of input meteorology and calculates user selected short-term averages. For
deposition values, either the dry deposition flux, the wet deposition flux, or the total
deposition flux may be estimated. The total deposition flux is simply fhe sum of the
dry and wet deposition fluxes at a particular receptor location. The user also has the
option of selecting averages for the entire period of input meteorology (11).

2.7.2 1SC3 model

The Industrial Source Complex (ISC3) dispersion models according to
the ISC User’s manual (U.S.EPA) arguably are the most commonly used refined air
models for simple terrain applications. The popularity of the ISC3 models is due in
large measure to their ability to treat a great number of simple modeling scenarios.
The ISC3 models contain a regulatory default option to select and configure relevant
model parameters and option to the appropriate setting for regulatory applications.
The two models that share the ISC prefix are ISCST3 and ISCLT3. The ISCST3 is
Gaussian plume model designed to calculate short-term impacts (i.e. one to twenty-

four hours), but it can be used to determine annual average concentrations. The
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ISCLT3 is a climatological Gaussian plume model designed to calculate monthly,
seasonal, or annual average impacts.

The ISC3 models are the preferred models for evaluations of
complicated sources in rural and urban areas. Complicated sources are defined loosely
as those sources for which the refined models described above are not adequate. This
would include sources subject to building down wash effects, emissions of particulate
matter and emissions characterized as volume sources.

Multiple point, area and volume sources can be treated in the ISC3
models. Input source locations are used in the models to calculate concentrations
based on the actual separation from receptor locations. Emission rates for input
sources can be constant or varied as functions of time, wind speed and stability. The
ISCST3 model requires hourly observations of meteorological data, furthermore the
receptor grid options in the ISC3 models provide the user with many useful
alternatives. Moreover, these models also produce output files bthat can be used in

graphics packages to produce contour plots of model output values. (37)

2.8 Transformation of data from 3 hours instantaneous to hourly

average in existing practice

Mathematical modeling for concentrated amount of air pollution precipitation
at ground level requires hourly meteorological data. Thus, there is necessary that data
should be transformed to hourly data. There are two favorite processes to transform

the data.
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2.8.1 Interpolation

The interpolation technique can be following Newton’s rule, which
averages values of section and Lagrange’s rule, which uses polynomial method by
using the correlation of continuous function from graph. The Processing of data is as
follow:

1) Linear interpolation: Linear interpolation is the linkage of at lease
two points by using a direct line.

2) Quadratic interpolation: Quadratic interpolation is the linkage of at
lease three points by generating function in order to solve result of each point.

3) Polynomial interpolation: Polynomial interpolation is the linkage of
an amount of data by building up function in order to solve result of best fit.

The Newton ‘s rule is convenient to calculate and practical to use in

this process. The process is the generation of a function from data set. The function is:

flx) = [f(x0) + (x-x0)] [f(X1) - (x0)]
(X1-Xo0)
where; f(x) = variable function
f(xy), f(xo)) = initial function
X = variable point
X0, X) = data point

2.8.2 Repetition
There are two major processes of the transformation of repeating

method for missing data.
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1) Repetition I: The repeating of data of the first hour was used for the
subsequent hours.
2) Repetition II: The repeating data of the first hour was used for the

hour preceding and the hour after.

2.9 Related researches f j',‘l;\ RBNIATE
This topic has related researches as literature review following. ";;YZC;'L“F gng;
Wiwat Indrapanit (38) mentioned that the study of the relationship of

temperature data at locations approximately a 1-3 Km. Away. The first one is

measured at the Southwestern Coast Meteorology Center in March 1996 at 00.00,

03.00, 06.00, 09.00 and 12.00 UTC and the other one is measured temperature at the

runway of Phuket airport. The station at runway of Phuket airport problem of

electrical system. Thus, the correlation data of both stations is useful.
The result of this study found that temperature at 00.00, 03.00, 06.00 and

09.00 UTC were slightly higher than those of WCMC and had difference at

significance level of 0.01 by using analyzation of ANOVA correlation method. At

12.00 UTC, temperature at the Southwestern Coast Meteorology Center was slightly

higher than the runway of Phuket airport and did not have any significant difference.
Thass Klinsorn (39) studied to the information system in order to do air

quality assessment from industries by using GIS as tool in ExINTER (ISCST3)
system. In order to use ISC mathematical air quality modeling of the concentrated
pollution in atmosphere, it would need control PCRAMMET to prepare

meteorological input.

18118545
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CHAPTER 111

MATERIALS AND METHODS

3.1 Research design

This study is analysis of local meteorological data for an Industrial Source
Complex model in Map Ta Phut industrial estate area, Rayong province. First,
transformation of every 3hrs meteorological data to hourly meteorological data and
find relationship between transformed meteorological data with hourly meteorological
data was performed. Then selection of meteorological data from seven stations in the

study area was made in order to find representative meteorological data.

3.2 Transformation and relation of meteorological data

3.2.1 Data collection

Meteorological data used in mathematical model were wind speed
wind direction, temperature, stability class and mixing height. Since stability class and
mixing height data do not had direct measurement. The calculation of stability class
was made by relation of wind speed, cloud cover and time range of each day (follow
atmospheric stability classification of Pasquill-Gifford). For mixing height data, the
Pollution Control Department operates a sounder near Wat Mapchalut and the results
are available for 2000-2001. No significant inversion was observed during day or

night up to 1,000 m.
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Transformation of every 3 hrs data to hourly data was made for wind speed,
wind direction, Temperature and cloud cover.

1) Collection of every three hours Meteorological data at Huai Pong
agricultural air quality monitoring station measured by The Meteorological
Department as, wind direction, wind speed, temperature and cloud cover since 1966-
2000.

2) Collection of mixing height data from the Pollution Control
Department which operates a sounder near Wat Mapchalut since 1999-2000.

3) Collection of Meteorological data at Field Corp Research Center air
quality monitoring station measured by Pol]ution Control Department wind direction,
wind speed, temperature, solar radiation since 1996-2000.

3.2.2 Data preparation

1) Three files were created for wind direction, wind speed and

temperature data files.

2) Meteorological data were separated for each season as used by
Meteorology Department as, summer (15 Feb. to 15 May), rainy season (16 May to
15 Oct.) and winter season (16 Oct. to 14 Feb.). There was classified data for each
day to be daytime and nighttime.

3.2.3 Data analysis

Transformation of every 3 hrs wind direction, wind speed and temperature
data to be hourly data has 2 steps as follow.

1) Correlation of every 3 hrs data

e Every 3 hrs data of MD were compared with hourly data that were

measured at the same hours by PCD.
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o Data were separated to each season on day and nighttime.

e Each separated data were plotted to scatter diagrams in order to find
correlation of data by using linear regression method.

