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Preface

In response to a request from the Government of the Kingdom of Thailand, the
Government of Japan decided to conduct “The Study on Urban Environmental
Improvement Program in Bangkok Metropolitan Area” and entrusted the Study
to the Japan International Cooperation Agency (JICA).

JICA sent to the Kingdom of Thailand a study team headed by Dr. Katsuhide
NAGAYAMA, Pacific Consultants International, and composed of members of
Pacific Consultants Intermational, and Suuri-Keikaku Co. Ltd., four times
between August 1995 and December 1996.

The team held discussions with the officials concerned of the Government of the
Kingdom of Thailand and conducted field surveys at the study area. After the
team returned to Japan, further studies were made and the present report was
prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries,

I wish to express my sincere appreciation to the officials concerned of the
Kingdom of Thailand for their close cooperation extended to the team.

February 1997

Kimio Fujita
President
Japan International Cooperation Agency
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Mr. Kimio FUJITA

President
Japan International Cooperation Agency
Tokyo, Japan
Letter of Transmittal
Dear Sir,

We are pleased to formally submit herewith the final report of “The Study on
Urban Environmental Improvement Program in Bangkok Metropolitan Area”,

This report compiles the results of the Study which was undertaken in the
Kingdom of Thailand from August 1995 through December 1996 by the Study Team,
organized jointly by Pacific Consultants International and Suuri-Keikaku Co., Ltd.

We owed a lot to many people for the accomplishment of the Study. First, we
would like to express our sincere gratitude and appreciation to all those extended their
kind assistance and cooperation to the Study Team, in particular, relevant officials of
Bangkok Metropolitan Administration, the Thai counterpart agency,

We acknowledge all the officials of your aécncy, the JICA Advisory Committce,
- Embassy of Japan in Thailand and Ministry of Foreign Affairs,

We wish the report would be able to contribute really to appropriate polices and

measures for the Bangkok environmental improvement to be formed by the Thai
Government.

Very truly yours,

Dr. J#tSuhide NAGAYAMA
Team Leader,

The Study Team for the Study on
Urban Environmental Improvement
Program in Bangkok Metropolitan
Area
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CHAPTER 1: URBAN LAND USE

1.1 General

Bangkok Metropolitan Area is located on the deltaic lowland which is formed by the Chao
Phraya River. Topographically, elevation of this lowland is showing from 1 to 2 m above
sea level and the climatic condition of this area is belonging to the tropical monsoon which
has clear rainy and dry season. These physical background of the Bangkok city greatly
affects on the urban development and management.

Urbanized area of Bangkok city has been greatly changed and extended in these ten years
because of the remarkable growth of Thai economy. Construction rush of many high-rise
buildings and new highway networks and housing development have taken place. Growth
of the urban area is still continuing year by year towards suburbs of Bangkok and
potentially high productive agricultural land has been changed to housing, industrial estate
and urban infrastructure development.

Urban environmental problems such as air pollution derived mainly from traffic jam,
degradation of water quality of river and canals, ground subsidence and flooding in the
urbanized area and so on, have became important subjects to be solved. These
environmental problems are taking place in Banikuk within relatively short time and each
phenomena is thought to be originated from the huge concentration of population and
economic activities.

Urban and related environmental problems are usually caused as an overlapped manner by
each other. Degradation process of the environmental quality needs a long time for the
accumulation of pollutants, however , the phenomena appears suddenly and critically.
These urban environmental problems sometimes take a form of disaster and affect even on
the human life directly.

Therefore, well coordinated and organized preparation for the urban land use planning for
Bangkok city should be discussed to protect and improve the existing urban environmental
conditions. In this chapter, specifically, characteristics of urban land use in BMA are
described.

1.2 Existing Conditions

(1) Extension of Urbanized Area in Bangkok

Thai Government has prepared many regulations for the proper development, building
and land use control for the BMA in these 20 years to direct and manage the urban
development. According to the historical data, urbanized area of Bangkok was less
than 100 km’ only at the end of 1950s. At the beginning of the 1970s, urban area
extended to about 200 km® and it became 345 km® in 1980.

Existing land use map of the whole BMA area was compiled by Mapping Division of
City Planning Department in 1995 based on interpretation of aerophotography which
was taken in 1993. This map which was classified into thirteen(13) land use items was
digitized and stored into the BEIP-GIS as one of the digital files. After the completion
of data input, area of each land use categories are measured and listed by district in
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table format (see Table 1.1). According to this data, total built-up area(or urbanized
area) of BMA in 1993 is calculated at 541 km’. This means that 34 % area of total
BMA is covered by urban land use. On the contrary, BMA still has a sizable area of
natural type land use. Agricultural area is occupied totally 1,038 km2( 66 %) of BMA.

(2) Intensification of Urban Land use of Bangkok

Intensification of urban land use in Bangkok city has been taking place mainly since
1990s according to the building permission data prepared by City Planning Division
and Building Control Division of BMA.

Building data of 1980-1987 is showing that number of buildings of 8-12 floors are 257,
13-20 floors are 135, 21-30 floors are 36 and over 31 floors are 6. Total number of
high-rise buildings at 1987 was 434 sites. On the other hand, building permission data
during 1990-1995 provided by Building Control Division is showing that number of
high-rise building permission of 8-12 floors are 2092, 13-20 floors are 541, 21-30 floors
are 543, and over 31 floors are 333 sites. Total number of permissions are 3509. It is
very clear that these high-rise buildings having more n 31 floors have been
constructed or being constructing within these 5 or 6 years. The main type of use of
these buildings are condominium, office use, and hotel and so on. Construction of the
large size building in the central area of Bangkok city is one of the factors of congestion.

{3) Road and Soi Ratio

Existing road network data based on 1:20,000 and 1:50,000 topographical map is also
digitized and stored into BEIP-GIS and district boundary data is overlayed on this
road network map. Total length and density of the existing road by district are
calculated and listed in Table.

Total length of the road in BMA measured by BEIP-GIS is 7,770 km including every
type of road such as expressway, secondary or tertiary road and soi. In Bangkok, soi
network which is connected with major road is densely developed in the urbanized area
and total length of soi is calculated at 6,180 km. This figure means that approximately
80 % of the total length of the existing road is occupied by soi.

Road density is calculated by each district and sub-district dividing total length of road
by area of district or sub-district. In general, Din Daeng has the highest value of road
density at 158 m/ha, and Pom Prap Sattruphai has the next high value at 137 m/ha
and so on. On the contrary, the lowest value of road density is seen in Nong Chok at 9
m/ha and the second lowest is seen in Ratburana.

Mean value of the road density in Bangkok is 49.2 m/ha and these data are shown in
the last column of the Table

{4) Distribution of Natural Constraints

Flooding and land subsidence are the main natural constraints for urbanization in
BMA. In BEIP-GIS, flooded area by 1983 flood and simulated land subsidence map
are digitized respectively as a basic data. Administrative boundary data is overlayed
on these maps and flooded area and simulated land subsidence area by depth are
calculated by each district. Results of calculation are listed in Table 1.2.

* Total flooded area by 1983 flood in BMA is calculated at 424 km’ and those
districts such as Phra Khanong, Lat Phrao, Suan Luang, and Bang Kapi are
inundated more than 80 % area of the district. Khlong Toei, Huai Khwang,
Jomtong and Prawet district were inundated 54%-68% area of their district.

1-2
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Table 1.1 Land Use Statistics

DISTRICT [N MU LOW | COMAL- | INDUS. | WARE- JGOVERN| AGRI- [COMSER] PARK |SCUDOL] RE- | WATER] TOTAL
HAKE DEMNSIT Y| DENSIT Y| DENSITY] ERCIAL | TRIAL | HOUSE |MENTALKCULTUR | YATION LIGION | AOHDY

lang Kapa 1.354] 14178] 10413] 903 oOo9x o|  pAio] 13434 [} 1384 0159 i ol 45073
liang Khen ol 7300 1077 0826 0 ol ®399) 5175 0 0] 0037 0438 ol 78343
Bang Ko Laem i 5d43) 0151 08521 o0090] olkk| 0013 033 0] 0030 0031 0.100 L1531 345
Bang Khun Thian of 9663 10963 O0087] 0910] 0040 O0.018] 134339 ol 001l 0.01&) 0.103] 0.203] 1563553
Dang Phlat o] 4089 43221 0959 0038 o o016 1.454 il 0 D00BS| 0048  0.947] 11838
Uang Rak 0| 0018 ol 137 of ol 0274 0 o] o014 03205 0017 0028 4044
Bang Sue 7.435 1.289] 0851 0.746] 0.693 ol 0.161 L2 il of  0091]  0.012] 0.5%] 1).085
Dangkok Moi 0415  3315] 3379 1.179 0 o] o0.882 1.983 i o 00sE] 02100 0.364] 12297
Dangkok Yai 0.085) 3680 0057 o.8a4] 0,028 ol 0.137] 045 il ol 0173 0078 0189 6.241
Dung Kum 0.985) 1R177| 7535 02389 0849 ol 0.051) 313332 o] 1738 0045 o o &1xl9
Chatu Chak 1519 16.606] 23919 1.368) 0212 ol 4m0 o732 al 2678 0419 0| 0.005] 3247m
Din Daeng 0 6493 ol 1025 0 0 048 ] of oolEl 0349 [i] ol zama
Mon Muang 0.015] 15245 6451 0.525 1 0| 15.586] 20284 ] of 0447 i o] sasm
Dz 0.138] T474| 0018 0272 0044 ol 5135 0| o089 ozxmM| o283 o019 0749 11300
1uai Klwang ol 5602 19 1227 (i 0 0060 5925 0 o] ODMME i} o 16330
Jamnang 0011 7.869) 1347 0906|0393 ol 0030 10359 0 0] 0047 0283 0439 23754
Khlong San ol 3900 0 o984 0471) o097 0038 0.016 0 0] 0124 o058 03579 6015
Khlong Toei 1309 16533 0285 1.047| oo0s8) o872 2590|0544 0l 0319 0342 O 0949 27934
1.at Phran 0.521] 10,175 $.936) 06200 0066 ol oos0 10004 0 0 0062 0| o 28.544
Latkrahang 0.153] 2314 7002 o o8 [ of 116979 i} 0| 0027 o020 of 128,353
Minburi 0,052 3323 7.202 0529 1.907 ol 0.007) 161895 0 0] 0154 o o 177,249
Mang Chuk a] 0452 5656 a 0 0 of 234948 o of 0.000 0 o] 241,088
Mong Khaem 0] 5071 9530 0.043] 0746 0012 0490 0622 0 o 0138 0200 o] 46938
Fathumwan 0.1 03ri| oop| 3093 a ol L9 o073 ol 1.28%] 1333 0| O06s| E0E0
Phasi Chargen 0.006) 16748 3523 LA6T(  0436( 0096 01001 213286 [+ O 0430 0254 0.175] 36622
Phaya Thal of 799 0 07289 0 o] 0528 0 0 DI 0041 0] 0093 o073
Phra Khanany 1424 23853 o767 o780l 0239 1356 0332] 1738 0 o] 0520 0] 0.524] 3394z
Phra Makhan 0.106]  0.244] 0066 2065 0017 ol D778 0] 0294) 0360 0333 0442 0601 539
Pam Prap Satiruphal 0181 0,054 o 1560 0 ol 0240 0017 o 0l 0154 0171 005|444
Prawel o 13.025) 11399 0921 0814 0 o 18497 o] 0519 o0.024 al o7 5478
Railnsrana 0387 10.048] 2.129] 0993 0546 o0464] 03779 30235 0] o0.083] o0248] 0127 1128 48725
Ratchathews 495 1375 0488 1467 0 ol 2805 0067 0] 0,140 0453 o oos7 7228
Sarnphant avong il i a 1033 o of DoOss il a 0] o026 o011 0072 1409
Sathon 0003 5.020 o 0.814 0.040( 0098 0594 0096 O] O018 0298 0039 013 7.251
Suan Luoang i .37 4.201 0,492 0.025 O oo aown ol o121 0.247 o o] 20741
Taling Chan o 5435 15712 0 0 O 00X A5151 a 0 0Ix1] 030 G755 7602
Thiosbewri 0143 5.2 0107 1348 0.072 0.114 0.140 0,200 ] 0] 0lé) 0a%a] G477 RN
¥ an Mawa | 164 6957 0,229 0.593 DOB7| OB79 0244 0526 0] 0025 0099 0054 15| 12,4058
Total 20,333 J69.203| 135.426) T9.870] N01.3867] 9486 47.741(1013470 L1901 10037 B30 3.546] (31031378015

Unit: km

1-3




BEIP-STUDY: FINAL AEPORT. CHAFTER 1

Table 1.2 Subsidence Statistics by District
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* According to the simulated land subsidence data by the year 2017, area of less
than 50 cm is calculated at 148 km’® (9.3%), and this area is located in the north-
eastern part of BMA such as Minburi and Nong Chok. Area of 50 cm-100 cm
subsidence is calculated at 946 km2 (60%) and area of more than 100 cm
subsidence is 485 km’ (31%) of BMA. More than 85% district area of the Bangkok
Yai, Khlong San, Bangkok Noi. Phasi Charven, Huai Khwang and Nong Khaem is
covered by over 100 cm contour line of subsidence.

* IN BEIP-GIS, these flood and subsidence data map are overlayed again and
compiled as a natural constraints map. Based on this map, it is pointed out that
Huai Khwang, Khlong Toei, Bangkok Noi and Phra Khanong districts are the area
of both higher potentiality of land subsidence and flooding.

1.3 Urbanization Potentiality by Open Space vs Built-up Ratio

Area of existing land use type by district and sub-district is calculated and compiled
into table format. Open space ratio is calculated from the existing land use map and
listed in Table 12.2 and 3 of Chapter 12. Population data, transportation data such as
bus service or accessibility to road network and so on that are showing the existing
conditions of the urban facilities in BMA are also input into BEIP-GIS. Based on these
basic data, especially on open space/vs build-up ratio and population density by sub-
district, future urbanization potentiality is described rather qualitatively.

(1) Sub-district group of more than 90 % built-up ratio with limited open space

This group of sub-districts are mainly distributed in old urbanized area in Bangkok. In
these area, accessibility to the main road network or commercial center is excellent and
basic services of urban facilities are also excellent.

Average population density in this group is 352 person/ha and this value is almost
equal to the density of built-up area such as 365 person /ha.

In extremly populated area is showing the density more than 900 person/ha. Another
characteristics of this group is that the sub-district area is relatively narrow. For the
instance, area of Si Phraya is 0.76 km?, Maha Phuttharam is 0.65 km’ and Thung
Phaya Thai is 2.51 km® and so on. Because of the high density of population and
limited open space ratio, urbanization potentiality seems to be limited. In these area,
future direction of urbanization shuuld%e a combination of intensification of land use
and improvement of urban environment by redevelopment.

(2) Sub-district group of 76-89 % built-up ratio

This sub-district group are distributed almost the same district mentioned above and
the basic characteristics of the population density, accessibility to the urban facility
services and road network are almost the same level. Area of these sub-districts are
also very narrow and the potentiality of future urbanization is also limited.

(3) Sub-district Group of 51-75 % built-up ratio

In this group, population density is showing the average level of total BMA. Population
density of the thirteen(13) sub-district in this group is 148 person/ha.

Average density of those sub-district which have enough space such as Thong Song
Hong and Hua Mak are 103 and 143 persons/ha respectively in built-up area.
Accessibility to the urban facilities in this group is showing less low level and future
urbanization potentiality seems to be high in several sub-districts like Hua Mak and
Thong Song Hong,
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(4) Sub-district group of less than 50 % built-up ratio with enough open space

This group of sub-districts are distributed in the fringe area of existing urbanized area.
Area of each sub-district is relatively large and the average population density is 146
person/ha in built-up area and 49 person/ha in total. Accessibility to the urban
facilities is also relatively low level in general, however, those sub-district such as Chim
Phli, Khlong Thanon, Khanna Yao, Saphan Sung, Bang Khae Nua, Minburi and Nong
Khang Phlu are not only having enough space but also higher potentiality of
urbanization. In these area , detail urban infrastructure development plan should be
prepared as a guideline to keep the higher standard of future urbanization.

1.4 Policy Directions and Planning Issues

(1) Necessity of Basic Data Preparation

It is, first to point out that the accessibility and availability of the most up to dated
map data and information for land use analysis in the study area were relatively
difficult. Especially the availability of the large scale topographical map is quite
limited. For this study, 1:4,000 scale map was provided to Study Team by PWD,
however, the contents of this map series were already out of date because of this maps
were compiled in 1987 by JICA technical assistance Program. For the detail planning,
management and control of urban land use, basic information on building construction
and use, floor area ratio and coverage ratio, land titles, and location of urban facilities
such as pipeline network of water supply and so on, should be prepared based on the
most up to dated large topographical map as the baseline data. In addition to those
data, another thematic maps on the latest land use , infrastructure distribution and
natural condition etc., should be prepared by relevant agencies in most appropriate
map scale. Basic data survey and preparation of the urban development planning of
BMA should be carried out in well coordinated manner, and accessibility to those data
should be guaranteed for comprehensive understandings of the urban conditions among
relevant agencies.

(2) Measures for Water Management

Treatment of both surface and ground water in BMA area is a key issue to keep the
higher environmental quality for living. From the land use planning point of view, it
must be necessary to fully consider how to take a harmony with water.

As the concentration of large population and rapid expansion of urbanized area in
Bangkok, deltaic lowland that is basically utilized for agriculture and fish ponds have
been altered to artificial land use such as buildings, roads, housings and industrial
estate. These land uses always cover the land surface by pavement. This alteration of
natural condition directly effects on the run-off ratio of the surface water. As a result
of these change of environmental condition, heavy rainfalls in rainy season are
sometimes causing flood in the relative lowland area and flood water takes the form of
stagnation.

Construction of flood protection dike, watergate and pumping station for drainage of
flood water was the major issues of metropolitan area of Bangkok in past years and
sizable investment have been made for the development of those infrastructures.
Extensive flooding has not caused in Bangkok since 1983 due to the effects of flood
protection facilities. But in 1995, Thonburi area and outside area of flood protection
dike in eastern part of Bangkok were suffered from severe flood disaster. Because of
the limitation of available financial resource for the flood mitigation facilities, priority
area to be protected or limitation area of urbanization should be discussed. At present,
17,000 ha of non-urbanized area or open space area is distributed between the Kings
Dike and Inner Dike. If this area is developed by 147 person/ha which is an average
density in eastern part of Bangkok, another 2,500,000 persons can be accepted. In the
western bank area of Chao Phraya River, 30,800 ha of open space is measured based
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on existing land use map of BMA. BMA still has an enough land resource at this
moment, therefore, urbanization area should be controlled within flood free area.
Enough space should be designated for the development of urban road network, park,
drainage canal and so on.

(3) Land Subsidence and Affection by Global Change in Environment

Attention should be also paid on changes of environment in the long term point of view.
The "Green House Effect’caused by increase of CO, will raise the sea level at the rate of
0.5 to 1.0 em annually. It is forecasted that the present sea level will raise 0.5 to 1.0 m
globally, The raise of sea level will make serious damages in the deltaic area of lower
Chao Phraya River.

Another important factor related with the change of sea level is land subsidence. The
area and volume of subsidence are already mentioned in previous section. These land
subsidence and sea level raise will intensify the flood disaster. In Bangkok, 320 ha of 0
m area in elevation had already recognized in 1987 and these low lying area must be
extended due to the land subsidence in these ten years.

These inter-related phenomena should be well considered to seek necessary and
effective measures for future urbanization of Bangkok.

(4) Preparation and Up-dating of Regulations for Land Use Control

Existing regulations for land use control should be improved and updated to regulate
the urban development. The land use zoning system is the basic gugc!jne for land use,
however, methodology for zoning system should be improved based on the detail data
analysis which is supported by modern information technique such as GIS.
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Chapter 2 : ENVIRONMENT-INITIATIVE TRANSPORT SYSTEM

2.1 Transport Planning Issue: Escape From A Vicious Circle in Car Oriented Society

In 1996, one of the critical environmental problems in Bangkok is poor air quality, especially
that along the major roadsides. The air pollutant emission at roadsides is dependent on
volume and speed of the vehicular traffic. Emission factors of vehicle become significantly
increase due to decrease of speeds. Rapidly increasing vehicular traffic, with their low
speeds, is contributing to a massive increase of total amount of pollutant air. Accordingly,

e people in Bangkok would have a common understanding that the heavy traffic jam on
roads is the main cause of the environmental problem.

Itis true that road transport is a major contributor to poor air quality in Bangkok, however,
it was found in the BEIP study that traffic congestion itself is not a root cause of the
environmental problem. We should address more fundamental issues forming the present
society towards the next transport plan. The policy of “environment initiative transport
system” discussed in Chapter 104 of Volume 2 should be a guideline for our future
planning activities.

First, it should be recognized that we have been enjoying urban economic growth and urban
life of Bangkok based on a “Car-Oriented Society” for these two decades. In the car-
oriented society, mobility of cars is given the highest priority rather than mobility of the
people. Due to this principle (car first), development of urban and road infrastructire have
been proceeded. That is, where road traffic congestion is identified, more road spaces have
been provided to accommodate vehicular traffic demand. But, this is a too simplistic
approach. It needs to be recognized that we will no longer able to enjoy them based on the
car-oriented society.

It is recognized that there is a vicious circle in the car-oriented society of Bangkok as
described in figure 2.1. Given more road space, people will be encouraged to own their
private cars and motorcycles along with up-lifting of their income levels (this phenomenon is
clearly shown in the transport simulation of case 2 and 8). Therefore, another traffic
congestion will be added to the road segments. This eventually causes negative impacts on
traffic flow of public transport (especially on buses) as well. For example, high occupancy
vehicles (HOV) have been allowed to enter the bus lanes recently in peak hours. This type
of policy is depriving an advantage of public transport. Then, again people are encouraged
to have their private vehicles.

This vicious circle has been further worsened by some sub-social system shown in Figure 2.1.
Among the sub-social systems, there are government subsidy to the bus operator,
infrastructure development in the past (for example, high standard motorway of radial type
such as FES and Dong Muang tollway), and swera% technical problems such as signal
controlling.

For example, urban growth in the past has been led by transport infrastructure development
e.g. the urban development at the end of the second stage expressway or the ribbon
development along major road corridors, which have been adding longer vehicular trips on
the major corridor.
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In summary, there exists a unorganized energy-consuming cycle in the car-oriented society of
Bangkok. In this context, planning issues should be found in “How to escape from this
vicious circle” and/or “How to change the “Car-oriented Society” into a deferent system.
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2.2 Vision of Transport for the Next Two Decades : Realization of A Traffic Calmed
City

A challenge is now to re-direct such the unorganized energy-consuming system in a vicious
circle into a new transport vision presented here, where people and transport infrastructure
driven urban development can coexist for betterment of the whole community.

This vision is also consistent with the city development philosophy, that is currently being
pursued in other major cities, represented by “Eco-City” Development.

Vision of Transport towards the Next Two Decades

1. A “Traffic Calmed City" based on safe and friendly environment for
non-motorized transport would be created;

2. A transport silstem supportive enough of “Eco-city” development
would be developed; and

3. Bangkok would be inhabited by the people having improved awareness
to the environment in modal choice.

The urban structure and transport infrastructure need to be developed in an integrated
manner to achieve an environmental / ecological balance. This implies that the planning of
transport infrastructure should be aimed at improving the mobility and accessibility of
people rather than those of motor vehicles, which is termed “Traffic Calming ™.

In this context, it is necessary to change from a motorized-private-vehicle-advantageous
society to a public-transport-orientated society at first. Public transport systems which
have less impact on urban ecology should be given a higher priority under the limited
resources available to spend on transport infrastructure.

The less road space in Bangkok in comparison to other major cities is often quoted as a
reason of the severe traffic congestion. This is partially the case, however, if public
transport adequately plays a larger role in movement of people, the traffic congestion
problem may not worsen even under such a condition.

The less road space in Bangkok might be recognized as a rather favorable situation for the
urban ecological system simply because paved spaces are limited and thereby cars on the
roads are limited by the limited space. At the same time, it is recognized that this situation
has been providing a good chance to develop and promote public transport system including
exclusive bus operation and mass rapid transit system, because there is a disadvantage for
vehicle users, that is traffic congestion. On the contrary, advantage of public transport can
be much more emphasized through improving inter-modal facilities and giving priority to
public transport in use of road space.

The traffic calmed city, at the same time, calls for people in Bangkok to become more aware
of their environment and their way of living. This is an education process to support the
improvement of public transport, so that public tram%scrt becomes an effective alternative
to the private vehicles. People will need to be aware of the impact of their modal choice on
the environment when there are alternatives. We should always remind that motor vehicles
have the largest negative impact on the environment among the currently available forms of
land transport.

Finally, in order to re-direct our energy to the above vision, a set of key initiatives is derived
as follows:
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Key Strategic Initiatives towards the Transport Vision of Bangkok in 2011
For Vehicle Owners:

1 Reduce need and use of private vehicles in urban life

2 Promote ridership of public transport systems including buses and
MRTSs and mom-motorized modes

For Commuters:
3 Improve or develop Inter-modal facilities among those systems:

4  Restrict ﬁarivate vehicle use in CBD where public transport modes
are readily available

For All Residents

5 Create a safe environment for non-motorized mode USErs,
pedestrians and residents

2.3 Goals Reflecting The Transport Vision : Environment - Initiative Transportation
System in 2011

(1) Modal Share of Public Transport

Applying a mixed-policy suggested by the simulation analyses (Case 7, 9, 10),
approximately 70% of all peak hour person travel will be able to be made by public
transport mode. This is the most ideal situation to be the planning target. At present,
about 40 % of daily person trips are made by public transport mode and 45% of those
are made by private modes (car and motorcycle). Assuming the target figure of 70% is
realized today, more than 60 % (4.6 million person trips a day within BMA) of private-
vehicle-trip must be shifted to public transport mode. If these 4.6 million trips are
accommodated by only bus transport services, the target seems to be very difficult to
achieve. A simple calculation : “40 person x 10 times operation a day x 11,500 buses
= 4.6 million person trips” indicates that at least the number of buses needs to be
doubled now. In this context, the Mass Rapid Transit Master Plan system should be
promised in the year 2011.

(2) Multi Modal Corridor

Through developing the sub-centers, a “Multi Nucleus” System will be created in
Bangkok. In order to efficiently induce the multi nucleus system, the “Multi Modal
Corridor” System, consisting of multiple transportation facilities such as major arterial
roads, medium / mass transportation, and expressways, is required. The Multi Modal
Corridor should have important functions as follows;

* The system gives the outlying activity centers (sub-centers and major local activity
centers) direct and reliable accessibility to the central area
* The system gives alternatives to the people in modal choice

* The system gives higher priority to public transport users
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(3) Integrated Public Transport System and Quality Pedestrian Environment

Special emphasis needs to place on the integrated improvement of public transport
system, being consist of MRTs, public and private buses, waterways and taxis.
Development of inter-modal facilities is a key for encouraging the people to use public
transport modes.

Recently the new Mor Chit bus terminal project has been proceeded by a private
company, where three deferent public transport systems come across : BERTS, BTSC,
and Buses. Even there exist deference among the implementation schedule of each
transport system, this type of facility should be designed in an integrated manner to
have functions as follows;

+ The facility should have enough capacity for future transfer demand and should
provide high and quality access between deferent systems;

o The facility itself can be an attraction center such as a shopping center, an aquarium,
and a theater to ensure vital financial performance for private sectors. These
attractions are important initiators to generate trips on holidays, contributing
financial performance of public transport system.

(4) Road System

A simple “More Roads” policy should, of course, be explored. However, there is an
important planning view, that is “How the new road construction will improve or
contribute to better public transport system in Bangkok”

Necessity of “secondary road” has been discussed in the context of solution for so-
called “Super Block” problem. In BEIP, however, new road construction addition to
the 8th plan project will be allowed only when those are beneficial to promotion of
public transport modes and development of the sub-center. Necessary spaces should
be reserved for these type of road construction.

Besides, of the 8th Plan Project, the Outer Ring Road will be effective to make the
movement of freight in and around Bangkok more efficient and more rational. And, a
new arterial ring road to be formed with the ETA expressway should be facilitated to
provide a structural backbone of future urbanization and land use policies in Bangkok.

(5) Traffic Management

Recently introduced Area Traffic Control (ATC) system should be fully operated as
soon as possible. The system has been working in night-time when the traffic
congestion is not severe, but not be allowed to operate in day-time. By this time, the
most of capability of the ATC has not been made. Instead of the ATC, many
policemen are allocated at the intersections to control the traffic. This is simply
meaning a double investment. Enacting the ATC, policemen should be re-allocated to
other function such as watching vehicles on exclusive bus lanes.
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In summary, target for transport sector in the year 2011 is established as follows:

Bangkok Transport Turget in 2011

* 70% of all peak hour person travel by public transport in the year 2011
* Much Development of Quality Pedestrian Facilities

* Completion of Mass Transit Master Plan

* Development of Multi Modal Corridor

* Development of Integrated Public Transport System

* Development of Hierarchical Road System which is supportive of Sub
Center development and use of the MRTs

* Implementation of the full ATC and Area Restraint

2.4 How do we get there ? : Concepts of Strategic Projects / Actions towards the Goal

In order to achieve the target, cight (8) key strategic projects / actions are proposed in
addition to the 8th Plan Projects. Integrated efforts should be made to implement them in
coordination with relevant agencies,

Strategic Project 1: Roads for Pedestrians
Access to public transport

The “so0i" is an unique resource for re-organizing Bangkok as a pedestrianized city. As
they are connected to major arterial roads, they can be developed as good access roads
when public transport systems are facilitated along the major roads.

Exclusive space for pedestrians

There are many examples in cities where several roads be closed to create open space
exclusively for pedestrians and revitalize the areas. This policy may be applied for the
areas Silom Rd. between Soi Convent for example and the new road along Khlongs.

These pedestrian roads projects should be beneficial for public transport users and
residents, thereby creating favorable circumstances for a “public transport - oriented
society”.

Strategic Project 2: Improvement of Mobility in Urban Activity Centers

Once people enter centers by public transport, they need to also use public transport
again or walk for the next trip within the center. Without such convenient modal
facilities in the central busy areas, it will fail to attract people to use public transport.
Both of “Accessibility to the central busy areas” and “Mobility in the central busy
area” should be realized at the same time,

Additional secondary roads are necessary to create public transport priority area
where buses and MRTs are to be given advantages. Improvement of major- and minor-
secondlary roads is very important to encourage people to use public transport through
providing convenient access to MRT stations, job places, among others.
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Strategic Project 3: Revitalization of Water Transpart with Green -Water Network

Currently, the water transport in Bangkok has a small modal share in Bangkolk.
However, in the morning peak hour, “express river boats” are full. The limitation for
increasing the service level is not the number of boats but rather the capacity of piers.
Piers should be improved together with inter-modal facilities. Al the same time, the
landscape along Khlongs is a very unique resource of Bangkok. This should be restored
to be more natural and friendly system.

Strategic Project 4: “Eco-Street” Development for Non Motorized Transport

Throughout Bangkok, there is a water system of small khlongs. Providing paths along
the khlongs, they are capable of function as a network for bicycle paths and walkways.
Bangkok is a very flat city, thereby it is ideal for the development of this system. A
comfortable Non Motorized-transport System with beautiful scenes should be restored
in the unique city and for the next generation.

Strategic Project 5: Give Priority to Buses : Enforcement of Exclusive Bus Lane

Contra bus lane and bus priority lane system, which is enacted in part of the central
area, should be enhanced. At present, buses are obstructed by cars (HOV and cars
coming from “so0i”) and motorcycles coming into the bus lane even on bus priority
lanes. This situation should be improved urgently rather than making efforts on
controlling traffic signals.

There are several corridors connecting between sub-urban areas and the central area,
which are heavily used by commuters. These corridors should be focused on first. Even
on the tollways, exclusive bus lanes can be introduced.

In the central busy area, minor modification such as bus bay will be effective to avoid
inter-obstruction between buses. Besides, selected secondary roads are necessary to be
created as better routes for public transport services (feeder service) where buses and
MRTs are to be given traffic advantage.

Strategic Project 6: Area Road Pricing System : Create disadvantageous
environment for private vehicle users in selected areas

The area inside Middle Ring Road would be studied for applying this policy after the
completion of MRT Master Plan. There are some 20 interfaces (major roads) on the
Ring Road. Appropriate measures to functionalize the area restraint system need to be
explored.

Strategic Project 7: Support Metropolitan Sub-center Development

Transport system and urban development should be inter-related to economize and
rationalize the investments. Well-coordination among all relevant agencies is necessary
to link the transport development together with a view to the Sub-center Development.

Strategic Project 8: Environmental Education and Enlightenment

The majority of Bangkok people are already the environment-conscious. But, further
educational and enlightening activities are necessary to improve awareness to the
environment in their way of living. Some form of environmental education should be
provided from the beginning of the formal education, or elementary school.

-8
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2.5 Bangkok Urban Transport Structure Plan : BEIP Proposal

In line with the concept of strategic plans discussed in the previous section, A Structure Plan
of Bangkok Urban Transport System in 2011 and several specific plans / programs were
prepared (BEIP proposal). The fundamental of the BEIP proposal is almost all the
transport projects proposed for the 8th National Development I'lan by each relevant agency
(BMA, DO, PWD, and ETA). Thus, BEIP proposal should be understood as an additional
idea towards achieving the goals set forth

(1) Assumptions : Urban Structure

As discussed in Chapter 9, the three sub-center development: Min Buri-Lad Krabang
Sub-center, Talling Chan Sub-Center, and Bang Khunthian Sub-Center, are proposed in
order to create a multi nucleus system in BMA. These three sub-centers should be
accommadated by good transport system.

The area inside the Middle Ring Road plus part of Khlong Toey, Huay Khwang and
Bang Kapi is defined as the core area. Within the core area, quite good mobility of
people will be ensured by the mass transit system. Thus, the core area is recognized as
a "public transport advantageous area” where a good feeder system by buses is
provided and private vehicle use is limited.

(2) Future Primary Arterial System and Multi Modal Corridor System

Primary Arterial Road here is defined as a trunk road system for inter-urban and inter-
regional transport. Heavy vehicles for freight transport are always allowed to use it.
The Outer Ring Road by DOH, a new ring road system being formed by new roads
beneath the ETA’s expressway system and the fourteen national highways connected
to the ring roads are proposed as primary arterial system in the year 2011.

The New Middle Ring Road is recognized as the fringe of extension of urbanization
from the center of Bangkok. There is no primary system inside the NMRR, thereby
heavy vehicles are restricted to enter the central area.

Eight *"Multi Modal Corridors are designated as shown in Figure 2.2. These corridors
are connecting the three sub-centers and the central area. Exclusive bus lanes should be
introduced on the arterial roads.

In addition to the existing three inter-city bus terminals, two new inter-city bus
terminals are proposed at Huay Khwang and nearby Taksin Monument. At these five
bus terminals, special interchange terminals should be provided which are “controlled
areas” to allow feeder bus passengers to make cross-platform interchange with express
buses.

There are some 20 transfer locations between deferent MRT systems. These transfer
locations are likely to be developed as attraction centers in the central area. A master
plan should be prepared to ensure coordination between deferent systems and private
sectors development.
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(3) Future Secondary Arterial System

Table 2.1 shows proposed secondary roads in addition to the BMA's 8th Plan
projects. Every road should be developed with the common purpase of promotion of
public transport. The proposed projects can be categorized into nine packages as
follows;

1) Package 1: BEIP 01 - BEIP_10

These projects are very important for BERTS, MRTA Orange and MRTA Blue lines. By
these secondary system, metro passengers can access to job places, education places,
among others in Bangkok Noi, Bangkok Yai, Thonburi and Khlong San areas. The
secondary roads to be place here will also contribute to creating a new large activity
center west-side of the Chao Phraya River.

Package 2: BEIP_11 - BEIP 14

These projects are prepared to increase road capacity of the gate of the North Multi
Modal Corridor : Phahon Yothin Rd, Wiphawadi Rangsit Rd. and New roads proposed
by BMA (B 3.12) and DOH (DOH74).

Package 3: BEIP_15 - BEIP_19

These projects are necessary for BERTS, MRTA Orange and MRTA Purple systems,
providing improved feeder routes in south of Bangsu area.

Package 4: BEIP_20 - BEIP_21

These projects are beneficial to BTSC and BERTS, providing better feeder routes in
Phaya Thai area.

Package 5: BEIP_22 - BEIP_30

These projects are beneficial to BISC, BERTS and MRTA Orange lines, providing better
feeder routes in Phaya Thai and Huay Khwang areas.

Package 6: BEII' 31 - BEIP 32

These projects will be proceeded together with re-development of Makkasan area,
providing better connection between Ploenchit Rd. and etchaburi Rd.

Package 7: BEIP_33 - BEIP_35

These projects will be proceeded together with a re-location program of the
Chulalun%kum University (assuming relocated to one the BEIP sub-centers). This is a
very challenging project package.

Package 8: BEIP_36 - BEIP_37

These projects will be proceeded together with re-development of Thai Tabacco
Monopoly.

Package 9: BEIP 38 - BEIP 46

These projects will create a new large activity center such as Silom area outside the
Middle Ring Road. Transport system for this are is consist of BERTS, MRTA Orange,
MRTA Blue and Bus services.

2-12
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Table 2.1 BEIP Proposal for Secondary Roads inside the Central Area

CODE PROJECT NAME LANE LENGTH
BEIP_ 01 ConnectingroadbatwesnBMAT 18andBEIP03 4 2.8
BEIP_02 Connecting road between Charan SanitRd. ltzaraphacRd. and ArunAmarinalongthe 4 1.7
Khlong Monwith“Eco-Slreet”,

BEIP_03 Caonnectingroadbetween Charan SanitRd. and llsaraphavRd. atthe intersectionofWang 4 1.5
DoamRd. and tsaraphacRd. .

BEIP_04 Connectingroadbatwaan Charan SanitRd. anditsaraphaoRd. alongtheKhiong Bangkok 1 4
with"Eco-Straet”.

BEIP 05 ConnectingroadbetweenBEIPD3andBEIPO4 4 1.3

BEIP_0& 'Connecting road between Rachadaphisek Rd. and SemdetPhraChacTaksinRd. alang 1.8 4
the railway. (belweean Wongwian Yai st and Taladpllu st.)

BEIP_0O7 ‘Connecling road between BEIPOERd. and SomdetPhraChao Taksin Rd. alangthe Khlong 4 1.8
Samra.(crossing MWD01)

BEIP_DB '‘Connacting road between Somdet Phra Chao Taksin Rd. and CharoenMakhon Rd. along 4 j e
thakhlongSamra.

BEIP 08 ‘Cannecting road betwean SomdetPhra Chao Taksin Rd. and Charcen Nakhan Rd. 4 1.7

BEIP 10 "Connacting road batweanLad YaRd. and BEIP0Sincluding fiyoverat Krung ThonburiRd. 4 2.6

BEIP 11 'Caonnacting road batwaan Pracha RatRd. and BEIF 1 3 alongtherailway. 4 3.6

BEIP 12 Extansion of DOH74 prajact from Ratchadaphizek to Pracha Rat Sai 2 (Widening). G 28

BEIP 13 Extensionof BMA3 12 prajact fram Ratchadaphisek to Techa \Wanit Rd. with "Eco-streat” 4 3.2

BEIP 14 'ConnectingroadbetweenPhahayathinRd andBEIP 13 4 2

BEIP_15 ‘Connecting road between Pracha RatSal 1 Rd. and Kamphaang Phat Rd. alangthaKhlang 4 2
wilh"Eco-Slreet”.

BEIP_16 "‘Connecting road between PrachaRatRd. and PradiphatRd. alang the Khiong with "Eco- 4 1.3
Streat”,

BEIP_17 ;‘,.‘I.nnnlecting road betwesen Samsen Rd. and Rama\/ Rd . along the Khiang with "Eco- 4 1.2

reat’,

BEIF 18 '‘Connecting road between Tha Han Rd. and Amnual Song Khram Bd. with "Ece-Street”, 4 1.25

BEIP_19 'Connecting road between ThaHan Rd. and Makhon Chasri Rd. 4 1.8

BEIP 20 'ConnactingreadbatwesnPhahoyothinRd. andRama'iRd.. 4 1.2

BEIP 21 ‘ConnectingroadbetweanPhahayathinRd. andRamal/IRd.. 4 1.2

BEIP 22 Widening Suthlsarn Winit Chal Rd, G~8 28

BEIP 23 Connacting road batwean Lad Phrac Rd. and Suthisarn Winit Chai Rd. L] 3

BEIP 24 Connacting road between Lad PhraoRd. and SuthisarnWinit Chai Rd. 4 24

BEIP 256 '‘ConnectingroadbetweenPhahoyothinRd andRatchadaphisekRd 4

BEIP 26 ‘Connecting road between Suthisam WinitChai Red, and Asak Din Dasng Rd. 4 3

BEIP 27 ‘Connecting road between Suthisam WinitChaiRd. and Pracha SongkhroRd. 4 1.6

BEIP 28 ‘ConnectingroadbetweenBEIP25andBEIF30. 4 1

BEIP 26 Widening Suthisarm Winit Chai Rd. [ 1.4

BEIP_an WideningtolaneduetoDinDasing Re-Development. [ a

BEIP_31 '‘Cannecting road from Phaha Yothin toWireless Rd including underpass, 6 1.5

BEIP 32 'Connecting road from Pracch Song Rd ta SalMaNaNuaincluding underpass. 3] 1.5

BEIP 33 'Connecting road {includingwidening) between HenriDunantRd andRongMuanng 4 1.7
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Rid.4lanewith"Eco-Straat™.