2) Meteorological data for unmeasured hours

Wind direction, wind speed and temperature data at unmeasured hours
were added data in order to reduced error by using hourly data of PCD.
Meteorological data after transformed to hourly data by 3 methods, which were
Repetition I, Repetition II and Interpolation methods.

Meteorological data in each season on daytime and nighttime in pairs
were calculated for found correlation for appropriated transformation method in each
interval of data by Root Mean Square Error (RMSE).

3.2.4 Conclusion of analyzed data
Transformation and relationship of meteorological data was

demonstrated by this diagram (Fig. 9).
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1) Every 3 hrs. data (MD) Separations of data by season, daytime,

2) Hourly data (PCD) nighttime

l

Select every 3 hrs data of PCD and select every 3

hrs data of MD
Every 3 hrs data of Every 3 hrs data of Pollution
< g
Meteorology Department Control Department

Relationship between both sets of data by Regression

Transformation of every 3 hrs data Check appropriate transformed

of pollution control department to —» method for each parameter by

be hourly data by 3 method RMSE

l

Appropriate transformed method for

each parameter.

Fig. 9 Transformation and relationship of meteorological data
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3.3 Meteorological data selection for representation of Map Ta Phut

industrial estate area

3.3.1 Data collection
Wind direction, wind speed and temperature data of air monitoring
station in study area were collected since 1999-2000 for seven meteorological data
monitoring station.
e 1% and 2™ stations were air quality monitoring stations of Pollution Control
Department at Map Ta Phut Health Center and at Field Corp Research Center.
e 39 station was Huai Pong agricultural meteorological station of The
Meteorological Department.
e 4" to 7" were Nong Faep, Ta Kuan, Mapchalut , and Map Ta Phut Phan
Withayakharn monitoring station stations of Map Ta Phut industrial estate.
Emission database from point and area sources in Map Ta Phut area
was collected from data available from the Environment Impact Assessment (EIA)
Reports. This secondary data was further checked and confirmed by actual survey for
some of the large emission sources and SO, monitoring data was collected from six
station. (1%, 2" and 4" to 7" stations)
3.3.2 Data preparation
Meteorological data from 7 stations were arranged into files for
comparison. Data were wind direction, wind speed and temperature data. After that,
creation of Meteorological data for using in ISCST mathematical model, which each
parameters from 7 stations were collected such as, station name, time (yr /m /d /hr),

wind direction and speed temperature, stability class and mixing height data files.
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3.3.3 Data analysis
Three meteorological parameter, wind direction, wind speed and
temperature data from each station were studied by linear regression and RMSE.
After that, comparison of SO, concentration data from ISCST3 and on-site measure
were used-paired t-test to selected stations.
3.3.4 Conclusion from analyzed data
Monitoring station that had best fit three meteorological data with SO,
concentration data from ISC mathematical model in comparison with SO,
concentration data with monitoring data were selected to be representative station.
Meteorological data selection for representation of meteorological status in Map Ta

Phut industrial estate area can be demonstrated by this diagram (Fig. 10).

Consideration of factors that could p| Data from 7 stations

had effect on data l

Consideration of correlated data

Data from selected stations were

from each station

input data for air quality model

Best fit of result from air quality

model with result from monitoring

'

Representative station was selected from best fit
input data for meteorological status in study area

Fig. 10 Meteorological data selection for representation of meteorological status in

Map Ta Phut industrial estate area
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CHAPTER 1V

RESULTS

4.1 Transformation and relationship of meteorological data

In this study, the researcher analyzed the meteorological data, which were
temperature wind direction and wind speed and classified into 3 seasons by Climate
Division, The Meteorological Department.

- Summer; since the middle of February to the middle of May.

- Rainy; since the middle of May to the middle of October.

- Winter; since the middle of October to the middle of February.

Considering the meteorological data each hour, which has been by Field Crop
Station since 1996 until 2001, there was no complete data for each parameter in any
year of all 3 seasons. The data available for each season are :

e In summer: Temperature, wind direct wind speed using data from 15 February,
March, April until 15 May in the year 2000

e In rainy season: Temperature wind direct wind speed using data from 16 May,
June, July, August, September until 15 October in the year 1999.

e In winter: Temperature wind direct wind speed using data from 16 October,
November, December in the year 1999, January and February in the year 2000.

The researcher also divided data into daytime and nighttime by consideration
as follow: (according to sunrise and sunset times)

- Summer daytime since 6.00 to 18.00, nighttime since 19.00 to 5.00
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- Rainy daytime since 6.00 to 18.00, nighttime since 19.00 to 5.00
- Winter daytime since 7.00 to 17.00, nighttime from 18.00 to 6.00
4.1.1 Temperature Transformation
Correlation of every 3 hrs temperature data in 3 seasons on daytime
and nighttime was shown in Table 4. x values were temperature data of Meteorology
Department (MD) and Y values were temperature data of Pollution Control
Department (PCD). Linear equation from these data (Fig. 11 to 16) indicated highly
correlation of data, which temperature data of MD could explain 72% to 89% of PCD
temperature data and that highest correlation of temperature data was on daytime of

winter.
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Fig. 11 Temperature data of summer on daytime as measured by PCD and MD.
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Fig. 12 Temperature data of rainy season on daytime as measured by PCD and MD.
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Fig. 13 Temperature data of winter on daytime as measured by PCD and MD.
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Temperature data on nighttime
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Fig. 14 Temperature data of summer on nighttime as measured by PCD and MD.
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Fig. 15 Temperature data of rainy season on nighttime as measured by PCD and MD.
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Fig.16 Temperature data of winter on nighttime as measured by PCD and MD
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1) Transformation of temperature data in summer on daytime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 11). Temperature of PCD was 0.8556 multiply with
temperature data of MD and plus with 4.8036, that accuracy for explains was 88.75%.
2) Transformation of temperature data in rainy season on daytime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 12). Temperature of PCD was 0.6515 multiply with
temperature data of MD and plus with 10.632, that accuracy for explains was 72.08%.
3) Transformation of temperature data in winter on daytime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 13). Temperature of PCD was 0.9669 multiply with
temperature data of MD and plus with 1.7280, that accuracy for explains was 89.28%.
4) Transformation of temperature data in summer on nighttime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 14). Temperature of PCD was 0.8518 multiply with
temperature data of MD and plus with 3.7484, that accuracy for explains was 82.12%.
5) Transformation of temperature data in rainy season on nighttime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 15). Temperature of PCD was 0.8300 multiply with
temperature data of MD and plus with 5.3012, that accuracy for explains was 76.18%.
6) Transformation of temperature data in winter on nighttime
Temperature data of MD had correlation with data of PCD by using
linear regression (Fig. 16). Temperature of PCD was 0.7888 muitiply with

temperature data of MD and plus with 4.8912, that accuracy for explains was 77.94%.
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Table 4 Analysis of temperature data for each season and time of day

Time of day
Season
Daytime Nighttime

y = 0.8556x +4.8036 y = 0.8518x +3.7484
Summer

R* = 0.8875 R® = 0.8212

y = 0.6515x +10.632 y = 0.83x+5.3012
Rainy

R° = 0.7208 R° = 0.7618

y = 0.9669x +1.728 y = 0.7888x + 1.8912
Winter

R* = 0.8928 R° = 0.7794

For transformation of temperature data by using 3 hrs temperature data
transformed hourly data, there were 3 methods, which were repetition 1, repetition II
and interpolation methods. The data were analyzed by using RMSE statistic and
interpolated method could give minimum RMSE in all seasons on daytime and night.
On nighttime lower RMSE was observed at season as shown in Table 5.

Table 5 Transformation of temperature data in summer, rainy and winter seasons

Day Night
Season | Stat.
Method1 ]| Method2 | Method3 | Methodl |Method2 | Method3
Summer | RMSE | 1.461 0.990 0.592* 0.467 0.34 0.297*
Rainy [RMSE| 1.130 1.040 0.581* 0.540 0.680 | 0.377*
Winter | RMSE | 1.843 1.144 0.580* 0.57 0.366 | 0.236*

* =] east RMSE value in each season and interval time of day

4.1.1 Wind direction Transformation
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4.1.2 Wind direction Transformation
Cerrelation of every 3 hrs wind direction data in 3 seasons on daytime
and nighttime were shown in Table 6. x values were wind direction data of
Meteorology Department (MD) and Y values were wind direction data of Pollution
Control Department (PCD). Linear equation from these data (Fig. 17 to 22) indicated
moderate correlation. The highest correlation of wind direction data was on daytime
of rainy season.
1) Transformation of wind direction in summer on daytime
Wind direction data of MD had correlation with data of PCD by using
linear regression (Fig. 17). Wind direction of PCD was 0.4679 multiply with wind
direction data of MD and plus with 117.7, that accuracy for explains was 34.47 %.
2) Transformation of wind direction data in rainy season on daytime
Wind direction data of MD had correlation with data of PCD by using
linear regression (Fig. 18). Wind direction of PCD was 0.5854 multiply with wind
direction data of MD and plus with 102.92, that accuracy for explains was 61.18%.
3) Transformation of wind direction data in winter on daytime
Wind direction data of MD had correlation with data of PCD by using
linear regression (Fig. 19). Wind direction of PCD was 0.4933 multiply with wind
direction data of MD and plus with 82.315, that accuracy for explains was 54.49%.
4) Transformation of wind direction data in summer on nighttime
Wind direction data of MD had correlation with data of PCD by using
linear regression (Fig. 20). Wind direction of PCD was 0.4793 multiply with wind

direction data of MD and plus with 111.18, that accuracy for explain was 47.37 %.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 47

5) Transformation of wind direction data in rainy season on nighttime
W:ad direction data of MD had correlation with data of PCD by using
linear regression (Fig. 21). Wind direction of PCD was 0.815 multiply with wind
direction data of MD and plus with 221.39, that accuracy for explains was 1.40 %.
6) Transformation of wind direction data in winter on nighttime
Wind direction data of MD had correlation with data of PCD by using
linear regression (Fig. 22). Wind direction of PCD was 0.2433 multiply with wind

direction data of MD and plus with 73.889, that accuracy for explain was 24.47 %.
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Fig. 17 Wind direction data of summer in daytime as measured by PCD and MD
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Fig. 18 Wind direction data of rainy season in daytime as measured by PCD and MD
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Fig. 19 Wind direction data of winter in daytime as measured by PCD and MD
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Wind direction data in nighttime
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Fig. 20 Wind direction data of summer in nighttime as measured by PCD and MD

400
| g ) iz;g.gf:5x+221.39

Rainy é 300 | \ \ >
% 200 |
S 150 | .
E 100 | >
2 s0f®
z 0 {

0 100 200 300 400
Wind direction of MD (Degree)

Fig. 21 Wind direction data of rainy in nighttime as measured by PCD and MD
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Fig. 22 Wind direction data of winter in nighttime as measured by PCD and MD
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Table 6 Analysis of wind direction data for each season and time of day

Time of day
Season
Daytime Nighttime

y = 0.4679x +117.7 y = 0.4793x+111.18
Summer

R® = 0.3447 R* = 0.4737

y = 0.5854x +102.92 y = 0.815x+221.39
Rainy

R° = 0.6118 R® = 0.014

y = 0.4933x +82.315 y = 0.2433x+73.889
Winter

R* = 0.5449 R® = 0.2447

For the transformation of wind direction data (Table 7), three methods were
analyzed by using RMSE statistic and interpolated method gave minimum RMSE in
all seasons on daytime and nighttime.

Table 7 Transformation of wind direction data in summer, rainy and winter seasons

Day Night
Season | Stat.

Method 1] Method 2 | Method 3 | Method 1 [Method 2|Method 3

Summer | RMSE | 38.567 | 29.979 | 25.432* | 44.020 | 38.092 | 35.556*
Rainy | RMSE | 35.516 | 33.331 | 22.684* | 38.124 | 42.583 | 29.960*

Winter | RMSE | 39.080 | 30.490 | 25.026* | 0.220 0.187 | 0.154*

* = Least RMSE value in each season and interval time of day
The wind Rose of 3 hrs data from wind direction measure by the Pollution
Control Department (PCD) and the Meteorological Department (MD) was shown in

Fig. 23 to 25.
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Fig. 23 Wind rose of MD and PCD in summer on day and nighttime

In summer on daytime, wind direction of PCD blow from southwest and wind

direction of MD blow from south, whereas wind direction of MD is higher than PCD.

In summer on nighttime, wind direction of PCD blow from southwest and wind

direction of MD blow from south and southwest, whereas wind direction of MD is

higher than PCD.
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In rainy season on, wind direction of PCD blow from west-southwest and

southwest. Wind direction of MD blow from southwest. On nighttime, wind direction

of PCD blow from west-southwest and wind direction of MD blow from southwest,

whereas wind direction of MD is higher than PCD.



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Technology of Environmental Management) / 53

e =
-

NORTH ~ -~
- ~
” ] -~
- ~
- ] ~
- R -
’ P ' - o ~
Y - ~ AY
‘ - ) ~
N . , N ~ ~
\ 0% P , ammbeal N 0%
AN
e
A3
Al ]

t
-

~
L

4
4
~ L ,/
Seea lsoumy-c” ~“‘n..:sou'ru"'/
(MD, daytime) (PCD, daytime)

\\ "-___:_“_-' ”I \\\ ‘-___:_’_.v /’/
~ o f R ‘,‘ 1 .
Treen o _lsoutu-” t~eao_Soutn-"
(MD, nighttime) (PCD, nighttime)
Wind Spead(m/s)

Wind speed scale of windrose (m/s)
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In winter on daytime, wind direction of PCD blow from 2 major, east-
northeast and east. Wind direction of MD blow from north. In winter on nighttime,
wind direction of PCD blow from east-northeast. Wind direction of MD blow from

north, whereas wind speed of MD was higher than PCD both daytime and nighttime.