BEIP_34 '‘Connecting raad hetweenHanriDunant Rd. and Banthai Thong Rd. with"Eco-Streel”. 4 1.4
BEIP_35 'Connectingroadbetween RatchadamriRd. andBanthat Thong Rd.with"Eco-Street’. 4 3.9
BEIP_38 'Connecting road between Ratchadaphisak Rd. andWirelass Rd. along the Khlong with & 2
"Eco-Street”.
BEIP 37 '‘Connecting road between Sukhumvit Rd. and Rama IV Rd. along the railway. 4 3
BEIP_38 Widening Pracha Lithit Rd. 8~8 5.2
BEIF 39 ‘ConnectingroadbetweenRatchadaphisskRd and Soi Sukhumvit4lanewith"Eco-Streat”. 4 4
BEIP_40 '‘ConnectingroadbetweenBEIP38andBE|IP39. 4 3.7
BEIP_41 '‘ConnectingroadbatwesnBEIP38andBEIP39. 4 iy
BEIP_42 ‘Connactingroadbetween BEIP38and Rama X Rd. 4 1.8
BEIP 43 'GnnnedjngraadbemaanEEIPdﬁandﬂatmadaphlsekp.d. 4 6.5
BEIP_44 ‘ConneclingroadbetweenBEIP48and SoiSukhumyit. 4 0.a
BEIP_45 ‘Conneclingroadbetween BEIP48and SoiSukhumvitRd. 4 0.8
BEIP 45 ExtensionofBMA2.08to Sukhumvit Rd. 5.5
BEIP 47 Cennaction DOH 72 and Sukha Piban 1 Rd. g 28
TOTAL 137 km

2-14
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Figure 2.5 Images of Cross Section of Secondary Road with Eco-Street
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PROJECT BEIP_08:

Connecting road between Somdet Phra Chao Taksin Rd.
and Charoen Nakhon Rd. along the Khlong Samre.
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(4) Transport System Development Scenario

Transport facility and system development needs to be carried out continuously for the
long term towards the “Traffic Calmed” city. Traffic management and modification in
use of the system should cope with the existing situation at any time. Actions in each
transportation system development should not be taken independently. It is very
necessary that actions in each transportation system will be taken place in coordination
with other system’s actions as well as urban system development. In this sense, a
transport system development scenario was prepared.

Short Term (8th Plan Period)

At the initial stage of the next two decades (8 Th. plan period), a rapid and reliable bus
system based on exclusive bus-lane or bus priority lane should be developed. As mass
rapid transit system will be still under construction, buses will play a vital role in
commubing.

To attract more people to the bus system, pedestrian environment should also be
improved. Sidewalk around major bus stops in the activity centers should be given
priority.

In order to develop a good arterial road system in the central area, future road spaces
should be designated and reserved by some form of act or law. New or renewal
housing projects , among others should be watched and restricted by government statfs.

As discussed before, the ATC phase I should be fully in enacted.

Besides, at the beginning of this period, several studies including *Pedestrian
Environment Improvement Plan”, “Eco-Street Development Plan”, “Water Transport
Revitalization Plan”, “Public Transport Integration Plan”, among others should be
prepared.

Medium Term (9th Plan Period)

At this stage, the “core” MRT system will be in operation. Accordingly, the bus
system is required to provide better feeder services to/from the stations of the MRT
system. Based on the bus re-routing plan prepared in 8th plan period, bus system
should be modified. Some supplemental facilities development such as bus bay and
bus stops are also needed.

Some form of restraint of private vehicle use can be introduced as effective alternatives
such as the MRT core system and modified buses are available.

Long Term (10th Plan Period)

At this stage, the PriuriKCMRT network will be in full operation. Bus system will again
be reformed based on the bus re-routing plan prepared in 9th plan period. Besides,
much restrictive way of private vehicle use can be introduced.

At The Year 2011

A complete integrated public transport system and quality environment for pedestrian
will be fully realized. A very strict restraint on private vehicle use in the central area
should be introduced. Bangkok will shine based on the “Traffic Calmed City".

2-17
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Table 2.2 Major Component of Strategic Projects (1: Short Term)

Ut_'gﬁl'l't Actlons
Proposals for Environment-initiative Urban Transport Implemanting  Related Total Cost
Body Agency {mil. Baht)
ET11 PadaetrianEnviranmentimprovementPlan BMA 60

-sidewalk around inter-modal facilitiss (00 m x 100 locatians)

- sidewalk improvamant in commercial area (Silom, Werld Trade Center)
-sidewalk improvement in the heritage area (Ratana Kosin)

-pedestrian bridge developmantonmaljorsecondaryroads

-zol revitalization projects (connecting and block paving selacted sals ta
developeffectivefootpathstopublictransparttarminals)

ET12

Eco-StreaDevelopmentPlan BMA MOTC 40

Sidewalk and pathfornon maoterized vehicle along the majorkhlong and
connactingstraats between majorparks)

ET13

Water Transport Revitalization Program MOTC /BMA 40

-Improvament of waterways and boat piers in Chao Phraya River and
majarkhlongs

-Landscapeandfootpathdevelopmentalongmajorkhlongs (Waterd
Grean Matwark)

ET14

FublicTransportintegrationPlan QCMRT /BMA  BMTA &0
-bus re-routing plan
- fare andticket integration plan

ET15

Master Plan and Feasibility Study an Public Transport Terminals and OCMRT /BMA  MOTC 60
Inter-ModalFacllities /BMTA,

- metra to metro transfer (22 locations)

- metro to bus transfer facilities (5 inter -city bus terminals and 22 metro
transferiocations)

-bus/matra to boat

ET18

Feasibility study and Engineering Study on Major Primary and Secondary BMA 140
Road

- BEIP proposal (Primary road : 47 km , Sacandary road : 137 km)

ETiT

AreaRoad Pricing plan OCMRT BMA /MOTC B0
-moredetailanalyses and assassmentshould be proceeded,

ET18

Review of Primary Road System OCMRT MOTC /ETA 20

Sub-canterdevelopment, WSB,ESB, GSICshouldbetakaninta
considerationinpriorilizing

ET18

Implementation of Projects for EMA Sth Five-yaar Plan Bha 54,400

ET20

Implementation of Projects for DOH Sth Five-yaar Plan DOH

ET21

Implementation of Projects for PWD 5th Flva-year Plan PWOD

ET22

Implementation of Projects for ETA Sth Five-yaarPlan ETA

ET23

Proceed BERTS, BTSC, MRTA (Blue and Orange)
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Table 2.2 Major Component of Strategic Projects (2 : Medium Term)

Medium-term Projects/programs

Proposals for Environmant-initiative Urban Transport

Related

Agency

Implementing
Body

TotalCosl
(rmil. Baht}

ET24

Pedestrian EnvironmentimprovemeantPhasa 1 (hasadonET11)

-sidewalk improvamant around BTS, MRTA, BERTS stations (80
locations)

- sidewalk improvement in commearcial areas (2.5km in Silom area, 20
km along the Skhumvit Rd, Pelchaburi Rd. Rama [X Rd )

- sidewalk improvemant in Para Nakhon (2km)
-pedestrianbridge (100 lacations)
- s0i revitalization projects (20km inside the MRR)

BMA

3,810

ET25

Ecao-StreetDevelopment Phase 1(basedonET12)
-Khlong Samsan (11km)
-Khlong San Sap(6.5km)

BMA MOTC

ETZ26

Water Transport Revitalization Phase 1 (hasadonET13)
-Khlong Samsan (1 1km)

-improvement of boat pier (Pattu Nam and other & locations close to
metro syshem)

MOTC /BMA

240

ET27

PublicTransportintegration Phasa 1 (basedonET14)

-logetherwiththe Green Lingimplementation echadula, bus re-routing
shouldbaimplemantad.

-monthly ticket for BTS, MRTA, BERTS and feeder buses
- camman tickat for BTS MRETA, BERTS

BMTA, MOTC

100

ET28

Public Transpaort Tarminals and Inter-Madal Facilies Development
(basedonET15)

= Mar Chit Terminal (Bus/BTSMRTA)

- Sukhumvit /! Sal Asak Terminal {Bus/BTS/MRTA)

-Huay Khwang Terminal (togathar with MRTA Dapot davelapmant)
- Pattu Nam Boal Station with bus terminal

- Bus stop and bus bay at MRT stations

MOTC /BMTA  OCMRT
BMA

7,480

ET29

Implementation of Major Secondary Road Projects (based on ET16)
BEIPPraposal(50%)

BMA

2 450

ET30

Implamantation af Area Road Pricing Project{basedon ET17)

BhA MOTC

IOCMAT

300

ET31

Formulationof Transport Master Plan for &th Matianal Developmeant Plan

OCMRT MESDE

G0

ET32

Procead Implamantation of Extanded Mass Transit SystemProjects
(71.4km)

MRTA MOTC /BMA

42,080
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Table 2.2 Major Component of Strategic Projects (3 : Long Term)

Long-term Projects/Programs

Proposals for Environment-initiative Urban Transport Implamenting  Related TotalCost
Body Agency (mil.Baht)
ET33 Padastrian EnviranmentimprovementPhase2(basedenET11) BMA, 1,360

- sidewalk improvement around MRTA Purple stations {15 locations)
- sidewalk improvament in commercial area (10km)

-padestrian bridges onmajorkhlongs

- 50i revitalization projects

ET34 Eco-StrestDevelopmentPhase2{basedonET12) BMA MOTC 1,560
-Khlong Samsen (and Khlong San Sap 40km)

ET5 Water Transport Revitalization Phase 2 (basadan ET13) MOTC BhA 1,660
- improvement of waterway (40krm)
- improvement ramaining baat piers (38 locations)

ET38 Public TransportIntegrationPhase 2{basedonET14) OCMRT BMTA 100
- bus re-rauting
- fare and ticket integration (comman ficket for all metra system)

ETa7 Public Transport Terminals and Inter-Modal Facilities Development MOTC /BMTA  OCMRT 640
(basedonET15) TBMA

- 20 matra to metro transfer stations
=44 boat stations with bus terminal
- bus stops and bus bay at matro stations

ET38  ImplementationcfMajor Sacandary Road Projects (basedonET16) BMA 32,390
- BEIP prepasal (50% of 184 km)

ET33 Fermulation ef TranspartMaster Plan for 10th National Development Plan OCMRT NEZDB 100

ET40 Proceadimplementation ofMass Transit System Projects (63.6km) MRTA MOTC /BMA 37.400

2-21
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CHAPTER 3: AIR QUALITY AND POLLUTION MITIGATION

3.1 General

Seasonal monsoon winds and sea breezes prevail in Bangkok. However there are many
reports and sources of information that point out the significant atmospheric pollution in
Bangkok.

Particulate matter pollution, which is quite noticeable, is especially considered to be extreme
and the high level of this pollution appears to be leaching the limits of endurance. The major
origin of this pollutant could be attriEuted to construction activities and vehicles.

In order to mitigate the air pollution in Bangkok, various issues are studied, such as the
numerical simulation analysis of ground level concentration of PM-10, CO, SO2 and NO2.
The purpose of these simulations is to estimate the effects of various plans, such as the
reduction of pollutant emissions from vehicles, transportation improvement and urban
structures. The implications from selected activities and policies relating to this atmospheric
pollution.

3.2 Assessment of Present Conditions

(1) Meteorology

Generally speaking, Bangkok which lies in the monsoon zone, has a typical climate. In
the dry season (Nov.~Jan.), the north-casterly wind are significant and south-westerly
winds prevail during the rainy season (May ~Oct.).

Air stability, which is shown in Fig. 3.1 is an influential meteorological parameter for
pollutants dispersion. In Fig. 3.1, F and G represent stable and strongly stable
respectively. If the condition of the air is stable, there is little vertical mixing of air,
therefore the upward dispersion of pollutants is difficult. Fig. 3.1 shows thal Bangkok
has a fairly high ratio of F and G, particularly from December to February. Generally
speaking, under such conditions, the upward dispersion of pollutants emitted from a
low altitude is difficult. It can be said that the stagle condition during the dry season is
one of the important factors contributing to the high PM concentration and low
visibility.

{2} Pollutant Sources and Amounts

In the BMR, nearly 50% of the petroleum products consumption in Thailand occurs.
Through petroleum products consumption, large amount of air pollutants are emitted
continuously. The annual amount of these pollutants by sector are estimated in Table
3.1 and Fig. 3.2.
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Table 3.1 Air Pollutants Emissions in BMR, by Sector, 1992 1000ton/year

Sector SOx NOx CO M-10
Power Plant 104 23 2 4
Industry 145 24 3 12
Land Transportation 22 141 686 152
Commercial & residential 0 & 0 0

Source - Power Plant, Indust ¥ and Com. & Res. ; Air Pollution Database, 199, PCD
Land Transportation ; JICA, BEIP Study Team

ﬂ_}:‘owpr Plant
5] Inrlljst'r}l'

| Mland
Transportation

O Comunercial &
Residential

0% 10% 20% 30% 40% 50% 60% 70% BU% 90% 100% i
i

Source :  Power Plant, Industry and Com, & Res. ; Air Pollution Database, 1994, PCD
Land Transportation ; JICA, BEIP Study Team

Fig. 3.2 Air Pollutants Emissions Ratio by Sector, BMR, 1992

The emissions from land transportation accounts for a very large portion of NOx, CO
and PM-10. The emissions from vehicles contributes a significant, although not the
highest, portion of SOx.

It is noteworthy that the emission from land transportation has a direct affect on the
concentration of ground level pollutants. In addition, the stable condition of
atmosphere increases the ground level concentration.

(3) Monitoring Result of Pollutants

Currently, PCD is monitoring the ambient air condition of the entire nation, with 8
stationary monitoring stations in 1994 ( as shown in Fig. 3.3 ), and approximately 15
temporary monitoring stations in Bangkok. The Ministry of Iealth operates 3
stationary monitoring stations in  Bangkok under the UNEP-WHO Global
Environmental Monitoring System. The Department of Health, BMA, has one
stationary monitoring station.

MNevertheless, the ambient air quality standard was formulaled Lo protect people's
health. It is therefore essential to review the results of the monitored ambient air
condition with respect Lo the air quality standard.

Ambient air quality standards and the PCD’s monilored ambient air condition results
of 1994 is summarized in Table 3.2 . This table implies issues listed below.

3-3
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e SR I T

e

Cl;
c2:
£l
4
: Din Daeng

Stations of Pollution Control Department

: Office of Envirenmental Policy and PMlanning (OEPP)
¢ Bansomilej Chao Phraya Teachers College

: Ratburana Fost Office

: Savwabha

: The Meteoralagical Depanment (Bangna)

: Chandrakasem leachers College

Minisiry of Science, Technology and Envirenment (MOSTE)

Chulalongkom Hospital
Department of Land Transpurl (LTL)
(ddien Clircle

MNote: Din Daeng Staion was vperaling in Sepl. 1996, although it
was not listed in a figure "Proposed Location of Adr
Ouality Monitoring in Bangkok 22 Stations, PCD" from
PCT in Aug. 19946,

8 Stations (1--4, C1--C4) were operating in 1994,
10 Stations (1--3, 5, 7, 7, C1--C4d) were operaling in 1996,

Station of Metearological data used in this BEIP Study.

MS51 : Office of Mational Environmental Board (ONER)
MNote :  The data was measured by another JICA study in 1988.

Locations of BEIPs Field Survey
B1: Air Force Golf Club
B2 Ratchadamuri Road
A3 Silom Junction
4 Suksawas Road
B5: Bang Khun Thicn
Mote:  Monitoring was done between
27, Nov. and 9, Dee. 1995,

Fig. 3.3 Locations of Monitoring Stations
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Table 3.2 Review of Present Situation of Atmosphere, 1994

Pollutant Evaluating Time Standard Value Roadside General Area
CO 1 Hour 50 mg/m3 0/18 0/4
8 Hours 20 mg/m3 2/18 0/4
NO2 1 Hour 0.32 mg,/m3 --- ---
502 1 Hour 0.78 mg/m3 - -
24 Hours 0.30 mg/m3 - ==
1 Year 0.1 mg/m3 --- -
Tor 24 Hours 0.33 mg/m3 12/15 2/4
1 Year 0.10 mg/m3 - 3/4
PM-10*** 24 Hours 0.12 mg/m3 2/2 e
i 1 Year 0.05 mg/m3 - —
Q3 1 Hour 0.20 mg/m3 = -
Lead 24 Hours 10zg/m3 0/15 0/4

Source : Management of Air Pollution and Noise Pollution in 1993-1994, PCD

Motes : Ex. 2/15 means 2 stations value of 15 stations exceed the air quality standard.
e eelumn means no available data.
* Standard value were valid values as of 194,
** Tolal Suspended Particulates, ***articulates with diameters ... 10fEm

First, many stations exceeded the standards of TSP and PM-10. In Fig. 3.4 and 3.5,
TSP and PM-10 numerical data are graphed. Briefly, PM-10 indicates suspended dusts
below 10 micron diameter and TSP indicates whole suspended dusts. For the health of
the people of Bangkok, the mitigation of this high concentration of TSF and PM-10 is
an urgent issue.

030
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015 |—— 04 st Q.15 =
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4 a
Fig. 3.4 TSP, One Year Average 1994, Fig. 3.5 PM-10, Max. of 24Hr
Ave. 1994
General Stations Roadside Stations
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It is said that PM-10 consists of two portions. One is of natural origin such as the fine
matters of soil or sea-salt particulates, and the other is human activity origin matter.
For human activity origin PM-10, particulate matters from vehicle exhaust pipes and
factory’s stacks might be typical. PM-10 is inhalable and affects human health.

TSP consists of PM-10 and other coarse particles, exceeding 10 microns in diameter. It
might be supposed that construction aclivities on and around roads and vehicles
traveling on dusl‘ty roads are major sources of the coarse portion of TSP. In addition,
peeling off dust from vehicle tires and bodies and scattering dust of truck beds might
belong to coarse portion and worsen TSP concentration.

Integrated abatement measures of the above mentioned sources should be implemented
urgently, not only for PM-10 but also for TSP.

Second, mitigating the level of CO is another target. One hour values are under the
standard, however 8 hours average exceeds the standard at some roadside stations.
Vehicles are thought to be the cause, and vehicle traffic is expected to increase in the
future. Regulations with regard to CO from vehicles may be necessary.

Third, there are many loopholes for reviewing the current atmospheric pollution. The
monitoring activity is not sufficient. S0O2 and NO2 were not monitored in 1994. PCD
has already started monitoring of SO2 and NO2 mainly at residential area stations.
This activity should be strengthened to monitor not only residential areas but also
roadside areas. The roadside areas should be monitored as many inhabitants earn their
living at roadside areas in Bangkok. In addition, PCD started monitoring O3. If these
monitoring data are reviewed analytically, the significant characteristics of pollution in
Bangkok could be understood.

The processing result of PCD’s 1994 monitoring data by the Team are shown in Fig. 3.6
and Fig. 3.7. If this processing was done continuously, significant characteristics of air
pollution in Bangkok could be found. From Fig. 3.7, hourly roadside graphs of CO and
PM-10 might indicate the effect of vehicle emission. It should be noted that the lack of
meteorological data, such as wind direction and speed, at each station lead to the
limitation of studying and the reviewing of results. In addition, the frequent suspension
of monitoring may devalue the quality of outcomes.
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Field Survey Results of the JICA BEIP Study Team

Ambient Air Quality Surpey
Methodology

A ambient air quality survey was undertaken MNov. - Dec, 1995. Survey points were
established along trunk roads, and their locations are shown in Fig. 18.3 in the text. Parameters
of the survey were 502, NO2 and CO using simplified methods. SO2 and NO2 were exposed
for 24 hours, collected by TEA immersed filters and analyzed by ionchromatography. CO were
detected directly by gas detectors. The traffic volume from 5:30 to 21:30 was studied together.

Result 1 Quitside of the Central Business Zone

Table 1 shows the result of the survey outside of the central business zone. The roadside south
of Bangkok showed fairly high values of SO2 and NO2. It might be worth reviewing the
influence of stationary sources of this area. Other data showed low values.

Table 1 Survey outside of the central business zone

Roadside Approx. 100m Roadside] 'Traffic and HCR*
from PCU

Location S02 ppb|NO2 ppb| CO ppm | 502 ppb| NO2 ppb| CO ppm| Outbound | Inbound
Morth (Air Foreef 5 22 04 4 20 0 104,856 101,794
Caolf Club, Route 1) 0.18 0.16
South (Suksawat] | B0 0 12 28 0 16,395 17,142
Road) 022 0.24
South-West (Bang] i 39 0 a 15 0 9,911 8,451

Khun Thien Road}) 0.24 0.09

MNole:  * HCR ; heavy car ratio

Resull 2 Central Business Zone

In the central business zone, intersections of Ralchadamri/ Ploenchit-Rama 1 and Ratchadamri-

Silom/Rama 4 were chosen for the survey. Survey results of each intersection are shown in Fig.
1and 2.

These two figures show relatively high levels of NO2 at the roadsides of the central business
zone. As the high value of NO2 could be attributed to vehicle emission, mitigation measures
towards vehicles should be implemented.

?gg 335 PFE 1 57,497 0.07
PP
CO 0 ppm 116,213 0.17
PCUHCR—23,156 0.05
«~35,173 0.03 [70m]
Rama 1

NO2 91 [100m] 64 [100m] 79 —50,640 0.03

Fig. 1 Survey result 502 23 18 15C1
Ratchadamiri Ch 9 (100m] 125278 0.07
[ Ploenchit-Rama 1 ig 119,363 0.11

[ntersection 4
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123,644 0.05 NO2 38 [150m] 3

5
122211 o1 ||so2 ‘4 2
PCU,HCR—34,529 0.06 {ﬁ%n ]U 0
—32,491 006 iz
Rama 4

fgf ﬁgPPg [100m] 43{* —32,858 0.07
o' " 2pprn 3 37,066 0.06

127,573 0.07 Flying-Over
131,752 0.15 —34,389 0.01
Fig. 2 Survey result +35,075 0.01

Ratchadamri-Silom

[Rama 4 [ntersection

Stationary Source Survey

Stationary source sampling survey was carried out on an interview basis. Twenty-five factories
and five households were selected for the sample. AS large consumers of fuel do not exist in the
BMA, large exhaust gas emitters adjacent to Bangkok were chosen in addition.

The objective of this sample study is to obtain supporting data for quantitative characteristics
which were found in existing reports and papers.

However data did not contradict the existing reports, the outcome from factories couldn’t be
considered as quantitatively sufficient. It migflt be supposed thal the quantitative recognition of
pollutants through production process of operation are not yet familiar. Presently, voluntary
environmental management, such as the 15014000 system, might start Lo be introduced to the
private sector. The recognition of the combuslion process and formation of pollutants may act
substantial role at the time of the introduction and accomplishment of environmental
management systems.

Health Impacts by Air Pollution

Assessing the health effect of atmospheric pollution is not easy, as various conditions affect the human

health. Available health effect data appears to be scarce inBangkok. Table 1 to 4 include available
information regarding pollution-related diseases in Bangkok.

Table1. Incidence of air pollution-related diseases in 1995

(1) Comparing Dangkok and Nakhon Sawan

Bangkok Makhon Sawan
Mumber of samples 911 203
-All air pollution-related ailments 19% 8%
-Dust-inflicted lung inflammation 19% i
-Carbon monoxide poisoning 17% U
-Chronic lead puisoning 1% 1%
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{2) Comparing inner, middle and outer Bangkok and suburb

Inner Middle Quter Suburb
Number of samples 235 236 235 205 G
-All air pollution-related ailments 23% 21% 17% 165%
-Dust-inflicted lung inflammation 7% 18% 15% 16%
-Carbon monoxide poisoning 22% 128 12% 13%
=Chronic lead poisoning 14%, 9% 9% %%

Motes : Inner;Ratchathewi, Middle:Rat Burana, Outer;Lat Krabang, Suburb:Bang Phli

Source : The Pollution Control Department and the Occupational Health Medicine and Envl t Associali
Quched i i Dol Tosk Sont T Tooe P ranment Associalion

fable 1 may clearly show the health effects of atmospheric pollution, i.e. dust, CO and lead. While
Table2 and 3 include available data regarding the trend of respiratory system diseases in Bangkok, it has
been considered that more data are needed for specific recognilion,

Table2. MNumber of reported cases of Pneumonia and Influenza in Ban pkok

1983 1984 1945 1986 1987 1988 1989 1990
Pneumonia 350 395 595 1763 4288 5765 5646 3384
Influenza 2286 2875 3001 2715 2733 2240 1707 B74

Source : Ministry of Mublic Health, 1989, 1990
Lucted from Urban Air Pallution in Mega-cities of the World, WHO and UNEP, 1992

Table3. MNumber of diseases of the respiratory system and total out-patients in hospitals in the BMA

1989 1990 1991 1992 1993
Diseases of the respiratory system 809,214 729,511 778,077 742,004 779,141
Total put-patient 5197776 4997416 5029734 5160334 5,172,089
Ratin 0.16 0.15 0.15 0.14 0.15

Source : Statistical Profile of BMA 1991, 1992, 1993

l'able 4 includes health impact information data by calculation. It should be noted that these impacts
are not assessed em pirically, but are calculated using standardized risk formulas.

Tabled. Impacts Attributed to Ambient Air Pollution in Bangkok

Pollutant Impact

Farticulate 51 million restricted activity days (including 26 million lost work days) and 1,400
excess mortalities in 1989

Carbon Monoxide 20,000 - 50,000 people at risk of increased angina pain/day ; 900,000 - 2,300,000/ day
at risk of minor effects such as headaches

Source : USAID, 1990 Ranking Environmental Health Risks in Bangkok, Thailand (Vols.1 and 2)

Awareness for environmental protection should be enhanced by adequate scientific information and
explanation. It would be helpful for the enhancement of awareness to study the health effects of
pollution and thereafter publicize the results to encourage discussion.,

3-11




BEIP STUDY , FINAL REFORT . CHAPTER 3

{4) Simulation of Air Pollution (P'resent Condition)

In order to review the present condition and evaluate the effects of policies in the
future, the simulation analysis of air ‘Euliutants is introduced. Simulation of the present
condition of air pollution is described in this chapter.

First, PM-10, CO, SOx and NOx emissions from vehicle and power plants, supposedly
the major sources of pollution, and then emissions from households are examined as
described in 1). Second, their ground level concentrations are computed by the BEIP
diffusion model as described in 2). Third, outputs of simulation are analyzed as
described in 3).

WVehicle Source Model (Traffic Volume I Meleorological D'JL':J
Travel Speed and Emission Factor)

| Meteorological Maodel I

IJ"nwer Plant Source Model |
e Y
I Household Source bodel I .,J Chffusion Model l

| MOx = MO 2 Reaclion Model |

}Grmmd Level Concentration Ma

Fig. 3.8 Flow Chart of Simulation

1JAir Pollutant Sources

Emission of pollutants from sources was estimated and modeled to be applied to the
dispersion simulation model. The objective pollutant sources were motor vehicles, two
thermal power plants (South Bangkok Power Plant and North Bangkok Power Plant)
and households.

The estimalting I‘nt'.thm'iﬂlngy and emission amount estimated from each source are as
follows:

Emission from Vehicles

Emission from vehicles were estimaled for each link by using the emission factor, traffic
volume and travel speed data as;

0. = (EF,(s.) V)

where;

Q. Quanlity of Pollutant of each Time Zone per each Link;
EF(): Emission Factor of each Vehicle Type;

Travel Speed of each Time Zone per each Link;

Vi Traffic Volume of each Vehicle Type of each Time Zone per each Link.
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l BEIPs Study | l PCTYs Shudy |
I'avel Speed Data 1
I Tratfic Volume Data l I[ Emission Factor 1
J

Emission Model |

[ Emission from Vehicle 1

Fig. 3.9 Flow Chart to Estimate Emission from Vehicles

a.Emission Factor

The emission factors applied for estimation are quoted from “Air Emission Database of
Vehicles and Industry in Bangkok Metropolitan Region 1992: PCD MOSTE” which is
the most authoritative source at this time.

The objective pollutants are PM-10, CO, S0, and NO,, and the emission factors are
established by the average driving speed of each vehicle type as shown in Table 3.3.

The emission rate of CO is high from small vehicles and Motorcycles, and NOx and
SOx is high from large vehicles.

b.Road Network, Traffic Volume and Traffic Speed

The road network and traffic volume data which were prepared for the present
analysis by the traffic planning sector of the BEIP study, were applied for the pollutant
load estimalion. The traffic volume was classified into 9 vehicle types (Motorcycle,
Samlor, Taxi, Passenger Car, Medium Bus, Heavy Bus, Light Duty Truck, Medium Duty
Truck and Heavy Duty Truck). The average traveling speed on each road was also
prepared.

The total amount of trip volume (vehicle-km) by vehicle type is as shown in Table 3.4.

3-13




BEIP STUDY ; FINAL REPORT : CHAPTER 3

Table 3.3 Emission Factors

Pollutants Vehicle Averaged Speed (km/h)
Type 0-1 8 16 24 32
PM-10 (g/km) Small 2.77
Medium 4.48
Large 8.34
MC 10.00
CO (g/km) Small 49143 | 156.74 | 7592 | 50.66 | 40.80
Medium 11.97 3.64 2.46 1.86 1220
Large 2833 | 20.59 14.15 | 10.17 7.61
MC 15294 | 7169 | 3834 | 2724 | 22.06
S0, (g/km) Small 0.53
Medium 0.78
Large 1.60
MC 0.20
NO, (g/km) Stnall 523 2.06 1.87 1.85 1.93
Medium 12.40 1.88 1.57 1.38 1.18
Large #8319 | 2165 1 .17.96-|:1543 | 1373
MC 0.40 0.20 0.20 0.20 40.80

Mok Smal!;].'-'assenger Car, Samlor, Taxi, Station Wagon

Medium; Van, Pickup, Medium Truck
Large; Truck, Bus, Trailer
MLC; Motorcycle

Source:Air Emission Database of Yehicles and Industry in Bangkok Metropolitan Reglon 1992: PCD MOSTE

Table 3.4 Total amount of Trip Volume

(Unit: 10° Vehicle-km/Day)

Type Trip Volume Type Trip Volume
MC 15,047 Heavy Bus 9,433
Samlor 1,504 Light Duty Truck 18,929
Taxi 5,871 Medium Duty Truck 6,833
Passenger Car 21,638 Heavy Duty Truck 7175
Medium Bus 6,690 Total 93,115

Source: BEIP Study Team
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c.Esiimated Results of Pollutants” Load Amount

The estimated results of pollutants’ load from motor vehicles based on the emission
factors and trip volume described above are shown in Table 3.5. These emission loads
are estimated as in the year of 1995.

Table 3.5 Estimated Results of Pollutants' Load Amount (Unit: ton/y)
Type of Car PM-10 CO 50, NO,

MC 54,9158 173,858.3 1,098.3 1,128.8

Samlor 1,520.4 36,303.2 290.9 1,109.3

Taxi 5,935.8 133,651.2 1.135.7 4,298.9
Passenger Car 21,876.5 481,185.8 4,185.8 15,810.9
Medium Bus 20,367.1 21,6473 3,907 .4 35,492 .4
Heavy Bus 28,715.1 30,347.1 5,508.9 49926.7

Light Duty Truck 30,951.2 11,626.2 5,388.8 10,2291
Medium Duty Truck  20,795.8 22,2955 3,989.6 36,357.9
Heavy Duty Truck 21,8426 23, 186.6 4190.4 38,042.3

Total 206,920.2 934,101.0 29,6958 192,396.3
Source: BEIP Study Team

Emissions from Thermal Power Plants

Two thermal power plants, North and South Bangkok Power Plants, are included as
pollutant sources for the model as the share of pollutants emitted from them is
significant.

Basic data for the model were obtained from “Air Emission Database of Vehicles and

Industry in Bangkok Metropolitan Region 1992: PCD MOSTE”. The fuel consumption
and pollutants’ load from each power plant are shown in Table 3.6.

Table 3.6 Fuel Consumption and Pollutants’ Load of Power Plants

Name of Power Plant| Type of Fuel SOx Cco NOx | PM-10
Fuel Consumption
(ton/y)
South Bangkok P. P. | Heavy Oil 2,340,000 | 108,482 1,404 | 15444 | 2,925
North Bangkok P. P.| Heavy Oil 478.440 22,927 287 3,158 598
Total Heavy Oil 2818440 1131.410] 1,691 | 18,602 | 3,523
Source:Air Emission Database of Velucles and Industry in Bangkok Metropolitan Region 1992 PCD MOSTE

Emissions from Households

Emissions from households were estimated as;
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Qﬂ- - I‘g x Op
Qg: Quantity of pollutant from each grid
Pg: Grid population data (Source: BEIP Study Team)
Qp: Quantity of pollutant per capita
V
Op = 7 LF
Vi Annual Fuel Consumption of Residential Sector of Bangkok (PCD, 1994)
P: Total grid population of Bangkok (Source: BEIP Study Team)
EF: Emission Factor for LPG burning (Table 3.7)

Table 3.7 Emission Factors for LP'G Burning (kg / 1,000 liters)

PM-10 CO 50O, NOx

LPG 0.06 0.23 0.0048 1:13
Source: Alr Emission Database of Velucles and Industry in Bangkok Metropolitan Region 1992, PCLD, 1994

Table 3.8 Total Emissions from Households in BMA (ton/y)
PM-10 &8 50, NOx
T 50 i 216
Source: BEIF Study Team

2) BEIP Simulation Model for Air Pollution

In order to estimafe the ground-level concentration distribution of pollutants in the
BMA, the “BEIP Simulation Model for Air Pollution” was prepared through its
parameters fitting and simulation was carried out. The outline c-EP the simulation model
is as follows and the preciseness is shown in the sector paper. Outline of simulation
procedure is shown in Fig. 3.10.

Manltaring Data

1_ Ambiant Air Quality | Meteorology —| u‘nllutant Source Dat|
1

]
L‘Mat&urnk}gical Mode| | Pollutant Source Mod

!
——.-i Diffusion Mode| |

|Feed Backs| NOx — NO, Reaction Model]

| Air Quality Sta ndarl!a

I Comparing Diffusion Results with Monitoring Data I

Ranking Definition Compared lo StandgrdConcentration Data (Simulation Resuf

| Ground Level Concentration Map |

Fig. 3.10 Flow Chart of Diffusion Simulation
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I ¢ Simulats
The targets of the “BEIP Simulation Model for Air Pollution” are as follows:
- Simulated air pollutants are 50, NO,, NO, PM-10 and CO;
- Computerized value is the annual arithmetic mean concentration;

Pollutant sources are motor vehicles, thermal power plants, and households; and
- Target area of concentration calculation is BMA.
Apolied M logical D

Meteorological data observed at ONED Station in 1988 by JICA is applied for the
diffusion simulation model. The data were classified follows:

- Wind Direction: 16 Direction (N~-S~-ININW)

- Wind Speed: 8 Classes as 0-0.4m/s, 0.5-0.9, 1.0-1.9, 2.0-2.9, 3.0-3.9, 4.0-5.9,
£.0-7.9, and 8.0-)

- Air Stability: Pas uill's. Stability Classification (10 Classes; A(unstable)~
Dineutral)- G(stable))

Seasons and Time Fones

One(1) year is divided into three(3) seasons and four(4) tme zones as shown in Table
3.9,

The average concentration of each period is estimated, and tolaled to estimate the
annual concentration.

Table 3.9 Seasons and Time Zones

Season Month Time zone Time
Wet Season May to October Morning 6:01 to 10:00
Dry Season  November to January Afterncon  10:01 to 16:00
Intermediate February to April Night 16:01 to 23:00
Midnight  23:01 to 6:00
Source: DEIP Stucy Team
| t Sourc delin

~ Each pollutant source is modeled for the diffusion simulation model as follows.

Table 3.10 Pollutant Source Model

Source Type
Vehicle  Major roads Line
Other minor road ~ Area
Power Plant ' Point
"Household Area
Source: BEIP Study Team
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Diffusion Madel

The height of the plume rise from thermal power plant stacks is estimated by
CONCAWE Equation (CONCAWE, 1966) and Briggs Equation (Briggs, 1969). The
concentration from each pollutant source is estimated by Gaussian Plume Equation if it
is windy (Wind speed is more than or equal to 0.5m/s) and Gaussian Puffciiquation if
it is calm (Wind speed is less than 0.5m/s).

Reproducibility of the Diffusion Simulation Model

Reproducibility of the diffusion simulation model was checked through regression
analysis using the actual monitored data of CO.

The Scatter Diagram of estimated and actual CO concentration (annual) is shown in
Fig. 3.11. The model is considered to have sufficient reproducibility as the gradient of
regression line is near to 1.0 and the coefficient of correlation is more than 0.9.

Station ActuaEstimate
:‘“"al A OEPP (Off194 ( 856, 1344. )
ol = E B Bansomdej 94 [ 1142, 1025. )
C Hatburana 94 ( 596, 553. |
5004 | D Saowabha (%4 ( 1369, 1103, )
. E MOSTE (Min94 | 5669, 3533, }
000 - R F LTD (Land 94 { 20809. 1966. )
- G Chulalongk94 ( 1632. 1486. )
and L % H Odien Circ94 ( 2701. 1221. )
H F #
oo L
G’
Lean E/
A H= B B= _§i
if
- ACT=1, TIVEST-=§17,
o 1 1 i 1 1 ]
(-] B nag 1 Anin 5440 w000
Eztimate

Fig. 3.11 Scatter Diagram Comparing the Simulation Result (Estimate) and the
Monitoring Result in 1994 (Actual) (CO, ppb)

Comparison of Simulated Annual Average to Air Standards

Simulation results are annual arithmetic averages. For ranking these results by
comparing with the standards, two types of ideas were introduced.

(1) For example, SO2 has three different standard values according to evaluating time
(1 hour and 24 hours average and 1 year geometric average). The standard most
difficult to attain was selected among several standards by statistical analysis.

(2) For ranking annual, arithmetic mean (simulation result) by comparing with the
standards, the statistical method was also introduced.

These considerations might assure the adequaz{ of comparison by statistical
probability. The detailed method of this analysis is described in Appendix.
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Table 3.11 Ranking of Annual Arithmelic Average of Air Pollutant Concentration,
compared to the ambient air standards

| PM-10 CO SO,  NO,

 (ug/m’)  (ppb)  (ppb)  (ppb)
Much Lower than the Standard = 20 <722 <9 =9
Lower than the Standard =40 <1445 <19 s17
Possibly Lower than the Standard , =52 A218% =24 s 21
Possibly Higher than the Standard I =88 <4748 =36 =30
Higher than the Standard L 5177 <949 <72 =60
Extremely Higher than the Standard 177<  9496< 72< 60<
Source: BEIP Study Team

issi i Passenger

Emission per Distance per Passenéer (hereinafter, Unit Pollutant Emission,
g/km/ person) was computed by the BEIP Study Team, shown in Table 3.12 and Fig.
3.12. These values were calculated by using the total emission, trip volume (vehicle-km)

and occupancy rate (person/vehicle) of the entire BMR.

Table 3.12 Unit Pollutant Emission (g/km/person), Average of BMR

PM-10 Cco SOx NOx
Moloreycle 7.14 22.6 0.143 0.147
Passenger Car 1.46 32.1 0.279 1.05
Heavy Bus 0.278 0294 00533 0.483
Car/ Heavy Bus Ratio L 109. 523 217
Mote: Occupancy Rates are 1.4 for Motorcycle, 1.9 for Passs:ngur_Ear and 30 for Heavy Bus

Source: BEIP Study Team

120
wol- - —— -
%
80 7 =
v @Motorcycle |
o5 l % @ Passenger Car |
ot SAR e :';f} mHeavy Bus
20 | ‘ﬁ o s o i
0 7

o b

FM cO S50x NOx

Source: BEIP Stsdy Team
Fig. 3.12 Ratio of Unit Pollutant Emission (bus emission per passenger = 1.0)
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Emission of motorcycles is low with regard to NOx, but extremely high for PM-10.
Passenger cars show considerable SOx and NOx emissions. Buses show the lowest
emissions of SOx, CO and PM-10 and the second lowest for NOx after motorcycles.
The low emissions results for buses is a reflection of their high occupancy rate.

Air Pollutant Distribulion

The concentration distribution of air pollutants is shown in Fig. 3.13 and the area of
each ranking is shown in Table 3.13 and Fig. 3.14.

Table 3.13 Area of Each Ranking (km’)

; Rank PM-10 cO SO, NO,
Much Lower than the Standard 395,50 1,551.751,275.25 485.50
Lower than the Standard 44450 13450 287.75 45550

Possibly Lower than the Standard  145.00 17.50 9325 144.50
Possibly Higher than the Standard 324.00 425 4825 24125
Higher than the Standard 263.00  0.00 3.50 283.75

Extremely Higher than the Standard 136.00  0.00 0.00  97.50
Source: DEIP Study Team

1600 o Much Lower than the |
1400 Standard ;
1200 @ Lower than the Standard
8 Possibly Lower than the
Ny Standard
km? BOO o Possibly Higher than the
600 Standard
{®m Higher than the Standard
400
® Extremely Higher than the
200 Standa rd}’
1]

Source: BEIP Study Team

Fig. 3.14 Area of Each Ranking (km’)
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The “Higher than the Standard” area of PM-10 covers the BMA widely, thus not
contradicting the monitoring results that indicate that the majority of monitoring
stations exceed the standard.

There is no area where the CO concentration is “Higher than the Standard” or
“Extremely Higher than the Standard.” The “Possibly Higher than the Standard” area
is limited to some major roads. There is no contradiction between this simulation result
and the monitoring result by PCD, i.e., exceeding CO standard points are only 2 out of
18.

The “Higher than the Standard” area of SO, is limited to some major roads. The
influence of power plants is an important factor in SO, air pollution as all the grid cells
are “Possibly Lower than the Standard” or “Lower than the Standard” if only air
pollutants from motor vehicles are simulated.

“Higher than the Standard” covers a wide area in the NO, map.

Top 20 Grid Cells of Hi

Fig. 3.15 shows the top 20 cells of concentration. Areas along the expressways and part
nfE the built-up area are included. Most of the areas are in the Ratcﬁathewi district, on
the First Stage Expressway from Din Daeng to Khlong Toey, and on the Second Stage
Expressway from Din Daeng to Samsen.

Expressways with many lanes and heavy lraffic might be the reason for the high
concentration in the urbanized area.




(USRI RO A0S TYHOLAMUILHY MY éﬁ

VTTILL 00 ORI 11 40 IKIRREE 0D 3HL
(PEINTLLYHRSINIFIY Mo 1020 HERM S8R

(138} Y3 NELMOJOKLIR NONENYE
Wi
AYHEOHL INWIATHIRI TYLNIPINOEIANT NVEHN

| aseq

(;unygdoy )
eaJly uonenuasuon ybiy
uolje|nuwig uonnjjod iy

g 91y _

3-23




BEIP STUDY ; FINAL REPORT : CHAPTER 3

(5) Implications from Environmental Activities

Many policies are formulated or selected for atmospheric pollution control in fields,
such as land transfgortal;iun, energy, education and city planning. In addition, there are
various activities for atmospheric pollution control by the authorities and NGOs.