The transformed wind direction of MD from 3 hrs data to wind direction of
PCD 3 hrs data has used linear equation in Table 6 and use interpolated method to
fill unmeasured data. The wind Rose of hourly data from wind direction measure by
the Pollution Control Department (PCD) and the transformed wind direction of

Meteorological Department (MD) was shown in Fig. 26 to 28.
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Fig. 26 Wind rose of transformed MD and PCD in summer on day and nighttime

In summer, on daytime and nighttime wind of transformed MD blow from

south-southwest and wind of PCD also blow from the same direction.
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Fig. 27 Wind rose of transformed MD and PCD in rainy season on day and nighttime

In rainy season, on daytime wind of transformed MD blow from southwest

and west-southwest, while wind of PCD blow vary from southwest, west-southwest

and west. On nighttime wind of transformed MD blow from northeast, whereas, wind

of PCD blow from southwest.
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In winter, on daytime wind of transformed MD blow vary from west, south
and east, while wind of PCD blow vary from northeast east-northeast and south-
southwest. On nighttime wind of transformed MD blow vary from south-southeast,
south-southeast and east-southeast, whereas wind of PCD blow from east-northeast
and northeast.

4.1.3 Wind speed Transformation

Correlation of every 3 hrs wind speed data in 3 seasons on daytime and
nighttime were shown in Table 9. Form every 3 hrs wind speed data, wind speed
values of Pollution Control Department (PCD) were 0 to 4.72 m/s, whereas wind
speed value of Meteorology Department (MD) were 0 to 7 m/s. comparison of these
data were shown in Table 8.

Table 8 Comparison of wind speed data of Meteorology Department (MD) and

Pollution Control Department (PCD)

Wind speed data of MD Wind speed data of PCD
Wind speed, m/s Frequency Wind speed, m/s Frequency

0 1,450 <1 1,359
1 217 1-1.9 731
2 158 2-2.9 203
3 406 3-39 15
4 70 4-49 3
5 8

6 1

7 1

In graphs of wind speed relation since May, 1999 to May, 2000 (Fig 29 to 34),
wind speed values from both monitoring stations had comparable values in range 0 to
4 m/s. In each season difference of wind speed values occur. Moreover, daytime

always had wind speed value higher than nighttime.
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Fig. 29 Wind speed data of summer on daytime as measured by PCD and MD

Rainy

y =0.462x+0.6127
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Wind speed of PCD (my/'s)

0 1 2 3 4 5
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Fig. 30 Wind speed data of rainy on daytime as measured by PCD and MD

Winter
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Fig. 31 Wind speed data of winter on daytime as measured by PCD and MD
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Fig. 32 Wind speed data of summer on nighttime as measured by PCD and MD
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Fig. 33 Wind speed data of rainy on nighttime as measured by PCD and MD

Winter
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Fig. 34 Wind speed data of winter on nighttime as measured by PCD and MD
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Table 9 Analysis of wind speed data for each season and time of day

Time of day
Season
Daytime Nighttime

y = 0.2415x +1.1450 y = 0.2041x +0.6615
Summer

R° = 0.1900 R* = 0.0644

y = 0.4620x + 0.6127 y = 0.336x + 0.5060
Rainy

R* = 0.6068 R* = 0.3313

y = 0.1837x +0.8067 y = 0.1555x + 0.4052
Winter

R° = 0.1230 R* = 0.1112

1) Transformation of wind speed data in summer on daytime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 29). Wind speed of PCD was 0.2410 multiply with wind speed
of MD and plus 1.145, that accuracy for explain correlation was 19.00%.
2) Transformation of wind speed data in rainy season on daytime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 30). Wind speed of PCD was 0.4620 multiply with wind speed
of MD and plus 0.6127, that accuracy for explain correlation was 60.68%.
3) Transformation of wind speed data in winter on daytime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 31). Wind speed of PCD was 0.1837 multiply with wind speed

of MD and plus 0.8067, that accuracy for explain correlation was 12.30%.
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4) Transformation of wind speed data in summer on nighttime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 32). Wind speed of PCD was 0.2041 multiply with wind speed
of MD and plus 0.6615, that accuracy for explain correlation was 6.44%.
5) Transformation of wind speed data in rainy season on daytime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 33). Wind speed of PCD was 0.3360 multiply with wind speed
of MD and plus 0.5060, that accuracy for explain correlation was 33.13%.
6) Transformation of wind speed data in winter on daytime
Wind speed data of MD had correlation with data of PCD by using
linear regression (Fig. 34). Wind speed of PCD was 0.1555 multiply with wind speed
of MD and plus 0.4052, that accuracy for explain correlation was 11.12%.
The transformed wind speed data (Table 10), the interpolation give
minimum RMSE in all season. During nighttime RMSE are lower than daytime for all
three methods.

Table 10 Transformation of wind speed data in summer, rainy and winter seasons

Day Night
Season | Stat.

Method 1 | Method 2 [ Method 3 |[Method 1{Method 2| Method 3

Summer | RMSE | 0.446 0.350 0.278* 0.316 0.260 | 0.222%
Rainy | RMSE | 0.520 0.450 0.359* 0.360 0.360 | 0.270*

Winter | RMSE | 0.433 0.363 0.290* | 0.220 | 0.187 | 0.154*

* =] east RMSE value in each season and interval time of day
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4.2 Survey results of the study area

The researcher began the selection of the appropriate monitoring station to be
a representation of meteorological data in study area by survey and observation of the
surrounding at each station. The observation was focused for any wind obstructions.
Figure 35 to 40 illustrate the layout of the stations.
4.2.1 Evaluation of monitoring stations locations and surroundings
1) Mapchalut station
Mapchalut station locates in the Mapchalut temple on the north of Map
Ta Phut industrial estate, as shown in Figure 35. It is on a flat ground. There were
trees, which were higher than the station. On the left side 15 meter away from the
station, there is storage building of 10 meter tall. The influence from sea on this
station was less because it was far away from sea. In conclusion, there may be some

errors in measurement due to the wind obstructions.

Mapchalut

Q Q ﬁﬁ air monitoring

station

Q House
Tree (lower (1 floor)

than station

height)
SN
Building
(1 floor)
House
(1 floor)

Fig. 35 Mapchalut monitoring station
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2) Nong Faep station

Nong Faep station is located in Nong Faep temple on the west of Map
Ta Phut industrial estate area (Fig 36). It is 10 meters away from funeral pyre and
there is garbage dump 5 meters away from the station. There was a great impact from
the sea because it is near the sea nearly. There was no tall tree and the data was

judged to be of good quality.

Nong Faep
QQ station
Tree (lower
than station  Weed (lower House
height) than station (2 floor) gl
height) pyre
(10 m)
X
Building g
(1 floor)
N
L Building
Building Temple (1 floor)
(1 floor) hall

Fig. 36 Nong Faep air monitoring station

3) Ta Kuan station

Ta Kuan station is located at Ta Kuan Khongkharam temple on the
southeast of Map Ta Phut industrial estate area (Fig. 37). The area is flat ground and
nears the sea with 8 to 10 big trees. There are bamboo trees behind the station and the
station is away from funeral pyre (50 meters). The station is near the sea, thus there

was influence by the sea more than other station but there are large trees nearby.
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Fig. 37 Ta Kuan air monitoring station

4) The Field Crops station

The Field Crops station is north of the Map Ta Phut industrial estate
area (Fig. 38). The ground is flat and around the station there are cultivated crops.
There are many big trees and a water tank, which is taller than the station. The impact
from the sea is very little because the station is far from the sea (7 kilometers).

5) Huai Pong meteorology station

Huai Pong meteorology station (Fig. 38) had many trees around, as it is
located next to Field Crops station. The impact from the sea is very little because it is

away from the sea (7 kilometers).
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Fig. 38 Field Crops and Huai Pong monitoring stations

6) Map Ta Phut Health Center station

Map Ta Phut Health Center station belongs to Pollution Control
Department (Fig. 39). It is located in the northeast of Map Ta Phut Industrial estate
area. The ground is flat with the tall trees. The station is far from the sea but there are
no big trees. However the area is suburban with many taller buildings to the north.

7) Map Ta Phut Phan Withayakharn School station

Map Ta Phut Phan Witthayakharn School station is operated by
Pollution Control Department (Fig. 40). It is at the northeast of Map Ta Phut
industrial estate area. The station has 3 buildings around which cause the wind

channel and effect wind direction and wind speed.
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Fig. 39 Map Ta Phut Health Center air monitoring station
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Fig. 40 Map Ta Phut Phan Withayakharn School air monitoring station
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The data from 7 stations since 1999-2000 found that there were only 7 days,
which have all the data of the 7 stations in the same time between 1-7 March 2000 for
the entire year. Therefore, the researcher could not compare the data of 7 stations.

Wind direction and wind speed data of Map Ta Phut Phan Withayakharn
school, when compare with other stations were found to be significant different,
because of explained wind channel. The researcher cut out this station, because it was
shown not a good representation of area’s meteorological data. For Huai Pong station
it was every 3 hrs meteorological data station therefor the data was transferred into
hourly data by considering the result of 3.1. Characteristic of wind speed in each
station was shown in Fig. 38 and comparison of wind speed value from each station
was shown in Fig. 39, which trend of wind speed value from Map Ta Phut Phan
Withayakharn school monitoring station had difference with other stations that mean
of wind speed was 7.37 m/s. whereas, mean of wind speed at Nong Faep station was
2.07 m/s, Ta Kuan station was 1.76 m/s, Mapchalut was 1.73, Field Crop station was

1.03 m/s and health center station was 2.67 m/s.
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Fig. 42 Wind speed of 6 monitoring stations on 1 to 7 March 2000

From Table 11, the data from 6 stations indicated that common data periods
were available as;

- Summer data have 15 days.

- Rainy data have no data.

- Winter data have 10 days.

If the data did not include Mapchalut and Map Ta Phut Health Station the
common period data increase to

- Summer data have 60 days.

- Rainy data have 55 days.

- Winter data have 53 days.

There were enough days in each season to be representatives. Therefore the
model was run for only 3 stations, which were Nong Faep station, Ta Kuan and Field

Crop Research Center station.
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Table 11 Available meteorological data in 1999 and 2000

1 2 3 4 5 6 7 8 9 10 11 12

i 1@

Kuan

Nong
Feap

Map
chalut

— — - —— Map.
School
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Huai !

Pong l

Year: 1999

1 2 3 4 5 6 . 7 8 9 10 11 12

Ta
Kuan

Nong
Feap

Map
chalut

Map.
School

Field_
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Health

Center

Huai

Pong

Year: 2000

4.3 Comparison of SO; concentration between result from ISCST 3 model and
on-site measurement data

The emission data from Division of Environmental Impact Assessment
shows this area, which had point sources of sulfur dioxide (SO;) at 108 point sources.
Considering ﬁe geography, the study area is flat terrain so it has no impact from

geographic profiles in this study. Comparison of SO, ground level concentration
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prediction between result from ISCST 3 model and on site measurement data on all
seasons. During 1 March 2000 until 30 April 2000 (Table 12), hourly output data
from ISCST 3 model was 2.88 pg/m’ and on-site measurement data at Ta Kuan
station was 2.14 pg/m® that was compared by paired t-test at o = 0.01. SO,
concentration at Ta Kuan station, the output of ISCST3 and on-site measurement had
no significant different in level o = 0.01. While, using meteorological data at Field
Crop Research Center and Nong Faep monitoring stations had no significant different
in level a = 0.01.

During 1 May 1999 until 24 September 2000 (Table 13), hourly output
data from ISCST 3 model was 1.62 pg/m® and on-site measurement data at Ta Kuan

station was 2.38 pg/m3

that was compared by paired t-test at a = 0.01. SO,
concentration at Ta Kuan station, the output of ISCST3 and on-site measurement had
no significant different in level o = 0.01. Whereas, using meteorological data at Field

Crop Research Center and Nong Faep monitoring stations had no significant different

in level a = 0.01.
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Table 12 Comparison of SO, ground level concentration between result from ISCST3

model and on-site measurement data in summer

Met. Mean Std. Pair
Receptor | Method No. df. P-value
Station (pg/m’) Error t-test

Nong ISCST 3 5.04 0.576 1,437
1,436 8.629 <0.0001

Faep On-site 0.07 0.007 1,437

Nong ISCST 3 13.35 1.14 1,442
Ta Kuan 1,441 10.781 | <0.0001
Faep On-site 0.99 0.007 1,442

Field ISCST 3 28.31 0.98 1,368
1,367 23.192 | <0.0001

Crop On-site 5.33 0.16 1,368

Nong ISCST 3 6.99 0.709 1,437
1,436 9.694 <0.0001

Faep On-site 0.14 0.017 1,437

Ta ISCST 3 2.88 0.443 1,442
Ta Kuan 1,441 1.789 0.074
Kuan On-site 2.14 0.167 1,442

Field ISCST 3 35.45 1.084 1,368
1,367 22.165 | <0.0001

Crop On-site 11.51 0.034 1,368

Nong ISCST 3 16.54 1.194 1,437
1,436 13.756 | <0.0001

Faep On-site 0.14 0.016 1,437

Field ISCST 3 8.72 0.97 1,442
Ta Kuan 1,441 7.304 <0.0001
Crop On-site 2.14 0.17 1,442