1) Significant Activities

In Bangkok, many environmental activities are developed. The following are significant
regulating activities explicitly formulated:

- Regulation for new and in-use vehicles (See Boxed Item)
- Enhancement of inspection program for vehicles (See Boxed Item)
- Governmental ad hoc committee against serious pollution by particulate matter
- Regulation for stationary sources
- Regulation for lead content in gasoline
- Reformulation of fuel (See Boxed [tem)
- Revision of ambient air quality standard
The following are significant activities for mitigating air pollution:
- Monitoring and its enhancement
- Review works of current situation (I/M program, Health influence by PM)
- Training for staff relating to environmental control
- Daily PR by mass media
- NGO activity in various lields
[50 14000 Pilot Project
-  Promotion of environmental service supplier

Some activities, such as the maintenance program, experience difficulties; whereas
others, such as the lead regulation, are successful. Consideration of the outcomes of
these activities is important for future environmental policies. In addition,
consideration of tacit existing policy is indispensable. The following topics are worth
discussing with regard to [ urt%‘ua-r suslainable development.

2) Effects of the Vehicle Transportation System on Air Quality

Motor vehicles are used primarily for land transportation in Bangkok. This implicit
public choice for use of motor vehicles will result in huge consumption of fossil fuel in
the future. Such a huge consumption of fossil fuel needs to be carefully assessed with
regard to its influence on air quality. For PM-10, CO, SO2 and NO2, the numerical
simulation assessments of ground level concentration are described in other sections.

It might be necessary to review the effects of pollutants, such as green house gases in
addition to pollutants for which the ambient air quality standard is fixed. Currently,
there may not be an expectation to change to less CO2 originating fuels. If the majority
of transportation needs in the future continue to be supported by motor vehicles,
emission of CO2 in Bangkok could become significant, and thus result in public
discussion.
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Regulation for New Motor Velicle Emission

Currently enforced latest standards and future strengthening regulation plans are as follows.

Lhai Standard Mo, Reference Standard Date ol Enforcement Flanned Date of
) : Enfurcement
® Casoline Engine Vehicle
T15.1280- 1995 ECE I 83-01(E) 24 March 96
Directive 93/ 59/ EEC 1 January 97

ECE : Economic Commission for Europe, UM
EEC : European Economic Community

# Light Duty Diesel Engine Vehicle

TI5. 1 190- 1993 ECEREIC 79 fanuary 95
] - ECE RE3O] App., C I January 96
Directive 93/ 5‘15 EEC 1 January 57
® Heavy Duty Dhesel Engine Vehicle
B Ta-1955 EURGT 1 January 97
TIS. 1295- 1995 EOROZ T January 93

EURC 1, EURO 2 are furmulated by EEC.
& Motorcycle

TIS. TTR5-1993 ECE R 4001 15 March 95
TIS1305-1905 Thai Level 3 TTuly 95
Taiwan Level 7 Undler Planning
Regulation for In-Use Veliicle Emission Inspection Program
For in-use vehicle, the regulations are as follows. The putlines of inspections are as follows.
Casoline | Diesel j Matorcycle ®  Frequency
e S b ;
Black smoke aitia Passenper car [Annually, afler car age exceeds 10 vears.
g - ?H":'Ff it PFick up Annually, afler car age exceeds 10 years,
______ (S R Motorcycle  [Annually, afler molorcyde age exceeds 7 years,
m LR Truck and Bus[Annually i
IMydrocarben ™} i) i
A i ®  Inspection llem
e [Currently Enforced i Tiem
strengthering planned Casoline Vehicle (5%
Lhesel Vehicle Smoke
Motarcycle 0, HC

From the ',I(.'gil'l.l'ii;l_gnl.;l'f 1997, passenger cars and pick ups
will be inspected annually after exceeding 7 years, and
motorcycles afler 5 years.

Reformulation of Tuels

A program of introduction of unleaded gasoline was completed in January 1996.
For high speed diesel oil, already implemented and planned measures are as Follows:

Year Itemis

1992 o0 distillation temp. 370 bo 357 T {for mitigating particulate matler)Sulfur content to 0.5%
1008 Sulfur content lE'ETm.

ZINNE Bulfur content to 0057 (plai)

For the aromatic in gasoline, the current value of 50%, will be reduced to 35 % in 2000.
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J) Science and Technology

To recognize and protect the environment, the scientific approach is indispensable.
With scientific remﬁnihr_m, proper environmental policy can be established. Ambient
air quality standard, monitoring, traceability, simulation analysis and accessibility to
information are important components of the scientific approach.

Ambient air quality standard
The ambient air quality standard was set originally in 1981, and revised in 1995. The
revised items are shown in Table 3.14 .

Table 3.14 Revised Items of Ambient Air Quality Standard, 1995

Pollutant Evaluating time 1981 Standard 1995 Revision
CO mg/m3 I Hour 50 34.2
B Hours 20 10.26
Lead pg/m3 24 Hours 10 ik
1 Month - .

Such scientific review and revision play an essential role in environmental management,
and should be enhanced.

The one hour SO2 standard is 1.3 in the Mae-Moh area and 0.78 mg/m3 in another
area. These values are higher than the WHO's guideline of 0.35. The different health-
relating standards in the Mae-Moh area and the other area may be questioned.

foniltori
In Bangkok, PCD of MOSTE, MOH and BMA monitors ambient air quality

independently. PCD operates monitoring stations as Table 3.15, and provides almost
all the available data of BMA.

Table 3.15 Monitoring Stations by PCD, Jan, to Dec. 1994

Area Number of  Monitoring item Note
fixed stations
“Roadside 4 PM-10, CO _ Temporary station:approximately 15,

Item: TSP, CO, Lead

General 4 TSP, CO, Lead

Recently, the number of general stations were expanded, and stations such as
Chandrakasem started monitoring 502, NO2, meteorological conditions and others.
(See Fig. 3.3)

The simulation results by the Team show high NO2 and SO2 concentration in the
central zone of Bangkok. SO2 and NO2 monitoring activity should thus be enhanced.
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Traceability and standard

Traceability is the essential concept for monitoring and analysis. If an analysis dose
not have traceability to national and international standards, the importance of the
analysis diminishes and the results cannot be compared with other analyses. PCD and
BMA apply different methods for monitoring. The evaluation method and procedures
with regard to standards might not therefore be clear.

Accessibility to information

Information is the basis for recognition of pollution. Through adequate exchange of
information among inhabitants, NGOs and agencies, sufficient participation could be
expected. There are newspaper articles regarding to pollution, but this may not be
sufficient for adequate recognition. In addition, the publicity of regulation and data

seems to be insufficient, resulting perhaps in indifference to a certain extent to such
issues.

4) Measures for Implementation

There are various regulations, with an elaborate network of assigned authority to
various agencies. Several cases are shown in Table 3.16. The network could function
well if each agency has sufficient knowledge regarding the policies of relevant agencies
and if administration is adequate,

Table 3.16 Network Examples of Environmental Administration

Field Relating Agency Function

Emission Standards ~ Ministry of Industry Establishment of Emission Standards

for

Exhaust Gas from Ministry of Science, Lf the above standard exceeds MOSTE's studied

Industry Technology and standard, the standard by MOl is modified. Ina
Environment case where there is not modification, NEB

decides the matter.

Reformulation of National Energy ~ Studying and Ordering to Relating Ministry

Fuels Policy Office

(Ex. Lead in Gasoline,

Sulfurin HSD Oil)  Ministry of Decision of Specilication of Gasoline
Commerce

Standards for New  Ministry of Science, Review and Studying Plan
Vehicles (Ex. Exhaust Technology and
Gas regulation) Environment

Mational Making Proposals to the Cabinet
Environmental
Board

Ministry of Industry Issuance of Industrial Standards

Vehicle Inspection Ministry of Vehicle Inspection at Laboratory and Roadside
Transport and

; Establishment of Inspection Standard
Communication

Ministry of Interior Vehicle Inspection at Roadside
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To implement regulations properly, it can be said that concrete plans and procedures
are necessary. However, in many cases, few concrete plans and measures are a pplied.
For example, regarding the black smoke from buses, the integrated mitigation plan is
expected ﬂlruugE such studies follows:

- Analysis of the operators’ accounting, situation
- Checking of the operating buses exhaust gas
- Estimation of the operating cost of well-maintained buses

- Planning the schedule of implementation together with incentives and fines

5) Responsible Body for the Integration of Urban Environ itigation

Bangkok contains a huge population and undertakes economic activities which raises
environmental issues. El'l'u'.a authorities, however, have little integrating functions with
regard to miligating various environmental issues in the mega-cily. With respect to
current issues, such as particulate matter from construction sites, it can be said that
mitigating activities are rather isolated efforts by respective agencies.

In addition, Bangkok in the future will need to cope with another aspect of
environmental issues closely related to the urban structure, the vulnerable natural
condition, human activities and human health, which is the people’s desire for increase
material comfort. An inteprated viewpoint of all environmental issues is thus
necessary.

3.3 Policy Directions and Planning Issues

It could be said that many people in Bangkok recognize that the level of TSP, which is
particularly noticeable in Bangkok, is unacceptable. Currently a governmental ad hoc
committee is dealing with this issue. The first priority is suppression of the visible
particulate matter. Thus the following measures could be applicable.

- Control of dust from construction activity
- Maintenance of the pavement and curbside
- Cleaning of roads
Suppression of dust scattering from the tires, body and bed of vehicles
- Reduction of black and white smoke from vehicle exhaust

In addition to these activities, people’s awareness with regard to the environment need to be
enhanced. The mitigation of TSP may be the first step towards the improvement of the
environment in Bangkok.

Much of the atmospheric pollution in Bangkok is supposedly closely related to land
transportation. For this study, the dispersion simulation analyses which focused on land
transportation are applied, and the outcomes of the simulation are discussed.

Abatement measures are also discussed in this section. Sustainable development could
materialize when various approaches to environmental policies are networked well.

(1) Mitigation of Traffic Air Pollution implicated by Simulation Analysis

1) Simulated Cases

According to the following policies and trends, 9 cases were simulated as in Table 3.17.
Results of the respective cases are explained in the next section.
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Table 3.17 Simulated Cases

Case

123 4i5 6 7i8 9
; *iC) P) P) P){P) P) B)iA) A)
C) Current Vehicle Emission o - 0 D i - : - -
P) Future Vehicle Emission Rt e B D O CJE(J O
A) Low-Emission Bus Al e 1 i E - 0
C) Current Road Network 00 - -j- 5 - -
) Road Construction of the 8th National Plan - -00 ED O OD O
P) Implementation of the Mass Transit Master '— - - DED ) O;D O

Plan l : !

A) Extreme Modal Shift - - - -i- - 21O -
C) Current Transport Demand ED QO DD - - ’ - -
P) Transport Demand in 2011 (Free Case) I - = - - . R & : - -
B) In 2011 under Sub Center Development Case : T I - - C};D O

Mote:": Conditiong of the current situation are marked as C), conditions of future probable situation are P), that
af BEIP recommendation are B), and other additional futlure conditions are marked as A).

All new vehicles will need to meet stringent regulations after January 1999 (See Boxed
Item of 3.2 (3)), as in Curopean countries (PCD, 1996). In 2011, almost all vehicles
should be new-regulation vehicles as more than 50% of the vehicles are less than 5 years
old in Bangkok presently, as shown in Fig. 3.16.

1003,
b @1995 |
HH m 994
Gl 01993
va 81992
it | m1991
s | m1990
20% | m1989
- ¥ I
10% L ainie
Car Mus Truck  Car+Bus
+Truck
Mote: This graph was processed from the number of 'new vehicles registered’ each year and the number of

‘vehicles I"L"gi.ﬁtErEl" on Dec. 31, 1995, e por tedd in ' Road Tr=1|:|5]_1r_1rl_ Statistics' |,1].' LT, It assumed that cars
are scrapped from the old ones. MC: MotorcycdeCar: Total of Sedan (Mot more than 7 passengers), Microbus
& Passerger Pick up, Van & Pick up, and Urban Taxi.

Source: BEIP Study Team

Fig. 3.16 Estimated Ratio of Vehicles by the First Registered Year as of Dec. 31, 1995,
BMA
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All vehicles will need to adhere to the stringent regulations in 2011, although many
buses that are exhausting black smoke appear not to be meeting the requirements of the
regulations today.

The sulfur content of high speed diesel oil is considered to be 0.05% in 2011.

The Emission Factor was estimated with regard to these policies.

Replacement by Low-Emission Buses (A)

To further control emissions, a case is simulated that many buses are replaced by low-
emission buses. The average emission factor of buses wnurd thus be decreased by half.
It could be actualized by a combination of policies, e.g., if some of the bus routes are
replaced by tram or trolley buses, and the other routes are operated by CNG buses.

Roa i MNational Plan (P

Road space will increase within the BMR by the 8th National Plan, as described in the
chapter “Traffic and Transportation” This plan affects not only heavy traffic
congestion problems but also air pollution, as tﬁe vehicles in heavy traffic emit more
pollutants than those in normal traffic.

Implementation of Mass Transit Master Plan (P)

The implementation of the Mass Transit Master Plan, as described in the chapter
“Traffic and Transportation,' is also effective to alleviate air pollution problem. The
traffic volume of buses, passenger cars and motorcycles will be decreased and thus the
emission of air pollutants will also decrease. Moreover, the improvement of the traffic
flow is also effective for air pollution.

Extreme Modal Shift (A)

In order to consider further control of air pollution, an ‘Extreme Modal Shift’ case was
simulated. The aim of this case was to obtain a numerical effect of the modal shift.
The simulated setting is so tentative that all small sized vehicles except taxis and
samlors shifted to buses.

The transportation demand will be increased by the growth of the economy,
population, and urbanization. Air pollution under transportation demand in 2011 was
simulated.

Transport Demand in 2011 under Sub Center Development (B)

Traffic demand and emission from traffic sources will be dispersed if the urban
structure is scattered. Transportation demand under Sub Center Development,
proposed by this BEIP Study Team, was also applied to simulation.

2) Simulation Results

Results of all cases are shown in Table 3.18 and Fig. 3.17 - Fig. 3.18, and Air Pollutant
Distribution of selected cases are shown in Fig. 3.19 ~ Fig. 3.21
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Table 3.18 Emission from Vehicle and Area of Each Ranking by Cases

Case Setting= L
B Case:] Casel Case2 Cased Cased | Case5 Caseb Case? | Case8  Cased
iy (i) [} r) ir) L} m & | {A)
Tl Current Vehicle Emission| O - o 5] . - - . f
(F) Future Vehicle Emission | - 0 - o o o o o
| BowEskslooBee) b - 000 - i, L S 2 = - o
() Current Road Nelwark.} o o - : 5 . - -
(P Road Construction of 8th National Flan | - . o o o o (o} 4} o
L) Implementation of the MET - - g | o o Q o o
Ay Extreme Modal Shift o3 = - - | - - - o -
{C) Current Transport Demand o o Q o o - - = -
im Transport Demand in 2001 (Free Case) | - - - - - O . - -
(B} [n 2011 under Sub Center Development Case | # - - - - O o o
Emission from Vehicle (EME |, ton/y): d
Case:| Casel Case2 Cased Cased | Case5 Caseh Case? | Cased Cased
SPM| 206,920 33,353 204062 179492 33918 B7.H270 7E325] 32069 T A4
O w01 233,741 870261 705268 172370 718508  eO7.W 497,118 592454
S FLELL 4,031 27,182 24,101 3514 B.018 B.034 5,7H7 77
MOx| 192,396 73,1273 155684 138844 53,961 153462 137412( 133,703 'Ill_]_,.ﬂ
Concentration [Annual Average): Area of Each Rank (ko)
Pollutant Rank Concentrabion) Case 1 Case 1 Case 3 Case 4 CE 5 Case & Case? | Case8 Case 9
TM-10 1 ==20] 39550 Lil3.75 41500 46625 | 157350 77775  BGaSd | 13850 RS0
(microg/m"} 2 <=4 44450 TN 40400 44150 | 25830 43273 43725 | 29BO00 43705
3 ==52| 14500 A1.50 163.75 168.25 46.50 158,50 1400 5225 144.50
4 <=8 32400 Ix2sE0 139.25 33.00 28.25 128,75 198.00 23.00 196.00
5 <=177| 263.00 1725 9125 1TTS 135 1475 7135 025 LTS
B 177<| 13600 .00 9475 5125 | .00 Sl 3.00 0.00 3.00
co | =722 | 155175 170525 159800 1465875 | 1,708.00 162950 Lee0.50 | 168925 166125
ippbl 2 «=1445 13450 275 1225 4835 000 A9FS 4475 | 1735 44.00
3 <=T131 17.50 0.00 6,00 1.00 0.0 750 .25 1.50 225
4 ==4748 1.25 0.00 1L.75 0.00 0.00 125 050 | . .50
5 ==049h [ 0.0 0.00 000 0.00 0.0 oo | oo 0.
3 Ot 1.4 1.4 0.00 0.00 0.00 0,00 0.00 0.00 0.00
80y 1 <=G| 127525 150925 131250 135475 | 152325 147375 148175 | 150150 148325
ppE) 2 <=19| 2775 19075 250  Z8TIS | 17650 22075 21475 | 19675 21335
i <=l 325 H.00 77.75 60.25 825 1350 12.00 a.7s 11.50
4 ==k AR25 .00 15.25 57 0.00 000 000 0.0 0.00
5 =77 A.50 .00 .00 0.0 0,00 000 00D 0.00 .00
6 7<| o0 0o o000 000| 000 000  000| 000 000
MOy 1 ==4 4R5.50 1,148.50 056,75 786,50 | 1.490.00 T15.75 §29.25 RAZIN Wia,0n
ippb) 2 <=17| 45550 4700 S0BPS 53175 | HT7S 49250 49950 | 51025 50250
3 w=3}] 144.50 B2.75 171.75 15604 1.25 17125 140.00 12950 121.25
4 o= 24135 102.50 218.00 161.25 [T 194.50 165,00 162.25 136,00
5 =il 28375 IT25 152.25 .50 (X} 133.50 74,25 74.00 43,25
& [ 97.50 0.00 050 0.0 .00 050 0.00 0.00 0.00

Source:  JICA Shudy Team

Mote: Hank 1- Much Lower than the Standard
Rank 2= Lower than the Standard
Rank 3: Possibly Lower than the Standard
Rank 4: Possibly Higher than the Standard
Rank 5: Higher than the Standard
Rank 6&: Extremely Higher than the Standard
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Fig. 3.20
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Comparison of Future Probable Policies (P)

According to the simulation results of Case 2 to Case 4 as shown in Fig. 3.22, exhaust
gas regulations are most effective. Air pollution in Bangkok would be almost
acceptable if the exhaust gas regulations were implemented already, as shown in Case
2. Both New and In-Use Vehicle Regulations are indispensable.

Table 3.19 Case Settings of Case 1 to Case 4

; Case

ol it usa
y %0 BPr P
C) Current Vehicle Emission i O - 5 N
) Future Vehicle Emission I - O - -
C) Current Road Network : R - B |
P) Road Construction of the 8th National Plan | - A o M
P) Implementation of the Mass Transit Master - - ~ L0

Plan

C) Current Transport Demand O e B D

Mate: *: See Table 3.17

400
300 @PM-10
oCO
km? 200 Bs02
mNO2
100 s
0

Source: BEIP Study Team

Fig. 3.22 Area of “Higher than the Standard” and “Extremely Higher than the
Standard” of Case 1 to Case 4 (km®)

The second effective policy is implementation of the Mass Transit Master Plan. (Case
4).

Road construction reflected in the as 8th National Plan is not so effective for PM-10
problem, although it is effective for NO, air pollution (Case 3).
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Recommendalions for Future Vehicle Emission (P)

MNew regulations can be actualized as the vehicle manufacturers have already developed
vehicles meeting the EC regulations. However, actualization of in-use regulations seems
to be difficult.

The inspection system, which may include the only major existing regulations for in-use
vehicles, has already been applied to all buses. However, the inspection system is
apparently not enough as there are many buses that do not meet the In-Use Vehicle
Regulations, although all vehicles would have passed the inspection several months
before. For example, 3,291 buses were fined for violating the standards in 1995
(Bangkok Post, Apr. 29, 1996) although the number of repistered buses was only 24,364
at Dec. 31, 1995 (LTD, 1996). The problem might be that many vehicles are badly
maintained even if they have been checﬁ.ed at inspection time.

A daily maintenance program should be strengthened first. An exhaust gas checking
program should be applied more fre&uently than the checking which is carried out under
the existing inspection system, and the fine system should also be strengthened.

Future Probable Policies (P) vs Future Transport Demand in 2011 (I?)

Most of the points in Bangkok would not be rated as “Higher than the Standard” nor
“Extremely Higher than the Standard” if all the policies already discussed were
implemented by this time (Case 5, shown in Fig. 3.19 and Fig. 3.23). However, Case 6,
shown in Fig. 3.20 and Fig. 3.23, shows that even if all these policies were introduced,
the situation in Bangkok would not improve sufficient by 2011. The increase of the
transport demand would cancel the effect of the mitigation policies. There will still be
over-standard areas even under the sub center development FCEIEE 7, shown in Fig. 3.21
and Fig. 3.23), proposed by this BEIP Study Team. Further policies for controlling air
pollution are required.

Table 3.20 Case Settings of Case 1 and Case 5 to Case 7

:L Case

W TNy
. BB B
C) Current Vehicle Emission Oyt - "
) Future Vehicle Emission . - b DS & MR
) Current Road Nebwork £hLe - - -
) Road Construction of the 8th National Plan : SR DR 5 DD % N %
) Implementation of the Mass Transit Master - O O g

Plan

() Current Transport Demand : 7 B 9 - -
P) Transport Demand in 2011 (Free Case) E - - 8] -

B) 2011 under Sub Center Development Case  § - - - O
Mote: *: See Table 3.17
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400

300

km? 200

100

ﬂﬁl

Casel (C) Case5 (P) Caseb (I') Case? (B)

Source: BEIF Study Team

Fig. 3.23 Area of “Higher than the Standard” and “Extremely Higher than the
Standard” of Case 1 and Case 5 to Case 7 (km°)

To evaluate the sensitivity of additional future policies under Case 7, two hypothetical
policies were simulated. Case 8 shows that the PM-10 problem of Case 7 can be
almost solved by the Extreme Modal Shift to buses as shown in Fig. 3.24, although this
shift requires a strong administrative initiative and complete change of transport
network. Case 9 shows that the increase of low-emission buses such as the CNG type
might be effective for pollution mitigation as shown in Fig. 3.24.

Table 3.21 Case Settings of Case 1 and Case 7 to Case 9

' Case

LaioSacog - 9
‘ 10 B A) A)
) Current Vehicle Emission : O - - -
P) Future Vehicle Emission - 0. 0 D
A) Low-Emission Bus . - - - O
) Current Road Network : O - - -
P} Road Construction of the 8th National Plan - i LR, & R 1
P) Implementation of the Mass Transit Master - LA ¥ (KISt P SRR #

Plan i

A) Extreme Modal Shift b 0 et
C) Current Transport Demand i = -
P) Transport Demand in 2011 (Free Case) E - - - -
B) In 2011 under Sub Center Development Case : - 7 il o TRER 73

Mote: *: See Table 3.17
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300 ] B,y | = PM—]DI
oCO |
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100 i

4
Casel (C) Case? (B) Case8(A) Case9(A)
Source: BEIP Stud}r Team

Fig. 3.24 Area of “Higher than the Standard” and “Extremely Higher than the
Standard” of Case 1 and Case 7 to Case 9 (km?)

3) Other Recommendat i ] i

There is another problem even if case 7 could be realized by 2011. All of these policies
require a considerably longer time in order to change the situation regarding air
pollution, and there would not be obvious efficacy within a few years.

First, vehicle regulations need to be implemented as soon as possible. T15.1295-1995
(New vehicle regulation for Ieavy Duty Diesel Engine Vehicle as EURO 1I) is planned
to be enforced on Jan. 1, 1999, Therefore 42% of buses and 24 % of trucks will not meet
this regulation by Jan. 2006, that is 7 years after 1999, if the ratio of vehicles older than
7 years is the same as the present ratio as shown in Fig. 3.16.

Second, replacement of vehicles by those under the New Vehicle Regulation should be
acceleraled.
4) Implicati imulation Analysis
As mentioned above, important factors to improve air pollution are as follows;
- New Vehicle Regulations, starting as soon as possible:

- In-Use Vehicle Regulations, with effective measures such as sufficient maintenance
programs, exhaust gas checking programs conducted more frequently than the
existing inspection system and an incentive/ fine system;

Implementation of the Mass Transit Master Plan;
- Road construction of the 8th National Plan;
- Demand control by Sub Center Development proposed by the BEIP Study Team;

- Further air pollution mitigating plans, e.g., the modal shift to low-emission vehicles
such as the CNG buses,
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(2) Reduction of Pollutants from Buses

There are many Bangkok Mass Transit Authority (BMTA) city buses and joint-service
companies contracted to the BMTA in Bangkok as listed in Table 3.22. BMTA is, a
state enterprise within the category of public utility and service, under the jurisdiction
of the Ministry of Communications, established on Oct. 1, 1976. A great number of
people utilize city buses as listed in Table 3.23.

Table 3.22 Number of Buses, in Sep. 1995

BMTA Joint Service Total

Regular 3,588 1,474 5,062
Standard & Articulated 1,164 319 1,483
Air-conditioned Micro buses ; 766 766
" Sub Total 1,164 1,085 2,249
On Main Roads i 1,770 1,770
Miru On Feeder Roads - 2,497 2,497
e & ettt
Total 4752 6,826 11,578
(NGV of Total) 82

(EURO 1 Vehicles of Total) 282
Source: Annual f'h:pclr'l 1995, BMTA

Table 3.23 Number of Daily Passengers for Fiscal Years 1991 - 1995

1991 1992 1993 1994 1995
Air-conditioned 207,220 253,605 426,440) 483,886 548,453
Regular 3,847,064 3,802,278 3,360,663 3,022,395 2,831,131
Total 4,054,284 4,073,883 3,787,103 3,506,261 3,379,584
Source; Annual Report 1995, BMTA
2) Maintenance of City Buses

The maintenance of BMTA buses are undertaken mainly by contract. The existing
maintenance program of BMTA directly relating to air pollution is listed in Table 3.24.

For joint-service buses run by companies on contract to BMTA, it was remarked by a
BMTA official that the maintenance situation was not salisfaclory because of the

obsolescence of many buses and the irregularity of their maintenance(Bangkok DPost,
Apr.29, 1996).
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Table 3.24 Existing Maintenance Program for Air Pollution

Every
2 weeks Month  Year

To change the machine oil . O O
To change the oil filter - O O
To change the cylinder head - - 8
To adjust the valve and to check the injector - O -
To change the injector - - O
To change the injector pump - - O
To check the injecting pipe - % 1) b
To change the fuel filter - - O
To check the joint of the oil pump and the cover - - O
of the fuel filter

To check the exhaust system - 0 -
To set the ID valve for exhaust gas - - o
To clean the exhaust pipe - O -
To wash the exhaust pipe - - O
To clean the air filter and to check the condition O - O
To clean the bus both inside and outside - O -

Muote: These ilems are selected from BMTA's bus maintenance chedking sheet,

In 1995, 3,291 buses were fined for violating the standard (Bangkok Post, Apr.29,

1996), and this number corresponded to 14% of the total registered bus in this
region(LTD, 1996)

3) Financial State of BMTA

According Lo Table 3.25, BMTA is in heavy debt. To conform with EUROI regulations
for exhaust gas, air-conditioned buses may cost 4 to 5 Million Bahts per bus. This
financial situation might not enable BMTA to purchase low emission new buses.

According to Annual Report 1995, BMTA, it is said that the loss could be derived from
the imbalance of fares and cost and the mass transit operation is considered to be an
important public service by the government for people in the low-to-middle income
segment. The fare level corresponding to cost, according to BMTA, is listed in Table
3.26.

4) Activities by BMTA

According to reports, BMTA has been undertaking various measures for air pollution
mitigation.

BMTA introduced 82 compressed natural gas vehicles(NGV) in 1994 using government
budget funds. All of the new 282 buses introduced in fiscal year 1995 met the EURO1

emission standard with ozone-friendly non-CFC air conditioning(Annual Report 1995,
BMTA)
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Table 3.25 Profit and Loss of BMTA (Bath)

Fiscal Year 1995  Fiscal Year 1994
Operating Revenues 5,658,929,047.69 5,629,077,724.93
Operating Expenses
Expense of operating buses  4,096,756,840.87  3,760,781,116.47
Maintenance expenses  1,584,916,003.26  1,516,057,791.13

Interest 848,482,764.21 548,076,700.97
Total 7,717,667,116.01 6,755,650,077.18

Operating Profit (Loss) (2,058,738,068.32) (1,126,572,352.25)
Net Profit (Loss) (1,692,888,866.41) (898,764,466.48)
Accumulated Loss 14,526,176,736.12 12,833,287,869.71

Source: Annual Report 1995, BMTA

Table 3.26 Fare Levels Sufficient to Cover Operating Costs for Fiscal Year 1995

Adequate Fare (Baht)  Actual Fare (Baht)

Regular Buses (Off-white-Red) 4.7163 35
Regular Buses (Off-white-Blue) 4.8433 3.5
Air-conditioned Buses 10.2366 f—

Mobe: ﬁ’leﬁf values are for operating costs including all types of expenditures.
Source: Annual Report 1995, EMTE

However an earlier plan to buy 2,000 new buses(in conformity with EURO1 emission
standards) has been susi:fnded by the cabinet, and there are no other plans to
introduce the new fleet within the next two years(Bangkok Post, Apr. 29, 1996).

5) Improvemen

Buses are environmental friendly mode of transportation as unit pollutant emission
(g/km/ person) is much lower than that for motorcycles and passenger cars, as shown
in Table 3.27. The modal shift to buses from personal vehicles should thus be enhanced.

Improvement of bus emission is also very important. The number of registered buses is
small, but the emission ratio is significant as shown in Table 3.28. e reduction of
pollutants from buses might be an applicable policy as the number subject to policy is
small, and BMTA is the main operator.

In addition to the expansion of low-polluting buses, the maintenance program of the
BMTA buses and joint-service buses needs to be strengthened. The current BMTA and
joint-service’s maintenance program for air pollution appears not to be enough to
improve the air pollution in Bangkok. Improvement measures could include regular
inspections implemented by the owner whenever buses return to their depots (Bangkok
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Post, Apr. 29, 1996). Moreover, the maintenance contract could include incentives and
penalties relating to the compliance of regulations for in-use vehicles.

Table 3.27 Unit Pollutant Emission (g/km/person), Average of BMR

PM-10 cO SOx NOx

Motorcycle 7.14 22,6 0.143 0.147
Passenger Car 1.46 321 0.279 1.05
Heavy Bus 0.278 0294 00533 0.483

Car/ Heavy Bus Ratio 5.25 109. 5.23 217

Mote: Occupancy Rates are 1.4 for Matorcycle, 1.9 for ]T“.ﬁsqmg._-r Car and 30 for Heavy Bus
Source: BEIP Study Team ;

Table 3.28 Pollutants from Bus (Case 1) Ton/ Year

Registered PM-10 cO SOx NOx
MNumber

Bus(Med.+Hvy.) 24,364 49,082 51,994 9416 85,419
Total of Vehicles 3,241,081 206,920 934,101 29,696 192,396

Bus Ratio 0.8% 23.7% 5.6% 31.7% 44 4%,
Source: ﬁ’ﬁtudy'['eam

Total emission from transportation will be reduced by the modal shift from private cars
to public buses. This emission will be reduced further by the systematic replacement of
higﬂ-enﬁssiun buses to low-emission buses. To enable this replacement, the financial
situation, reflecting various views, should be studied.

(3) Perspective of Energy Consumption and Its Effects

It might be essential for the making of environmental policies to consider the trend of
energy consumption. The consideration of development in terms of energy is a
significant current issue.

1} Ene rgy consumplion trend in Thailand

The trend of primary energy consumption per GDP has not shown a declining tendency
in the 1990s as reflected in the following Table 3.29.

Table 3.29 Primary Energy Consumption per GDP of Thailand TOE/Million $

1980 1985 1990 1991 1992 1993

3ol 357 426 430 439 452

b e
Source : IEA Energy Statistics and Balances of Nen-OECD Countries, World Bank Woarld Tahles
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The trend of the transportation sector final energy consumption/national final energy is
listed in Table 3.30. According to these figures, the transportation energy ratio to that
of the whole nation does not show a significant declining tendency.

Table 3.30 Final Energy Consumption in Thailand Consumption : Million TOE

19801985 1990 1991 1992 1993

Whaole Nation 9 12 21 23 25 29

Transportation Sector 4 6 11 12 12 14

Transportation sector / Whole Nation 044 050 052 052 048 048

Source - [EA Energy Statistics and Malances of Mon-OLECD Countries

Table 3.29 and Table 3.30 imply that the national transportation energy consumption
might increase with the economic growth at present.

in Bangkok and the surrounding region

Petroleum products supplﬁ all the energy for transportation. For Bangkok and its
surrounding regions (Nonthaburi, Pathum Thani and Samut Prakan), the petroleum
products consumption is listed in Table 3.31. Also in Bangkok and its surrounding
regions, it can be said that the transportation energy ratio (excluding aviation fuel) does
not show a clear declining tendency as in Table 3.31.

Table 3.31 Petroleum Products Consumption in Transportation Sector, Bangkok*
Consumption : KTOLE

1987 1990 1991 1992 1993

Petroleum Consumption®* 4,836 8,029 8,020 0322 10291
Consumptlion in Transportation 2,487 3,829 3,875 4135 4 558
Sector*"*
Ratio 0.51 0.48 0.48 0.44 .44
Source 1 Thalland in Figures, 1995 - 199, Processed by [ICA, BEIP Study Team
Mobe s * Bangkok, Nonthaburi, Pathum Thani and Samut Prakan

" Including power plants, excluding aviation fucl
*** Excluding aviation fuel

3) CO2 emission in Bangkok

Currently the transportation energy elasticity in Bangkok and its surrounding regions
does not show a clear declining tendency. There may also not be sufficient expectation
to shift to less CO2 originating fuels such as natural gas. In Bangkok, CO2( the major
portion of the greenhouse-effect gas ) emission will be significant.
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If the worldwide increase of CO2 results in global warming, it will cause a 0.49m rise in
the sea level in 2100 (IPCC 1995). This estimation has implications worthy of study for
Bangkok, which is located at the lower reach of Chao Phraya and has the flooding and
land subsidence problem.

Perspeclive

The existing urban structure of Bangkok invites huge fuel consumption mainly in the
transportation sector. This consumption will increase almost proportional to the
growth of GDP, and therefore air pollution will increase. In addition to this, it is a
matter for verification whether an insufficient transportation infrastructure could afford
the basis for economic development.

Mo matter how strongly exhaust gas from vehicles is regulated, the increase of fuel
consumption by vehicles might cancel out the effect of the regulations. In particular, the
mitigation of PM-10 and NO2 might be expected to be long-range issues. Particulate
matters from diesel engine may be discussed by the public further. Also, CO2 may be
further discussed.

Summing up these issues, it could be inferred that the introduction of a mass
transportation system to Bangkok would become an inevitable issue. This finding
would be supported by a transportation study.

(4) Administration based on Science and Technology

1) Enhancement of monitoring and application of simulation analysis

The monitoring activity by PCD can be said to provide the majority of the information
regarding the atmnstﬁheﬁc pollution situation in Bangkok. This monitoring activity is
being enhanced with the increase of monitoring stations, and the addition of the
monitoring parameters of S0O2, NO2 and others.

It should be pointed that roadside monitoring should be expanded in order to analyze
S02, NO2, HC and O3, as many inhabitants earn their living by the roadside. It should
also be pointed out that the adequacy of the distribution D% stations in Bangkok might
be reviewed through various monitoring data and numerical simulation analyses of
maobile sources and stationary sources.

If monitoring data are processed carefully, the outcome can provide various information
for policy-making. This information is a starting point for initiating pollution mitigation
measures.

To direct policy-making appropriately, proper simulation analyses are indispensable,
especially with regard to the atmosphere. In Bangkok, monitoring data could be
applied to validate simulation model. After this procedure, the simulation in terms of
one-year averages is very useful. Monitoring network systems are equipped rapidly in
Thailand, and one hour on-line data can be gathered nationwide. This Eatabase would
provide a good ground for policy-making.

2) Monitoring of other chemical substances

Current monitored parameters do not cover all materials relating to human health. It
may be advisable to widen the monitoring parameters to include, for examples,
asbestos and organochroline compounds.

The monitoring may be processed by chemical analysis, and thus may not be able to be
undertaken by only one agency. The co-operative study of government and university
laboratories should be planned and implemented.
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3) Traceability and standard for analysis

Traceability carries out a vital role in monitoring and analyzing activity. Monitoring
and analysis of the atmosphere should depend on the traceable method. All types of
enforcement should be reviewed by the traceable method. It should be recommended
that the standardization agency in Thailand should set up standard sampling
procedures and analyzing methodology, and that every monitoring laboratory should
adopt the standardized method and use traceable machines. In addition regulations
should refer to and be based on the relating traceable method.

4) Development of capabili

Energy saving is a major issue for pollution abatement, and this activity is supported
by proper recognition and understanding of manufacturing processes. The introduction
of ISO 14000, 1.e. voluntary environmental management, depends on the capability of
the management and the operation with regard to production control.

Pollutants are formed through scientific processes. To control and/or minimize this
formation is a matter for science. Accordingly, scientific capability is indispensable for
environmental mitigation. Scientific capability would thus be indispensable for assuring
sustainable development.

Appraisal, qualification and incentive systems might accomplish the development of a
capability for pollution control together with education and training.

5) Recognition and decisions based on scientific information

It is beyond doubt that the human five senses approach provides the most vital basis
for environmental issues. If the scientific approach joins forces with this approach, the
outcome of such cooperation would result in swift environmental mitigation.

In 1995, the ambient air quality standard was revised through the review of scientific
knowledge. Because this standard is the touchstone of scientific environmental policy,
it should be reviewed and revised whenever necessary with the widening and deepening
of scientific knowledge.

Scientific information includes cause and effect, dose and response. Publicity of
scientific facts would form an adequate basis of recognition and decision. The more the
people understand scientific information, the more participation towards
environmental mitigation might be expected. Continuous publicity may therefore
develop people’s awareness to the environment.

(5) Lessening Air Pollutants from Stationary Sources

The awareness of people in Bangkok that the major origin of air pollution is attributed
to traffic should be accepted fully. Based on this recognition, influences of pollutants
from stationary sources, and other major sources, must be assessed scientifically.

Black smoke from various stacks are easily noticed. They clearly publicize energy
inefficiency and emission of unnecessary atmospheric pollutants.

The structure of measures to lessen pollutants from stationary sources should involve

many activities:

- Management : Environmental consciousness should be built into the management
scheme of business. This is the point of the 1SO 14000 system. The ISO 14000

system is a voluntary and might be an unavoidable tool especially for export-
oriented industries.
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- Operation : The scientific approach is essential for the operation. This approach
can for example, reduce black smoke substantially, and can result in significant
energy saving,

- Monitoring : Source monitoring is as important as ground level concentration
monitoring.  Utilizing this monitoring outcome coupled with the scientific
operation, emission of pollutants can be controlled to an acceptable level. It might
be said that this monitoring should be accomplished by adequate role assignment
among administration, industry and private laboratories.

- Incentive : The incentive method is effective. Under this policy, fuel conversion to
lower pollution fuels such as LPG and/or LNG and the setting up of environmental
measures could become smooth and extensive.

- Enforcement : The introduction of various types of enforcement are useful, i.e.
source emission standards, and compulsory appointments of registered staff for

large calpaf:lt}r boilers. For enforcement, fairness to all sectors and clear publicity
are vital.

- Education and PR : The above-mentioned measures are in vain, unless supported

by people who are well-informed and educated with regard to environmental
issues.

(6) Integrating Aclivity for Urban Environmental Mitigation

Bangkok is the only mega-city in Thailand. 1tscrmpuiatim1 is approximately 30 times
larger than the second largest city in Thailand. This large difference between the
populations of cities in one country is unusual. A target for Bangkok could be to
establish the prosperous hub of south-east Asia through sustainable development.
Environmental policies for Bangkok should be established deliberately for supporting
this target. This could not be attained only through the laissez-faire attitude and
without adequate growth management,.

Bangkok has many environmental issues relating to the urban structure, natural
condition, transportation activity, prevailing noise and human health. The necessity of
a specific environmental policy would apply in particular to Bangkok, rather than to
other regions in Thailand.

In the future, it could be imagined that more complicated issues regarding the
environment will appear in this mega-city. Sufferers may also be polluters and vice
versa. The people’s desire for material comfort and an increase in the standard of
living will increase. To cope with such problems in the future, integrating activity with
regard to environmental issues will need to be introduced.

3.4 Planning Targets and Proposed Measures

(1) Mitigation Targets and Proposed Activities

Thailand's ambient air standard is formulated in Table 3.32. Some pollutants show
different values according to the different evaluating time. These values are the target
of mitigation policies.

[t is stressed that the essential target should be the mitigation of air pollution up to a
level where health can be protected. Numerical target provide means for policy-
making.
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Table 3.32  Thailand Ambient Air Standard, 1995 ( 2538 ), compared with WHO's
Guideline and Japanese Standard

i 1Hour i 8 Hours ;: 24 Hours 1 Month ‘ 1¥ear !Meaauringmethod
Pollutants émgﬂm’ ppm: mg/m' ppm: mg/m' ppm Emg}'m’ ]'.l]'!mémglrn‘lj ppm in Thailand
Thaii‘andf 342 30 {1026 9 I : Non-Dispersive
co WH[‘) ........ 30 s s ; : Infrared Detection
Japan 20 10 £ :
'l'haiian-:lé 03z 017 L : Chemi-
i wHu il i .|_1|q ................... ,EH ............................... e
] apan ............................... e : e ‘
0.06 | ‘ |
Thailand: 078 0.3 030 012 | 0.04 *{ UV-Fluorescence
L Er : i o [”55. -
= 1 e | :um: :
Thailand L 0.3 | 0.10¢ | Gravimetric-High
o WH{_} .............................. o s . i
1 ; i 0.23 0.06 ,
Thailand o1 0.05 | Gravimetric-Lligh
Jteetr i E{]u? : o
mhpan .......... | E s ien ul
O, Thailand} 0. 1 | Chemi-
]apan 7 e
LeadThaiIandE 1.5(ug/m?) : tAtomic Absorption
it | e SRR : =i : e
1(ug/m’)

Pote: * 1 Geometric mean value
Source:  JICA Study Team

It may be appropriate to study environmental targets and measures with regard to the
following;

First, the lessening of pollutants should be considered. Pollutants from motor vehicles
in Bangkok are thought to represent significant portion of the pollutants. The lessening
of pollutants from motor veiﬁcle& is therefore one of the major concrete measures for
mitigation and the first priority area for policy-making,

Second, environmental administration and policy direction should be considered for
Bangkok. The environmental administration brings wvarious policies into effect,
however, they may be limited in power. To achieve sustainable development, the choice
of Fﬂlicy direction is important. Energy issues can be closely related to environmental
policy direction.
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(2) Policies for Motor Vehicles

1) Necessity of Powerful Countermeasures
Policy choices for motor vehicles are described in 3.3 (1) 1), and its effects are
simulated in 3.3 (1) 2). According to simulation results, attaining air quality standards

hﬁ' 2011 will not be an easy task. Therefore almost every possible mitigating policy
should be introduced for Bangkok.

Integrating effectively the following activities, the traffic pollution management plan for
Bangkok should be established and implemented in order to mitigate severe
atmospheric pollution as soon as possible.

2) Regulations for Motor Vehicles

The following regulations are essential for motor vehicles:
- Emission regulation for new cars aceording to the latest plan;
- Emission regulation for in-use cars according to the latest plan; and

- Inspection and maintenance system to satisfy emission regulations according to the
latest plan.

It should be noted that these regulations could be supported by current available engine
technologies.

3) Transportation Policies

In addition to regulations for motor vehicles, the following transportation policies
should be implemented:

- Improvement of the road network according to the 8th MNational Plan;
Implementation of the Mass Transit Master Plan;

- Enhancement of the modal shift to bus transportation; and

- Systematic introduction of buses appropriate to the latest regulation.

It might be important for the modal shift that the bus uEeratiun management be
improved and that bus priority road traffic management be introduced to attract
people to change from using private cars to buses.

4) Development and Introduction of Low-Emission Vehicles

Low emission vehicles will play an important role from now on. Such activities as the
expansion of the CNG bus network and the development of electric cars could be
important measures. It may be necessary lo establish a research center for developing
low emission vehicles and for studying environmentally-sound transportation policies,

{3) Environmental Administration

Bangkok has complicated environmental issues. For adequale miligation of these
issues, the environmental administration should be strengthened based on the scientific
approach.

1) Monitoring and Review

Monitoring is an indispensable tool for information acquisition. Emission source
concentration as well as ground level concentration should be monitored.
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‘The monitoring parameter should be expanded systematically, as various substances
which affect the health are formed and emitted into the atmosphere.

To further implement the monitoring of ground level and emission source concentration,
the promotion of private laboratories might be encouraged. The standardization of
monitoring and analyzing methods needs also to be addressed.

The monitoring data should be analytically reviewed and processed, and the outcome
of the monitoring should be publicized periodically.

2) Enhancement of Voluntary Activities by the Private Sector

Environmental issues cannol be managed by the public sector only, therefore the
voluntary activities of the private sector play an essential part. According to the
15014000 system, management policy, monitoring, recording, auditing and reviewing
are important elements for the management of environmental issues. It is therefore
essential to encourage the private sector to carry out such activities.

3) Public Qualification System

In relation to the private sector’s activities, the development of human power can be
another important issue. The introduction of a public qualification system for the
appraisal of environmental management c!a?abllities and low pollution emitting
operations are influential measures for the development of manpower.

4) Public Relations

Environmental awareness may be enhanced through constant public relations, which
may lead to participation of the public towards pollution mitigation. Scientific data
could provide powerful support for public relations.

(4) Long-term Policies for Sustainable Development

1) Energy Saving and Fuel Efficiency

Many environmental issues are closely related to energy consumption. Many pollutants
are emitted through fuel consumption. Consequently, energy saving mitigates emission
of pollutants in many cases. In order to lessen greenhouse gas, which is considered to
cause the rise in the sea level, energy saving and fuel efficiency of vehicles are
significant.

2) Shift to Clean Energy

The introduction and shift to low pollutant emission energy, such as LNG, can be a
major environmental issue. Further reformulation of fuel for industry and vehicles
should be considered.

3 aremenl

The urban structure itself has a great influence on the urban environment. Generally
speaking, motor-vehicle-oriented big cities suffer from more pollutants. An appropriate
urban growth management system is of especial importance in order to lessen the
environmental pollutant loads in the city as a whole.

(5) Proposed Projects and Programs

Summing up the above discussions for the pursuance of atmospheric pollution
mitigation, projects and programs are proposed as follows:
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1) Urgent Actions
AR11:Environmental Administration Enhancement Program, including:
Extension of Monitoring Stations and Equipment for Meteorology;
Establishment of Monitoring of Chemical Substances;
Establishment of Epidemiological Su rveillance System; and
Training and Technology Transfer of Analytical Techniques.
AR12:Establishment of Traffic Pollution Management Plan, including:
Regulations for New and In-use Vehicles;
Planning of Promotion of Modal-shift and Its Facility;
Consideration of Water and Air Transportation; and
Planning for Moise Reduction.
AR13:Improvement of Vehicle Inspection and Maintenance System Program, including:
Standardization and Technical Guidelines for Emission Inspection;
Training and Qualification System for Inspector / Mechanics;
Public Relation System and Institution Building, etc.
AR14:Implementation of “Fresh and Clean Air Program for Public Buses”, including:
Checking System of Maintenance and Exhaust Gas; and
Low-Follution Bus Replacement (Expansion of CNG Bus) Program.
AR15:Establishment of a Transportation Research Center, focused on:
Study for Environmentally Sound Transportation Policies;
Research for Low-emission-vehicles; and
Research for Transportation Technology Suitable to South East-Asia.
AR16:Public Campaign for the Promotion of Teople’s Awareness of Vehicle
Maintenance and Dust Reduction by Construction.

2) Medium-term Projects/Programs

AR21:Implementation of the Extended Environmental Administration Enhancement
Program (following-up AR11)

AR22:Enhancement of Voluntary Activity by the Private Sector, including:
Introduction of a Voluntary Environmental Management System;
Promotion of Private Laboratories and Monitoring Activities;

Establishment of a Public Qualification 5System for Environmental
Engineers/Managers; and

Introduction of the ISO14000 Systemn

AR23:Implementation of the Extended Vehicle Inspection and Maintenance System
Improvement Program (following-up AR13)

AR24:Implementation of the “Energy Saving Policy”, including:

Incentive Provision for Shifting to Cleaner Energy/Fuel; and
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Institutional Support for Fuel Efficiency Improvement

AR25:R & D Support Program for Less Polluting Vehicle Production (Hybrid Electric
Vehicle, CNG Vehidle, etc.)

AR26:Study of Energy Perspective in View of Environment, including:
Analysis of Environmental Influence by Future Energy Trend;
Shift to Cleaner Energy; and

Further Reformulation of Fuels.
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CHAPTER 4: WATER SUPPLY SYSTEM

4,1 General

The rapid economic and population growth in Bangkok Metropolitan and its surrounding
suburbs caused a concern from the view point of water management to cope against
environmental degradation. In addition, natural uncertainty like recent drought remind the
water shortage crisis in the Metropolitan Area as well as in the Kingdom. The expansion of
urbanization towards suburbs of BMA brought realization to the MWA for expansion of
water distribution system to the newly grown urbanized area.

The projects recommended through the second Master Plan has been implementing but the
rapid urban development in Bangkok Metropolitan and its surrounding suburbs are become
necessary to include in the plan and update the Master Plan to meet with the present and
future forecasting developments. Parallel to the reviewed development plans, there should
have some water saving policy which may include extensive water saving campaigns and
educate people to make aware of the users about value and necessity of waler.

4.2 Assessment on Present Conditions

As a first step for exploring the water supply system in BMA, 5 years data were taken into
consideration for study. On the basis of data, findings are as follows.

(1) Present Situation on Water Service in BMA

The Metropolitan Waterworks Authority (MWA), responsible for supplying water to
the customers provides in the half of the BMA area through two different systems,
namely, central or main system and separate system. The main system supplies water
to the center core of Bangkok Metropolitan and parts of Nontaburi and Samut Prakarn
provinces and the separate system consists in Minburi, and Bang Bua Thong water
supply systems. MWA organizes the whole BMA into 16 service blocks for its water
service systems covering about 893 km2 as a whole.

The water production in 1995 was about 1405 million cubic meter of which about 1318
million cubic meter or 94 % was provided from surface water and 87 million cubic meter
or 6 % was yielded from groundwater.

Total number of MWA customers are 1,241,000 connections of which 903,000
connections are domestic water users and 338,000 connections are other business water
users including commercial, industries, state enterprises, government agencies, etc.
Total amount of water sold to the customers was 870 million cubic meter of which 445
million cubic meter or 51 % was domestic water use and 425 million cubic meter or 49 %,
was consumed by the other business users. The water consumption per connection
reach at 41 m3/month and 105 m3/month for domestic use and other business use
respectively whereas an average water consumption is 58 m3/month per connection.
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(2)Main System and Separate System

The MWA withdraw raw water from the Chao Phraya River for the main waste source.
Utilization of ground water is very less compared to surface water. The raw water
from Chao Phraya river is pumped at the rate of 3.6 million m3/day at Sam Lae
pumping station located 90 km upstream from the estuary of the river and convey for
production to the Bang Khen and Sam Sen water treatment plants in the Fast Bank of
Main System and Thon Buri Water Treatment Plant in the West Bank of Main System.
Raw water is pump-up to the Khlong Prapa of capacity 3.6 million cubic meter per day
which feeds Bang Khaen Treatment Plant first at km 19, then feeds to Bang Sue
pumping station at km 30 for feeding Sam Sen and Thonburi Treatment Plant.

Table 4.1 shows capacity of the existing water supply system in MWA's Main Service
System. The largest water treatment plant at Bang Khen produce 3.2 million cubic
meter per day (memd) followed by Sam Sen 0.70 memd, Mahasawat 0.4 memd and
Thonburi Treatment Plant 0.17 memd. Total water treatment capacity including the
separate system is 4.8 memd as of 1995.

There are eleven main distribution pump stations, namely, Bang Khen 0.80 macmd,
Pahon Yothin 0.48 mcmd, Lat Phrao 0.48 memd, Lumpini .64 memd, Samrong 0.64
memd and Khlong Toei 0.48 memd are used to distribute water to the East Bank.
Thapra and Ratburana pumping stations receive treated water from Bang Khen Water
Treatment Plant to supply 0.64 and 0.48 mcmd respectively in the West Bank of
Metropolitan area. In addition, Mahasawat pumping station distribute water 0.48
memd to the West Bank. Total water distribution capacity including other smaller
system reach at 6.3 memd.

Underground water is the major source of Separate System followed by the smaller
surface water systems. This system is totally isolated from the main system, hence
named separate system. Water production capacity of the separate system is 0.33
memnd as of 1995. But in future the separate system will be connected with the main
system.
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Table 4.1 Existing Water Supply System Capacity

Water Treatment Plant Plant Pumping Pumping
Capacity Station Capacity
{cum/day}) (cum/iday)
Present A.D.2005 A.D.2017 : Present
1. Bang Khaen 3,200,000 3,600,000 4,000,000 1.1 Bang Khaen 800,000
1.2 Phon Yothin 480,000
1.3 Lat Phrao 480,000
1.4 Lumpini 840,000
1.5 Thapra 640,000
1.6 Samrong 540,000
1.7 Khlong Toel 480,000
1.8 Ratburana 480,000
Subtotal 4,640,000
2. 5am Sen 700,000 700,000 700,000 2. Sam Sen 700,000
3. Thonburi 170,000 170,000 3. Thonburi 170,000
4. Mahasawat 400,000 1,200,000 3,200,000 4. Mahasawat 480,000
5. Nong Chok 1,200 1,200 5. Nong Chok 1,200
6. Bang Bua Thong 4,500 4,500 6. Bang Bua Thong 4,500
7. Mobile Plant 7. Mobile Plant
7.1 Rama VI 50,000 50,000 7.1 Rama VIl 50,000
7.2 Khlong Tawee 10,000 10,000 7.2 Khlong Tawee 10,000
VWatana Watana
7.3 Maha Sawat 15,000 15,000 7.2 Maha Sawat 15,000
7.4 Bang Bua Thong 5,000 5,000 7.4 Bang Bua 5,000
Theng
Subtotal 80,000
8. Desp Wall (B0 units) 240,000 (emergency use) 8. '?s?ﬂp Well (80 240,000
uni
Total Production Capacity 4,785,700 6,765,700 7,900,000 6,315,700
East Bank Taotal 3,851,200 4,351,200 4,700,000 East Bank Total 4,271,200
West Bank Total 604,500 1,404,500 3,200,000 West Bank Total 1,804,500
Deap Wall 240,000 (emergency use) Deep Wall 240,000
Total 4,785,700 5,755,700 7,900,000 6,315,700

Table 4.2 gives some idea about the water production in two systems as well as
percentage of surface and ground water uses. Total MWA water production is 1405
million cubic meter already mentioned, of which 98.37% is in the Main System and
1.63% is in the Separate System. In the Main System, 95% production comes from
surface water and 5% production from underground water. On the other hand, in
Separate System, 19% production comes from surface water and 81% production from
underground water
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Table 4.2 Water Production in Main and Separate Systems in 1995

Fiscal Year ldain System Separate System Grand
Total

1995 Flant Deep Well Total Plant Deep Well Total

Oct-Dec 314.11 18.01 332.12 1112 4.78 5882 33012

Jan-Mar 773 16.63 334.36 1.058 4.48 5.538 335.898

Apr-Jun 33385 16.26 350,11 1.086 4 .58 5.646 356.756

Jul-Sep 348.21 17.52 365.73 1.069 4.76 5.829 371.659

Whole year 13138 68.42 1382.32 4.325 18.58 22905 1405225

% Within System 85.1% 4.9% 100% 18.9% B1.1% 100%

% Inter System 08.4% 1.6% 100%
{1.63%)

(3) Water Service Blocks and Location

To provide overall speedy service to the customers MWA divide 16 service zones under
12 branch offices. Ten branch offices in Nontaburi, Bang Khen, Phayathai, Phrakanong,
Samut Prakarn, Bangkok Noi, Phasicharoen, Taksin, Toongmahamek, and Mansri to
serve the Main System. Other two branch offices, Minburi and Bangbuathong are
serving water to the Separate System.

(4) Water Production and Consumption in the Last 5 Years

Water production data in the last 5 years shows that yearly water production is
increasing though consumption rate per connection is decreasing as indicated in Table
4.3. This is simply because of rate of increase of connection is higher than the rate of
increase of production needed for the increased service. Increased rate of water
production over previous year for the last 5 Fiscal Years are calculated in Table 4.3.
From the Table, it is found that in the 1994 Fiscal Year over the previous 1993 Fiscal
Year water production increase is very less (0.76%) and that in this year over previous
year is very high (13.85%). This is because of serious drought in the 1994 Fiscal Year
and heavy rainfall with demand in this year. During the period from 1991 to 1993
increase rate varies from 4% to 6% annually. Percentage of water sold to water
production is clearly decreasing during the last 5 years which indicates that the system
loss is increasing. -

Block-wise average water production and sales are shown in Table 4.4. At present, the
highest water production in the Main system is in Samut Prakarn branch office of 0.492
memd and the lowest in Bangkok Noi branch office of 0.221 million memd. The total
average production is 3.85 million mcmd and it is 26.64% higher over the Fiscal Year
1991. The increase rate of water production is very high in both blocks of the Separate
System compared to Main System Blocks. Among the blocks in the Main System, the
increase of production in Phasicharoen, Toongmahamek and Samut Prakarn blocks are
higher, varying from 59- 61%. Production in Phayathai and Mansri blocks are decreased
by 23% and 0.62%, respectively. In other 5 blocks- Nontaburi, Bang Khen, Phrakanong,
Bangkok Noi and Taksin water production are increased by 27-33%.
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Table 4.3 Summary of Water Consumption in 1991 - 1995

Fiscal Water Water Sold Rate of Water Number of Water Consumption per
Year Production Sold Connection Connection
million_m3 million m3 % pcs. m3/month
1881 1109.2 781.5 70.5 1.027,623 534
(5.7) (8.7)
1882 1176.5 8234 70.0 1,080,905 62.9
(6.0) (5.4)
1883 1224.9 836.1 68.3 1,138,299 61.2
(4.2) (1.5)
1994 1234 3 B16.1 66.1 1,194,161 57.0
(0.8) (-2.4)
1985 1405.2 B70.3 61.9 1.241,380 58.4
(13.9) (6.6)
MNote : Figures in parenthesis indicate increase or decrease over the previous year

Table 4.4 Block-wise Water Production and Consumption (1991 - 1995)

1881 1982 1583 1954 1995 Increaseatic
Prod Sold Prog Bold Prod Sold Proxd Sinid Prod Sold P Bald

Nonthaburi 0.273 021 0.328 nz2 0253 0.205 0.308 0168 0,343 0216 27 BE% 2 19%
BangKnon 0.z: 0211 03an oxT 0,340 0.234 0348 0.235 0,385 0253 13 48%, 19.74%
Phayathal 0.387 0.261 0,385 0266 0343 021z 0.326 022 0314 0208 8% 23w
Phratianang 0.328 0224 0X6 0.235 0341 0242 0,328 0.234 0.418 0248 27.54% 10.84%
Samut Prakam 0208 0.215 0,338 0.240 narn D.257 DA 0271 0253 0.301 59.64% 38774
HangBo a4 0.010 0.013 0008 0.005 0.003 === - - — -
Miin Buwri (Sap. ) 0,026 0o 0.0 0023 029 oo 00258 0.028 0.0as 0033 T4 14% 55.85%
Banghoknai 0.168 0133 0,180 o138 oiea 0142 0185 0,138 oI D148 A13% 9.7%
Phasicharoen 0.223 0157 0.2: 0.183 0284 0474 0,30 0171 0380 0183 61.63% 18 60%
Tahsin 0.3239 0,232 0.357 o248 0,360 0.253 0.388 0254 034 oM 32 43% 18 53%
Toorgmanemek 0156 0.930 PR E] 0132 o2ee 0.184 027 aimn Nz o178 B5.06% 0%
Marari 0.481 0323 0433 oazd 0488 oy 0.440 0.265 04TR 0291 0.60% -B.78%
BangBua ania 0.014 o2 oor an30 0.022 Q.06 0o o041 0032 116.88% 128 83,
ThenglSep.)
Toial (memiyear) .00 2142 a2 2.250 3.354 2291 3.381 58 3853 2384 26, 54% 11.30%
Tolal 11086 Taiae 1723 B21.1 1224 9 B36 1 12341 8162 1408 3 a70.2

Mote: Figuraz inthe culumn “increase ratio” indicatas a increase oradecrease ofwater amaountbetween 1991 and 1995,

on
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(5) Water Consumption by Types of Water Users

Water consumption data on the type of water users are not clear but categorized by the
available data and shown in Table 4.5. The first category domestic water users and the
second category business users including commercial, state enterprises, government
agencies, industries, etc. consume almost the same amount of water since 1991.

Though total consumption during the last 5 years is increasing which is quite natural
except the Fiscal Year 1995. This exception is due to serious drought tlow of the Chao
Phraya River in 1994. In 1995, 444.5 million cubic meter per year or 51 % is consumed
by domestic purpose and that by business, industry and others are 321 .57 million cubic
meter per year or 49 %.

Table 4.5 Water Consumption by Type of Water Users(1991 - 1995)

Fiscal  Domestic Wai_m;cﬂnsu_mptlun_ i BusinessWaterConsumption ~ Total Water
Year g AT L i iy ; il  Consumption
' {million m3)
wﬂﬂr "ihﬁaﬁm or Rntetn o Water Increase or Rate to Total Water

Consumption ~ Decrease = Total Water Consumption  Decrease . Consumption

“(million m3)  over  Consumpti  (milion m3) over PAT Dok m .

Pravious  on (%) SR e Praiowuss - )

- Year (%) Erli e e e Year () ;

1881 301.70 6.00 5013 389.80 11.50 4987 7B1.30
1882 405.40 3.50 48.23 418.00 7.28 50.77 B823.40
1993 413.90 210 49.50 422.20 1.00 50.50 836.10
1994 416.80 0.46 50.95 400.30 -5.18 48.05 816.10
1995 444.50 6.80 51.08 425.78 6.37 48.92 870.28

Mote : Business water consumption include commercial, state enterprises, government agencies,
industries, public water supply & others

4.3 On-going and Future Development Plans

Development projects of water supply facilities of MWA are carried out based upon the
Master Plan formulated in October 1990 with the target year 2017 covering about 3,080 sq.
km including the entire BMA area and the neighboring Nonthaburi and Samut Prakarn
provinces.

Maijor current and future development projects are described herein and in Table 4.6 for the
benefits to study on urban environmental Improvement program for BMA area from the
viewpoint of the major urban facilities to maintain satisfactory public health and sanitation.
Figure 4.1 shows water service area, water transmission projects and expansion plan of the
current Master Plan.

(1) On-going Projects

1) The Fourth Bangkok Water Supply Improvement Project (1991-1996)

This project aimed at the increase of water production capacity of Bang Khen Water
Treatment Plant by 400,000 m3/day, accompanied by distribution pipes and a
pumping station at Lat Krabang. The project will expand the service area by an
additional 180 km?2 into Sukhaphiban 3, Sri Nakarin, Bangna -Trad, Rom Klao,
Theparak and King Kaew roads.
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2) The Fifth Bangkok Water Supply Improvement Project (1992-1996):

This will provide a new Mamasawat Water Treatment Plant located on the West Bank
of Metropolitan Bangkok to supply sufficient water to the people in Thonburi area and
Nonthaburi province. This project will extend service by 400,000 cubic meters of water
per day and that will increase service area and population by 80 km2 and 800,000
person, respectively. After completion of this project MWA total capacity will be 4.5
million cubic meter per day to the service area 930 km2. And hence 85.1% population
will be beneficiaries from MWA. The total project cost is 7,663.5 million Baht.

3) The Sixth Bangkok Water Supply Improvement {1994-1999)

This project will provide additional production capacity to the Mamasawat Water
Treatment Plant by 400,000 cubic meters per day. The project includes construction of
pumping station at Pechakasem Road, construction of transmission line approximate
length of 34 km and installation of distribution pipes to extend the service area by
about 80 km2, After completion of this project MWA total production capacity will be
raised to 4.9 million cubic meter per day to the service area 1,030 km?2. As a result
90.5% population will be served from MWA. The total project cost will be about
10,113.0 million Baht.

4) The West Bank Raw Water Canal Project ( 1995-1999), Phase 1l

This project aimed at construction of upstream portion of raw water canal from Mae
Khlong River upper Vajiralongkorn Dam, Kanchanaburi Province to Tha Chin River
approximately 70 km. The total project cost will be about 4,885.5 million Baht.

3) The Network System Improvement Project (1994-1 997)

To improvement and develop water pipe system and distribution system for the
increase of pumping capacity and distribution efficiency to cope with the rising demand
in central business and high rise districts. Total project cost will be about 4,690.1
million Baht.

(2) Future Project (1997-2001)
* Installation of raw water pump at Mamasawat Water Treatment Plant

* Increased production capacity of Mamasawat Water Treatment Plant by 400,000
cubic meter per day. Construction of clear water reservoir of 60,000 cubic meter
capacity with other appurtenant facilities.

* Construction of distribution pumping system, surge tower, and transmission line in
both East and West Bank of Metropolitan Bangkok. Construction of transmission
system in the East Bank.

* Increase facilities in Minburi service area by purchasing land, construct pump station,
clear water reservoir and appurtenant facilities.

* Installation of an additional water pump to increase pumping capacity at
Pechakasem pump station.

* Installation of various sizes of pipelines approximately 600 km in whole service
area.

After the completion of the project in the year 2001, total MWA water production
capacity will be 5.7 million cubic meter per day to cover the service area 1,090 km2.
Total number of customer will be increased to 1.6 million for 8.2 million population.
And hence, 93% population will be served by MWA. Total project cost will be about
12,431.0 million Baht.

4-7




BEIF-STUDY: FINAL REPORT: CHAPTER 4

Table 4.6 List of Water Supply Development Projects

Projects Type Purpose Location Cost Completion
{millian Year
Baht)
On-GolngProjects
1 TheFaurth BWSIP Pumpingstation& Increasewater BangkhaenEast  7,798.10 December! 896
distributicnpipeat productioncapacityof  suburb
Krabang BangkhasnWater
Traatmantplantby
400,300
2 The Fifth BWSIP Maha SawatWater  Increasesystem BangkCrual, 7/863.50 1996
TreatmantPlant, capacityby400,000 Montaluri
additionalpipaline emd
3 Tha Sixth BWSIF PhetKasemPumping Increasacapacityof PhetkasemRoad, 10,113.00 1948
station;additionalpipe MahaSawatTraatment
lina Plantby400,000 ¢
4 TheWestBankRaw  Rawwatarcanal Rawwater supply MaeKhlong River  4,885.50 1959
Water Project to Tha Chin River
& The Matwark System  Monitoringpipe improvepumping Whale system 4,890,10 1997
Improvement systam & repair capacilyanddistribution
efficiency
FuturaProjects
1 Minbiri Projact Pumpingstationwith  Increasecapacity Minburi, EastBank - 2002
atharfacilities
2 BangPleeProject Pumpingstationwith Increasecapacity BangPlee East - 2006
otherfacilities Bank
3 Thonburi&ThaPhra  Transmissionpipeling Increasecapacity wastBank - 2017

Prajmct.

from Maha Sawatio
ThanburiandTha
PhraP5
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4.4 Policy Directions and Planning Issues

Planning of water supply system is not dealt in the scope of work of the study concerned
since water supply system does not directly related with the issues as it is discussed the
urban environmental improvement program for the city. However, in view of a key role of
water supply system composing the urban facilities to maintain sanitary environment in
daily life, the study was made in brief to evaluate the water supply system of Metropolitan
Waterworks Authority(MWA).

The suggestions described in the following paragraphs will be beneficial to the MWA to
strive for solving the planning issues for accomplishment of effective water supply system.
Moreover, it is expected that the suggestions are also effective for BMA to create a water-
saving or energy-saving society for sustainable development of the city of Bangkok.

(1) Review of Water Supply Master Plan

MWA is carrying out the development projects steadily based on the Water Supply
Master Plan set forth the phased development plans up to the final target year in 2017,

Currently, the 4th expansion plan is underway to complete the project by the end of
1997. The 5th and 6th expansion projects are scheduled for the period 1992 - 1997 and
1994 -1999 respectively. Upon completion of the final phase, the MWA water supply
system will be made available with the water consumption amount of 5.3 million
m3/day or equivalent to the served population 15.5 million in the year 2017 in whole
service area and the population in BMA area accounts for 10.6 million or
appmx'mmtelsl 70 % amongst in MWA service area. For individual water consumers,
the amount of water will be secured at the least by about 60 m3/month per connection
in average for every consumers or 30-40 m3/month per connection for domestic water
user.

It is understood that implementation of the projects proposed in the water supply
Master Plan would make it possible to supply sufficient amount of water to the people
in the service area. However, the recent phenomena taking place in urbanization such
as the direction and speed of urban growth, change of life style, quality of life, etc. shall
need review of the water supply development projects to accommodate better service of
water to the consumers.

Tendency of urbanization in the recent years has changed the population distribution
pattern toward suburban area, besides the decentralization project having been
promoted by the government In relation with the current urban renewal plan of
Bangkok and that of the neighboring provinces, review of the Water Supply Master Plan
will be necessary for coordinating with the city development plans to perform water
supply onward target for continuous service of safe and sufficient water to the people.

Prediction of future water consumption, location of distribution pump stations,
restructuring of water transmission pipes, distribution pipe network and water service
blocks, and phasing of the development projects are the important issues as the Master
Plan is reviewed in connection with the urban renewal plan.

(2) Water Leakage Protection and Pipeline Information System

Unaccounted water amount reached at 38 % or 534 million m3/year in 1995 statistic.
Most of the unaccounted water amount is caused of water leakage from the pipeline
system composed of water transmission, water distribution and water service to the
consumers. Distribution water is produced through the physical and chemical
processes with spending a lot of expenses for purification of water meeting with the
drinking water standards. Water leakage from the pipeline system is something like a
waste of investment or loss of energy in other word.

It is recommended to set a provisional target of water leakage protection at 20 % in
consideration of the least water leakage ration at 30 % performed in 1992,
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Firstly, inventory survey of the pipelines and networks will be useful to work with as -
built drawings and site survey using the advanced underground explore equipment.
Then, all the data and information shall be input in the graphic information system for
constructing the pipeline information system covering entire water service area.
Secondary, field investigation shall be carried out in the water leakage investigation
block divided properly into smaller blocks by the data obtained from the pipeline
information system. After analysis of the zonal water leakage amount and ratio, detail
investigation shall be conducted to search for the water leaking pipelines for design and
for immediate measures. The third step work shall be conducted to repair, renew or
replace the damaged pipelines based on the design. Final step of this program is to
renew the data and information of the pipeline information system to input the repair
records. The water service area mntmﬁed by each branch office shall be divided into
smaller blocks for block-wise operation to implement the leakage prolection program
one by one.

(3) Improvement of Water Quality

West Bank Raw Water Canal Project is under way to withdraw raw water from the
Tachin River to Mahasawat Water Treatment Plant by the end of 1997 and complete
the project after extending the raw water intake site further to the Maeklong River
Basing in future. Completion of the project will make available to increase the rated
capacity of Mahasawat Water Treatment Plant up to 3.2 million m3/day.

The past and on-going projects aimed at securing sufficient quantity of water and
MWA is materializing the plan successfully up to now. Now, the people in Bangkok is
achieving stability in his livelihood and his consciousness in daily life is changing to
obtain rather the quantitative than the qualitative things. Movement of environmental
conservation activities in the recent years is an example that people is asking for better
quality of life.

To cope with the changes of the society, MWA have to set up the program to improve
water quality in purification and water distribution processes.

Fortunately, raw water in the Chao Phraya River is not yet contaminated with
hazardous matters but there is a phenomena of water contamination with organic
matters especially in drought period. Organic contamination by fumic acid have a
potentiality to generate Tri-haro-methane which is known as one of a carcinogenic
substances produced as residual fumic acid contact to chlorine in disinfection process.
Chemical dosing, sedimentation and filtration processes must be controlled carefully to
produce better filtered water quality before chlorination .

Turbid water is observed frequently when tap water is contained in sink or in bath tub.
Turbids from the service pipes occurs as sediments or scale in the pipe float caused by
shock flow, pipe repair work, insufficient blow-off operation, and so forth. Those
cause mentioned above can be improved easily through strengthening operation and
maintenance works of distribution pipe network.

Deterioration of raw water quality will be the problem being afraid in near future as
long as pollution loading increase c-::nlinunusEr in future. Water pollution control
projects must be carried out soon by the authority concerned to avoid probable water
pollution problem in the area of water resources in future.

Accordingly, it is recommended to start up the program for water quality improvement
of MWA water supply system with strengthening water purification process control
and operation & maintenance of the distribution pipe network through utilizing the
existing function of MWA.
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CHAPTER 5:  FLOOD PROTECTION AND DRAINAGE SYSTEM

5.1 General

Devastating flood in October - November, 1995 reminded the citizens and the official
agencies concerned with flood protection that the flood problem is one of the major disaster
in the urbanized comfortable civic life.

There are many arguments came from the implementing agencies concerned are suggesting the
method of solutions to improve and enhance the flood protection facilities in BMA and its
neighboring areas. Those suggestions include stormwater diversion directly to the seashore,
storm water retention to cut peak flow period, dredging of the existing canals to secure
enough carrying capacity, construction of the retaining wall of 2.5 m high along both sides of
the Chao Phraya River and so forth.

A cause of flooding in BMA in 1995 may be the excessive discharge from the upstream
reaches was interrupted by the backflow from the sea which raised water level in the Chao
Phraya River to exceed the embankment level and caused of flooding in Tonburi, Nontaburi
and the low-lying area along the Chao Phraya River.

However, the flood problem in BMA can not be concluded simply by the cause mentioned
above but it is related to some other factors such as the flat terrain, land subsidence,
capacities of flood protection and drainage facilities, etc., and increase of stormwater run
off coefficients caused by the current urbanization in suburban area.

Planning of flood protection system was not dealt with a major scope of works in the Study
aiming at formulating the urban environmental improvement program since the phenomena
of flooding is not deemed as an element categorized in environmental deterioration as
compared with air pollution, water pollution, etc.

However, the flood protection system is one of the important infrastructures in BMA Area
to provide disaster-free comfortable life to the citizen and the planning of the system is
influential factors as the city planning and /or land use plan is discussed. Accordingly, the
study was conducted aiming at suggesting only the approach to solve the flood problems
based on an angle of restructuring the city of Bangkok to cope with improvement of urban
environment in the BMA Area.

5.2 Assessment on Present Condition

(1) Current Flood Protection Work

1) lmglementing Agency

Department of Drainage and Sewerage (DDS), BMA undertake the services of flood
protection in BMA Area. Drainage System Development Division take charge of the
services from planning to construction work while. Drainage System Control Division
take charge of operation and maintenance of the khlongs, pumping stations and control
rates.

Royal Irrigation Department(RID) take charge of the flood protection work in the
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eastern suburbs, outside of the King’s Dike, in cooperation with DDS to control flood
water entering to the inner core area of Bangkok.

2) Existing Facilities

Figure 5.1 shows the location of the existing flood control facilities including pumping
stations and control gates. The total pumping capacity reach at 863.4 cum/sec and the
breakdown of each area is 422.6 cum/sec in east bank, 239.8 cum/sec in west bank
and 201 cum/sec in the coastal area in Samut Prakarn.

(2)Floods in October - November ,1995

The Chao Phraya River recorded the highest water level of 2.27 m M5L at the Memorial
Bridge in October, 1995, which is higher water level than that was observed in 1983
when most part of the BMA Area suffered a very heavy flooding for several weeks.

Since the severe floods in 1983, the flood protection facilities such as polders, pumping
stations and control gates have been in the central area of Bangkok. Major
development projects have now shifted to Tonburi side to construct the flood
protection and drainage facilities.

However, ironically, heavily inundated area in 1995 flood occurred outside of the flood
protection area in the low lying area along the Chao Phraya River caused by overflow
from the river. The area damaged by the flood extended to the municipality area of
Nonthaburi, Pakkred in Nonthaburi Province, Bang Yai, Bang Bua Thong, Bang Kruay,
Khlong San, Bang Phlat, Taling Chan, Bangkok Noi, Bang Khuntien, and Lat Krabang in
Bangkok.

Figure 5.2 and 5.3 show inundation area during floods in 1983 and 1995 respectively in
BMA Area.

(3) Inundation-prone Roads in Bangkok

In wet season, inundation damage extended to many roads and sois and cause of
traffic congestion chaos in many sections in BMA Area. Figure 5.4 shows inundation
records on major roads recorded by DDS during 1993 to 1995. Inundation-prone roads
were picked out and listed in Table 5.1 for the inundation records more than 20 times in
two years. Those roads include Phahon Yothin, Lat Phrao, Sukhmwit, Charoen Krung,
Charoen Nakhon, Charan Sanitwong, etc.
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Table 5.1 Frequent Inundation Roads in BMA Area

Inund:ted Mora Than 30 times During 1993-1995

From

Ma Marmsa cﬁi R.nad To
1 Phetchakasem BuddhaMonthonSai2 Phetchakasembs

2 Phahort othin PhahonYothind2 PhahonYothind&(K.BangBua)
3 PhahonYaothin32 PhahonYothinRd. WatLadFlakao

4 PhahobYothin34 PhahonYothinRd. ThaiCotton IndustrialFactory
5 Phahark athin PhumiphclHaospital

5] Phahark athin PhahonYothin24 Ratchadaphisek

7 Ratchadaphisek . PhahonYothinRd. K.BangSue

8 LatPhrao Chokchaid {junction)

9 LatPhrao LatPhraods Bangkapi

10 SukhaPhiban2 Bangkapi

11 PhahenYothin AnusawarChasamoraphum LatPhrao

12 Ratchawithi AnusawarChaisamoraphum CinDaengJunction

13 Ratchawithi AnusawarChaisamoraphum RamaVl

14 Ramavl Ratchawithi Phetchabur

15 Phatchaburi Rama VI PhayaThai

16 Phetchaburi Pheatchabun SoiManaMNua

17 SoiMNanaMua K_Saen3aep Phetchabun

18  Ramkhamhaang RamKhamhaeng27 RamKhamhaengts
18 Sukhumvit Sukhumvitds Sukhumvitss

20 Sukhurmvit Sukhumvitsd Sukbumvit?1

21 Sukhumyit Sukhumviti 03 Bang Ma- Trad

22 Ratchadaphizak nearbySoonthornikKosa

23  Chan K.ChongMonsi Express\Way

24 MangLinchi, SaiSuanPhiu Chan Rd SathonTai

25 Charocenkrung naarby Tok Rd. (intarsaction)

26 Ramalll SoiWatKlongPhum, nearbyintarsaction

27 CharoenMakhon CharoenMNakhon40

imunditedzi- 300mesDuring 10631996 LR

Mo Mame of Road From To
1 SukhaPhibani BangKapi SuanSiamRd.

2 SukhaPhiban2 Bangkapi KlangChanFlat

3 RamkKhamhaeng KlongTan Rama X [Junction)

4 Sukhumvit nearbyPhrakhanongintersection

5 SathuPradit ChongMonsi Rd, Chan Rd. {infrontof Yannawa Paost Offica)
6 SathuPradit PublicHealth Center 7
T Chidlam K.SaenSaep PloenchitRd.

<] Ratchadamri nearbyRatchaprasongntersection

g Ratchaprarop Pratu-namiIndhaHaotel) DinDeengJunction

10 Sridyudthaya Ratchaprarop Rama VI Rd .{junction)
11 Sridyudthaya RamaV/ Rd PhitsanulokRd.

12 Ratchawithi naarby Tuk Chalintarsactian

13 Ralchadaphisek naarbySoanthonkaosaintarsaction

14 Arun Ammarin Somde| PhraPinklaoRd K. BangkokyYai

15 ChararSanitwong Sol86/2 K. BangkokMoi

16 SomdejChaoPhraya PrachathipokRd. LadYaRd.

17 CharoerMakhon CharoenMakhaon Soil ChomThong Rd.

18 Ratburana ChomThang Rd. Makhon Khuan Khin Rd_(Wat Ruak)
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(4) Flood Protection and Drainage Plans in the I'ast

A historical map dated 1690 of the Chao Phraya River shows that the original Chao
Phraya River meandering system and secondary connecting khlong system. It shows a
diversion channel to the west of Bangkok which cut the shortest path from the Chao
Phraya River near Nonthaburi to the sea. Secondary diversion khlongs are also shown
connecting other meanders to the river. Many of the wide meanders of the Chao Phraya
River had been shortcut by 1960's and the main river had been shortened significantly
to carry more flow. Currently, the only large meander remain in the section of Yannawa
and Phra Phradaeng.

Flood control planning has been conducted for several decades in the Bangkok area.
However, the flood damages have become catastrophic state as to the expansion of
urban area. In the past ten years multiple plans have been developed and implemented
to different degrees. The severe flood in 1983 in Bangkok was a turning point to tackle
with flood protection and drainage works in planning and in construction of the
facilities.

The following paragraphs provides a summary of the flood control and drainage
studies performed for the Bangkok area.

1) Greater Bangkok Plan (1960)

Litchfield, Whiting, Bowne & Ass. Adams Howard and Greely proposed the Greater
Bangkok Plan in 1960. This plan consist primarily of two perimeter canals on the East
and West banks of the Chao Phraya River. The plan also laid out several zones in the
city on both sides of the Chao Phraya River to install flood protection barriers. This
concept is a type of polder system functioned together with pumps to drain stormwater
to the Chao Phraya River.

Priority was given to the down town areas of Dusit, P’hra Nakhon, Pom Prap Suttru
Phai and Pathumwan Districts.

2) Camp, Dresser McKee Plan (1968)

The Camp, Dresser McKee Plan proposed the polder systems divided considerably
large area of Bangkok into 11 zones ranging the area size from 11 to 100 km2 to cover
the East and West banks of the Chao Phraya River. The proposed polder systems
intend to protect the city from flood inflow from the surrounding area of Bangkok.
Roads, concrete walls and embankments structure the flood protection barriers for each
polder, while the khlongs and the Chao Phraya River function as main drains.
Stormwater inside of the polders is drained to the Chao Phraya River through drain
pipes, pump station, and the khlongs.

The khlongs proposed for the main drain drains in the plan consist of Khlong Bang Sue,
Khlong Lat Phrao, Khlong Saen Saep, Khlong Phra Khanong, and Khlong Samrong on
the East Bank. In the West Bank, Khlong Maha Sawat, Khlong Bangkok Noi, Khlong
Phasicharoen, and Khlong Sanam Chai are proposed for predominantly use for the
main drains.

3) City Core Project (1984)

An area of 86 km2 on the East Bank of the Chao ’hraya River is covered in this plan.
The plan consist of feasibility study and detail design and conducted by NEDECOQ in
joint venture with NECCO and Land Marine/Span. The polder system was endorsed
in the plan to protect the central from flooding from outside area. The polders were
subdivided into 6 drainage based on the previous studies and protected by a secondary
flood barrier installed around the area. The secondary flood barrier, called inner dike,
is installed by raising level of the roads for flood wall. Stormwater inside the polders is
drained directly to the Chao Phraya River from the drainage pump stations. In
addition to 5 existing pump station at the time, 11 drainage pump stations were
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proposed with the capacity ranging from 10 to 35 m3/s.

4) Master Plan and Feasibility Study on Flood Protection/Drainage Project in Eastern
Suburban - Bangkok, JICA (1986)

This master plan consisted of structural and non structural measures to provide
adequate flood protection and drainage methods and to study Bangkok's flood
management organization and management structure. Based on the recommendation in
this study, many projects were carried out for the area of 260 km2 located in the east
side of the central area of Bangkok.