Field ISCST 3 25.82 1.13 1,368
1,367 12.504 | <0.0001

Crop On-site 11.51 0.34 1,368
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Table 13 Comparison of SO, ground level concentration between result from ISCST3

model and on-site measurement data in rainy season

Mean Std. Pair
Station | Receptor | Method No. d.f. P-value
(pg/m’) Error t-test

Nong ISCST 3 5.37 0.576 1,236
1,235 9.321 <0.0001

Faep On-site 0.004 0.004 1,236

Nong ISCST 3 12.56 1.304 1,210
Ta Kuan 1,223 7.729 <0.0001
Faep On-site 2.38 0.183 1,210

Field ISCST 3 50.75 2.379 300
299 11.319 | <0.0001

Crop On-site 21.88 0.796 300

Nong ISCST 3 4.85 0.698 1,236
1,235 6.951 <0.0001

Faep On-site 0.004 0.004 1,236

Ta ISCST 3 1.62 0.453 1,210
Ta Kuan 1,223 -1.672 0.095
Kuan On-site 2.38 0.183 1,210

Field ISCST 3 31.96 2.156 300
299 4328 <0.0001

Crop On-site 21.88 0.796 300

Nong ISCST 3 5.70 0.828 1,236
1,235 6.880 <0.0001

Faep On-site L.75 0.002 1,236

Field ISCST 3 17.63 1.217 1,210
Ta Kuan 1,223 13.599 | <0.0001
Crop On-site 0.10 0.085 1,210

Field ISCST 3 19.95 2.703 300
299 3.546 <0.0001

Crop On-site 10.13 0.368 300

During 1 November 1999 until 31 January 2000 (Table 14), hourly
output data from ISCST 3 model was 4.53 pg/m’ and on-site measurement data at Ta

Kkuan station was 2.95 pg/m’ that was compared by paired t-test at o = 0.01. SO,




Fac. of Grad. Studies, Mahidol Univ. _ M.Sc. (Technology of Environmental Management) / 75

concentration at Ta Kuan station, the output of ISCST3 and on-site measurement had
no significant different in level « = 0.01. At Field Crop Research station, hourly
output data from ISCST 3 model was 11.28 pg/m3 and on-site measurement data was
9.37 pg/m’, which was compared by paired t-test at a = 0.01. SO, concentration at
Field Crop Research station, the output of ISCST3 and on-site measurement had no
significant different in level a = 0.01. Whereas, using meteorological data at Nong
Faep monitoring station had significant different in level a = 0.01.

From using meteorological data at Huai Pong station during 1 March
2000 until 30 April 2000 (Table 15), hourly output data from ISCST 3 model was
0.267 ug/m’ and on-site measurement data at Nong Faep station was 0.149 pg/m’. At
Nong Fab station the output of ISCST3 and on-site measurement had no significant
different in level o = 0.01. At Ta kuan station, hourly output data from ISCST 3
model was 3.007 pg/m’ and on-site measurement data at Field Crop Research station
was 2.168 pg/m’, Then the output of ISCST3 and on-site measurement had no
significant different in level o = 0.01. While, others receptor in rainy season and

winter had significant different in level a = 0.01.
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Table 14 Comparison of SO, ground level concentration prediction between resuit

from ISCST 3 model and on-site measurement data in winter

. Mean Std. Pair
Station | Receptor | Method (ug/m’) Error No. df. t-test P-value
Non ISCST3 | 10.62 0.617 1,377
Fa g 1,376 12.868 | <0.0001
P On-site | 2.44 0.109 1,377
Non ISCST3 | 17.39 1212 1,375
F°eg Ta Kuan 1,374 11.863 | <0.0001
acp On-site 2.95 1.568 1,375
. ISCST3 | 14.96 0.855 1275
Field
o 1,274 6.038 | <0.0001
P On-site | 9.37 0.301 1,275
N ISCST3 | 19.15 | 0.903 1,377
F::g 1,376 18.571 | <0.0001
P Onssite | 2.45 0.109 1,377
T ISCST3 | 4.53 0.494 1,375
K 2 | TaKuan 1,374 3.086 0.02
uan Onssite | 2.95 0.157 1,375
Fild | ISCST3 | 1249 0.788 1,275
C‘e 1,274 3.774 | <0.0001
Top On-site | 9.37 0.301 1,275
N ISCST3 | 55.71 1.791 1,377 ,
F::g 1,376 29.870 | <0.0001
P Onsite | 2.44 0.108 1,377
Field ISCST3 | 5.37 0.734 1375
C‘r"o Ta Kuan 1,374 3.316 0.001
P Onsite | 2.95 0.157 1,375
. ISCST3 | 11.28 0.927 1,275
Field 1274 | 2033 | 0042
Crop Onsite | 9.37 0.301 275 ’ : .
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Table 15 Comparison of SO, ground level concentration between result from ISCST3

model and on-site using Huai Pong Station

Mean Std. Pair
Season | Receptor | Method No. d.f. P-value
(ng/m’) Error t-test

Nong ISCST 3 0.267 0.053 1,419
1,418 2.203 0.028

Fab On-site 0.149 0.018 1,419

Sum ISCST 3 3.007 0.174 1,418
Ta Kuan 1,440 1.801 0.072
Mer On-site 2.168 0.169 1,442

Field ISCST3 | 62.591 1.592 1,410
1,409 31.784 | <0.0001

Crop On-site 11.177 0.335 1,410

Nong ISCST3 | 35.640 1.960 917
916 17.929 | <0.0001

Fab On-site 0.391 0.060 917

ISCST3 | 23.035 1.585 917
Rainy | TaKuan 916 14.069 | <0.0001
On-site 0.681 0.072 917

Field ISCST3 | 22.137 1.614 912
911 11.062 | <0.0001

Crop '| On-site 3.718 0.203 912

Nong ISCST 3 17.575 1.194 1345
1344 12.471 <0.0001

Fab On-site 2370 0.016 1345

ISCST 3 18.705 0.97 1,344
Winter | Ta Kuan 1,343 10.062 | <0.0001
On-site 2.964 0.17 1,344

Field ISCST3 | 62.394 1.13 1,338
1,337 20.977 | <0.0001

Crop On-site 9.126 0.34 1,338
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CHAPTER V