The structural elements of the plan consist of endorsing the polder system, strengthening
drainage system by pumps and diversion gates, and non-structural measures to mitigate
flood flow by the idea of flood plain management by the retention ponds and natural
retardation area such as swamps, ponds, borrow pits and other open fields scattered in
the east side of the polder. Most of the existing flood protection and drainage facilities
in the East Bank are were developed based on this plan.

Also implemented from this plan is the Bangkok Metropolitan Flood Control Center
(FCC) now operated by DDS in BMA 2 City Hall. The FCC was designed to establish
on-line monitoring of the information such as water level etc. related with flooding
condition in the central area of Bangkok. Twenty five monitoring stations are now in
function at the major drainage pump stations and water gates in the area covering
about 600 km2. Each monitoring station equipped with a) rain gauge, b) water level
gauge, ¢) pump operation gauge, d) water-gate opening detector, and e) water quality
meter. Data from the monitoring station is recorded and transmitted automatically to
FCC by telemetering system utilizing TOT leased line. FCC receives data telemetricaly
from the 25 monitoring stations. The data are processed and displayed on the graphic
panel to monitor the flood situation in all over the monitoring area.

5) The RID-Plan (1985)

The Royal Irrigation Department (RID) encompassed a regional flood control in the west
side of the Chao Phraya, extending from north of Ayutthaya and continuing south to
the Gulf of Thailand and extending west to the Tha Chin River. The system consist of
construction of dikes enclosing the area between the Chao Phraya and Tha Chin rivers
along the Khlong Phraya Banlu and Khlong Phra Pimon. The plan proposed to
construct 2 control gates, 12 pumping stations and dredging of canals in the area
between the Chao Phraya River and the Tha Chin River.

6) Study on Tawee Wattana by AlT (19585)

This study encompassed the planning in the western side of the Chao Phraya River
expanded to the Tha Chin River in the south of the Khlong Maha Wawat covering 500
km2. The plan intended to strengthen drainage capacity by connecting the Khlong
Tawee Wattana with the Khlong Khoon Ratpinidjai and drain to the sea. Result of the
study shows that the plan is not feasible because of a lack of hydraulic gradient and a
polder system was proposed even in the this area. The polder dikes were proposed in
line with the 1985 RID Plan.

7) Alternative Flood Control Schemes Proposed by AIT (1985)

AIT conducted a study of several alternative flood control measures and recommended
several measures. The study examined the change in water levels and flood periods in
the Chao Phraya River assisted by the proposed alternatives. These alternatives
include ;

* Cutoff channel for the Chao Phraya River at Phra Pradaeng to shorten the length of
the river to increase carrying capacity and lower water level as well.

* Construction of by-pass floodway with the carrying capacity 500 cum/s along the
East Bank of the Chao Phraya River from Ban Mai to the sea in the east of Samut
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Prakan, and

* Construction of dikes along the Chao Phraya River from Bangsai to the estuary and
dredging the river from Pakkret to the estuary.

The study concluded that a by-pass channel with a 500 cum/s capacity is the best
alternative although it was projected to improve the flood peak condition by a small
amount because of the strong tidal influence.

8) Chao Phraya 2 (1986)

The Chao I'hraya 2 study formally named the Bangkok Flood Protection, Chao Phraya
2 Feasibility study was prepared by the Thai Austrian Consortium in cooperation with
the Asian Institute of Technology in July 1986. This study aimed at developing an
integrated flood control plan by reviewing all the previous flood protection and
drainage plans and developed a comprehensive flood control program. The study
covered the area including Bangkok and the vicinity area.

This plan recommended to lower the water levels in the Chao Phraya River by
constructing a diversion channel around the western side of the city. Water levels in the
city would be controlled with two control structures. The upper control structure would
be located at Bangsai and divert peak flows into the diversion channel to carry flood
flow nearby the estuary nearby estuary of the Chao Phraya River in the West Bank. The
control structure located in the down-stream side consist of a sea-barrier structure. The
structure prevent sea water intrusion to the Chao Phraya river and to the khlongs in
high tide period.

9) Master plan for Flood Protection and Drainage of Thonburi and Samut Prakan West by
NEDECO and SPAN CO, Ltd. (1987)

The NEDECO study cover the study area of 432 km2 on the west side of the Chao
Phraya River. This study analyzed multiple alternatives and developed a plan
maximizing flood protection inside of the protected area while minimizing impacts on
the areas outside of the flood protection dikes. The aim of the recommendations is to

control inflow of flood water from outside the polder and to drain excess stormwater
inside of the polder.

The master plan was developed to cover 135 sqkm of the study area and
recommended alternatives including construction of new or raising existing flood
barriers around and throughout the study area, and construction or rehabilitation of
regulation water gates in the khlongs.

The study determined the best alignment for the swrounding flood barrier onto the
Southern Railway in the north side, the Chao Phraya River in the east side and generally
along the Khlong Sanam Chai in the south side. Two locations were investigated for the
western boundary. The first location was recommended to set the flood barrier along
the Tha Chin River, however, the plan was not adopted because of the urgency to
improve the flood situation and construction cost of the barrier along the Tha Chai
River. Instead, the interim barrier along Phutthamonthon sai 4 Road and Soi Bang Bon
3 was recommended and constructed. Approximately seven kilometers of the inner
flood barriers were recommended located along the Khlong Dan in Bang Khun Thian,
along the Khlong Bang Khun Thian, along the Chao Phraya River, and across Amphoe
Phra Pradaeng.

Regulators and llood control gates were also recommended on the Khlong Maha Sawat,
along the Khlong Chak Phra, on the Khlong Sanam Chai, on the Khlong Bang Khun
Thian, along the Khlong Ratburana, and on the Khlong Lat Luang.
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5.3 Policy Direction and Planning Issues

To formulate the urban environmental improvement program for BMA Area, the following

issues are raised for discussion to attain the role of the flood protection and drainage
faciliitiies in the area,

(1) Flood Control Plan in Low Area Along the Chao Phraya River

Low lying area along the Chao Phraya River suffer floods problem as the river water
overflow from the low sections of the embankment walls. Arguments is now being
raised to raise the flood protection walling, embankment, to the level at 2.5 m MS5L

along both sides of the banks of the Chao Phraya River in the section from Bang Khaen
to Bang Na.

This plan shall be carefully studied together with the comprehensive flood control
analysis in the river basin against the probable influence to the upper stream reaches
and the countermeasures, periodical dredging plan for the Chao Phra River, etc.

{2) Flood Control Plan in BMA Area

Installation of the drainage facilities in Bangkok side has been completed with the major
facilities and shifted to development of the facilitics in the subdrainage areas. In
Tonburi side, construction projects of the main pumping stations have started
development since merely in 10 years ago and the projects shall be continued and be
accelerated from now on.

Structural measures have took an effect on flood protection with the capacity as it is.
Flood flow increase in the recent years tend to exceed the capacity of the existing
facilities. Destruction of the tropical forest and land development projects cause more
stormwate flow discharge in nowadays. Flood protection and drainage plan in future
shall be associated with the non-structural, soft measures, to control stormwater run off
in the river basin planning.

Vacant areas or the occupied areas squatters exist along both sides of the khlongs can
be developed for retention ponds. Development of the retention pond in small area
may be constructed a deeper pond by diaphragm wall method.

Abandoned sand borrow pils scattered in the north east of Bangkok, Min Buri, Nong
Chok districts are also expectable for the retention ponds. The borrow pit of the area
100 rai, or 16 ha, can store water more than 1 million cum since , generally, the pit is
dug to the sand stratum which lies at the level approximately 20 to 25 m below the
ground level. The stored flood water may be discharged back to the khlongs or '-“-'“FEd
for groundwater rﬁhan?ng purpose. Those deep retention pond plan shall be required
to design by gravity inflow and pumping out flow systems.

Bangkok Flan presented 14 places of the existing and proposed retention area having
the total area of approximately 400 ha or the storage volume of 16 million cubic meter.
The plan envisage the retention area using as the public parks in dry season.

Those retention area will be functioned effectively to cut the peak flow discharge in the
subdrainage area to minimize an excessive investment as designed by the peak flow.
The main drainage system shall be reviewed to maximize the flood water carrying
capacity by the network of khlongs and the pumping stations. A comprehensive flood
control management system shal?be established including the flood plain management
covering each subdrainage area.

DDS, BMA is conducting a review study over the whole BMA Area except for the
eastern part of the King's Dike by the contract with a associated group of the
consultant companies. Points of reviewing the flood control system shall include review
of the runoff coefficient, the capacity of existing canals and pumping stations of the
main drainage systems and subdrainage systems, coordination with the on-going
sewage projects, introduction of flood plain management plan, selection of feasible
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stormwater retention areas or ponds, review of the flood protection polders in
connection with the flood protection plan in outer area, etc.

(3) Flood Control Plans in Eastern Suburbs and Western & Northern City Boundaries

Applying the concept of hierarchy system into the planning, the primary drain and the
tirtially drain may be located with the Chao Phraya River and the khlong network in the
city area. However, the effective secondary drain can not be located in both of the East
and West banks. The Khlong Thanon, Khlong Lat Phrao, Khlong Saen Saep, Khlong
Tan and Khlong Prakanong line in the East Bank and the Khlong Tawee Wattana,
Khlong Phasicharoen, Khlong Sanam Chai, Khlong Maha Chai or, Khlong Khoon
Ratpinidjai line may be functioned as the secondary drain. However, these floodways
do not function well due to the scale and the installations against flood control
measures.

Installation of the secondary drain or called the floodway holds a key to solve the flood
problem in BMA Area drastically. The Gham Ling project in the West Bank and the
floodway project targeted for the conservation in the East Bank and New Bangkok
International Airport can be developped to have a function for the secondary drain.
What is called the Chao Phraya River 2 Plan has been in discussion from time to time
for more than 20 years but the plan was not implemented due to difficulty in land
acquisition and financial burden. It is about the time to spotlight onto this plan as to
attain a sustainable development of the city of Bangkok in the next centuries.

The Royal Irrigation Department (RID) is conducting study and construction of the
facilities in cooperation with DDS, BMA, Public Works Department(P'WD), Ministry of
Interior and other government agencies concerned. These projects mentioned above,
initiated by the King, basically consist of securing the floodways connected to the sea
and the flood plain management by the retention ponds, are the main subjects to be
studied in detail. with the topics including as follows.

Widerﬁozg and improvement of the existing khlongs will be the practical way to secure
the flood ways running to the coastal area at Samut Prakarn in the East Bank and at
Samut Sakhon in the West Bank.

In the eastern suburbs, Khlong Nguhao and Khlong Jorake Yai have high potential
conditions to achieve the objectives. These khlongs are running across the site of new
international airport, Nong Nguho, however these alignment of the khlongs will be
replaceable by designing the ditches surrounding the airport to carry stormwater
discharge from the eastern suburbs.

e

(4) Strategic Plan in The 5th BMA Five Year Development Plan

The programs were drafted by the Department of Drainage and Sewerage, BMA to
develop, operate and maintain the flood protection and drainage facilities to protect
the city from flood damages. The coming Five Year Plan is emphasized on construction
of flood protection and drainage facilities in Thonburi side since the major part of the
system in Bangkok side has been constructed in the previous and current Five Year
Plans. In Bangkok side, flood control is practiced by introducing the flood plain
management to retard stormwater runoff to cut peak flow and release in low water level
period of the floodway. The major development projects in the Five Year Plan were
listed below and summarized in the following paragraphs.

Program 1: Flood Plain Management

Program 2: Construction of Drainage System in Phra Nakhon
(Bangkok) Side

Program 3: Construction of Drainage System in Thonburi Side

Program 4: Construction of Embankment along the Chao Phraya River in Bangkok
Section and Khlong Bangkok Noi

Program 5: Construction of Flood Protection Barrier in Southern
Ihonburi
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Construction of Flood Protection and Drainage in
Bang Phlat and Bangkok Noi Districts

Survey, Study and Preparation of Master Plan for
Sub-Polder System in Bangkok and Thonburi
Development and Improvement for Cleansing and
Beautification of Khlongs in Whole Bangkok Area
Activities of the Strategic Plan

Program 1: Flood Plan Management

Program 2:

Program 3:

P'rogram 4:

1)
2)

3)
4)
5)
6)

Procurement of Public and Private Lands for Stormwater
Retention

Improvement of the Existing Flood Wall, Ponds, etc. to dam
up water for Flood Protection

To specify the Preservation Areas for Stormwater Retention
To install Signboards at the Flood Risk Areas

To mark Flood Water Levels in the Past

To Prepare Flood Risk Area and Flooded Area Maps

Construction of Drainage System in Phra Nakhon(Bangkok) Side

1)

2)

To support Main Drainage System in Urgent Period by
providing stormwater retention areas at Nong Bon Pond,,
Phibulwattana Fond, Krom Prachasamphan Pond and
Phong Krathiam Pond to save budget for reducing the scale
of Pump Station, Large Drainage Pipes and Gates

To improve inner drainage system by dredging and
construction of Drainage Tunnel to discharge stormwater
efficiently to the River and Sea

Construction of Drainage System in Thonburi Side

1)

2)

3)

To improve drainage system in Phetkasem Road, Buddha-
Monthol Road, Pinklao-Nakhon Chaisri Road, Charoen
Nakhon Road, etc. where suffering flood damages every
year

To improve main drainage khlongs by constructing concrete
retaining wall, pump stations, gates and drainage pipes

To provide retention area for supporting and increasing
efficiency of drainage system

Construction of Embankment along the Chao Phraya River in Bangkok
Section and Khlong Bangkok Noi

1)

2)

3)

Construction of Embankment approximately 37 km including
appurtenances such as walkway etc. in East Bank of the
Chao Phraya River

Construction of Embankment approximately 18.3 km
including appurtenances such as walkway etc. in West Bank
of the Chao Phraya River

Construction of Embankment approximately 5.6 km

including appurtenances such as walkway etc. in along the
Khlong Bangkok Noi in Thonburi
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Program 5: Construction of Flood Protection Barrier in Southern Thonburi

1) Construction of 18 water gates and one pumping station in
Bang Khun Thian, Nong Khaem and Ratburana areas

2) Construction of Embankment approximately 4 km in Nong
Khaem

3) Construction of 4 water gates in Bang Khun Thian
4) Construction of flood wall approximately 6 km in Bang Khun
Thian to prevent waste water flowing into animal farms
Program 6: Construction of Flood Protection and Drainage Facilities in Bang Phlat
and Bangkok Noi Districts

1) Construction of embankment approximately 17.3 km along
the Chao Phraya River and the Khlong Bangkok Noi

2) Construction of 51 gates and pumping station
3) Improvement of the khlongs approximately 33.9 km
4) Installation of drainage pipes approximately 47.4 km
5) Improvement of drainage pipes approximately 48.8 km
Program 7: Survey, study and preparation of Master Plan for sub-polder system in
Bangkok and Thonburi

1) Study and formulation of Master Plan for sub-polders in BMA
area except some part of Bang Phlat and Bangkok Noi

2) Feasibility Study of the projects and prioritization

3) Detail design of sub-polders including water gates, pumping
stations, improvement of the khlongs, etc.

4) Preparation of tender documents for construction works
5) Preparation of existing and proposed drainage system maps
Program 8: Development and Improvement for cleansing and Beautification of the
khlongs in BMA Area
1) Development, cleansing and improvement of the khlongs
not less than 933 khlongs in 38 districts
2) Beautification, provision of relaxation spots, water

transportation and drainage functioning
5.4 Planning Targets and Framework

(1) Planning Targels

Establishment of the system of “Flood-Free Urbanization” is not achieved simply by
installing the flood control facilities but it will be required to take measures for overflow
problem from the Chao Phraya River and urban growth control measures to minimize
increase of run off coefficient. The planning issues discussed earlier including
development of flood protection and drainage facilities, land use control and urban

growth management are the key elements to take comprehensive measures against
tlooding in BMA Area.

Accordingly, the target for planning of the flood protection and drainage system shall
be put basically on the point to take measures against the causes of man-made flooding
as well as against the natural-cause flooding to create “ Flood-free Urbanization “ for
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the next centuries and the drainage facilities may be designed to 5 year probability
rainfall intensity for practical means.
(2 )Proposed Action Plan to Achieve the Targets

As described earlier, the action plans for flood protection work shall be prepared on
the view point to take measures for both natural and artificial causes to create “ Flood-
free Urbanization “ for BMA Area and the surrounding provinces. To this target, the
Study Team proposed the action plans presented as follows.

1) For Development of Flood Protection and Drainage Facilities
Action Plan 1 :  Flood Control Plan in Low Area along the Chao Phrayva River

Present Situation as of 1995

* Due to increase in stormwater run-off and high tide, the flowrate of the Chao Phraya
River exceeded the maximum carrying capacity, thereby resulting in water level rise
and overflow

* Embankment along the lower Chao Phrarya River section is not always high enough
to protect the area from inundation in high water period in the end of wet season

Action Plan during 1997 - 2001

* Implementation of the urgent projects to raise the embankment level along the Cho
Phraya River and Khlongs in Bang Phat, Bangkok Noi, and Bangkok Yai districts

* Formulation of Comprehensive Water Management and Flood Control Master Plan in
the Lower Chao Phraya River Basin in collaboration with RID /PWD

* Start construction of the floodwall water diversion project based on the
recommendations of the Master I’lan in collaboration with RID /PWD

Action Plan during 2002 - 2006

* Continuation of the flood water diversion project based on the recommendations of
the Master Plan in collaboration with RID/PWD

Action Mlan 2 : Flood Control Plan in the Polder System (Draft Plan)

Flood protection and drainage facilities inside of the polder system have been
developped for its major facilities and have functioned for drainage in the central part
of the city. Construction works is shifting to the development projects in the sub-
drainage area and improvement of the existing facilities as well.

Action Ilan 2 endorse those strategic plans proposed for the 5th Five Year Plan and at
the same time add the non-structural measure projects to be developped together with
the future land use planning. The flood plain management planning shall be

implemented in collaboration with the authorities concerned with the city planning and
land procurement.

Note) Action Plan 2 will be adjusted waiting for the on-going study reviewing the
Master Plan in Eastern Suburbs expected to be finalized in two moths

Present Situation as of 1995
* Main part of the BMA Area is protected by the polder systems

* Major drainage facilities in the East Bank have almost completed and the
development projects are underway in the East Bank

* Stormwater run-off tend to increase caused by urbanization

* The Flood Control Master Plan for the East Bank is now being reviewed to meet with
future urbanization condition and land use patterns
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* Settlements and foreign matters sometimes block the drainage system and cause of
flooding in local areas

Action Plan during 1997 - 2001

* Complete the projects in sub-drainage areas in the East Bank

* Accelerate the development projects in the West Bank

* Land inventory survey and procurement of sites for flood water retardation purpose

* Implementation of the urgent projects proposed in the master plan for Flood
Protection and Drainage Systems in Eastern Suburban

* Review of the flood control Master Plan in the West banks

* [Implementation of the flood plain management projects in suburban areas and
drainage control linking with the main drain system in the East Bank

* Strengthening of the flood control center for regional level flood monitoring and
forecasting

» Strengthening of cleaning and dredging work for drain pipes and khlongs
Action Plan during 2002 - 2006

* Implementation of the flood plain management projects based on the proposed plan
in the revised Master I'lan for the West Bank linking with the main drain system

* Completion of the flood plain management facilities in the East Bank

* Continuous operation and maintenance of the flood protection and drainage
facilities both in the East and West banks

Action Plan during 2007 - 2011
¢ Completion of the flood plain management facilities in the West Bank

* Operation and maintenance of the total flood control system supported by the
facilities developed for the structural and non-structural measures

Action Plan 3 : Flood Control Plans in Green Area and City Boundary Area
Present Situation as of 1995

* Drainage system in the Green Area and out side of the polder system in the
surrounding area the BMA city boundary are not adequate and ineffective

* Stormwater flow is interrupted by the dikes and flood control gates and thereby
causing severe flooding problems in outside of the polders

Action Plan during 1997 - 2001

* Land inventory survey along the routes of the floodways based on the
comprehensive flood control Master Plan

* Design of the floodways in the East Bank

* Planning and design of the flood management facilities

* Review of the Gham Ling Project and strengthening the system if necessary
Action Plan during 2002 - 2006

* Design of the floodways in the West Bank

= Start construction of the floodways in the East Bank

* Start construction of the flood plain management facilities in the East Bank
Action Plan during 2007 - 2011
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¢ Start construction of the floodways in the West Bank
« Completion of the floodways and full system operation & maintenance
« Completion of the flood plain management facilities in the West Bank

« For Rational Priority of Urbanization Process

Action Plan 4 : Control of Land Development Projects to Minimize Stormwater
Run OFf

Present Situation as of 1995

¢ Stormwater run-off is increasing due to uncontrolled land development without flood
protection measures

* The current standards are not enforced effectively to regulate stormwater flow
Action Plan during 1997-2001

* To study the Building Code and the relevant Laws, Royal Decree, regulations,
standards to add, alter or modify the articles to cope with increase of run-off
coefficient caused of land development projects

« Enforcement of the Building Code for the land development projects to obligate
installation of stormwater regulation facilities

Action Plan during 2002 - 2006

« Review of the situation of enforcement of the Building Code and adjustment if
necessary

* Continuous administrative control for the land development projects
* For Control of Environmentally Preserved Land

Action Plan 5 : _Urbanization Control in the Green Area to Conserve Stormwater
Retention Area

Present Situation as of 1995

* Urbanization is in progress in the Green Area

¢ Current Bangkok City Plan or the General Plan, is not always effectively enforceable
to control land development projects in the Green Area

Action Plan during 1997-2001
= Authorization of the land use plan in the Bangkok City Plan

+ Establishment of a standardized control system for land development projects in
respect of flood control

* Restriction of land development projects in the Green Area

Action Plan during 2002- 2006

* Review of the land use plan and adjustment if necessary

= Review of the land development regulations and adjustment if necessary

+ Maintenance and conservation of stormwater retention area
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CHAPTER 6: WATER QUALITY

6.1 General

Water quality survey was carried out to document a state of current water pollution
problems in the Khlongs in BMA Area. In addition, water samples were collected from
waste water discharge points and from drainage pipes to make a use of water pollution
load analysis. Actual survey works for sampling and water quality tests were sublet to
the Thai environmental consultant company to conduct the services under the direction
of the JICA Study Team with a support and cooperation provided by Department of
Drainage and Sewerage (DDS), BMA.

The first survey, Water Quality Investigation on Major Khlongs in BMA were carried
out through water sampling from 28 points out of the khlongs and the Chao Phraya
River for wet and dry season, started in November 1995 and finished in February
1996 Meanwhile, the other survey, Investigation on Prediction of Water Pollutants
Loads in BMA Area, was carried out during from January to March 1996 with 53
sampling points by which the water samples can represent the source of each type of
wastewater.

In addition to the field surveys conducted in connection the study concerned, past
datum were collected for water quality in the city khlongs and the Chao Phraya River
respectively from DDS, BMA and Pollution Control Department (PCD), Ministry of
Science, Technology and Environment.

The results of the survey were analyzed and presented the summary as shown in the
following sections.

6.2 Water Quality Survey in the Major Khlongs in BMA Area

(1) Purpose

This water quality test was conducted at the representing points of the major khlongs
running in both banks of the Chao T’hraya River. The survey is aiming at investigate
distribution of the water pollution area in the city and check the seasonal differences
between the wet and the dry seasons. In addition, the existing past test records were
collected from DDS and analyzed for searching the tendency of the elapsed-time
changes of water pollution from the past to the present days.

(2) Conditions of Investigation

Water sampling, test and analysis are conducted based on the following conditions:
1)Sampling Points

Khlongs in Bangkok Side : 13 points
Khlongs in Tonburi Side : 10 points
Chao Phrava River : 5 points

Total : 28 points
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2} Freguency of Sampling
Wet Season 1 time and Dry Season 1 time

Water sampling in dry season was conducted during 7 to 20 November, 1995 in
consideration to avoid the abnormal high water level conditions in this year. Meantime,
Water sampling for the dry season was carried out during 6 to 16 January ,1996.

3) Water Quality Parameters
pH/ DO/ PO4/ NH4/ NO3-N/ Tr/ COD/ T-Cr,T-CN/ Pb for each water sample

4) Test Device
Water Test Kit, KYORITSU Model M-WAL-M

(3) Water Quality Test Results

Fig. 6.1 (1/2) & (2/2) show the summary results of the surveys conducted by the Study
team. The figures show the relative level of water contamination expressed with DO
and COD observed in wet and dry seasons.

1) Test results in Wet Season

From the test results, the higher concentration areas are spreading considerably over
the central areas in Bangkok and Tonburi sides judging from the indices of Dissolved
Oxygen (DO) less than 5 mg/lit and of Chemical Oxygen Demand(COD)more than
30 mg/lit. Out of the total 28 water sampling points, 17 points shows less than 5
mg/lit in DO and 8 points exceed 30 mg/lit in COD. All the 8 higher COD points
coincided with the lower DO points.

Sampling points in the north-east of Bangkok , Lat Krabang, Min Buri, etc. and the
nortﬁ city boundary of Tonburi in Taling Chan, do not show remarkable water
contamination in wet season.

In the previous years, the khlong water quality in the eastern suburbs of Bangkok had
been improved in wet season and this is because of the inflow from the eastern
khlongs. But water quality in this year deteriorated because of control of water gates
in the eastern suburbs to stop inflow to the minimum extent for protection of the
central area of Bangkok from flooding or due to increase of water pollution loading.
Whatever may be the causes, it seems that the water pollution area is expanded to
the suburbs gradually by keeping the same direction and pace of urbanization.

2) Test Results in Dry Season

The water quality survey in dry season was conducted by the Study Team at the
same sampling points conducted in wet season. Out of the total 28 water sampling
points, 20 points shows less than 5 mg/litin DO and 10 points exceed 30 mg/lit in
COD. All the 10 higher COD points coincided with the lower DO points.

As well as the results in dry season, the sampling points in the north-east of
Bangkok, Lat Krabang, Min Buri, etc. and the north city boundary of Tonburi side in
Taling Chan, do not show a sign of serious water contamination in dry season.

3) Comparison of Water Quality in Wet Season and Dry Season

Water quality test results conducted by the study shows that 10 sampling points are
in worse condition in dry season compared with 8 sampling points in wet season.
The result do not indicate any significant improvement in wet season through
rainfall. But, on the contrary, unlike the normal phenomena observed in BMA, water
quality in the far eastern part of the BMA Area is improved in dry season. This
phenomena may be due to control of water gates close in wet season and open in dry
season and water pollutants are diluted by the flow entering from the ecastern
khlongs in dry season but the flowrate may be too low to be effective for entire zone.
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6.3 Investigation for Prediction of Water Pollution Loads in BMA Area

(1) Purpose

The investigation is intended to make use the results for prediction of the amount of
pollutants generated from different types of watstewater sources al present and in
future in BMA Area by means of BOD which is one of the major water pollutants to
represent the state of pollution in the Study area.

(2) Conditions of Investigation
Sampling Points and Frequency of Sampling

Fifty three (53) sampling points were chosen from the entire study area for different
types of wastewater sources . Waler sampling was conducted in the dry season to
avoid the influence of rain water dilution. Three water samples were taken from each
sampling point.

1) Wastewater Sources

Residential Area/ Commercial Area/ Mixed Areas/ Factories or Industrial Estates/
Office Buildings/ Restaurants/ Hotels/ Condominiums/ Fresh Food Markets/
Hospitals/ Department Stores/ Schools/ Others

2) Water ( Juality Parameters
pH/ BOD/ COD/ 55/ DO/ T-N/ T-P/ Flowrate

3) Sampling Period
From 17 January, 1996 to 1 February, 1996.

4) Water Quality Test Results
Summary of the BOD Loading survey is shown in the following Table 6.1.

Table 6.1 Summary of BOD Loading for Different Wastewater Sources

Sampling PointNo.  Wastewater Sources  Average BOD
1 Industrial Area 0
26 Hatal 193
78 Hospital 83
10-12 Condominium 85
1317 Restaurant 617
18-22 Office Building 228
23-25 Department Store 556
26-28 Fresh Food Market s
28-41 Mixed Area 105
42-53 Residential Area 130

Unit BOD loading for various types of waste water ranges from 83 g/m3 to 771 g/m3
from hospitals and from fresh food markets respectively. Mixed land use area
including commercial area, offices, hotels, department stores, etc., shows 105 g/m3 in
terms of unit BOD loading in average. Meanwhile, waster water discharged from
residential area including housing estates, town houses and single houses indicate 130
g/m3. Table 6.2 tabulate the process of unit BOD loading calculation.




BEIP-STUDY: FINAL REPORT: CHAPTER &

15880 B 7442350 —Tnoustial Area

1
2 320 220 T3.800 Hotel
3 5178 G0 16G.408 Hated
4 BED 140 91.000 Hotel
5 T0as 47 33.068 Hatal
6 5118 270 138.132 Huakizl
T 150 190 28 500 Hospital a3
8 6000 a0 430.000 Hospital
® 3053 HE 28 308 Hospital
10 226 49 11.026 Condominium B5
1M1 2627 ad 11.118 Condominium
12 2r2@e 154 42.011 Condaminiurm
13 a4 650 45.110 Reslaurant 817
14 468 BIT 28771 Restaurant
15 48,5 200 38.880 Restaurant
16 544 470 25 568 Restaurant
17 G8.7 572 34 2846 Restaurant
18 Ba2 53 5.099 Private Office 20
18 2237 &8 15.212 Private Offica
20 4812 58 27.910 Privata Offica
M 348 720 218.312 Privata Office
22 1583 130 20,579 Privaie Office
23 1748 480 83,904 Dapartmant Stora 558
24 413 530 218.880 Departmant Store
25 450 610 274 6500 Do parbment Store
28 1287 a10 1"r.nr Fresh Foods Market 7
& s 38a 7.954 Frash Foods Market
28 20.4 280 5712 Fresh Foods Market
e 51.4 140 7.194 Mixed Asea | [ 71 105
an 7i5 100 T.350 Mixed Ares | Avg. af Mixed Area
k| 118 250 3.016 Mixad Araa |
32 16.7 24 0401 Mixed Area |
33 175 H4 11 488 Mixesd Area Il i) 58
34 22248 BE 14 892 Mixed Area I
35 123 LS 3813 Mixed Area Il
36 430 126 54.180 Mixad Area i {1
ar AGH 126 5H BEB Mixed Area i
4H a4 10 A.740 Mixed Area Il 154
| 472 154 T.289 Mixad Araa 1l
40 51 180 B 880 Mixed Araa 11
41 21 140 2.940 Mixed Area Il
42 1300 144 187.200 NHA 130
43 5000 100 500.000 NHA
44 16 1840 41401 580 MHA
45 108 a2 12.068 School 107
48 45 118 §.355 School
47 ) 97 5603 School
48 0.58 11 0.064 Torwn House as
48 0.4% &1 0.029 Town House
&0 0.88 78 0.054 Tawn House
51 1.6 120 0216 Single House 146 130
52 207 250 D618 Single House Avg. of Resadential Arsa
53 18 58 0.110 Single House NHA Town  House, Syl

Howses




BEIP-STUDY: FINAL REPORT: CHAFTER &

(3) Khlong Water Quality Monitoring Data by DDS

Water quality monitoring data of the khlongs in BMA area during the last 6 years from
1990 to 1995 was collected from DDS, BMA for more than 228-550 water samples
from 73 monitoring stations located in major khlongs in BMA Area and analyzed for
Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD5) as indicated in the
following paragraphs.

1) Trend of Annual Water Quality Change

Fig. 6.2 indicate annual changes of average DO and BOD values for all the data in each
year. In the last 6 years, DO change from 0.66 to 1.88 mg/lit and BOD change from
2445 to 23.43 mg/lit with the highest value at 29.94 mg/lit in 1992. in the last 6 years.
]ud?'.ng from these values, water pollution level is high but there is a sign of water
quality improvement in the city khlongs in BMA Area.

2) Water Quality in the East and West Banks

Difference of water quality in the khlongs between the East Bank, Bangkok side and the
West Bank is indicated in Fig. 6.3. DO in the East Bank change from 0.43 to 1.70
myg /lit, whereas DO in the West Bank changes from 1.09 to 2.56 mg/lit with the lowest
annual average value at 0.80 in 1993. Meanwhile, BOD in the East Bank changes from
27 to 24 mg/lit and it changes from 19 to 22 mg/lit in the West Bank. Representative
water quality parameters, DO and BOD, shows that the water quality in the East Bank
is slightly worse than that in the West Bank. Water quality shows somewhat
improvement in both Bangkok and Tonburi sides but the level of water pollution is still
high for the people residing along the khlongs to live a comfortable life.

3) Water Quality in Wet and Dry Seasons

Trend of water quality differences between the wet and dry seasons were analyzed and
summarized in Fig. 6.4. As learned it from the graphs, there is no distinctive difference
between the seasons. That means, even in the wet season the level of water quality does
not improved from high pollution level throughout the BMA Area. However, on the
contrary, close observation on the khlongs in Rathanakosin Area show that the water
quality in dry season is improved with the effect of introduction of the Cho Phray river
water into the khlongs operated by DDS since 1990 for flushing or dilution of water
pollutants. In other words, the Khlong Water Quality Improvement Project is effective
to keep a possible water quality deterioration in dry season to almost the same water
pollution level in wet season.

Fig.6.5 (1/2) & (2/2) show the water quality test data analyzed for the seasonal change
for the year 1995. Four teen (14) points out of twenty (20) points show less than 2
mg/lit in DO and higher than 15 mg/lit in BOD in dry season. In wet season, the
number of water contamination point increased by one(1) point and become fifteen (15)
points. As well as the results mentioned above, seasonal change is not clearly shown in
the figure but the water pollution areas are observed over the widely spreaded area in
both Bangkok and Tonburi area.

6-6
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Fig. 6.2 Trend of Water Quality in the Major Khlong of BMA Areas during 1990-95
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Fig. 6.3 Water Quality Changes in Major Khlongs in East and West Banks
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Fig. 6.4 Trend of Water Quality in Wet Season & Dry Season in the Major Khlong
of BMA Areas during 1990-1995
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Fig. 6.5 (2/2) Annual Average BOD/DO in Major Khlongs (Dry Season-1995)
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(4) The Cho Phraya River Water Quality Monitoring Data by PCD

An analysis of water quality was made on the basis of the data collected from
Pollution Control Department, Ministry of Science, Technology and Environment for the
last 17 years from 1978 to 1994. Three monitoring points, from the up stream reach,
Rama 7 Bridge, Krungthep Bridge, and confluence with the Khlong Prakanong, were
picked out to show the water contamination level along the river in Bangkok section
and each monitoring point locate 58 km, 41.5 km and 27 km respectively from the
estuary of the Chao Phraya River.

Average values of DO and BOD in the last 17 years were calculated to show the water
pollution level along the stream and found that the water pollution level is increasing
gradually from the up stream to the down stream reaches as tabulated in the following
Table 6.3.

Table 6.3 Water Pollution Trend along the Cho Phraya River

~ Avg. DO (mghi)

Mos, of DO Samples 13 16 18
Avg. BOD (mg/lit) 2.76 2.60 1.90
MNos. of BOD Samples 13 15 156

Data Source - PCD, MOSTE

Annual change of DO and BOD was shown in Fig. 6.6 for the three monitoring points
from 1978 to 1994. Change of annual water pollution level is not clear because of the
missing datum and fluctuation of the data but the trend line of DO declines from
around 2 mg/lit in 1978 to 1 mg/lit in 1994, whereas the trend line of BOD ascending
from around 2 mg/lit in 1978 to 3 mg/lit in 1994. BOD level is still lower than that
noticed by the environmental standard, 4 mg/lit in the Bangkok section. The state of
water pollution level on the basis of DO and BOD can be mentioned that it would not
take long time as the water pollution level exceed the environmental standards in the
lower reach of the Bangkok section unless water pollution control projects, such as the
development of sewage systems are immediately implemented by the authorities
concerned.
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Fig. 6.6 (1/2) Annual Changes of DQ in the Chao Phraya River
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Fig. 6.6 (2/2) Annual Changes of BOD in the Chao Phraya
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CHAPTER?7: SEWERAGE SYSTEM

7.1 General

Increasing water consumption in domestic, business and industrial activities generated a
large amount of water pollutants, especially in the densely populated areas and caused of
waler pollution in the klongs as well as in the Chao Phraya river.

Water pollution problems in the khlongs has been pointed out in the core area of Bangkok
since 1960's. In spite of the recommendations in many studies and the reports in early
stages of water pollution problem, implementation of the sewage projects were not
materialized until the Sipraya Sewage System started operation in the end of 1994,

The Sewage Master Plan, "Bangkok Metropolitan Region Wastewater Management Master
Plan" issued in March, 1993 by the Pollution Control Department(PCD), MOSTE,
formulates the sewage systems in BMA Area and the municipalities in the vicinity areas.

Decentralization policies and plans of the Government and the Bangkok Plan, the city
planning for BMA Area, prepared by MIT, EC consultant teams and the Department of
Policy and Planning, BMA towards the 5th BMA Five Year Development Plan, 1997-2001,
and other infrastructure projects by government agencies including mass transit and roads
projects, would influence the changes of future land use ‘j::attem, population distribution,
etc. Accordingly, the sewage master plan shall be proposed in line of the restructuring plans
for the city of Bangkok to improve the deteriorated environmental quality and retrieve
nature to the Chao Phraya river and the klongs in the area.

7.2 Assessment on Present Condition

(1) Current Sewage System

1) Implementing Agency

At present, Wastewater Quality Control Division of DDS, BMA take charge from
planning to operation and maintenance of the sewage systems within the
administration boundary of Bangkok.

2) On-zoing Sewage Projects

As of December, 1995, there are 6 sewage projects including 7 sewered areas have
implemented in the central area of Bangkok. Locations of each projects and some more
detail information is shown in Figure 7.1 and Table 7.1 respectively. After completion
of the projects, the total sewage treatment capacity will reach at 992,000 cum/day in
terms of dry weather flow for the sewered population of approximately 2.86 million.
Comparing with the water consumption records of the whole water service area of
MWA in the fiscal year 1995, which is 870.3 million cum. per year, the coverage of
sewered area reaches at about 41 percent.
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Table 7.1 On-going Sewage Projects in BMA Area

ProjectName = Progress of Works ~ Plant Capacity
st dal e R O e dag) Bl s
1. Sipraya plant operation 30,000

2. Rattanakosin under construction 40,000

3. Bangkok (Stage 1) under construction 350,000

4. Yannawa (Stage 2) under construction 200,000

5.1 Nong Khaem & construction started 157,000

Phasicharoen (Stage 3)
5.2 Ratburana (Stage 3) construction started 65,000
6. Chatuchak (Stage 4) preparation of TOR 130,000

Mote: Reference shall be made to ¥ Environmental Atlas “ for location of the project
Source : Department of Drainage ans Sewerage, BMA

(2) Wastewater Management Authority (WMA)

The Royal Decree to establish the new organization "Wastewater Management
Authority(WMA)" was enacted on 20 July, 1995 to control wastewater projects within
the "Waste Water Management Area (WWM Area)" in Bangkok Metropolis, Nakhon
Province, Nonthaburi Province, Pathum Thani Province, Samut Prakarn Province and
Samut Sakhorn Province. Since then, a close coordination is required among the sewage
works agencies such as PCD, MOSTE, Public Work Department (PWD), and DDS,
BMA for budgeting and implementing towards coordination for implementing the future
wastewater projects in the WWM Area under the WMA administration.

Objective of the WMA stipulated in the Royal Decree is comprehended that the WMA
realize a common/combined/central/regional wastewater treatment system in the
WWM Area and provide and conduct the services and activities continuously and
economically for establishment of the efficient wastewater treatment system.

Authorized power for management and other important roles were cited from the Royal
Decree and attached to APPENDIX :"WATER-RELATED ENVIRONMENT" (separate
cover).

7.3 Policy Direction and Planning Issues

Sewage system in Thailand is designed not only for the facilities to reduce water pollution
loading to the public water courses but also for the function to support drainage because of
the sewer system designed in most of the municipalities by the combined sewer system.
However, the primary role of the sewage system shall be designed for the facilities to
contribute toward water quality conservation in the public water course.

Tendency of the society and the advanced technology of recent years has come to require the
sewage system to consider the worldwide tendency for establishing the energy-saving society
into design. Accordingly, reuse of treated sewage, treatment and resource recovery of sludge
and low-energy-consumption design of overall sewage system are the important factors Lo
formulate the development plan in respect of energy-saving concept in mind. Considering
these factors, the major five issues were selected and described in the following sections.

This section also include the strategic plan drafted by DDS for The 5th BMA TFive Year
Development Plan and the prediction of sewage amount in 2011 putting together with every
issues related with future planning.
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(1) Sewage Master Plan and Stage Development

The Sewage Master Plan by PCD determined the sewered area in BMA into 24 zone
and formulated the 3 phase implementation plan for the remaining 18 zones including
Chatuchak and Lad Phrao districts as shown in the followings. Table 7.2 and Figure
7.1 shows a basic information for stage development of each sewage zone proposed in
the Sewage Master Plan by PCD.

Table 7.2 Stage Development in Sewage Master Plan
Phasing = _ Design Sewer Construction  STPConstruction
First Phase(5-10 years)
First Group : X X X
Second Group: X X
Second Phase(10-15 years)
Second Group: X X
Third Group : X
Third Phase(15-20 years)
Third Group : X X
Mote: First Group include & zones Zone 14, 15, 4, 6, 6, 7, 3and 2

Second Group include 4 zones
Third Group include & zones

Zone 1, 10, 16 and &
Zone ', 11,17, 18, 12 and 13

Source : "Bangkok Metropolitan Region Wastewater Management Master Plan”, 1993, PCD, MOSTE,

The Master Plan shall be updated, reviewed and modified considering the current and
future conditions related such as the new Bangkok city plan, direction of urban growth
in future, coordination with drainage plans, available construction sites, administration
issues concerned with MWA, etc.
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=1 Sipraya

B : Rattanakosin

B+ Bangkok (Stage 1)

O+ Yannawa (Stage 2)

B = Nongkhaem/Phasicharoen

M = Ratburuna (Stage 3)
M ‘' Chatuchak (Stage 4)

Figure 7.1 Sewage Development Zones in Sewage Master Plan (GIS Map reduce
to A3, Sewage Zoning Proposed by PCD )
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{2) Procurement of Construction Sites

Every on-going sewage projects procured the public land for construction of the
wastewater treatment plants. However, the land area of each site is too small to layout
the facilities with standard design for easy operation and maintenance, except for the
construction site of Nong Khaem - Phasicharven Project secured at a corner of Nong
Khaem Final Disposal Site. The following data indicates the plant area of the on-going
projects to unit sewage treatment capacity.

Table 7.3 Plant Site Area per Treatment Capacity

Treatment Plant Plant Capacity Site Area . Per Unit Area
b : (m3iday) m2) . (m2Imdday)
1. Sipraya 30,000 1,600 0.053
2. Rattanakosin 40,000 5,400 0.180
3. Bangkok (Stage 1) 350,000 27.200 0.078
4. Yannawa (Stage 2) 400,000 32,000 0.080
5.1 Nong Khaam & 157,000 83,200 0.530
Phasicharoen (Stage 3)
5.2 Ratburana (Stage 3) 65,000 14,400 0.222
6. Chatuchak (Stage 4) 130,000 11,200 0.086
7. Tokyo(10 Plants) 6,233,000 2,880,693 0.464
Mote:  The mark * indicates the plant capacily afler completion of Phase 2 construction

Securing the construction sites will become a key factor for BMA to develop the sewage
system in future. Investigation to inquire into ownership of the public lands being
carried out recently will result a great effort in advance as the sewage project will begin
with the planning to locate the construction site. In other words, it should give the
priority for implementation of the sewage system development depending upon the
zones where the construction sites are procured. Land procurement is an important
and urgent matter for BMA to implement the sewage projects on schedule. Moreover, it
should be noted again that securing the construction site with a sufficient area will
enable the operation and maintenance wise treatment process design.

(3) Installation of New Stormwater Drains by District Offices

Main Drains have been installed along the most of the major roads in BMA Area and
the branch drains are installed in sois under the responsibility of each District Office.
These drain pipes are to be used as a combined sewers to collect and convey
stormwater to the nearby interceptors before discharged into the klongs. Judging from
the on-going sewage projects adopting the combined sewer systems, the future sewer
system will also be designed to make use of the existing stormwater drainage system as
a combined sewer system although required to study the economic and technical
soundness for searching the possibility of the separate sewer system in the area where
the drainage facilities are not installed up to present days.

Size of the pipe, direction of the flow, location of outfalls, etc. are the major factors
require collaboration work between the District Offices and the head office, DDS, BMA
and the other authorities concerned.

(4) Saving Water to Reduce Loading to the Nalure and Economize Plant Capacity

Wastewater generates as people use water. Reducing water consumption will bring
about discharge of pollutants to the public water courses to the minimum extent and
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possibly reduce the capacity of the wastewater treatment plant and increase economic
feasibility of the projects.

Waler pollutants for example, detergents and food oil are commonly consumed in home
and discharged to the public water course every day. Excessive amounts of Phosphate,
ABS, etc., are the major possible cause of eutrophication in ponds and the slow-flow
khlongs. Increase of water pollutants has been carried in with improvement of quality
of life and the people take it for granted.

“Saving Water” and “Reducing Water Pollutants” are the key phrase for betterment of
life in comfortable urban environment. Water quality conservation need participation of
individual people and the social change in awareness to the value of the nature. If the
sewage flow increase continuously, the infrastructures such as the sewage system
always need expansion of the facilities with a large amount of expenditure for
investment forever.

Accordingly, the public campaigns to inspire the consciousness of the people that
“Saving Water” and “Reducing Water Pollutants” are essentially required for
establishing the water-environment friendly city of Bangkok.

(5) Khlong Water Quality Improvement Project (Clean and Green Khlongs Project or
CGK Project)

After completion of the on-going sewage projects, wastewater being discharged into the
klongs will be collected, conveyed and treated at the wastewater treatment plant in
each sewered area. The systems will be able to collect more than 95% of wastewater
and it is expected to improve the state of water pollution in the klongs considerably.
However, here is a very pessimistic viewpoint about the improvement of water quality
in the klongs caused by the water pollutants carried from the up-stream sections,
discharge of the water pollutants remained in the treated sewage discharge to the
klongs, sediments in the klongs, etc. Consequently, water quality improvement in the
klongs could be realized after the most part of the built-up area will be have been
covered in the sewage project area, which will be probably wider than 60 to 70% of the
built-up area in BMA Area.

The "Khlong Water Quality Improvement Project” implemented by DDS, BMA in the
East Bank shall be maintained for the time being until the water quality in the klongs
will have been improved to the satisfactory level.

The system consists of the facilities and works to withdraw dilution water from the
Chao Phraya river into the khlongs, dredging of sediments in the klongs, construction of
retaining wall on both sides of the klongs, and installation of direct aeration system.
For better functioning of the system, installation of more numbers of direct aeration
stations will be effective since diffusing air into the khlongs will enable decomposition
and purification of pollutants at the sites.

Khlong Water Quality Improvement Project is not yet implemented in the West Bank,
Tonburi side up to now. With respect to the successful results performed in the East
Bank, the similar system shall be introduce in the East Bank to improve water quality in
the klongs in main area of Tonburi side.

Installation of automatic water quality monitoring stations will be beneficial to monitor
water quality in the khlongs and in the Chao Phraya River. Recent technology in water
quality measuring device, data transmission, processing and analysis make it easier to
monitor water quality in the office by installing the automatic monitoring system.

Water quality monitoring play a very important role in conservation of water
environment to inform us the degradation of water quality in the public water course so
that the monitor can take immediate action to investigate the cause and take proper
measures against the wastewater sources. Initially, the study shall be conducted with
the water quality monitoring parameters and the location of the monitoring sfations in
consideration of the locations of the water level monitoring stations maintained by
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DDS, BMA and the monitoring stations maintained by PCD, MOSTE.

(6) Strategic Plan Proposed in The 5th BMA Five Year Development Plan

Department of Drainage and Sewerage drafted the strategic plan for development of
sewage system in the 5th BMA Five Year Development Plan implemented during 1997
to 2001. The strategic plan consists of four programs as indicated below. These plans
are duly examined as the action plans of the Study are proposed to improve urban
environmental quality in BMA Area.

Program 1: Construction of 4 Wastewaler Projects Invested by
BMA and the Government
Program 2: Improvement Work for NHA Wastewater Treatment Plants
Program 3: Administration and Management Preparation
Program4: [ublic Relations

1) Activities of the Programs

Program 1: BMA and Government Investment 4 Projects

¢ Implementation of the Stage 4 Project
Wastewater Treatment Site at Bang Sue  :site area 7 rais
Plant Capacity :130,000 cum/day
Sewered Area :Dusit, Phaya Thai, Huay Khwang,Chatuchak
Starting in 11996

* Implementation of the Bangkok Yai - Bangkok Noi Project
Wastewater Treatment Site at :site area 60 rais
Plant Capacity 173,400 cum/day
Sewered Area :Bangkok Yai, Bangkok Noi
Starting in 1997

* Implementation of the Stage 5 Project
Wastewater Treatment Site : site area 20 rais
Plant Capacity :320,000 cum/day
Sewered Area :Phra Khanong, Khlong Toei, Pravet
Starting in 11998

¢ Implementation of the Nong Bon Project
Wastewater Treatment Site : site area 45 raise
Plant Capacity 125,400 cum/day
Sewered Area :Pravet, Phra Khanong
Starting in 11998

Program 2 : Improvement Work for NHA Wastewater Treatment Plants
Six (6) plants including, Huay Khwang, Bang Na, Khlong Chan, Ram Intra, Tung
Song Hong 1, Tung Song Hong 2

Program 3 : Administration and Management Preparation Study of a sewage

charge system

Program 4 : Public Relations

* Public relations to follow effluent quality standard

= Effluent water quality control for buildings
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(7) Prediction of Sewage Amount

1) Method of Prediction

Prediction of future sewage amount was conducted on the basis of prediction of water
consumption, the rate of wastewater entering to the collection pipes and the rate of
groundwater infiltration into the pipes. Water consumption prediction is generally
predicted by water consumption per capita per day in consideration of domestic,
commercial, industrial and other water use in business activities.

In respect of a specific feature in this Study made available to use GIS system for urban
environmental improvement planning, water consumption was predicted in proportion
to the relation between the land use ty%:ae and the water consumption to unit area.
Sewage amount was estimated by 80 % of water consumption entering to the pipes and
by another 20 % infiltration of groundwater in flowing down to the plant. Thus, future
sewage amount prediction is practicable for the city planner by estimating the area of
future built-up and land use area.

Sewage amount in the Study was predicted in accordance with the following sequence.

Step 1: Calculation of unit area water consumption to residential
area and business area in each water service block for 1995.
Step 2 : Calculation of population density increase ratio between
1995 and 2011 for built-up area in proposed sewage zones
Step 3 : Assumption of unit area water consumption to residential
and business area for 2011 from the results of Step 1 & 2.
Step 4 : Obtain the future built-up area and land use from the city

planning data

Step 5 : Prediction of amount of water consumption each sewage
zone from the results of Step 3 & 4

Step 6 : Convert amount of water consumption to the amount of
sewage in each sewage zone

Step 7: Evaluate the unit sewage amount and adjust if necessary.

2) Sewage Amount in 2011

Result of sewage amount prediction was summarized in Table 7.4 for each sewage
zone. Total sewage amount reached at 2.7 million m3/day in 2011 in the built-up area
of BMA. The current sewage projects construct 6 sewage treatment plants having total
capacity of 972,000 m3/day, which is equivalent to 36 % as against for the year 2011.
The remaining sewage amount 64 % or about 1.75 million m3/ Sajr need construction of
the facilities hereafter.

Total plant capacity predicted in the Sewage Master Plan by PCD in together with that
of the on-going project indicate approximately 2 million m3/day. Although difference
in target year, sewage amount predicted by the Study exceeded by 35 % or 0.7 million
m3/day comparing with the plant capacity in the current planning.

In Tokyo, 10 plants treat sewage 5.1 million m3/day in average for the sewered area
and population approximately 545 km2 and 8.1 million respectively as of 1993. From
these data, the sewage plant capacity to unit area is obtained at 9,400 m3/ day/km2.
In case of Bangkok, sewage amount at plant sites was estimated at 2.7 million m3/ day
for the future built up area 715 km2 and the sewage generation rate to unit area was
calculated with 3,800 m3/day/km2. Assuming the plant capacity by 1.2 times of the
inflow, the sewerage plant capacity to unit built-up area is estimated at 4,600
m3/day/km2 and the ratio to Tokyo become about 50 %.

Meanwhile, water supply in Tokyo and the neighboring area supply 4.8 million m3/day
for the served area 1,150 km2 in Tokyo. From these data the water supply ratio per
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unit area is estimated at 4,200 m3/day/km2 whereas water service area in MWA 890
km2 consume water 2.4 million m3/day and the water consumption ratio per unit area
is obtained at 2,700 m3/day/kmZ2.

Difference of sewage generation and water supply ratio per unit area is because of the
sewage service area covers densely populated area against the water supply service
area cover more wider low-density area. Difference of the figures between Tokyo and
Bangkok may be caused of water consumption in business activities.

BOD loading in each sewage zone was predicted based on the sewage flow at the plant
site and shown in Table 7.5. Average unit BOD loading obtained from the field survey
conducted in connection with the Study show 130 g/m3 and 105 g/m3 for residential
and business area respectively. Future unit BOD loadings were assumed to increase by
20 % respectively as the betterment of life. Total BOD loading in 24 sewage zone
reached at 382 tons per day in 2011 which is equivalent to29 grams per capita per day.
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Table 7.4 Prediction of Wastewater Amount in Sewage Zones (2011)

No. SewageZoneName Water  Generated Ground  Sewage Estimated Required  Required  Phasing

Consumptl Sewage Water Amount at Sewage Constructio Construclion Plan
on Amount Infiltratic WWTP  Amount nSiteArsa  SiteArea
(m3iday) (m3/day) n im3iday) at WWTP  per Unit {ha)
{md/day) (m3fday) Flow
(m2im3/day]

1 SiPFhraya 27,743 22,184 4,439 26,633 27,000 0.059 1,600%1 Phaszal
2 Rattanakosin 20713 23,11 4,754 28,525 29,000 0.221 5,400"1 Phasel
3 DinDasang 253,803 203,042 40,808 243 651 244 000 0.111 27.200*1 Phasel
4 Yanawa 181,961 145,568 28114 174 6A2 175,000 0.183 32,000"1 Phasal
5.1 Nongthaam/Phasicharoen 107,012 85,610 17,122 102,731 103,000 0.808 83,200%1 Phasei
5.2 Ratburana 93,354  T4683 14,937 89,620 80,000 0160  14,400*1 Phasel
6 Chatuchak 164,174 131,336 26,268 157,607 158,000 0.071 11,200"1 Phasa2
T Tonburi 118,317 95,454 19,091 114,545 115,000 0.300 34,000 Phasa2
8 KhlangToey 254238 203,388 40,578 244,066 244,000 0300 73,000 Phase2
9 SuarLuang 133,721 106,977 21,385 128,372 128,000 0.300 38,000 Phaze2
10 BangKhaen/DonMuang 271,755 217,404 43.481 260,885 281,000 0.300 78,000 Phased
11 BangrhaanMinburi ar.312 29,850 5970 35,820 36,000 0.300 10,000 Phased
12 DanMuang/Bang Sue 144,871 115,898 23178 138,076 138,000 0.300 41,000 Phasae3
12 Huaykhwang 133,278 106,622 21,324 127,947 128,000 0.300 28,000 Phasad
14 BangKapi'LatPhrao 164 127 131,302 26,260 157,562 158,000 0.300 47000 Phase3
15 Bungkum 165,905 132,724 28,545 158,268 158,000 0,300 47.000 ~ Phase3
16 Pravet 168,415 134,732 26,546 161,678 162,000 0,300 48, 000 Phaszad
17 Latkrabang 6,208 4,968 G904 5,981 6,000 0.500 3,000 Phased
18 NangChak 3,541 2833 567 3,400 3,400 0,600 1.700 Phasad
18 Taling ChangWest 58,308 45 845 9,328 55,873 56,000 0.300 16,000 Phazed
20 TalingChangEast 43 216 34 573 6,815 41 488 41,000 0.200 12,000 Phased
21 Nongkhaem 40,334 32,267 6,453 38,720 39,000 0.300 11,000 Phazed
22 ChamThang 198,788 158,031 31,808 190,837 181,000 0.300 57000 Phasel

23 BanKhunTng e iiif?ﬂ_ i ..1, 006 5401 32408 !:!32 000 0300 9000 Phased

W EEW‘ T 7\?3}5 REL e 1) *":|!_. :'r
3 ‘,g ! ek

176,000°2
Bangkok VS Thonburi 561,700*3
Bangkok 2,140,765 1,712,612 3425622 2055134 2,057,400
Toanburi G694, 086 555,268 111,054 655,322 667,000
Bangkak(%) 75.5 T5.5 75.5 75.5 75.6
Tonburi{%) 24 5 245 245 24 .5 24.5
Sewage Amountin Stage Development Mata: “1indicate the sites procured already
Phasai BEA,000 24 5% *2indicate total site area procured alreadyre
Phasza2 645,000 23.7% *3 indlcate the total site area required in future
Phaszed 1,036,000 38.0%
Phased 375,400 13.8%
Tatal 2,724 400 100.0%
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Table 7.5 Prediction of BOD Loading in Sewage Zones (2011)

Sewage Sewage Amount (r J/day) BODl.oading (kg/day)
ZoneNo. Domestic  Businesss Total BOD BOD Total
Use Use Loadingby Loading

Domestic by
Use Business

Use

1 166 26,467 26,633 26 3,326 3,361

2 3,718 24,806 28,525 580 3,125 3,706

3 72,873 171,022 243,896 11,368 21,549 32,917

4 70,609 104,073 174,682 11,015 13,113 24,128

5.1 51,638 51,183 102,731 8,040 8,450 14,480

5.2 45 551 44,069 89,620 7,108 5,553 12,659

2] 76,789 80,818 157,607 11,979 10,182 22,182

7 61,185 53,358 114,545 8,545 6,723 16,288

a 118,270 127,796 244,066 18,138 16,102 34,240

g 88,387 39,986 128,372 13,788 5,038 18,827

10 102,018 168,867 260,885 15,915 20,017 35,932

11 22,168 13,662 35,820 3,457 1,721 5,178

12 74,161 64,915 138,076 11,569 8179 19,748

13 51,788 76,158 127,947 8,079 9,596 17,675

14 60,406 87,156 157,562 9,423 12,242 21,6685

15 B6,502 72,767 159,269 13,404 9,169 22 863

16 71,845 B8, 734 161,678 11,223 11,308 22,530

17 3,888 1,872 5,861 g22 249 871

18 3,400 0 3,400 530 0 530

18 48,874 7.088 55,973 7624 8gs 8,519

20 32,088 8,500 41,488 5,148 1,071 8,217

21 24,816 13,804 38,720 3.871 1,752 5623

22 112,161 78,676 180,837 17,487 8,813 27410

23 23,469 8,835 32,408 3,661 1,126 4,787

__ Total 1305763  1,415938  2721,TM1 203,698 178,408 382,107
Bangkok VS Thonburi

Bangkok 805,180 1,150,198 2,055,372 141,208 144,825 286,133

Tonburi 400,583 265,738 666,322 62,491 3348z 895,874

Bangkok(‘) 69.3 B1.2 755 893 81.2 749

Tonburi{%) 0.7 18.8 24.5 0.7 18.8 251
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7.4 Planning Targets and Framework

(1) Planning Target

Creation of “Water-Friendly Eco-City” which is the planning issue No. 6 , denotes that
environmental improvement on water in rivers, canals and ponds is an essential matter
to achieve the objectives. Municipality water use such as domestic use, business use,
commercial use etc. are the major wastewater sources and industrial water use is a
minor source of water pollutants in BMA Area as described in the Section of “ Water
Supply “. Accordingly, environmental quality deterioration on water pollution mainly
caused of pollutants from urban activities can improved considerably by development
of sewage systems.

For an example of the phased development of sewage system in Tokyo, water quality in
the rivers running across the downtown was evidently improved as the coverage ratio of
sewered area reached at 60 to 70 % range as shown in Figure 7.2. Completion of the on-
going sewage projects can cover the treatment capacity of 972,000 cum/day or
approximately 40 % of water consumption as of 1995 in MWA service area. Therefore,
referring to the experience in Tokyo, the target sewage development capacity for the
next phase shall be set in the range of 1 to 1.3 million m3/day by 2011 in total for
creation of “Water-Friendly Eco City” in early stage.

In addition, the Study Team set a target to the on-going Khlong Water Quality

Improvement Project which shall support the sewage development projects for

improvement of water quality in major khlongs. The first step target level is proposed

to Level 3, less than 15 mg/lit in BOD, which is aiming at retrieving the nature in central

E;Ifan area back to 1960°s when people could enjoy playing with water in the city
ongs.

[ Sewarea Rate (%) —0—B0D mg/; |

100 i 25 |
an 2 , =
8o |- "; -1 20 g
¥ n) p
80 |- o3 15 2
o HliaET
40 | i [t 83
& £ |
20 'n'h‘ﬁ‘;"'-ﬂ afgf E |
10 i _: g
0 . 2d R 1 0 e 5
7 13 L T M 83 B 7 8 9l e
Year W13 76 qr MW 01 AR 0. oiruBe: #1103
Sewered Rale (%) 30 48 B4 63 71 77 (D1 . 85,080,988 98 99
BOD (mafit) 23 118 9y Bw. 73 BT 71 B85 BE BB 54 48
1Sewered rate : sewered area against area of the Sumida River Basin (the wards of Itabashi, Kita and Nerima)
2. BOD: BOD measured through the vear at Odaibashi bridge (75% of the standard value, prepare by the
Bureau of Sewerage from the data of the Bureau of Environmental Protection)
Source: Bureau of Sewerage, Tokyo Metropolitan Government

Figure 7.2 Water Quality of the Sumida River and Sewage Construction

7-11




BEIP-3TUDY: FINAL REPORT: CHAPTER 7

(2) Proposed Action Plans to Achieve the Targets

Considering the planning issues discussed in the previous section, most of the tasks to
be tackled during the first 5 years are covered in the Strategic lan for the 5th Five Year
Plan proposed by DDS but the following five action plans included some key issues of
the 5th Five Year Plan as for the major factors to play a important role for improvement
of urban environmental quality in BMA Area.

1) Action Plan 1 : Formulation of Sewage Master P'lan and Stage Development

Action Plan 1 consist of the works to review, correct, modify, alter and add the existing
Sewage Master Plan to meet with the current and future urbanization conditions and
construct the system based on the stage development plan to be formulated in the
Master Plan. The Sewage Master Plan has to be formulated not only construction of the
wastewater treatment plants but also it should include at least the items for sludge
treatment, recycling and disposal, reuse of treated sewage, improvement of the exisling
drain pipes, sewage fee, project financing, sewage system data and information center,
etc. which will be required sooner or later to complete development of the high-
efficiency and comprehensive sewage system for BMA in future. In addition, the action
plan require the measures for skrengthening operation and maintenance of the
completed sewage systems to meet satisfactorily with the function of the plant and the
system as intended in the design.

The Study proposed stage development as shown in Table 7.6 and Figure 7.4.
Proposed stage development plan was formulated to perform the target coverage of
sewered area with 60 to 70 % in view of forwarding improvement of water pollution in
early stage therefore the plan shall be reviewed again carefully from the angle of
availability of the financial sources.

Table 7.6 Sewered Area Coverage Ratio UnderProposed Stage Development

~ SewageAmount Coverage
i S (x 1,000 m3/day)Ratio (%)
On-going Project Zones ( To 2001 AD) 668 24.5

2nd Development Zones (1887 - 2001) B45 237 48.2
3rd Development Zones (2002 - 2008) 1,038 38.0 86.2
4th Development Zones (2007 - 2011) 375 13.8 100
Total 2,724 100

Present Situation as of 1996

*  Six projects for seven sewered areas have been implemented to construct the plants
with a capacity of 972,000 cum/d.

¢ Sewage Master Plan proposed by PCD needs coordination with the urban
restructure plan of BMA

Action Plan during 1997 - 2001

» Completion of the on-going sewage projects

*  Completion of the on-going sludge treatment and disposal project

» Review of the Swage Development Master Plan in coordination with the BMA City
Plan

¢ Planning, design and bidding for the projects in 2nd Sewage Development Zone

*  Securing skillful O&M staff for sewer systems and treatment plants
Improvement of NIHA sewerage system
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Action Plan during 2002 - 2006

* Completion of the projects for the 2nd Sewage Development Zone
¢ Planning, design and bidding for the projects in 2nd Sewage Development Zone
+  Implementation of sewage and solid waste corroboration project(s)

Action Plan during 2007 - 2011

Completion of the projects for the 3rd Sewage Development Zone
* Planning, design and bidding for the projects in 4th Sewage Development Zone

bd
-

Action Plan 2 :  Procurement of Construction Sites

Based on the proposed sewage zoning and future sewage amount, the remaining 17
sewage zones require the construction site area about 62 ha. or 390 rai in minimum.
Due to a foreseeable difficulties to acquire the plant sites disliked by the neighboring
residents, a task team shall be established to accelerate procurement of the land to be
proposed in the revised Sewage Master Plan. The site area shall be wide enough to
layout buffer zone surrounding the plant to avoid probable influence to the neighboring
area. Action Plan 3 was proposed to call the authority’s attention to recognize
importance of land acquisition as implementing the project on schedule.

Present Situation as of 1998

On-going projects procured the site owned by the public agencies
* Layout plans of the on-going projects are too narrow for convenient O&M and
better environmental installation to the neighboring

Action Plan during 1997 - 2001

Inventory investigation of vacant lands in BMA Area
* Procurement of construction sites approximately 19 hectares for 3 plants in the
2nd Sewage Development Zone

Action Plan during 2002 - 2006

*  Procurement of construction sites approximately 31 hectares for 6 plants in the 3rd
Sewage Development Zone
* Provisional utilization of the sites for public services

Action Plan during 2007 - 2011

* Procurement of construction sites approximately 12 hectares for 8 plants in the 4th
Sewage Development Zone

3) Action Plan 3 : Installation of New Stormwater Drains by District Offices

Prior to proceed to the Action Plan 3, it is required to formulate the Sewage Master
Plan in each sewage zone indicating the sewage amount, plant site, type of sewer
system, route of interceptor mains and collection trunk mains, etc. With the
information of the Sewage Master Plan, drain system in soi shall be designed to match
with the overall sewer system.
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Coordination is required not only with the Sewage Master Plan but also required for
road pavement work to avoid duplication construction work in narrow sois. Technical
guidance and assistance also should be made available from the authorities concerned.

Present Situation as of 1996

*  District offices are responsible for installation of drain pipes in sois
*  Existing drain pipes are not always designed properly in sizing, slope and flow
direction

Action Plan during 1997 - 2001

Establishment of a technical coordination system amurég the agencies concerned
¢ Installation of drain pipes linking with main drains and sewer systems
¢ Implementation of regular cleaning of drain pipes

Action Plan during 2002 - 2006

* Continuous collaboration work among the agencies concerned

4) Action Plan 4 : Saving Water to Reduce Pollution Loading to the Nature and
Economize Plant Capacity

Water pollution problem arise from where people use water. Saving water in daily life
in home, office, and business activities will be useful to reduce generation of water
pollutants discharged to the public water course as well as saving energy.

Excessive use of synthetic detergent for washing and cleaner for washing dishes are the
a habit of urban dwellers and the have been spread to all over the country nowadays.
Solution of water pollution problem can be found not only by the administrative
officials but realized by the consumer

Intention of Action Plan 4 is to set up project team and prepare public campaign
program to forward the movement of environmental conservation from the water
environmental view point. The campaign shall be implemented with two main subject
which are “Saving Water” and “Reducing Water Pollutants”.

Public campaigns through mass media, school curriculums, circulation notice in
workplace, visiting sewage plant open for the public, etc., will be helpful to arouse
awareness of the people to participate in the campaign. National level saving water
campaign in collaboration with MWA, PWA, PCD and other government agencies will
be more effective way.

Present Situation as of 1996

*  Average water consumption reaches at 480 liter per capita per day in MWA
service area in 1995
*  Betterment of life discharging more water pollutants into the public waters

Action Plan during 1997 - 2001

Set up Project Team and preparation of public campaign program
Start public campaigns “Saving Water” and “Reducing Water Pollutants” by
reforming the current energy-consuming life style

*  Public campaigns to reduce generation of water pollutants in daily life
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Action Plan during 2002 - 2006

»  Continuous public campaigns for saving water and for reducing water pollutants in
daily life

5) Action Plan 5 : Khlong Water Quality Improvement Project (Clean and Green Khlongs
Project or CGK Project)

The main activities in Action Plan 5 consist of a) operation and maintenance of the
CGK Project in the East Bank, b) set up CGK Project in the West Bank, and c)
preparation of automatic water quality monitoring system. Stage-wise activities of
Action Plan 5 is proposed in the followings.

Present Situation as of 1994

» Khlong water quality improvement project is being implemented for 390 km2 in the
East Bank

Action Plan during 1997 - 2001

*  O&M for CGK System in the East Bank

*  Planning for formulation of CGK Project in the West Bank

* Investigation for establishment of automatic water quality monitoring system
Action Plan during 2002 - 2006
Implementation of the CGK Project in the West Bank

Construction of on-line automatic water quality monitoring stations and a
monitoring center and start monitoring operation

Action Plan during 2007 - 2011
* O & M for CCK systems in the East and West banks
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CHAPTER 8: SOLID WASTE MANAGEMENT SYSTEM

8.1 General

Public services on solid waste management in BMA Area have become an important
problem caused by the increasing amount of solid wastes, insufficient capacities of
collection vehicles, treatment facilities, final disposal sites, etc. In other words, rapid
growth of the city brought about the increase of solid wastes amount at the level exceeding
the capacity of the facilities provided by the city authority.

The amount of solid wastes collected in 1995 from 38 districts of BMA reaches at 6,540
tons/day in average. Comparing with the solid waste collected in 1985, which was 3,260
tons/day in average, the solid waste amount required for treatment and disposal become
double in the past 10 years and the rate of annual increase reach at 7-8 % which is almost
the same rate of economic growth in the same period in Thailand.

Economic growth is bringing prosperity in exchange for many problems including traffic,
floods, air pollution, water pollution, etc. and a heap of garbage produced every day. A
very simple method of numerical prediction shows that the daily average solid waste
amount to be collected in 2011 reaches at the range from 14,000 to 18,000 in BMA Area.

Despite pressing problem to improve the solid waste management situation in the city of
Bangkok, BMA could not provide effective facilities and manpower for years. However,
recently, the projects for construction of solid waste incineration plants, etc. have started to
cope with the chronic problems.

In 1995, there were many topics reported frequently on news papers over the solid waste
projects implemented such as the cases in Chiang Mai Incineration Plant Project, Lad
Krabang Final Disposal Project, Hazardous Wastes Treatment Center in Rayong, etc.
opposed by the neighboring residents of the construction sites for fear of environmental
degradation after the plant operation started. Any kind of the development projects
probably containing the elements to influence environmental degradation to the people and
to nature require the primary consensus from the people reside in the project site and the
surrounding areas.

Department of Public Cleansing(DPC), BMA is now practicing the separation of wastes into
dry waste and wet waste in several districts, which may be intended for the compost plant
in operation in On Nut Landfill Site and the forthcoming incineration plant construction
project. This is one way of participation of the people to the public services to make one
aware that the individual resident shall be responsible for the solid waste management
through the garbage generated from his house, collection, treatment and disposal for the
purpose of keeping a sanitary living environment in the society.

The study review the contents of the on-going projects and policy of public cleansing
services in respect of future urban development policies and the points of wrban
environmental improvement in BMA Area.
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8.2 Assessment on Present Condition

(1) Current Solid Waste Management

1} Implementing Agency

Department of Public Cleansing(DPC) undertake services of solid waste management
from planning to operation and maintenance. Collection work is carried out under the
management of each district office.

2) Existing Facilities

Existing facilities in operation under DPC is listed as follows. Figure 22.1 shows the
location of each plant site.

Nong Khaem Landfill Site

* Landfill Site 375 rai

¢  Transfer Station 1,500 ton/day
On Nut Landfll Site

*  Landfill Site 590.86 rai

¢  Transfer Station 1,200 ton/day
* Compost Plant 1,200 ton/day
Ram Intra Landfill Site (Tha Raeng)

*  Landfill Site 59 rai

*  Transfer Station 1,500 ton/day
Collection Vehicles

* Compactor, 10 cum 929 units

* Compactor, 2tons 73 units
* Sided Loader, 12 cum 171 units
* (Container Truck, 8cum 139 units

(2) On-going Solid Waste Projects

DPC has implemented the projects for construction of the intermediate treatment
facilities summarized in the followings.

1) Nong Khaem Compost Plant

Compost plant of 1,000 tons/day is now under construction at Nong Khaem Landfill
site and expected to start operation in 1999,

2) On Nut Incineration Plant by Turn Key

Construction project of an incineration plant at On Nut Land/fill Site with the capacity
of 1,350 tons/day (450 x 3 furnaces) is in the process of bidding to start construction in
1997. The plant is expected to start operation in 2000,

3) Nong Khaem Incineration Plant by Turn Kev

Turn key project will be implemented at Nong Khaem Landfill site to construct
incineration plant of the capacity likely 1,350 tons/day (450 x 3 furnaces). However,
the details have not decided yet.
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Construction project for incineration plant by BOT is expected to start soon. The plant
capacity is likely more than 1,000 tons/day ,however, the details have not decided yet.

5) Central Sludge Treatment Plant

The project is implemented at Rama Intra Landfill site by tum key base contract.
Sludges from the wastewater treatment plants of BMA, fat and greases collected from
greases traps from the wastewater treatment plants in restaurants, hotels, etc. shall be

treated by the following facilities.

e Liquid Waste Max. 300 m3/day

s  Sludge, Grease & Fat Max. 480 m3/day

The project is expected to start in 1996 and complete in 1999.

i.
\.. Iu'- e s -. i
\; Nang Khaem Landfll Sire| o

- \ .;:._! H
--\ / ’_}

Figure 8.1 Location of Solid Waste Treatment and Disposal Facilities

(3) Solid Waste Amount in BMA Area

1) Solid Waste Amount in 1990 - 19595

Solid waste amount generated in BMA Area increase from 4,513 tons/day in 1990 to
6,539 tons/day in 1995 as shown in Table 8.1. Annual increase rate reached at 7.7 % in
the last 6 years. Increase rate is more or less the same rate with the economic growth in
Thailand. Meanwhile, population in the same period increase from 6.9 million to 8.1
million in BMA with the increase rate at 3.4 % per annum, which mean that the increase
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rate of solid waste is higher than the population increase rate and the solid waste
generation rate per capita in the same period increase from 657 grams/day in 1990 to
805 gram/day in 1995 which is increasing about 4.1 % annually. Meanwhile, solid
waste generation amount in Tokyo recorded the peak in 1989 and tend to decrease
since 1990. Total collected solid waste amount ranges approximately 13,400 ton/day
in 1989 to 11,800 ton/day in 1994. Per capita generation rate also shows decrease
from 1,625 to 1,493 g/c/day in the same period.

Unit Solid Waste Generation Rate in District in 1995

Table 8.2 indicate solid waste generation rate in each district converted to the unit
generation rale per resident population and per built-up area. Per capita solid
generation rate ranges from 296 to 1,947 grams/day. Average of whole BMA indicate
805 grams per capita per day. Districts of the higher per capita generation rate are
Phra Nakhon, Huai Khwang, Khlong Toei, Chatuchak, Sathon, etc. and the lower per
capita generation rate districts locate in Nong Chok, Bang Sue, Talling Chan, Bang
Phlad, Pom Phrap Sattru Phai, etc. Districts of the higher population density shows
rather lower per capita generation rate.

Table 8.2 also show the solid waste generation rate to built-up area in each district. Per
built-up area generation rate ranges from 4.1 to 50.8 ton per square kilometer. The
higher generation rate to built-up area consists of Sam Phanthawong, Phra Nakhon, and
Pom Prap Sattru Phai districts in Rattanakosin, Bang Rak and Patthunwan in business
districts etc. Districts of the lower generation rate locate in Talling Chan, Pravet, Nong
Chok, etc. districts in the suburbs. Average of whole built up area discharge solid
waste about 12.1 ton/km2/day in BMA which include solid waste discharge rate of
0.4 tons/km2/day from hospitals, clinics and fresh foods market. Solid waste
generation rate to area in Tokyo in 1994 is 19.3 ton/km2 obtained from the collected
amount 11,835 ton/day and area 613 km2.

3) Numbers of Collection Vehicles and loading Capacity

Table 8.3 shows numbers of collection vehicles in service in each districts, Total
numbers of collection vehicles, 1,268 units, are in service for 38 districts and for
collection of garbage from fresh foods markets and infectious waste from hospitals and
clinics. Most of the collection vehicles 6 ton compactor and/or side loader, the smaller
2 ton compactors are introduced in service recently to collect garbage in narrow streets.

As a whole, total loading capacity of the collection vehicles in BMA meet with the solid
waste generation amount by 1 trip in a day. However, there are 18 districts run short
of the collection vehicles and required to operate 2 trips in a day in heavy traffic
condition in BMA Area. Those districts include Bung Kum, Latkrabang, Bang Khaen,
Phasicharoen, Bang Khun Tien, etc. where are expanding urban area in recent years.
Excess amount of 272 tons per day need collection operation 2 trips in a day as of
1995. Meanwhile, 62 units of collection vehicles with the loading capacity of 290 ton
are in service to collect solid wastes 193 tons per day from hospitals and markets.
Figure 8.2 was prepared using the data in Table 8.3 to show visually the loading ratio
between the amount of solid waste and the total loading capacity of the collection
vehicles in each district.

DPC has started the Khlong Beautification Program since 1991 to collect floating
garbage from the khlongs in Tonburin and Bangkok by the budget of 6 million Baht for
35 units of boats. Later 17 units of boats were added by spending budget about 3.7
million. The Program collect garbage about 25 to 30 tons/day from 38 khlongs in total.
Table 8.4 shows the list of collection boats in service as of 1995,
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Table 8.1 Trend of Solid Waste Generation Amount in BMA 1990-1995

Trend of Solid Waste Generalion Amount in BMA 1990 - 1995

Wear Solld Waste  Population Per Capita Eolid Waste Population Per Capita
Amount [tons Generation Rate Increase Increass Ratla  Generation Rate
dayy (qleid) Ratio (%) (%) Increase Ratlo

(%)
1950 4513 6.873,300 B57 100 100 100
1931 4 FAR 7.123.854 BEA 104 104 100
1942 5,380 7,374,429 730 118 107 i1
1983 8.008 7,624,885 788 133 111 120
1984 5583 7,876,660 B34 148 118 127
1885 6.530 126,125 805 145 118 123
T
| Trend of Salid Waste Amount in BMA' (1989-1994) ) Solid Wasta Amount  (ten/day)
—m— Per Capita Generation Rate (gicid)
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Trend Solid Waste Generation Amount in Tokya Metropolitan Area (1989 -1984)

Year

Solid Waste  Population Per Capita Solid Waste Populatlon Per Capita
Amount  {tond Generation Rate Increase Increase Ratic  Generaton Rate
day) {grcid) Ratia (%) (%) Increase Ratlo
(90}
1989 13,429 B 111,71 1,625 281 118 247
1900 13,178 8,128,377 1.587 7s 118 242
18891 12,858 8,154 404 1,518 264 119 bt g |
1802 12,390 B.058 267 1486 257 117 228
1893 12.057 8111731 1 486 257 118 2728
1994 11,835 7,827.084 1,483 252 115 227
- Trend of Solid Waste Ameunt in Tolyo {1988.1884) 7 Solid Waste Amount (ton/day) |
—#— Par Capita Generation Rate J
i 13,429 T e
; = 13,178 | ; .
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Table 8.2 Solid Waste Amount and Unit Generation Rate in 1995

District Paopulation Bl;ilt-up Solid Waste Amount  Unit Generation Rate
red

km2 tonlyear ton/day parcapltaper perkm2

day perday
1 PhraNakhan 106,334 4,139 75,551 2070 1,947 50.0
2 KhlonaToei 06 564 26.141 138.91¢ 380.B 1.241 146
3 KhlonaSan 144 402 5.420 47 830 130.5 804 241
4 Chatuchak 227.70C 29.064 100.157 274.4 1.208 9.4
5 ChomThona 166 282 12.954 59,337 162.8 816 12.6
& DonMuana 298 654 38.28¢ 92 8TE 254.5 852 6.6
7 Dusit 283.04:2 f.832 75.14¢ 205.9 727 233
8 TalinaChan 171.70€ 21,6682 3z2.18C 88.2 513 4.1
8 ThonBuri 296.43C 7456 68102 186.8 629 250
10 BanakokMoi 251.53= 9.751 65,300 178.8 T 18.3
11 BanakokYai 103.961 5,309 32 45z 88.9 B55 16.5
12 BanaKapi 388,381 30.058 122 68 3361 865 11.2
13 BanakhunThian 220.97¢ 22.00C 65.208 1787 TiT 8.1
14 BandKhan 3281 25.088 76.63E 2104 557 8.4
15 BanakKhoLaam 144.22: 6.885 50.214 1376 954 20.0
16 BanoSua 338.73( 11.28C 58.857 180.7 474 14.2
17 BanoPhlad 247 .00 9456 45.39C 127.1 616 13.4
18 BanaRak 164,417 3.804 53.494 1466 aa1 3T.6
19 Bunakhum 251.24¢ 28.051 T1.77E 1968 TA3 7.0
20 PathumWWan 280.93% 6.675 62812 172.4 582 258
21 Prawat 163,345 26.283 40.401 107 678 42
22 PomPran SattruPhal 188.73¢ 2370 40.162 110.0 554 4684
23 PhavaThai 254,027 8.888 58.102 156.2 627 18.0
24 Phrakhanana 258.07¢ 29.28C 80.23¢ 2168 852 7.5
25 PhasiCharoan 314,880 23.181 88.45¢ 245.1 779 10.6
26 Minburi 185.83( 13,372 44 387 1216 654 9.1
27 YanNawa 152.80< 10.281 54.20C 148.5 a72 14.4
28 Ratchataves 269 641 6.859 61.3683 1681 648 24.5
29 RetBurana 264 T2¢ 16.27¢ B8.93€ 188.8 713 12.4
30 LaKrabana 123,666 11.614 40.05¢ 109.7 Ba7 9.4
31 LatPhrao 164,072 17 42¢€ 46,885 127.8 780 7.3
32 SanPhanthawona TA4TE 1.237 22932 62.8 &6 50.8
33 Sathon 136,862 7.004 51,74z 141.8 1.03§ 202
34 Nonakhaem 144127 16,336 4570z 125.2 aGa 7.7
35 NonaChok 83244 G108 10.09C 27.6 266 4.5
36 Huaikhwana 78.93E 10,428 46.10£ 128.3 1.60C 121
37 DinDaena 275.B6E B350 75.367 208.5 T4R 247
A8 SuarLuano 161.91C 14 258 44 753 1226 757 B.B
Subtotal {38 Districts) 8,126,12! B41.02( 2.316,31% 8,348.1 781 11.7
Hospitats & Markets 8126125  541.020 70,488 183.1 24 0.4
Total (BMA) 8,128,12! 541,020 2,386,800 6,538.2 805 12.1
OtherPlaces 8,126,125  541.020 13,519 91.8 11 0z
Grand Total 8,126 12! 541,020 242032 6,631.0 B18 12.3
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Table 8.3 Dperatiﬂn Condition of Solid Waste Collection Vehicles (1995)

c Hﬁhu mﬂﬂnhlnlu u-u‘rm Humm Total Tnl“d Luﬂm Loa Urge
Amount ‘shl;lnlu ‘7¥sar  Number of Lﬁlﬁﬂn Capacity ding ncy
AR T RS Vehicles  Vehicles G.lpnnﬁr Ratio *4 Bala Ran

Bang Kapi 122 B8 336.1 2 5 38 1 1 1 4 48 252 1332 -84 s
Bang Khen 78,6838 2100 2 2 19 0 2 0 1 8 151 1385 -58 &
Bang Kho Lasm 60,214 1376 2 2 18 2 0 0 4 b 124 1407 13 3
Bang Khun Thian 86,208 178.7 1 5 18 0 ] 0 2 L 134 1338 45 5
Bang Phlad 48,390 12TA 2 2 KA 1 o Q 2 28 148 0.873 1% 1
Bang Rak 53,494 146.6 2 T 0 2 1} 7 a3 184 o898 17 1
Bang Sue 58,867 180.7 2 2 25 1 a 0 4 a4 178 0.915 15 1
Banghkok Noi 65,300 178.9 2 2 3 1 3 o o k3 185 1083 14 2
Bangkok Yai 3z 452 BE.0 2 2 14 a o 2 1 21 102 nars 13 1
Bung Khum 1,775 1088 1 3 15 o ] 1 a 23 113 1738 B3 &
Chatischak 100,157 744 2 5 30 2 1] 0 B 45 225 1221 -80 4
Din Daeng 75,367 208 5 2 4 25 o Q o 10 41 1688 1.043 £ 2
Dan Muang 2 876 254 6 1 5 25 1 a 1 T 40 1896 1.306 60 5
Dhusit 75,144 20589 2 2 29 a 4 ) 3 40 212 0,871 & 1
Huai Khwang 45,105 1268.3 2 3 23 2 3 0 a 3 171 0738 45 1
Jomthang 59,337 162.6 1 2 23 1 o a 3 a0 158 1.025 -4 2
Khigng San 47230 130.5 2 1 20 1 0 a 4 28 142 ns18 12 9
Khiong Toal 138.918 806 2 2 BY 2 1 1 ] a5 365 1.044 .18 2
Lat Phrag 48 BEA 1278 2 < - 1 a ] ] b 143 0B84 15 1
Latkrabang 40,050 100.7 1 5 7 1 1 0 2 17 75 1470 .35 8
hdinbisi 44 387 121.8 2 3 14 1 o 1 5 8 118 1.032 4 2
Mong Chok 10,080 78 1 3 4 1 ] 0 10 18 68 0400 41 1
Mong Khaem 45,703 126.2 1 4 12 1 1 a o 19 95 136 .30 5§
Pathum Wan 82,912 172.4 1 4 25 z 1 o 4 a7 188 oe1e 15 1
Phasl Charcen 89,459 2451 2 3 23 2 2 1 3 i 178 1.381 68 &5
Phaya Thal 58,103 159.2 2 3 28 2 o o & 40 203 07es 44 A
Phra Khanong BO,238 219.8 2 8 22 i 0 0 B w 178 1238 -4z 4
Phra Makhan 748,561 207.0 2 5 & 3 o 0 4 45 27 o0 20 A
Fom Prap Satiru Phal 40,163 110.0 2 1 18 0 1 0 2 25 13z 0834 22 4
Prawet 40,401 1107 2 2 17 1 i} 0 1 23 113 0.833 B 1
Rat Burana 68,834 1888 1 3 n 1 1 2 4 33 181 1172 -2 3
Ratchataves 61,363 1881 2 2 n 2 n a "] 36 189 0 883 1 9
Sam Phanthawaong 22,933 628 2 0 12 0 2 4] o 18 85 073 22 4
Sathon 81,742 141.8 2 2 M 2 1] [+] 3 33 168 0.838 7 1
Suan Luang 44,753 122.5 2 2 17 1 [+] ] 3 25 1258 0.984 2 1
Taling Chan 32,180 28,2 2 1 12 1 i a 0 i7 BY 1.018 2 2
Thon Buri 88,103 186.6 2 1 20 1 2 1 2 k] 207 Q@02 20
Yan Maws i ST NG o | o 7 WL SO | RN 1 T L
88 108 BB 42 M 11 13 1206 8075 1045 212 2

T e
fuial 0 318 848

|'1 indicata !hat the figures larger tham 1.000 un short of loading capacsty of the
co n wahicl
cotained 1he balance by subtracting the sodid waste genaration amount from the loading capacity in each digirict

*3 showe the ranking based on the fallowing slandard;
Rank 1 : smaller tham 1.00 Frh:rak 2! 1.00 to I;iank 3 111 to Rank 4 : 1.21 10 1.30 Rank 5 : 1.31 to 1.40
: a0
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Table 8.4 List of Collection Boats
DistrictOffice. ~ Nos. of Name of Khlong in Service
; Boat : ks
Existing Boat
TalingChan 2 K.Chakphra K.BangRamard
4 K BangPhrom
BangkokMai a K.BanghkokMoi
BangKhunThian 2 K.HuaKrabue K SanamChai
ChomThong 2 K.SanamChal,K.Dan, K. Banghod
Thanburi 1 K.BanglLuang K.Bangkakyal
PhasiCharoen 4 PhasiCharaan PhrayaRatchamontr,
BangWeak BangChuaknung,BanglLuang,
K.Dan, SanamChai
BanghkokYai 1 K Bangkaoky ai
BangKapi i K.SaerSaep
Pravat, SuanLuangBranch 1 K.Phréthanong
La¥rabang 2 Pravetburirom, Hua Takei, Mong Brue
Ratburana 2 K.ChaengRon K.SaphankKhwai
Pravet 1 K Pravetburirom
DonMuang 3 K.Premprachakharn
HuaiKhwang 3 K.LatPhrao,K.BangSue
Bang<han 3 K.ThomK.Song
Sub-total 35
Mew Boat
ChemThang 2 K.BangKhunThian,K.DaokKhanang,
K.Shednah, K BangMad, K.BangRanaeNai
BangKapi 1 K.SaenSaep K.LalPhrao
Ratburana 2 K. BangPakaew K.BangMod
Pravat 1
DanMuang 2 K.Pramprachakhorn
Bangihen 2 K. SonglokK. Hokwa
Chatuchak 1 K.Premprachakharn
Minburi 2 K.SaenSaep K. Samwa
Bungihum 2 K.SaerBaep
PomPrah 2 K.Mahanak
Bub-total 17
Total 52
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8.3 Policy Direction and Planning Issues

Changes of the society in recent years burden the administrative officials with the varieties
of the problem arising out of the public services on the solid waste management likely as
listed in the followings.