DISCUSSION

5.1 Relationship and the statistical analysis of meteorological data in
the study area

5.1.1 Temperature data
The interpolation method was an appropriate method of wind direction
transformation in all seasons. The interpolation method of temperature transformation
is recommendec¢ because the temperature gradient is in continuous shape and
temperature value gradually changes through the whole interval.
5.1.2 Wind direction
The interpolation method gives minimum RMSE value for all three
seasons ax{d all ranges of day. The interpolation method was an appropriate method of
wind direction transformation in all reasons. The reason may be that there was only a
little change of wind direction since wind direction in this area almost blow straight
by southwest monsoon wind in rainy season, northeast monsoon wind in winter and
blow from south in summer. These change is gradual and not by much and
interpolation may be the best method.
5.1.3 Wind speed
The interpolation method is an appropriate method of wind speed

transformation in all seasons. There was a pattern of wind speed in study area, high
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Wind speed at noon or daytime and almost calm in moming and evening or nighttime,
which these data have few variations. Wind speed range are between 0 — 4.2 m/s.
Fr.pm transformation wind speed and wind direction, Transformation
equation gives high correlation in summer on daytime and nighttime, also in rainy
season on daytime. transformed of MD had good relation with PCD, whereas in
winter there were low correlation and rainy season on nighttime there were opposite
direction. May be from not enough data to compare especially in rainy season.
Furthermore, the method to fill into calm data was gave the wind direction data which
calm equal to the same direction before calm data. This method made error since in
this study area has 80 percents of calm data. For future study, there should let calm
data equal to higl frequency of wind direction in that season, example, in rainy season
let wind direction of calm data equal to southwest and in winter let wind direction of

calm data equal to northwest.

5.2 Meteorological data for representation of meteorological status in
Map Ta Phut industrial estate area

In the study area there are seven monitoring stations. From comparative stqdy.
it could explain wind speed and w1nd direction from Map Ta Phut Phan Withayakhamn
monitoring station does not had a pattern like another stations. For Huai Pong station,
which collects every 3 hrs data is not suitable, since it does not collect every hour.
Mapchalut monitoring station and Map Ta Phut Health Center monitoring station had
insufficient data in all seasons. There were then 3 stations available, Field Crop

Research Center, Nong Faep and Ta Kuan monitoring stations. Air pollution model
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was used to be a tool for decision in order to choose best representative station for
using meteorological input data in ISCST3.

The result using meteorological data from Ta Kuan station has good relation
between output from ISCST3 and on-site measurement in all seasons but only at Ta
Kuan receptor. And Field Crop Research Center has good fit in winter at Field Crop
Research Center. Nong Faep does not have good fit may be because vary little wind
direction blow to the station. As the monsoon wind direction in summer and rainy
seasons in Thailand is to north-northeast direction during February to September, Wat
Sophon community is effected most, and complaints were frequently made by the
local school, Map Ta Phut PhanWithayakharn, and the nearby temple, Wat
Sophonwanaram. During the Northeast monsoon wind in winter the effected area is
mostly to the south part near the beach (Ta Kuan-Ao Pradoo).

Nujaree (40) study about comparison between prediction of SO, concentration
at ground level and on-site measurement in Map Ta Phut estate by using receptors
from three monitoring stations in this area, such as Health center, Field Crop research
center and Telephone Junction of Rayong province. In this study, the researcher used
different scenarios to study at average time 1, 8, 12 and 24 hours. As the results, the
comparison of results found that SO, concentrations were significant different at o =
0.05. Whereas, tnis research had some station, which had no significant difference
between the concentration of SO, from ISCST3 and on-site measured at a = 0.01.

Prediction of SO, concentration by using ISCST3 had difference with on-site
measurement due to accuracy of meteorological data and transformation of
meteorological data, especially wind direction data. Because of, position of SO

concentration depended on wind direction. In summer, SO; concentration by using
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ISCST3 had nearby values with on-site measurement due to almost wind direction
data of PCD and MD were south direction. Thus, prediction of SO, concentration had
high accuracy than other season.

Furthermore, SO, concentrations from Nong Faep station were nearby zero,
especially in summer and rainy, thus SO, concentration had very little difference.
Because of meteorological data had insufficient for conclusion completely. Thus,
there should use data from station that located on a tail end of wind direction, such as
Mapchalut, Health center monitoring stations.

The output concentrations of model are always higher than those of on site
measurement, which might be explained by :

a) The limitation of mathematical model

1) Temporal and spatial change in the wind not accounted for in using
hourly averages.

2) The statistical nature of turbulent atmosphere, such as plume rising
higher than estimate due to heat island effect.

3) The assumption of air quality model that is “conservative”, i.e. causes
the prediction to be higher than on site measurements.

4) The SO; can change in the air or lose if touch the soil This is not
included in modei runs.

b) Quality of the meteorological data

Concentration from the mathematics model. The quality control of data
acquisition is the most important point since this research is a comparison study, and
real data are subjected to possible mistakes in acquisition of input meteorological data

and point source detail. In order to eliminate the influences from these factors, which
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might distort the result of this research. It is recommended that quality control of the
emission and meteorological data be set up locally or by the departments involved.
c) Affecting factor for transformation of meteorological data

1) Difference of measurement method:

For monitoring station of PCD and MD, as example; from Table 8,
wind speed values of MD were 0 to 7 m/s, while wind speed of PCD were 0 to 4.2
m/s both had nearby calm wind values. Wind speed monitored by MD is always
higher than wind speed monitored by PCD. Because of there was difference of
monitoring method, which PCD monitored wind speed by sonic system, which
monitored 3 directions such as east, north and vertical directions and monitored 60
times/ 1 hr and calculated to average hourly data. Whereas, MD monitored wind
speed by manual system, which monitored every 3 hrs from average of wind speed
value before and after 10 min of monitoring time. Thus, wind speed value of MD
were wind speed value at any time in range of 20 min. If wind speed had not been
consistentt, wind speed value of MD could be significantly lower or higher than wind
speed value of PCD.

2) Measurement of data by operator:

For measurement by manual system, there was human error because of
measured wind sceed from anemometer by operator that had coarse scale (knot).
After that, these data were changed to be m/s scale without decimal scale that effect

accuracy of data.
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CHAPTER VI

CONCLUSION AND RECOMENDATION

6.1 Conclusion

According to the result of prediction from ISCST 3 model comparing with on
site measurement data from 3 selected stations, it was found that the results from all
station had only few relations in all season.

Conclusively, the interpolation method of temperature transformation ,is
recommended because the temperature gradient is in continuous shape and
temperature value gradually changes through the whole interval time. Furthermore,
interpolation method is suitable for wind direction and wind speed transformation
because, in each hour the different in wind speed and wind direction is not much and
it not have data that change suddenly.

Thus, Interpolation is approximate to transformation temperature, wind speed

and wind direction in the study area.

6.2 Recomendation

Prediction of mathematical model would give the highest accuracy level when
the input data is as representative as possible to the condition of study area. In this
research, there was a limitation in acquisition of the input data. In order to develop
and improve the further extension of this study, there would be a consideration in the

following suggestions.
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1) There are 3 methods used to modify 3 hrs data to hourly data in this
research. For the future research, there may be others methods.