* Increase of solid waste amount

* Increase of undegradable waste and scattering of waste

*  Difficulty to secure suitable landfill sites due to expansion of urban area
*  Request for sanitary and comfortable living environment

¢ Difficulty to implement projects due to awareness of the people to participate in
assessment of the projects in aspect of environmental conservation

*  Request for resource recovery and recycling of waste in energy-saving society
* Increase of investment, operation and maintenance cost

Pollutes Pay Principle (PPP) is a topic in argument recently among the people concerned
with the environmental conservation activities. PPP is not a slogan to put every
responsibility on to the consumer side but to share the responsibility to the central
government, local government bodies, enterprises and the consumers.

In solid waste management, the role of the central government is to provide financial sources
for development of the facilities and technology in addition to prepare legislative measures.
The role of the local government bodies is to install adequate facilities and public services in
time whenever needed in addition to carry out an administrative guidance. The enterprises
should have the role to take measures for reduction, reuse arlgl recovery of waste and
production of harmless consumable easily decomposed in the treatment and disposal
processes. The consumers, or the beneficiaries should cooperate with the public cleansing
services to attain the role to minimize generation of garbage, recycling, and bear for the due
garbage fee.

Considering the planning direction in view of the role of local government bodies in solid
waste management, BMA have to accelerate installation of necessary facilities and the
measures to reduce solid waste amount supported by the enterprises and the beneficiaries
who are also responsible to play their role in environmental conservation.

Three issues were picked out in consideration of the current installation of the solid waste
management facilities with reference to the subjects mentioned above. Followings are the
planning issues to be discussed for implementing the plan and program to the satisfactory
manner to search the way for contributing to provide a healthy and sanitary urban
environment through establishment of a adequate public cleansing services.

(1) Reduction of Rate of Solid Waste Generation and Recovery of Resources

Primary purpose of this subject is to economize the future development project in the
long run by means of the benefits of reduction of raw waste amount from the sources of
generation, the residuals generated from the treatment system for treatment and the
final disposal site area.

In fact, control of discharge, recovery of valuables and separation of garbage at home
will be the most elfective way for treatment of garbage by types at the plants. Through
participation of the people to the public services, a mind of saving-resources shall be
inspired to the individuals so that the people shall take a glance at the garbage to think
it over whether it is really an unusable, valueless, or still keeping a state of reusable in
home.

In addition, recovery of resources from the treatment process is beneficial on both sides
of the post treatment processes and the recovery of valuables. Resource recovery
process or recycling process shall be installed at transfer stations, incineration plants or
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compost plants.

The more reduction of solid waste through the processes of garbage discharge sources,
collection, treatment and disposal processes will lesser the plant scale of the
implementation projects. In other words, BMA have to provide all her land for
construction of landfill sites unless taking measures to establish recycling society
through cooperation from the people and application of suitable technology.

(2) Construction of Intermediate Treatment Facilities

Only one compost plant is in operation at On Nut Landfill Site to treat 1000 to 1200
tons of municipal solid waste every day. Construction of the second compost plant of
the rated capacity of 1,000 tons/ daﬂ is in progress to start operation in 1999. Details
of operation condition was not available, however, the final products of the plant is 30
% with the rejects from the process become 70 %. This is to say that large amount the
rejects from the compost plant must be disposed at the landfill site. Municipal solid
waste contain varieties of garbage and garbage should be segregated in the composting
processes or controlled collection of compostable garbage from the sources of discharge.
Without practicing proper separation, composting is not an effective treatment process
of municipal solid waste.

The major objectives of intermediate treatment facilities of solid waste are intended 1)
to reduce volume, 2) to stabilize and 3) to make harmless before disposed at the landfill
site. Incineration of urban solid waste is one of the best method to meet with the
objectives of solid waste treatment in technical and economic point of view.

The recent incineration technology has developed in combustion process, energy
recovery, environmental protection, etc. including the conventional stoker type
incinerator, fluidized bed incinerator, pyrolysis furnace, etc. The most feasible type
shall be selected in combination with the total process of the treatment facilities suitable
for Bangkok taking account of the characteristic of garbage, energy recovery and
environmental conservation aspects.

(3) Procurement of Final Disposal Sites

At present, the existing three disposal sites are filled with raw refuse piled up on the
garbage hills, raw refuse is transferred to the sanitary landfill sites provided outside of
the city boundaries of Bangkok by the hauling & disposal contractors. One solid waste
disposal contractors have provided newspaper articles several times before due to the
claim from the neighboring residents suffering environmental deterioration caused by
hauling garbage and landfill operation in Ladkrabang District. The other contractor
haul garbage generated in Bangkok to the landfill site procured in Kanchanaburi
Province. There will remain potential news sources in landfill operation without strict
control and moral of the contractors.

With the concept of garbage treatment and disposal in the source of generation as a
basic rule, BMA should procure the suitable landfill sites within own administration
boundaries. Due to a hike of land price in recent years, it would be a hard jobs for
officials concerned to find the suitaglc final disposal sites. Without a final disposal
site, intermediate facilities nor public cleansing services itself will not work properly.

(4) Strategic Plan Proposed in The 5th BMA Five Year Development Plan

Department of Public Cleansing (DPC) drafted the proposals for The 5th BMA Five
Year Development Plan to tackle with the solid waste problems. The programs are
composed of the plans to improve and construct solid waste facilities and equipment
for collection, treatment and disposal in participation of public sectors and public
campaigns to cope with current and future solid waste management. Proposed
programs of DPC for the next 5 year plan are presented as follows.
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Program 1 : Promotion for Reduction of Solid Waste Generation Amount
Program 2 : Improvement of Collection Efficiency

Program 3 : Improvement of Disposal Efficiency

Program 4 : Improvement of Night Seil Management Efficiency

Program 5 : Supporting Services for Solid Waste, Night Soil and Hazardous
Waste Management

Activities of the Programs

Program 1 : Promotion for Reduction of Solid Waste Generation Amount

*  Public campaign for reduction of solid waster generation rates

¢  Fducational campaign for knowledge about hazardous waste

s Public campaign for solid waste recycling and recovery

Program 2 : Improvement of Collection Efficiency

¢  Collection services for construction wastes

*  Collection services for floating matters in waterways

¢ Provision of extra equipment and vehicles for supporting collection services
* Improvement of efficiency of collection vehicles

¢ Development of cleaning systems by mechanization in substitution of
manpower

» Improvement of collection systems for infectious wastes

*  (Collection of hazardous wastes for communities

*  Upgrading of public cleansing services by staff training and workshop
Program 3 : Improvement of Treatment and Disposal Efficiency

«  Privatization of solid waste transfer and disposal services for On Nuch with
a capacity not less than 2,000-2,500 t/day

s Trivatization for O&M of the compost plant in On Nuch for a capacity not
less than 1,000 t/day

+ Construction of an incineration plant in On Nuch for a capacity not less than
1,000 t/day at On Nuch

¢  DPrivatization of solid waste transfer and disposal services for Nong Khaem
with the capacity not less than 1,500-2,000 t/day

*  Construction of a compost plant in Nong Khaem for a capacity not less than
1,000 t/day

e  Construction of an incineration plant in Nong Khaem for a capacity not less
than 1000 t/day

s  Drivatization of solid waster transfer and disposal services for Tha Raeng
with a capacity not less than 2,000 t/day

*  Construction of a compost plant in Bang Khaen for a capacity not less than
1000 t/day

*  Provision of 5 waste transfer stations for nearby districts
Program 4 : Improvement of Night Soil Management Efficiency

*  Privatization for treatment and disposal services for sludge from
wastewater treatment plants of BMA, night soil, 0il and grease residues at
Tha Raeng
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e  Privatization for operation of the night soil treatment plant at Nong Khaem

e Collection services for oil and grease residues from restaurant and waste oil from
gas stations and garages

e  Provision of vacuum boats for night soil collection services for the area along
waterways

*  Provision of night soil vacuum trucks
e Investigation for exemption of night soil collection service fee to support
the central wastewater treatment system for Phase I

Program 5 : Supporting Services for Solid Waste, Night Soil and Hazardous Waste
Management

s  Study for tendency of administration and management of generation,
collection, recycle and disposal of solid waste, night soil and hazardous
waste

« TFeasibility study for utilization of swamp areas for sanitary landfill sites

*  Feasibility study for privatization for management of construction and
demolish wastes

*  Feasibility study on large amount solid waste transportation and disposal at
deforest areas

(5) Prediction of Solid Waste Amount

1) Method of Prediction

Generally, prediction of solid waste amount is carried out based on the per capita
generation rate for domestic waste and the ratio of solid waste from business activities
etc. However, in respect of the aspect to improve urban environment form the city
planning to point of view, future solid waste amount was predicted based on the
generation rate to built-up area analyzed from the relation between the existing built-up
area and the collected solid waste amount in each District. By this method, it will be
made available for the city planner to predict future solid waste amount through
prediction of future development area. The applied procedures for prediction is
indicated in the following steps

Step 1 Calculation of unit area generation rate to built-up area for 1995

Step 2 Calculation of the increase rate of population density from the
data 19890 - 1995

Step 3 Calculation of annual increase rate of per capila generation rate from the
data 1990 - 1995

Step 4 Pre-assumption of per capita generation rate in 2011 from the results of
Step 3 and 1995 data

Step 5 Adjust the higher per capita generation rate of the Districts to limit
the average of whole BMA 1,501 gfe/d

Step 6 Calculation of increase rate of per capita generation rate from the
results of Step 5 and 1995 data

Step 7 Obtain the future built-up area from the city planning data

Step 8 Calculation of unit area generation rate to built-up in 2011 from the
results of Step 1, 2 and 6

Step 9 Prediction of solid waste amount in each district from the results of
Step 7 and 8

Step 10 : Evaluate the unit generation rate and the predicted amount and
adjust if necessary.
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2) Solid Waste Amount in 20111

Result of prediction was summarized in Table 8.5. Total solid waste amount generated
in BMA Area will reach at approximately 14,700 ton/day in 2011 of which about 97 %
is generated from residential and business area and the remaining 3 % is collected from
hospitals, clinics and fresh foods markets. Increment compared with 1995 will be 8,100
ton/day in 2011. Department Public Cleansing, BMA predict future solid waste
amount in the range of 18,800 and 14,400 ton/day hence the Study predicted the lower
side.

An annual rate of increase become 3.4 % and the increase rate compared with 1995
become 2.2 times in 16 years. Intensity or generation rate to built up area was
estimated at 23.0 ton/km2/day which is higher than the rate of 1994 data in Tokyo by
about 20 %.

Due to increase of solid waste amount, public services in solid waste management will
be a burden to the administration officials unless the projects shall implement in

accordance with the schedule.
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Table 8.5 Prediction of Solid Waste Amount (2011)

District SalidWaste SolldWaste SolldWasta  SolidWaste = SolidWaste . IncreaseRate
Amount in. Generation Amount in ' GenerationRate Amount {2071171995) )
©0 1988 . Rate198s 2011 2011 Increment

(tonfday). (tenvkm2ida (ton/day) = - (ton/km2iday)  (2011-1985)

Ame .- ¥} ; {toniday)
Bana Kani 33 11.2 812 18 £ ATA 24z
Bang Khen 21C 8.4 §3C 2 E 420 anc
Bang Kha Laam 13£ 20.0 254 354 118 18€
Bang Khun Thian 17¢ 81 T3z 17.2 553 41C
Bang Phlad 127 124 207 18.1 an 163
Bang Rak 147 ars 171 43 E 25 117
Bang Sue 161 14.2 BOE 48.2 444 ave
Bangkok Moi 17¢ 18.4 464 401 285 25¢
BangkokY ai a4 16.5 16¢ 2Tk 80 18¢
Bung Khum 197 7.0 TBE 15.% 572 a1
Chatuchak 274 8.4 408 13.€ 13 14E
Din Daang 20E 247 435 52.2 232 213
Don Muang 264 6.6 G54 127 439 272
Dusit 20€ 233 20§ 237 3 10z
Hual Khwang 12€ 121 23 14.2 110 187
Jomtong 162 12.5 440 205 277 27
Khlong San 13C 24.1 1582 2TE 21 11€
Khilong Toal 381 14.6 553 207 173 14E
LatPhrao 12 73 61 134 234 282
Latkrabang 11C 9.4 24C 181 131 21t
Minburi 12z 8.1 407 19.3 285 33E
MNang Chok 28 4.5 14C 22E 112 S0
MNong Khasm 12E 1.7 256 152 13 204
Pathumwan 17z 258 21€ 32z 45 12¢€
PhasiCharoan 245 108 857 181 427 27
PhayaThai 15¢ 18.0 16¢ 19.C 10 10€
Phra Khanong 220 7.5 485 15.3 269 223
PhraNakhon 207 50.0 16C 38.E 47 77
Pom Prap Sattru Phai 1L 45.4 121 508 11 11C
Prawat 11 4.2 S51E 12 E 407 45E
Ratburana 18¢ 12.4 487 23.5 295 25E
Ratchathawi 16E 24.5 19€ 28.¢ 30 11
Samphanthaweng 63 50.8 a8 54, 5 108
Sathon 14z 202 23E 33.£ o5 16GE
Suan Luang 123 8.6 Jdz 16.¢ 219 27¢
Taling Chan a8 4.1 428 14.4 33T 48z
Thonburi 187 25.0 4BE B3.4 299 260
YanMawa 148 14.4 272 26.% 124 182
Subtotal 6,34€ 11.7 14,204 227 7,858 224
Hospitals & Markets 193 0.4 437 0.6 244 227
Total 6,63t 12.1 14,64 _23.C &,1012 224
Remarks : For referance. prediction by DPC. BMA for the vear 2011 is oresentad as follows,
Uppervalua: 18 760t/ day Aversge Value | 16,80C LowerValue: 14,4000 day
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8.4 Planning Targets and Framework

In this section, the target for implementing the plans and programs of individual key issue is
proposed to solve the problem. Continuously, the framework and contents of the proposed
action plans are presented in the manner of phased development planning. Cost of the
projects will be estimated in the final section just for reference to know the scale of the
project.

(1)Planning Targets

Daily activities of the human being generate a huge amount of wastes exceeding the
permissible level left to the natural decomposition process especially in urban area.
Difficulties in implementation of the solid waste projects such as impact on the
neighboring area, procurement of land and budget, etc. likely cause of insufficient
installation of the solid waste facilities in BMA Area. However, the heaps of garbage
of the existing disposal sites can not wait any more delay of the solid waste projects
now. Littering of garbage in living environment make the citizens feel uncomfortable,
and its insanitary condition eventually caused degradation of quality of life.

The planning targets are set out as follows to achieve by the year 2011.
¢  Reduction of solid waste amount by 10 %

e Providing intermediate treatment facilities to process two-thirds or 60 - 70 % of
solid waste prior to final disposal.

¢ Procurement of landfill site in BMA Area to serve for 20 -30 years

For contribution to achieve “Up-grading of Quality of Living”, the action plans based
on the planning targets are formulated in the following sections. Time does not wait
now to declare “The Bangkok Garbage War”.

(2) Proposed Action Plan to Achieve the Targets

Proposed programs of solid waste management in the 5th Five Year Development Plan
has been reviewed on the stand point that the programs are properly selected to solve
the current problem and prepared for the foreseeable future problem as well. In
conclusion, the proposed programs are covered widely to take measures for the
problems arising from solid waste management for BMA, Formulation of the action
plans to be proposed in BEIP study will have duplication necessarily with those
proposed in the 5th Five Year Plan. Accordingly, the proposed action plans are
highlighted to the necessary minimum points effective to improve the situation toward
up-grading of “Quality of Life” in consideration of the planning issues described earlier
and divided into three phases plan.

Action Plan 1: Reduction of Solid Waste Generation Rate and Recavery of
Resources

Action Plan 1 is intended to materialize reduction of solid waste generation amount for
treatment and disposal through participation of the communities, enterprises, District
Offices and BMA to achieve reduction amount of 10 % by 2011.

Present Situation as of 1995

=  Rate of municipal solid waster generation reached at 805 grams per capita per day
in BMA

*  Valuable wastes are recovered by collection staff and picked up by squatters at the
disposal sites.

¢ Separation of garbage is practiced with dry and wet in several Districts
Action Plan during 1997 - 2001
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* [nvestigation of solid waste component, generation amount, etc.

* Investigation of amount of recyclable in garbage such as paper, bottles, steel and
aluminum cans, plastics, etc. and market research.

¢ Study on legislative measures to clarify responsibility and role of the government,
local government bodies, enterprises, and consumers.

* Study on conversion waste, compost, heat, electricity, solid fuels, etc.

* Study on searching for organizing recycling activities in communities, schools,
temples, election districts, NGO, etc. for domestic solid waste

*  Study on possible collaboration activities with enterprises for reducing waste,
reuse, resource recovery, and produce degradable consumable

* Formulation of resource recovery and recycling plan in total flow of solid waste
management system and relevant facilities

* TPublic campaigns to control discharge of waste by changing the prevailing energy-
consuming life style

Action Plan during 2002 - 2006
* Selection and training of recycling leaders in Districts and recycling groups
¢  Establishment of Recycling Campaign Center in BMA and in District Offices
* Promotion of recycling activities in pilot area
= Construction of recycling plant(s) and Establishment of Recycling Market
¢  Public campaign to particip'ate in recycling activities
Action Plan during 2007 - 2011
= Establishment of recycling activities and continuous operation
¢ Enforcement of regulations or new Decree for recycling and recovery of solid wastes
* Review of the recycling activities during 2002-2006 and necessary improvement
Action Plan 2: Construction of Intermediate Solid Waste Treatment  Facilities

Action Plan 2 is formulated to develop intermediate facilities to meet with the target to
realize ratio of solid waste treatment with 60 to 70 % by 2011. To achieve the target,
the following facilities must be developed by the year 2011.

Flow of Solid Waste Treatment and Disposal in 2011

Solid Waste Generation Amount 14,700 t/day
Compost Plant (1 plant) - 1,000 t/day
Incineration Plant (5 plants) 7,050 t/day
Recycling : 1,500 t/day
Landfill (Raw Refuse) : 5150 t/day
Landfill (Ashes and Rejects) : 1,550 t/day

Figure 8.3 shows overall solid waste management system proposed for treatment and
disposal in 2011 based on the amount shown above.

Intermediate facilities shall be designed to improve efficiency of post-coming final
disposal, recover usable materials and to recover conversion products and energy.
Because of large energy consumption by the intermediate facilities itself, the design have
to consider about efficiency of each component and the total systemn and it is strongly
emphasized that the plants must be equipped with the devices to minimize the
secondary pollution.
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Action Plan 2 is composed of installation of the facilities listed as follows.

2,000 t/day incineration plant in the East Bank (No. 3 Bangkok Incineration Plant)
1,000 t/day incineration plant in the East Bank(No. 4 Bangkok Incineration Plant)
1,000 t/day recycling/verge transfer plant in the East Bank river side area

( Bangkok Recycling Center)

500 t/day recycling/verge transfer plant in the West Bank river side area (Tonburi
Recycling Center)

Present Situation as of 1995

L

Only one 1,000 t/day plant is in operation at On Nut Landfill Site

Second compost plant of 1,000 t/day is under construction at Nong Khaem
Landfill Site

Turnkey incineration plant of the capacity expected at 1,350 t/day is to be
prepared for bidding soon.

BOT incineration plant of the capacity expected to be larger than 1,000 t/day will
be prepare for bidding scon.

Action Plan during 1997 - 2001

Completion of on-going four projects, 3 incinerators and 1 compost plant, expected
to have the total capacity of 5,050 t/day

Review and formulation of solid waste Master Plan and Feasibility Study for the
next 5 Year Plan

Planning and design of 2,000 t/day incineration plant in the East Bank

Pla.mﬁn%hand design of the recycling/transfer plant in the East and the West banks
having the capacity of 1,000 t/day and 500 t/day respectively.

Study for collection of selected waste to increase efficiency of compost plant

Action Plan during 2002 - 2006

Review of the incineration plants and compost plants constructed in the previous 5
Year Plan and Formulation of the nest 5 Year Plan

Construction of 2,000 t/day No. 3 Bangkok Incineration Plant
Planning and design of 1,000 t/day No. 2 Tonburi Incineration Plant
Construction of recycling/verge transfer plants of 1,000 t/day and 500 t/day in

the East and the West banks

Experimental carry in the selected compostable waste and test operation

Action Plan during 2007 - 2011

Construction of No. 2 Tonburi Incineration Plant
Actual operation of the compost plant with selected compostable waste
Abandon 1,000 t/day On Nut Compost Plant

Review of the Master Plan and implementation for the next projects
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Figure 8.3 Proposed Solid Waste Treatment and Disposal System in 2001

Action Plan 3: Procurement of Final Disposal Site

In view of no landfill site in BMA Area, Action Plan 3 is proposed to secure the landfill
sites within the city boundary in Bangkok and Tonburi sides respectively for operation
in the next 20 -30 years. Disposal of solid waste in flat terrain area is generally
practiced by sanitary landfill in wet area such as swamp, marsh area, ponds, etc.
Investigating the entire BMA Area, the candidate landfill sites are proposed at inland
of Nong Chok District in Bangkok side and tidal area in Bang Khuntien District in
Tonburi side.

Landfill in wet area or water area as well is associated with the water pollution
problem caused by leachate from the filled material therefore suitable protective
measures have to be studied prior to start implementation of the project.

For the proposed landfill site in Bang Khuntien, transportation of solid waste shall be
made by both ways by land and by sea through the verge transfer station to be located
in the river side area in Bangkok and Tonburi side respectively. The verge transfer
station shall be designed to have the facilities for unloading and loading of compactor
containers and resource recovery process to function also as the recycling center.

Procurement of landfill site in the eastern provinces supported by the railway
transportation will be useful as consider the long term plan or as the final alternative
sites replacing the landfill sites in Nong Chok and/or Bang Khuntien. In this case, solid
waste disposal plan have to be formulated with regional level scheme to collaborate
with the provincial governments, municipalities, The State Railways of Thailand,
Department of Forestry, Department of Public Works, etc.

Considering the issues mentioned above, Action Plan 3 is proposed as follows. As for
reference, conceptual design for landfill site in Bang Khuntien was shown in Figure 8.4.
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Present Situation as of 1995
* Three existing disposal sites have no space anymore to receive wastes

+ Solid waste transfer and disposal is privatized and operate the landfill sites in the
neighboring provinces

Action Plan during 1997 - 2001

« Investigation of available vacant land for final disposal

*»  Site selection, planning and design of landfill facilities for Bangkok and for Tonburi
«  Procurement of landfill sites for Banglkok and for Tonburi

¢  Start construction of landfill facilities for Bangkok and for Tonburi

«  Study for regional solid waste disposal plan

Action Plan during 2002 - 2006

*  Construction of landfill facilities for Bangkok and for Tonburi

» Start operation and maintenance of landfill sites for Bangkok and for Tonburi
*  Site selection, planning and design of regional disposal plan

»  Procurement of landfill site for regional solid waste disposal plan

Action Plan during 2007 - 2011

*  Construction of regional disposal facilities

*  Start operation and maintenance of the regional disposal facilities
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CHAPTER 9: HOUSING AND HUMAN SETTLEMENT

9.1 General

Bangkok has approximately 5.6 million population with some 1.3 million households in
1993, according to the BMA registration date. However, the actual population is estimated
at approximately 8 million in 1995. The number of households has increased at a 4.4% P-a.
during the period from 1980 to 1990. The average household size is 3.8 persons/household
with a decreasing trend, thus nuclear families seem to be recently increasing,

Bangkok families live in several types of houses such as detached houses, townhouses,
apartments and flats, condominiums, row houses, so on. As seen in Table 9.1, 44% of all
the families reside in detached houses, and 33%, in either row houses or brick row houses.

Recently, the housing market has been very active, providing with neat townhouses targeting
at the middle income families in suburban areas. On the other hand, shanty houses still
remain in several areas along Khlongs and the old city.

Table 9.1 Number of Houses by Type in Bangkok

" Condo- | Row H

P'a {
1 ; 5,021 96,741
2 32,344 1,295 41,566 30,687 11,655 207,975
3 104,006 26,540 29,164 Y65 42,306 39,073 9545 251,599
4 129,027 28,199 24,316 au3 365,804 47,618 5916 272,462
5 100,295 18,974 12,799 254 22,906 43 408 3,306 201,942
i 64,277 10,383 6,268 9 12,030 31,882 1,251 126,180
7 38,372 5,206 2,839 37 65,359 19,146 577 72,536
8 23,332 2,348 1,074 ] 3,766 12,024 317 42,869
9 13,523 1,479 732 14 2,136 7,108 136 25,128
10 & Over 20,928 1,413 52y 13 2,769 9,028 340 35,120
Tolal 592,319 124,662 130,302 4390 185,680 257,135 38,064 1,332,552
Average 451 3.88 3.17 252 367 4.59 3.04 4.17

Source: Population and Housing Census, NSO, 1990

9.2 Salient features of Housing in Bangkok

(1) Size of Houses

Although any sufficient date analyzing size of house is not available, the number of bed
rooms may represent present features. According to the Population and Housing
Census 1990, as shown in Table 9.2, the average size of house per Bangkok family was
2 bed rooms plus 0.3 rooms for the other use. The average family member per unit was
4.51 persons/house for detached house and townhouse accommodate and 3.88
person/house, while 3.17 person/house and 2.52 person/house for apartment/flat
and condominium respectively. Thus, apartment, flat and condominium are utilized by
small households and the detached house and townhouse, by bigger households.
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Table 9.2 Size of Houses in Bangkok 1990

Bed Room/ | Detached Townhouse Apartment, . Condo
Otlier Room 1 House: B ISR ot HRIR 11 L R
No. of Bed Boom
MNone 14,202 1,125 8,580 8 14,698 3,564 4,988 47,165
1 139,519 12,402 91,922 3,089 113,933 53,101 8,654 442,620
z 182,792 67,042 26,027 907 41,289 95,979 2,759 416,795
3 157,453 33,364 3,137 283 11,108 67,648 918 273,911
4 and Over 97,594 11,029 517 103 4,509 36,342 718 150,812
Unkhown 744 57 116 140 494 24 1,575
Total 592,304 125019 130,299 4390 185677 257,128 38,061 1,332,878
‘Average 2.31 2.33 1.19 1.40 1.33 231 1.05 2.03
No. of Other Rowm Used for Sleeping _ Saars
None 442,184 w9978 89,681 2,030 140,096 204,444 30,047 1,009,360
1 122,846 20374 38298 1,271 41,569 43,874 7,460 275,692
2 18,834 3,063 1,692 146 3,062 6,383 474 33,654
3 4,937 686 451 490 1,376 39 7,979
4 &Over 3,155 499 83 a6 328 777 38 4928
Unknown 359 63 w80 127 277 12 928
Total 502,315 124663 130,297 4393 185,672 257,131 38,070 1,332,541
Average 0.32 0.25 0.33 .40 0.27 0.25 0.23 0.29

Source: Population and Housing Census, N30, 1930

(2) Tenure of Houses

46% of households in Bangkok were house owners in 1990, as shown in Table 9.3. The
ownership is approximately 30% lower than the national average. Bangkok is
characterized by a higher population of renters.

Most of detached houses and townhouses are owned by dwellers, however, most of
dwellers at apartment and flat, condominium, and row house are renters. It is
interesting that as per condominiums, half are owner and half, renters.

(3) Location of House Supplied

Looking at the locational characteristics of recent housing development from “NHA
Annual report, 1994”, a considerable number of housing development was located in
the area with a 20 km radius from the center of Bangkok. The housing development
momentum has a clear development direction towards the North and the East, namely,
Don Muang and Bang Khen Districts in the northern part of Bangkok and Min Buri and
Lat Krabang Districts in the eastern part of Bangkok.

(4) Slums

As seen in Table 9.4, a total of 1,223 locations of slums were identified in Bangkok in
1993, Out of them, some 325 slums are located in the CBD zone, while 318 and 580
slums in the urbanized and suburban zones respectively. The CBD zone decreases the
number of slums, on the contrary, the urbanized and suburban zones slums are
increasing in the numbers.

Approximately 1.3 million people are still dwelling in slums, which shares 22.5% of the
population of Bangkok. The number of slum dwellers increased by more than 30% only
for 3 years during the period from 1990 and 1993. Thus, the slums are still expanding
and moving their locations from the central area to the outer area of Bangkok.

9.2
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Table 9.3  Tenure of Living Quarters in Bangkok in 1990

Owner 372,148

21,95(1;

43,957

117589

"o

617,419

Hire Purchaser 12,487 11,640 2,433 13,951 a5 43,949
Ren 155,266 14,003 109,135 101,559 13,363 468,349
Payment in Kind 8,439 1,246 22,800 8171 14,422 83 831
Rent Free 15,760 1,617 19 506 6,300 6,704 62,530
No Payment 17,711 452 8,133 4,573 1,461 35,195
Others 2,283 178 648 630 557 4,887
Unknown 6,165 1,268 1,481 3,204 110 13,130
Total 500,259 124,361 129,998 4,392 186,086 256,227 37,967 1,329,290
Share =i
Owner 63.05% 75.55% 6.40% S0.00%: 11.80% 45,805 3N% 46.45%
Hire Purchaser 2.12% 9.36% 2.57% 0L.00% 1.31% 5.44% 0.25% 3.31%
Rent 26.30% 11.26% 56.17% 45.56% 58.65% 39.64% 35.20% 35.23%
Payment in Kind 1.43% 1.00% 22.07% 1.37% 12.25% 3.19% 37.999% 6.31%
Bent Free 2.67T% 1.30% 0.51% 1.75% 10.48% 2.54% 17.66% 4.70%
Mo Payment 3.00% 0.36% 2.16% 1.32% 4.37% 1.78% 3.85% 2.65%
Ohers 0.39% 0.14% 0.42%: 0.00% 0.35% 0.27% 1.47% 0.37%
Unknown 1.04% 1.02% 0.69% 0.00% 0.80% 1.25% 0.29% 0.99%;
Total 100.00% _ 100.00%  100.00%  100.00%  100.00% _ 100.00% _ 100.00%  100.00%

Source: Population and Housing Census, NSO, 1990

Table 9.4 Slums in Bangkok in 1990 and 1993

Niv. of 81

] auy :
CBD Zone* 338 325 0.96 374,500 355,333 0.95
Urbanizsed Zone*® 205 318 1.08 351,819 406,744 1.16
Suburban Zone* 315 580 1.84 220,520 494,193 2.24
~ Total 948 1,223 1.29 946,839 1,256,270 1.33
Population 5,546,937 5,572,712 1.00

Share of Slum in Popualion of Bangkok _17.07%  22.54%

Mule: * The division of the districts into the zone is same ag Table 7.9
Source: Statistical Profile of BMA

(5) Parks and Urban Amenities

Table 9.5 shows that community facilities regarding urban amenity such as library, park
and youth center. As per parks, Bangkok has a relatively small area in terms of the per
capita are, which accounts for only 0.55 m’/person, including open spaces. This figure
is much lower than those of other large cities in the world. In terms of the zonal
distribution, the CBD zone has relatively larger area of parks and open space, while the
urbanized zone has the smallest. This implies that recent urbanization is not

concomitant with sufficient provision on urban amenity facilities.
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Table 9.5 Parks and Urban Amenities in Bangkok in 1993

Packs (89.m)

"1 Pra Nakhon ! 36,800 158,382 240

2 Khlong Toei 0.00
3 Klong San 1 892 ] 0.01
4 Chatuchak 204,000 94,916 398,916 217
5 Chom Thong 1 0 0.00
# Don Muang - 1] 0.00
7 Dusil 49 860 80 49,940 1 0.28
8 Taling Chan 1 420 420 1 .00
9 Thon Buri 77,720 280 78,000 1 0.34
10 Bangkok Moi 51,300 160 51,460 2 0.29
11 Bangkok Yai 1 100 40 140 1 0.00
12 Bang Kapi 560,000 560,000 2.41
13 Bang Khun Thian 0 1 0.00
14 Bang Khen 1 320 320 1 0.00
15 Bang Kho Laem 0 0.00
16 Bang Suc 1,200 1,200 1 0.01
17 Bang Phlat : ] 0.00
18 Bang Rak 1,056 40 1,096 1 0.01
19 Bung Kum 0 0.00
20 Pathum Wan 2 576,000 3,100 3,600 582,700 3 L 4.72
21 Prawel 1 0 1 0.00
22 Pom Prap 4,100 120 4,220 1 0.05
23 Phaya Thai 1 680 680 0.00
24 Phra Khanong 800,000 1,300 940 802,240 3 3.99
25 Phasi Charoen 1 0 0.00
26 Min Buri 0 1 0.00
27 Yan Nawa 3,612 300 392 1 0.04
28 Ratchthewi 25,571 25,57 0.23
29 Rat Buruna 101,280 101,280 1 0.61
30 Lat Krabang 80,000 80,000 1 1.04
31 Lat Phrao 1 0 0.00
32 Sam Phanthawong 1,950 1,950 y 0,04
33 Sathon U 0.00
34 Mong Khaem 0 1 0.00
35 Nong Chok 56,800 56,800 0.89
36 Huai Khwang 34,597 560 35,157 1 0.14
37 Din Daeng 1]
38 Suan Luang _ 0
‘Bangkok Total 12 2,514,880 510,335 7,100 3,032,315 26 0.55
By Zone
CBD Zone* & 612,800 370,610 4,440 087,850 11 0.52
Urbanised Zonc® 2 405,280 138,425 980 544,685 5 .33
Suburban Zone* 4 1,496,800 1,300 1,680 1,499,780 10 0.74
Total 12 2,514,880 510,335 7,100 3,032,315 26 0.55

Note: * Division uf.:.li.wiriuls into thezone is same as Table 2.9.:
Sonrce: Statistical Profile of BMA, 1993
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9.3 Current Housing Supply Market in Bangkok

In order to identify the current state of the housing market in Bangkok, the BEIP Team
surveyed the real estate/housing information magazines available in the city as of November
1995.  The results yielded several implications on suburbanization as well as the land
market economy in Bangkok. '

(1) Marketable Prices of Housing Units

As seen in Table 9.6, the average price of detached houses was 2.9 million Bath /unit in
Bangkok and 1.9 million Bath/unit in vicinity provinces. For townhouses, the average
price was 1.5 million Bath/unit in Bangkok and 0.7 million Bath/unit in the vicinities.
Housing units located in the CBD zone were the most expensive. The prices tend to
decrease in accordance with the distance from the center of Bangkok.

Since the average monthly household income in Bangkok as of 1995 are deemed to be
about 21,000 Baht (the BEIP Survey), if it is assumed that the affordable level of house
purchase of the average family is more or less 5 times of its annual income, the
marketable prices per unit for the averalge family is computed at 1.26 million. However,
the housing supply market does not offer townhouses at such a price in the urbanized
area in Bangkok. Inevitably, the average family, if it wants to buy a housing unit,
should look for its house in suburban areas or outside Bangkok. This is one of the
reasons from the housing market viewpoint why suburbanization is rapidly proceeding
without sufficient environmental considerations.

(2) Price Ranges of Current Housing Market
The following findings are identified though this analysis:

Detached houses are most expensive, followed by townhouses, condominiums;

2-3 million Baht is the most popular pricing range for detached houses in Bangkok;
1-2 million Bath is the most popular pricing range for the townhouses in Bangkok,
Less than 500 thousand Bath is the most popular pricing range for the
condominiums in Bangkok.

9.4 Policy Directions and Planning Issues

Based on the analyses made in the preceding sections, the following planning issues and
policies are identified:

(1) Provision of Adequate Public Utilities and Amenities in Residential Areas

A urban sprawl type of residential development is observed in the suburban area of
Bangkok. This eventually causes a large burden on the public sector to provide with
adequate urban infrastructures, utilities and amenities. To prevent from the urban
sprawl, a development guideline to meet the land use plan should be formulated.

(2) Enhancement of Low and Middle Income Housing Provision

NHA is the responsible agency to provide the low income houses. More efforts are
necessary to provide affordable housing units for them. To this end, the subcenter or
new town development may be a key to launch a large scale of project. In order to
facilitate the land acquisition process, a more diversified system needs to be explored,
instead of the current land purchase system, such as application of Land Readjustment
System, Joint Development with the private sector and/or Land Trust System.
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(3) One-More-Step Solution of Slum Problems

The resolution of housing issues, especially slum-problems, will be more vital for the
upgrading of people’s quality of livir.; as well as the implementation of urban
environment. A key for solution of the slum-problems is thought to be the
implementation of an integrated policy mix, including, employment, social welfare,
housing and urban planning policies.

9-7
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CHAPTER 10: NOISE AND VIBRATION

There exists areas where the noise level sometimes exceeds 80 dB (LAeq) in Bangkok. Such
a high noise level may imply that noise problems should be treated as a matter of the health
problem, as well as a matter of urban amenities.