2) There should be a comparative study on prediction of SO; concentration
among application of ISCST model in other range of time such as 3, 6, 12, 18 and 24
hours in order to study the differences of long term prediction.

3) Neural network may be a good tool for estimation of wind direction.

4) Emission data should be collected every year in order to be representative
database of study area.

5) Mathematical model should be calibrated for Thailand in order to improve
accuracy of concentration of pollutant from prediction with mathematical model.

6) There should be stability class criteria for Thailand, because stability class
criteria in this study is brought from other country, which recent researches have been

performed in other countries to develop their criteria.
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APPENDIX

Description of ISCST Program Used to Run SO2

The ISCST3 model is Fortran-based (underlined) and description of each line of input
is given as below:

1) The first part with the CO in front, is the title and the options in running the
model. Symbol ** indicates that that line is only for explanation and that line will not

be part of executing program.

CO STARTING

** Model Run Title

CO TITLEONE SO2 existing sources

2) The following line indicates that the model will compute SO2
concentrations in 1 hour average, 24 hour average, and annual average.  Other time
averages can be used, such as 3 hour average. Thai air quality standards for SO2 are
only available for 1, 24 hour and annual average so only these time averages are used.

** Short Term and Overall Averaging Times

CO AVERTIME 1 24 PERIOD

3) Map Ta Phut area is considered rural at the present even though it is
industrial estate. US EPA specifies that the area around sources should be considered
rural or urban based on the majority of the area classified as rural or urban. As the

surrounding area of the estate is rural at the present, the option rural was used. For
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support of this argument see Environmental Impact Assessment Report, 105 MW
Power Plant of National Petrochemical Corp, 2000.

** Modeling Options Keywords

CO MODELOPT DFAULT CONC RURAL

4) Name of pollutant is entered as SO2. Noted that there is no consequence
whether this is entered as SO2 or any name, as in dispersion model, all gases are
treated equal with regards to dispersion unless other conditions (such as the ability to
be washed out) are added somewhere else.

** Pollutant Identifier
COPOLLUTID SO2
5) Definition of terrain is flat for Map Ta Phut area.

** Flat versus Elevated Terrain

CO TERRHGTS FLAT
6) This is to tell the model to run. If we say not, the model will just check the
input file and will report and stop. This is probably resulting from time when files

must be queued to be executed in a mainframe computer.

** Check the Input File and Run the ISC3 Dispersion Model

. .CO RUNORNOT RUN

CO FINISHED

When the section is finished it must be followed by FINISHED.

sfe ke ke ke ke e e e e o o ok 3 e 36 o 2 o o s s s s ok e e e e e e e e e e o S sk s sk o o o o e e e e e e ok
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7) This part is source information. It works with the command SO (source)

and will list all the source information of every emission stacks.

**************************************************

** Source Information Pathway

**************************************************

SO STARTING

** GENERIC POINT SOURCES

** Type and Location of the Source

** Release Rate, Height, Temperature, Velocity and Diameter

** Building Downwash Parameters (If Applicable)

** Deposition Parameters (If Applicable)

** All Sources in a Single Source Group

SO SRCGROUP ALL

SO FINISHED
8) The next part is the receptor part. Here we use two sets of data grids, for
the model to compute at every grid locations.

** Receptor Information Pathway

RE STARTING

** (Cartesian Receptor Grid

RE GRIDCART CAR1 STA

** ¥ (Coordinate Origin, Number of Points, Increment and Y Coordinate Origin,

Number of Points, Increment

XYINC 723000 34 500 1.396e+006 35 500
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RE GRIDCART CAR1 END

The first grid start from UTM coordinates x= 723,000 and continues at 500 m.
interval for 34 grids. It also starts at y= 1,396,000 and continues at 500 m. interval for
35 grids. This means that the area covered is 17.5 x 18.0 km with resolution of 500 x
500 m. We can also enter specified grid locations for some important receptors

(discrete). Below are some of the receptors specifically put in.

** Discrete Receptors, Cartesian: 7, Polar: 0

** Cartesian; X and Y Coordinates

RE DISCCART 730059 1.40297¢+006  Nong Faep

RE DISCCART 732500 1.40835¢+006 _ Filed Crop Research Center

RE DISCCART 736499 1.40175¢+006 Wat Ta Kuan

RE FINISHED

9) The meteorological file which is specified format will be selected here to
run the model. ME is for Meteorology. FREE is to indicate the type of format (FREE
type)
** Meteorological Information Pathway
ME STARTING

** Meteorological Data File Name

ME INPUTFIL C:\ISC\SAT98.TXT FREE

The meteorological file contains the wind speed, wind direction, stability class
and mixing height for every hours of the year (8760 hours).

** Anemometer Height

ME ANEMHGHT 10 METERS
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Normal height where the meteorological parameters are recorded is 10 m. but will

need to check with every stations.

** Surface Air Meteorological Data Station 10000

** Data Collected in 1998 at Sattahip RY

ME SURFDATA 10000 1998 Sattahip

SURFDATA is the data recorded at surface level (such as 10 m. height). For
UAIRDATA it is data recoded at upper level (such as using radiosonde).

** Upper Air Meteorological Data Station 10000

** Data Collected in 1998 at Sattahip RY

ME UAIRDATA 10000 1998 Sattahip

Note that in Thailand we do not have upper air station at Maptaphut area, so
the data for upper air is the same as surface.
ME FINISHED

10) Terrain grid is not used in this run. It will be used only when deposition of
pollutant will occur. We do not assume that this will occur as we aims for the
maximum concentration possible.

** Terrain Grid Pathway

TG STARTING

TG FINISHED

11) Output (OU) condition is described below. RECTABLE is receiver’s
Table for the specified computed time periods. Since we specified that the model will
compute for 1 hour average, the model can print out Table for SO2 concentrations of

every hours at all grid points. Since this is going to be very long we normally ask for
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highest concentrations occurring in the year, by specifying FIRST, it will print only
one table of the highest concentrations in the year and inform on what hour, day and
month that it occurs.

It can also print MAXTABLE, to rank the highest concentrations for a
specified number, i.e. 25 highest ranks. It can also print plot files (OUPLOT) which
can be plotted with other softwares.

** Qutput Options Pathway

OU STARTING

** Receptor Tables _Highest Values at All Receptors for Specified Averaging Times

OU RECTABLE 1 FIRST

OU RECTABLE 24 FIRST

** Maximum Values Table _# Highest Values for Specified Averaging Times
OU MAXTABLE 1 25

OU MAXTABLE 24 25

** Plot File Output

OU PLOTFILE 1 ALL FIRST A:\SO98.PLT
OU PLOTFILE 24 ALL FIRST A:\SO982.PLT
OU PLOTFILE PERIOD ALL A:\SO98A.PLT
Here we ask for plot files to be sent to diskette A:. There are files for 1 hour

average (highest), 24 hour average (highest) and annual average (PERIOD).
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