10.1 General

(1) Noise

Noise has two facets in the nature. One is an emotional side, such as unpleasant,
uncomfortable feeling, disturbance against sleeping, and so on. Another is the
irreversible effect on human hearing ability.

The former is closely related to the amenity of the city. From this point of view, the
guideline level is much lower than the level of the latter facet, and may change in
accordance with situations such as day time or night time, residential area or shopping
area and so on.

The latter is related to human health, i.e. the hearing ability. In this point, for example,
Environmental Protection Agency of US.A has set 70 dB (LAeq) for protection from
worsening inhabitant’s hearing ability. International Labor Organization (ILO) has
adopted a guideline that 85 dB (LAeq, 8h) is the limit level, ie., the exceeding of this
level at working places is apt to cause some hearing disability in the long run for the
factory worker.

It was identified from the survey conducted by the Study Team that the daytime noise
level at Patthanakan junction exceeds 80 dB (LAey) and reaches the level of 85 dB
(LAeq). This situation is likely caused by the heavy traffic and the covering effects of
flying-over road. It can generally be said that this noise level can be construed as an
issue on public health.

People’s great concern about air pollution has been focused on TSP so far, but the noise
problem is considered to be another significant issue of urban environment soon or later.
It is the case that awareness of pollution problem by inhabitants sometimes delays after
its actual occurrence.

(2) Vibration

Main characteristic of vibration problems is emotional and local, similar to noise
problems. On the contrary, according to the survey result by the Study Team in
December 1995, vibration problems do not seem so severe as noise problems.

10-1
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10.2 Assessment on Present Conditions

(1) Roadside Noise Level in the Central Area of Bangkok

Regarding noise levels in Bangkok, published data is very little. Available information
is only graph, so it is difficult to find out clear figures of noise data. According to
“Pollution Situation in Thailand 1994”, it is reported that roadside 24 hours noise level
(LAeg, 24) are between 70 to 85 dB(A). It can be observed that the similar situation is
prevailing at major roadsides in Bangkok.

(2) Noise Survey Results of the JICA Study Team

The noise level survey was carried out in December 1995 at 5 survey points for road
traffic noise, 5 survey points for industrial noise and 2 survey points for railway noise,
as shown in Fig. 10.1. The results are summarized in Tables 10.1. to 10.3.

Table 10.1  Roadside Noise Level (LAeq, dB)

Din Daeng Viphawadi Rangsit g0 79 80 79
Road

Lumphini Park Rama 4 Road B3 81 B8O 81
Benjasiri Park Sukhumvit Road 73 65 76 76
Ramkhamhaeng- Patthanakan Road 78 84 83 g2
Patthanakan

Crossing

MNear Kasem Sukhumvit Soi 71 79 78 B2 80

Phihaya School
Note: Mnrningzﬂﬁ:i}ﬂ-ﬂﬂ.ﬂﬂ.ﬂaon.10.00-14:00.Evening: 15:00-20:00,

Might:20:00-9;00
Sourca!  JICA Study Team

Table 10.2  Factory Related Noise Level (LAeq, dB)

- locaion  Disit Moming Naon Evening Night
Ceramic Phra Khanong 85 64 B3 64
Meatal (1) Phra Pradaeng 61 66 B85 65
Metal (2) Fhra Pradaeng 70 75 76 76
Utility Muang 77 77 78 79
Fusl Phra Khanong 61 71 83 &1
Mate: Marning:05:00-09.00, Noan; 10:00-14.00,Evening: 15:00-20:00,

Might20:00-24.00
Source;  JICAShudy Taam
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Roadside

| :Din Daeng

2 : Lumpini Parl

3 : Benjasin Park

4 : Ramkhamhaeng-Patthanakan Crossing
5 : Mear Kasem Phihaya School

Faclory-relating

A : Ceramic
B :Metal(1)
C :Metal(2)
D : Utility

E :Fuel

Railway-side
a : Mear Bangkok Hospital
b : Mear Royal City Avenue

s

e
l
[ 1 b P};‘:-‘ a
/ = 3 5
i _--.-F-F.-F.-F.- -
_
e, T
Fig. 10.1 Locations of Monitoring Points
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Table 10.3  Railway Side Noise Level (LAeq dB)

Location  Noise  Locaton Noise

Mear Bangkok Hospital B81-889 Near Royal City Avenue 83-88
,Evening 15:00-20:00,

orning:05: :
Might:20:00-24:00
Sourca:  JICA Study Team

Noon:10:00-14:

(3) Noise Level in the Central Area of Bangkok

Available noise data and the survey data by the Study Team are consistent with each
other. These noise values are considered to be considerably high. The similar situation
is observed to be prevailing at major roadsides in Bangkok.

To assess the situation, a comparative analysis may be useful. Tokyo is selected to
compare Bangkok. The data of the JICA Study Team were summarized to median
values because the data of Tokyo are median values. The result is shown in Fig 10.2.

As seen in the figure, there exist remarkable differences between both cities. These
differences are around 10dB. The difference of 10dB means that Bangkok’s sound
energy is 10 times as large as that in Tokyo. Major road side of Bangkok seems to be
the crucible of sound energy.

T meegR T Teye
Merning 77 &7
Moon 78 70
dB Evening 78 68
Might 7a 64
Bangkok 9

Mote: The noise levels are averagas of madian values of salacted paints, which are the 5 points of the JICA Study Team
for Bangkaok, and 68 roadelda noisa stations af central wards for Tokyo in 19%3( 2636, processed by JEA.
Chliyoda-Ku, Chuou-Ku, Minato-Ku and Shinjuku-Ku of Tokyo are selected for the centralwards in this case.

Fig. 10.2 Noise in Bangkok and Tokyo

As seen in Table 10.1, a number of noise levels exceed 80 dB, and there are a few
reaching 85 dB. These figures imply that noise should be mitigated not only for amenity
but for protection from hearing disability.

Noise levels related to factories and railways are shown in Tables 10.2 and 10.3.
Taking into account the characteristics of noise, it cannot be necessarily generalized to
assess these conditions and the causes. Because the feature of boundary noise
problems has the nature of site specific local problem, and depends on various
conditions such as operation hour, relation to traffic, inhabitants awareness, and so on.
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Recently noise level map of Bangkok metropolice which was one km in central zone and
two km in other area grid map was made by ERTC. It reports that noise level of many
grids exceed Leq 70 dB(A) in day time, and considerable grids exceed in night time.

(4) Standard and Regulation

To mitigate noise problems, ambient noise standards and noise regulations for vehicle,
factory and construction are an important basis for policy making and administrative
actions. FPormalizing of the standard and regulations which are appropriately
applicable to its country is an essential matter. Proper standards and regulations also
play an important role of education and enlightenment of people towards mitigating the
noise problem. Regarding standards and regulations applicable to the Thai
environment, the following items should be further discussed:

Table 10.4  Considerations on Standards and Regulations

(1) For reviewing the roadside noise, the guideline set by US.
Environmental Protection Agency, i.e. Leq 70 dB, is thought to be
applied. This figure is not for amenity but for protection from hearing
disability.

(2) Regicnal characteristics such as industrial, commercial and residential
activities might not be covered.

(3) Moise in night might not be treated separately.

Regulations Regulations against vehicle and commuter boat are already

implemented.

(1) But introduction of sound level limit at boundary of factory site is not
yel.

(2) Introduction of construction noise limit according to time is not yet.

Standards

(5) Vibration Survey Results of the JICA Study Team

The vibration level survey was carried out by the Study Team in December 1995, and
its results are shown in Tables 10.5. and 10.6.

The threshold value of human sensitivity for vibration is 55 dB. The significant effect
by vibration to human health is thought to start at 90 dB or higher level. Taking these
items into consideration, the information by Tables 10.5 and 10.6 are thought to be
imply us that vibration problem is not severe as noise.

Table 10.5 Roadside vibration Level (90 percentile, dB)

Din Daeng Viphawadi Rangsit Road 56 56 52 56
Lumphini Park Rama 4 Road 53 53 52 56
Benjasiri Park Sukhumvit Road 48 47 47 45
Ramkhamhaeng- Patthanakan Road 58 58 55 61
Patthanakan Crossing

Mear Kasem Phihaya Sukhumvit Sci 71 55 54 55 45
Schooal

Nate. Morning: 05:00-08:00,Noon 10:00- 1400, Evening. 15.00-20.00,

Might20:00-24.00
Source:  JICAStudy Team
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Table 10.6  Factory Boundary vibration Level (90 percentile, dB)

Industry ; District, Road Moming = Noon Evening Night
Ceramic Fhra Khanong 44 48 49 41
Metal Phra Pradaeng 44 53 52 52
Metal Phra Pradaeng 54 60 54 66
Utility Muang 52 52 52 52
Fusl Phra Khanang 36 40 44 40
Nata: Maming:05:00-08:00, Noon: 10:00-14:00, Evening: 15:00-20:00,

Might:20:00-24:00
Source:  JICA Study Team

10.3 Policy Directions and I'lanning Issues

It should be noted that traffic noise issues in the central area and sub-urban areas of
Bangkok have different characteristics. For the center of Bangkok, the current noise situation
should be mitigated, while in sub-urban areas a main issue of noise is that the noise situation
should not be worsened than the present status.

Further study aspects in the center of Bangkok are as follows:

- Improvement of motor vehicle, especially motorcycle, samlor, heavy bus and light to
heavy truck ;

- Improvements of road structure, such as elongation of eco-corridor, planting of noise
shielding trees, and flatness of pavement ;

- Adequate management of construction work ;

- Consideration for avoiding construction of flying-over in the city canyon ;

- Effluence of traffic ; and

- Tublic relation of noise situation.

Relating to sub-urban areas the study issues are mainly the built-in of noise mitigating
concepts into city planning matters as below:

- By-path road construction ;

- Preparing wide sidewalk which has noise absorbing trees ; and

- Zoning of region.
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10.4 Planning Targets and Proposed Measures
Based on above discussion, the main issue is focused on mitigation of motor vehicle noise.

Table 10.7  PlanningTargets and Proposed Measures

P e
1. Mitigation of motor vehicle (1) Implementation of regulation and inspection
noise procedure against motor vehicle noise

{(2) Impravement of road structures

(3) Attainment of the Leq 70 dB level at all road side
area

2. Future integrated policy (1) Policies for up-grading of "Quality of Living"

(2) Depending on the characteristics of the area, such
as residential, commercial and industrial
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CHAPTER 11: MICRO STUDY

11.1 Objective and Scope of the Micro Study

(1) Objectives

As discussed in the preceding chapters, Bangkok environmental issues are not
homogenous but heterogeneous in the nature. Therefore, measures to be undertaken
should employ a wide variety of tools including institutional, administrative as well as
implementation of infrastructure projects. Since environmental problems always appear
at local level, the solutions need to address local reality with concrete images.

The objective of this micro study is to seek one of the appropriate ways to solve the
local problems by urban planning approach, based on the implications derived from the
macro studies.

(2) Selected Model Areas

Six areas are selected as the model areas with typical environmental problems for which

urban planning tools should be employed. The six areas have respective attributes as
follows, and the locations are shown in Fig. 11.1.

1) Lat Krabang Subcenter Zone: As a model of guided urbanization of subcenter zone
development in the eastern Bangkok area where vast potentials are still available to
accommodate increasing population and job places.

2) Taling Chan Subcenter Zone: As a model of MRT-driven urbanization in the
western Bangkok with great potential for rapid urbanization, where disorderly
sprawl would take place without infrastructure-led development.

3) Part of Khlong Toey: As a model of improvement of road network in the highly
built-up area, in relation to the forthcoming MRT systems and restructuring of the
inner city areas.

4) Din Daeng Renewal: As a model of the public housing renewal project (NHA) in
the inner city in association with public projects of New Bangkok City Hall, MRT
stations and other new urban projects in the vicinities. Public transportation-based
urban re-structuring is the main theme.

5) Chao Phraya River-front Renewal: As a mode of Chao Phraya River-front
redevelopment by relocation of existing less-functioning warehouses and factories,
and new land use for a purpose of environmental facilities development.

6) Rathanakosin Historical Conservation: As a model of institutional building for
historical conservation based on a review of the on-going Master Plan Study by the
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national committee for Rathanakosin Conservation. The conservation of historical
assets must be one of important environmental policies.

Aoy
¢ [
/ Halhanaknsm Cansewatmn 9

,ﬂql
N LY
Taling Chan bubcenter Zone F} 'J/

]

- A2 - T . L : : :
By n? REE) ﬂ&‘ i 4 ‘{Fﬂhaﬂg subcenter Zone
Ghan F'hraya River-front Flenewal -.1?’?_‘*\- 5 g

; :rr* AR ’f’ I-:‘H Khlnng Tr;:e;.rlmprwement
L—ﬂ ,'
r k

| Y ,f .':5
B ,.," 4 f Vi r

Fig. 11.1 Locations of Micro Study Model Areas
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11.2 A Physical Model of Subcenter Zone Development
The basic strategies and planning concepts of “Subcenter Zone Development” are discussed

in Section 9.4, Chapter 9: A Vision of Spatial Framework. This section presents physical
planning ideas, taking up a model of Minburi/Lat Krabang Subcenter Zone

(1) A Conceptual Model of Minburi/Lat Krabang Subcenter Zone
A model of Subcenter Zone Development with an about half million population
imagining, was conceptually depicted to study the needs of land development,
infrastructures and road network systems, as shown in Fig. 11.2.

This urban model seeks a physical feature of Environment-friendly Urban Development,
considering the following planning concepts:

Rational Land Use Pattern

Three concepts are employed for rationalization of the land use:

«  Moderate population density,
s (Concise activity center area; and
¢  Sufficient open space for the environment and public uses.

Given a population density of 140 persons/ha in the average, a total land area of 3,500
ha (about 6 Km x 6 Km) needs to be prepared to accommodate half million population,
and with the employment density of 200 jobs/ha, the land area of 750 ha is used for
work places for the self-sustained job-housing balance.

The areas to accommodate some special urban functions such as higher educational and
government facilities as well as light industries and warehouses, some of which are to be
relocated out of the Bangkok central areas, are prepared. Given quality environment,
this subcenter zone will be suitable for location of R & D and information-related
business.

The area for parks and open space should be prepared for location of public utility
facilities such incineration plants, energy facilities and /or resource recycling centers.

Mass Transit-based Urban Development

Stations of MRTs or SRT railway function as activity centers of the new town, providing
with station plazas and frontage areas where business, commercial and other urban
service facilities are accumulated. Such large traffic generators should be located

adjacent to the stations so that workers and business persons may approach them on
foot to/ from the stations.

Water Channel-cum-Road System

Major streets connecting with MRT stations (Lat Krabang and Minburi) are planned as
“Eco-boulevard” as an axis of the subcenter zone, as illustrated on Fig. 11.3. The eco-
boulevard is structured with secondary roads and drainage channels in association with
greens. These channels form “Green-Water Network” over the subcenter zone.

Feeder Public Transport Systems

Bus service routes are connected directly with MRT stations as the feeder transport
service network. The feeder bus routes are served so that all residents can reach any bus
stop within 500 meter walk.
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Hierarchical Road Network System

The subcenter zone is served by regional arterial highway(s), or express way and arterial
roads. The secondary roads need to be networked with at least 2 km interval, and the
tertiary roads are served with 500-1,000 meter interval.

L 40.0m ‘

Fig. 11.3 A Proposal for Design of “Eco-boulevard” as an Axis of Subcenter Zone
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11.3 Major Planning Considerations on Six Model Areas

The planning considerations taken for these six model areas are summarized in Figs. 11.4
through 11.9. The measures/strategies proposed in this table are examples, but necessary to
materialize the plans proposed in the macro study.

11.4 Urban Environmental Quality Up-grading from Urban Design

The quality of urban environment depends remarkably on quality of urban design. Many
atternpts for this purpose have been presented in many cities over the world. Some of them
are applicable

(1) Appreciation of Thai Traditional Urban Design Principles

The typical urban design based on the Thai tradition which can be seen in the Rathanakosin
is appreciably designed with the water-friendly environment. The street with plenty greens
make a lot of shade in the city to alleviate the severe tropical climate and mitigate somewhat
the dusty air pollution. Such traditional design principles should be utilized for urban
design even in the busy areas.

(2) Functional Intermodal Transfer Facilities and Pedestrian Environment

Convenient and comfortable systems for intermodal transfer facilities need to be developed
with special emphasis as urgent projects, as recommended in the BEIP Study. In particular,
the transfer facilities between MRTs and buses are important. There are many examples of
the design of these facilities in Japan, Singapore and European countries for reference.

(3) Building Set-back and Street Design

The current Building Code has stipulated a building set-back regulation. This regulation
should be further strengthen particularly those located along some selected major streets
which are planned as symbolic amenity streets or boulevards with greens and street
furniture. The frontage space created by the set-back should be utilized as semi-public
space for pedestrians as well as landscape belts.
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CHAPTER 12: APPLICATION OF GIS TECHNIQUE FOR
PLANNING

12.1 Introduction to GIS

It is needless to say that huge amount of geographic data will be collected, analyzed, and
evaluated at the planning works of any regional/urban development or environmental
management projects. Recently, GIS (Geographic Information System) technique which had
initially developed and put into market place in early 1980's in USA has been widely
applied to the spatial data digitization, analysis, and mapping for various spatial
development/management projects in the world. At the initial stage of software
development and diffusion of the GIS, cost performance of this system was still in low
efficiency, however, because of the recent innovative progress of computer technology,
efficiency of data processing is largely improved and packaged system of GI5 has been
easily installed and used by many users.

In this study, ARC/INFO as the most updated and world standard software of GIS and
related computer system (EWS) has installed in the project office to support the plarmirf
works. Based on this system, geographic database for the BEIP study has been constructed.
As a result of the data manipulation and processing, various type of maps and tables were
displayed in the previous chapter of this rchrt. These maps and tables are showing not
only the existing environmental conditions of the study area but also the planning indicators
of the BMA.

Since the GIS was developed in early 1980s, the spatial analysis in urban or regional
develogm&nt planning has been one of the most effective and cost efficient applications in
GIS ology. For a long time, regional planning works have been conducted by manual
systems, with records on paper and mylar. Planning works, by its nature as an information-
rich discipline, has much to gain from the facilities which the new technology provides.
Information organized with GIS therefore provides a framework to support the process of
decision making which together constitute planning practice.

Environment is also a great concern in the field of GIS application. One main reason for this
is the need to compare a great number of area-related data describing the natural resources
involved and their sensitivity to the effects of various impacts. Because GIS can be used to
couple area-related data with their attributes, and can be used to overlay these, they
represent highly efficient instruments for such planning tasks.

Nowadays, GIS becomes a common tool for all who need to analyze spatial data according
to their specified purpose. The growth in GIS technology has been spreading wide and
rapidly to not only planning works but wide range of application of physical resource
management , environmental assessment and so on.

This technical note describes the contents of BEIP-GIS and points out the several problems
as well as necessary measures to be taken for the introduction and application of GIS for the
coming information oriented society of the Thailand.

12-1




BEIP-STUDY:FINAL REPORT.CHAPTER 12

12.2 Concept of the Urban Environmental Information System

The GIS applied in the BEIP study is called as Environmental Information System (EIS), that
's specially designed to support the urban land use planning and environmental management
for the area of Bangkok Metropolitan Administration(BMA). As illustrated in Fig. 12.1, EIS
is a system that incorporates and integrates the functional sub-system of urban planning,
transport planning and environmental planning. The functionality and activities associated
with each sub-system are needed to define in terms of GIS performance.

(1) Urban Planning Sub-system

This sub-system aims at creating the alternative land use plan by projecting various
environmental factors onto the real world, and contributing to the actual urban planning
works. Many kind of map data which represent existing urban condition of the BMA
and socio-economic statistical data are digitized and stored into the computer as a
geographic database. Based on this database, spatial distribution of physical
constraints, land use suitability, and future urban development potentiality are
analyzed and mapped.

—

(2) Transport Planning Sub-system

This sub-system aims at creating the alternative transport plan by simulating the traffic
volume and congestion based on the existing and planned road networks. For the
transport planning, TRANPLAN software was used to analyze existing and future
traffic condition. BEIP-GIS supply the basic information on road network, traffic
analysis zone(TAZ), and related data. After the necessary data analysis by
TRANPLAN, final results were transferred to GIS again and mapped.

(3) Environmental Planning Sub-system

This sub-system aims at creating the alternative environmental management plan by
simulating the air, water quality and noise conditions using each environmental
mathematical model.

The functionality of the total system can be divided into the following six main
elements from which A, D, E and F are directly related to the use of GIS.

(A) Data entry, storage, retrieval and management;

(B) Computation of traffic volume by simulation model;
(C) Computation of Air pollution by emission model;
(D) Spatial (land use) and environmental analysis;

(E) Comparison and evaluation of alternatives;

(I') Presentation and mapping; and

(G) User interface and scenario generator.

The system was designed based on the clear-cut identification of objectives and needs

for the analysis. The following attention was paid on the process of database

development.

* Examination of data availability in terms of its accuracy, source, method and date
of data generation;

*  Collection of existing data files in the form of M/T or F/D or M/O to avoid the
duplication of data input; :

* Examination of model development in GIS in close collaboration with relevant
agencies;

*  Preparation of output images linked with input from the database

* Examination of the most appropriate system for EIS based on the data volume,
input format, output map production, CPU performance, disk capacity and type
of package software of GIS; and

* Examination of system compatibility, availability of local system support and
maintenance services.
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12.3 System Configuration

The typical hardware configuration for GIS comprises a central computer surrounded by
memory and storage disks and a number of peripheral devices. Time sharing system is also
important because it enables terminal units with lines attached to the central computer to be
used at the same time. Like every other computerized information system, GIS are
comprised of the integration of hardware and software packages.

Hardware configuration is usually designed considering the software performance that runs
on the machine. More recently, the Engineering Work Station (EWS) has becoming an
important role in the graphic oriented system such as GIS, so it is the most widely configured
in many GIS vendors. For the purpose of developing large scale database, the necessity for
the CPU performance and disk storage capacity is carefully examined so as to optimize the
GIS software capabilities.

In the history of GIS software development, the most significant advance was the
introduction of the concept of the relational database that allows linking graphic data with
attributes data by the use of common key fields. The software is also required to perform
certain analytical tasks according to the nature of the problems. The overlay procedure, for
example, has been commonly used for combining ditferent data sets in order to identity the
problem areas or sites with required characteristics. Buffering, address matching and
network analysis are additional tools adopted in the planning applications of GIS. The
above functionalities are necessary to be included in the GIS software for BEIP. Nowadays,
a variety of GIS products have arrived on the market and users have begun to gain
familiarity with these new systems even in Thailand. In addition, local supports and
maintenance services are also taken into the consideration. As the result of the scrupulous
survey under the local circumstances in Thailand, the following system was finally selected.

(1) Hardware

EWS:  SUN SPARC station 20 (64 Mbyte Main  Memory, 2.1Gbyte Hard Disk)
Printer : HF Laserjet 5 (A4 size)

Plotter : HP Designjet 750C (A0 size, 16 millions different color)

Digitizer :CALCOMP 34480 (A0 size, 16 Button Carsol)

{2) Software

SUN Q5, Solaris Ver, 2.4
ARC/INFO Ver, 7.0.3
CORE module

GRID module
NETWORK module
ARCVIEW Ver. 2.0

The system configuration is shown in Figure 12.2.

12.4 Data/Information Filed in GIS

For the purpose of developing an integrated database, plenty of data (both graphical and
statistical) have been aggressively collected from various relevant agencies. The collected
data are listed in Table 12.1. However, problems with data were serious because their date
of compilation, accuracy, scale and format vary each other, so it would put us in a difficult
situation to integrate them into a database. Because of this, it was a critical necessity to
decide a base map for the data digitization, and finally the topographic maps at a scale of
1:20,000 produced by Royal Thai Survey Department (RTSD) were applied as a planimetric
base map for the BEIT.
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SUN Sparc 20 64MB Main
memory, 2,1GB Hard Disk 8MB-
SX Accelerated Graphic

w/ 20-Inch Color Monitor

UPS 2ZKVA
HP Laserlet 3P
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Fig. 12.2 System Configuration

The study area, Bangkok Metropolitan Administration(BMA) is about 1,600 square km and
almost covered by 20 (twenty) sheets of the above topographic maps, but some eastern and
southern tips of BMA (Nong Chok and Bang Kun Thian districts ) are missing on this map
series. Topographic maps at a scale 1:50,000 (by RTSD) were supplementary used to fill up
such areas as well as covering whole Bangkok Metropolitan Region (BMR). These
topographical maps were finally merged each other and compiled into one map sheet scaled
at 1:75,000 as a base map for BEIP study.

The status of existing roads, railways, rivers and canals, landmarks, and administrative

boundaries were principally derived from the above topographic maps, however, some were
lack in details or needed to be updated.
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Table 12.1  List of Map Data used for the EIS Development

Ly T e P " SN O Dot __ e _f_ Bemers
| |Tegagraplie maps Royal Thas Survsy Dep. [BTTETT 1981 - %] |Head Mail Brwer.Canal. 10 map shesly fer HALA
Lanlina k
1 | Tepagrapsiz mapt Anysl Thal Survey Depo 1:%0 00 191 - 154 |Aesd Adeinisimaiive
uurigy
1 | Adminisirmive boundanes map Palicy and Plamning Depi, BMA 138,000 1554 Admimsmaraive buundaries Used for the updaind F51
wab-dimniets idemificnion
4 |Land ute map Ciry Plasning Depr, BMA 124 (M) 1993 Lend e Hor published drall map
baserd fn shin iniespresion
3 |Land use eoning mop Diept. &l Cily and Caaniry Masning 174 HH 1992 L awial upe owvisg
o |Caound subsideres map JHCA ieprat bt 1 500,000 1993 Simulaied giound pabsideice
7 |Inundaied ares map { 190) JICA repan abom 1-900,55 (L14] Inusdaeed area by 1531 fead iy yoagr arhiy conrdinge
1 | Inurslated aren map {1993} Depl. of Demsage and Sewerage about 12§ 04,000 10 Inusdated frea by 1975 Dead
2 | Fload p-ma.:ﬁu feeilinles mep Dem. of Crwmage and Sewerage (RG] | g Dikey, Gaiss, Pomp Slatios =)
10 | Woater servece awea mag Mletenpodilan W ater Wiasks (R (§:51] (CarTER WOIEr Service area
Aamhality Waies |randrigaes ipilem
1| | Sewerage zone map PCTE repan shavin 1-900, 0063 [foh Prepnsed division of sewage area Mo geograghic coondinaie
13| Tradlic Analysis Zons Map LT digilal [heH] Traffic Analysis Zone |TAZ) Dierived finm MAFIRFO
17| hinss s map SRT. DTSC. META 11 1996 Each agery " plans Mgl based an maps
Some projecis ace palll under
14| Rioad grojects map by the year 1000 (B, DO, MYV, ETA - 1994 Fach sgesey '3 plan ennsidermion by OCMRT
|Arh Plas Penjecis) fiar ihw Bih Plan

In such cases, the best efforts were made so as to look for the latest data or information in
the authorized agencies. For example, the sub-district boundary is important because it
composes a minimum statistical unit in BMA, so the updated and authorized administrative
boundaries map which was prepared by Department of Policy and Planning, BMA was
collected and digitized. The corresponding basic statistics such as demography were
collected at the National Statistics Office and UTDM.

On the other hand, a lot of thematic maps were also gathered from various agencies in and
out of BMA, and they are largely divided into the following 4 (four) thematic groups.

Land resources and conditions, land use, land status,

Physical constraint, flood area, land subsidence

Environmental issues, water quality, air pollution, traffic volume
Social infrastructures, transportation, water service, sewage

The problem at this stage is that these maps are different in date of compilation, scale,
accuracy and format and so on because they have not been produced based on the same
national base map. It is of primary importance to keep the coordinate accuracy of each map
if it will be stored in a sophisticate database, Otherwise, GIS cannot perform any spatial
analysis such as overlaying in the next stage.

For this purpose, all thematic maps collected at different agencies are needed to be
transferred onto the base map for the preparation of digitization.

Geographical Information System (GIS) is well known for its capability to store both
graphical and statistical data at the same time and place. Database Management System
(DBMS), one of the most significant advances in GIS software, introduced the concept of the
relational database. It serves the very important function of storing very larpe quantities of
information, easily inquiring them, and performing various geographic data manipulation
and analysis. In this project, INFO that is the relational DBMS of ARC/INFO is applied to
handle basic storage, management and analysis operations for geographic data.

12-6




BEIP-5TUDY:FINAL REPORT-CHARPTER1Z2

Prior to the data digitization, as described before, all thematic map boundaries were
transferred onto a base map (scale 1:75,000) so as to uniform the coordinate control points
(TICs), then set on a digitizer. ARC/INFO Ver.7.0.3 was used for all the process of data
input, edit, encode and check plots. Statistical information were also stored in conjunction
with each statistical unit of maps, especially administrative boundaries map comprised of
151 (one hundred fifty one) sub-districts are frequently used and connected ‘-":FIEh a _lnt of
attributes data. The contents of the geographic database for BEIP are listed in the
followings.

(1) Administrative Boundaries (BMA)

1) Map Data Dource
Topographic maps (1:20,000, partially 1:50,000)
2) Attributes (sub-district base)

Province name in Thai and English
District name in Thai and English
Sub-district name in Thai and English
Sub-district code

Area (square km)

Build-up area (square km)

Build-up ratio (%)

Open space ratio (%)

Population in 1995

Household in 1995

Gross population density in 1995
Net population density in 1995
Population in 1990

Household in 1990

Population increase rate (%) between 1990 and 1995
Gross road density (m/ha)

Net road density (m/h)

Soi rate (%)

{2) Administrative Boundaries (BMR)

1) Map Data Source
Topographic map (1:50,000)

2) Attributes

Province name in Thai and English
District name in Thai and English
Sub-district name in Thai and English

(3) Existing Land Use

1) Map Data Source

land use map (1:40,000) based on the interpretation of aerial photos (1993)

2) Attributes

0 Water bodies

1 High density residential area

2 Middle density residential area
3 Low density residential area

4 Commercial area

5 Industrial area

6 Warehouse
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7 Governmental facilities area

8 Agriculture / Open space area
9 Conservation area

10 Park

11 School

12 Religion

(4) Road, Hydrology, Rail (SRT)
1) Map Data Source

Topographic map (1:20,000)

2) Attributes

Road
Road length (m)

BEIP-STUDY:FINAL REPORT.CHAFPTER12

Road class (derived from the legend of the topographic map)

1 Primary road
2 Secondary road
3 Through road
4 Soi
5 Express road with Thai name
Hydrology
No attribute
Rail
Station name

(5) Landmarks

1) MapDdata Source
Topographic map (1:20,000)

2) Attributes

Landmark type
31 School
32 Church
33 Temple
34 Mosque
35 Ministry
36 District office
37 Police station
38 Embassy
39 Consulate
40 IHospital
41 Bank
42 Factory
43 Hotel

44 Governmental agencies name in Thai

(6) Inundated Area by 1983 flood

1) Map Data Source
Derived from existing report by JICA

2) Attributes

Inundated area (square km)
Inundated type

1 Inundated

2 Not inundated
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(7) Inundated Area by 1995 flood

1) Map Data Source
Derived from existing report by DDS

2) Attributes

Inundated type
1 Inundated
2 Not inundated

(8) Simulated Land subsidence

1) Map Data Source
Derived from existing report by JICA (1995)
2) Attributes

Simulated subsidence class
Less than -50 cm
51 to -Y5> cm

-76 to -100 cm
-101 to -125 cm
-126 to -150 cm
More than -151 cm

(9) Traffic Analysis Zone (TAZ)

Lo ) F S

1) Map Data Source
Originally produced by BEIP based on the topographic maps (1:20,000)

2) Attributes

Zone number
Zone area (square km)
Land use type

2 CBD

3 China town

4 Urban

5 Sub-urban

6 Rural

(10) Land Use Zoning System

1) Map Data Source

Land use zoning system map

2) Attributes

Land use zoning type
() Water bodies
1 Low density residential area
2 Middle density residential area
3 Low density residential area
4 Commercial area
5 Industrial area / Warehouse
6 Warehouse
7 Special industrial area
8 Agriculture
9 Recreational / Open space

100 Educational institute
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11 Rural agriculture Conservation
12 Conservation for Thai culture
13 Religion

14 Governmental office / Public facilities

(11) Sewage Zone

1) Map Data Source

2) Attributes

(12) MWA Water Service Area (BMA and BMR)

Sewage zone number
Sewage zone area (square km)
Operation stage

1 Under operation
2 Under planning
3 Expansion plan

1) Map Data Source

MWA water service area map

2) Attributes

(13)

Zone name

1 Bang Bua Thong

2 Bangkhaen 1

3 Bangkhaen 2

4 Bangkok Noi

5 Mansri

6 Minburi

7 Nonthaburi 1

8 MNonthaburi 2

9 Phasicharoen

10 Phaya Thai

11 Phrakanong - Bnagna
12 Samut Prakarn

13 Sukhumvit - Pattankarn
14 Taksin 1

15 Taksin 2

16 Thung Mahamek

Service stage

1 Service area
2 WMo service area

Water service area expansion plan

1 Water service area in 1995

2 Water service area before 1997/1
3 Water service area before 1997,/2
4 Water service area before 2007

5 Water service area before 2017

1) Map Data Source

BEIP-STUDY:FINAL REFPOAT:CHAPTER12

Originally produced by BEIP based on the topographic maps (1:20,000)

BOD Loading Investigation / Water Quality Sampling points

Originally produced in BEIP study based on topographic map (1:20,000)
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2) Attributes
Origin type

1 Latkrabang industrial estate
2 Hotel
3 Hospital
4 Condominium
5 Restaurant
6 Private office
7 Department store
8 Fresh food market
101 Mixed area | : Democratic Monument
102 Mixed area II : Phatpong
103 Mixed area Il : Wong Wain Yai
11 Residential area (NHA)
12 Residential area (town house)
13 Residential area (single house)
14 School
Sampling point number

(14) Khlong Water Quality Sampling Point and BOD

1) Map Data Dource
Originally produced in BEIP study based on topographic map (1:20,000)
2) Attributes
Sampling type
1 Existing
2 Existing new
3 New
Water quality
1 More than 40
2 30 to 39
3 20 to 29
4 Less than 20
Sampling point number

(15) Flood Prevention and Drainage Facilities

1) Map Data Source

Originally produced by BEIP based on the topographic maps (1:20,000)
2) Attributes

Protection stage

0 No protected

1 Protected drainage pump station point
Water gate point

(16) Mass Transit Plan (including SRT Rail Project)

1) Map Data Source

Originally produced by BEIF based on the topographic maps (1:2(,000)

2) Attributes
Project type
1 BT5C - green
2 META - blue
3 MRTA - orange

12-11




BEIP-STULDY:FINAL REPORT:GHAPTER 12

4 MRTA - purple
5 MRTA - red
11 BTSC - green (ext)
12 MRTA - blue (ext)
13 MRTA - orange (ext)
15 MRTA - red (ext)
Project stage
1 On going
2 Proposed
Station plan

(17) Road Project

1) MapData Source
Major BMA road projects in 8th plan, DOH project, PWD project
2) Attributes

Plan type (BMA)
Year 1995 0 improved existing road
Plan 2000 1 new road
Road ID

Plan type (DOH)
Year 1995 0 improved existing road
Plan 2000 1 new road
Road ID

Plan type (FWD)
Year 1995 0 improved existing road
Year 2000 1 new road

(18) Boat/Ferry Service

1) Map Data Source
Originally produced by BEIP based on the topographic maps (1:20,000)
2) Attributes

Ferry pier point
Service
1 ong express boat service

2 Chao Phraya river express boat service
3 Chao Phraya river crossing boat service
Pier name (service type 2 only)
Service line (service type 3 only)

{19) Road Network from TRANPLAN Data

1) Map Data Source

Dng:.rlaﬂi( produced by BEIP based on the topographic maps (1:20,000 and
1:50,000 j

2) Attributes
Road traffic volume (daily base)
Road traffic volume (peak hours base)
Travel speed distribution (peak hours base)
Level of service (peak hours base)
MNumber of traffic lanes
Number of Bus lanes
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(20) Person Trip OD

1) Map Data Source
Originally produced by BEIP based on the topographic maps (1:20,000)

2) Attributes

Daily base
Peak hours base

(21) The Bangkok Plan (draft), DCP, BMA

1) Map Data Source
The Bangkok Plan report

2) Attributes
Land use type
1 Residential area
2 Commercial area
3 Industrial area
4 Agriculture
5 Park
6 Mixed use
Maximum allowable FARs (FAR type)
10:1
6:1
4:1
2:1
1:1
Rural

(22) Khlong Water Quality Improvement (East Bank), DDS, BMA

= LR T O O R

1) Map Data Source
Originally produced by BEIP based on the topographic maps (1:20,000)

2) Attributes

Boundary of water dilution system
Dilution water intake station

Dilution water discharge station

Dilution water intake and discharge station
Direct aeration site

Khlongs for direct aeration site 5

Khlongs for dredging work

Khlongs for construction of retaining wall
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CHAPTER 13: GIS DATA PROCESSING

13.1 Hierarchical Structure of GIS Data Processin g

The geographic database development has completed and data analysis phase based on
this database can be started. A GIS application uses the database and system functions in
applying the manipulation techniques as follows;

Performing polygon overlay
Creating buffer zones

Using boundary operations
Manipulating tabular data
Performing model based simulations

Those are spatial data manipulation in a particular manner required to support the
information requirements of the planning expert in BEIP study team. Applications applied
in this study involve simple spatial overlay, combinations of data using GRID base, so far as
to complex mathematical computation, in both graphic and tabular formats. The GIS
analytical process can be schematically illustrated on Fig. 13.1, then divided into three
hierarchical stages (primary, secondary and tertiary) according to the degree of spatial data
manipulation and the BEIP planning progress.

13.2 Primary Data Analysis

This stage of spatial analysis comprises the initial overlay manipulation of basic map data
layers in order to identify new spatial relationships between the various geographic units
and features. It includes the cross tabulations of the area, length, density, average and
frequency calculation for some specific geographic features per some specific geographic
units. Existing land use, for example, was overlaid with administrative boundaries so as to
calculate the area of each land use type per each district or sub-district unit (see Table 13.1).
On the other hand, the existing socio-economic data stored in the attributes files were
manipulated so that new information can be processed from the geographical point of
view(see Table 13.2 and 3). In the same way, the following data manipulations were
performed, and various cross tabulations were produced as a result of primary data
analysis. These table data are showing the existing urban condition of the BMA and having
a meanings of planning indicator.

Existing land use + Administrative boundaries
Existing land use + Sewage zone

Existing land use + Water service area

Existing land use + Inundated area by 1983 flood
Existing land use + Flood protection zone

Existing land use + Land subsidence zone

Land use zoning system + Existing land use

Land use zoning system + Administrative boundaries
Road network + Administrative boundaries
Statistical mapping using attributes (ex. demography)
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The results of the above geopraphic analysis can be communicated with maps, reports, or
both. A map is best used to display geographic relationships whereas a report is most
appropriate for summarizing the tabular data and documenting any calculated values. The
<election of criteria for the model analysis will be formulated based on the interpretation

and evaluation of the results of those primary data analysis.

i

Digitize

Pl'ﬂ_jf'.:':l
Transform

Mapjoin

’ Coverages

Geopgraphic

Y Database

Report

Fig. 13.1 GIS Analysis Procedure
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Table 13.1 Land use Statistics by District
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Table 13.2 Sub-district Statistics Produced by GIS Data Manipulation (1)
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Bany Khun Thian (LR v 104 7,539 11,553 184 3 A4 i 69 L] &0 Bl.I6
Bang Maoi [T LfL ] i &0 5074 0579 . G & 03 5207 Ih 5 6013
"l Thong, 100502 540 275 10,903 21 3714 1.58 45.00 Jm 15 Tn A740
Khlong San Binng, Larn Pha Lang [amind 2125 PR 215 15648 1.53 [1.0H3 B9 TR 11 B1.07
Klong Sam [oo3nt I R 54 29 509G M 236 4 Bl NI BT.62 fil T2 £2.40
Klong Ton Sai 1HE07 1.74 Il 19,592 11,705 0.9 0.0 o211 R4 ™ 500
Somder Chaophrays 100 D54 0 R 27,175 19,833 1.08 1.6l o143 112 23 57 6d
Khlong Tosl Elong Tan lonz2o2 11.34 LLFR ) Thklb 1959 =153 4.0 2368 129 I35 AR R
Klnng Toe ool w2 ] 14,691 16,309 G0 0.0l w008 ] nm e i
Fhrn b hamong 100203 1.59 .16 11,547 12,238 I.68 .14 8435 e 124 K104
Lai Phroo Cleorakbe Bua 10302 14.47 T.14 4,629 AT n 2061 49,39 106 215 &7.64
Lal Phraa 1oXal 14,08 10.28 5,399 441 6.4 2654 73,06 114 162 o 48
Latkrabong Ehiong Sam Frawet 103004 1744 084 437 4T 1203 CLAT 4482 k'] T4l H2.04
khleng Song Tonnun 102003 16,17 163 1,210 107 1691 BOnY 10,04 R 417 9200
Khum Thung 1034002 1662 138 184 R LT T.38 Bl 5n 4 6% 0,00
Lams Praghiu (kb 1328 169 P58 LR 2.71 LA 209 n 381 1209
Lan Krabang 10734 10.73 174 3150 140,292 561 % ¥ 491 rLi] 200 Bd A0
Thap Yao 1073005 T4 16 133 30 11.543 Ta7 B 5 5.6 1% M Th 42
Minburi Bamg Chan 1024604 12 ) 133 1677 10,735 14T Bl K 15.62 47 2 T AT
Bk 102601 H M 554 4,364 I4.772 1348 Ty i | b IR9 Br 57
Sni Konpdin 1026032 1319 35 433 1112 1148 945 4.0% 25 92y T34}
Sni Koapdm T |02a03 1617 o Gl 11324 g.67 Q) axe 42 Ty #l56
Savwn Tnwnmok 102400 Al 08 037 174 240 8.3 oB.57 1,41 21 1474 8513
Sarmwn Towniok 1024605 bi i F 0T 03 B3l 314 97.30 270 0 158 w07
Annsaep [IETRR MM 1.9 T 20,130 10,87 9t ded 156 3 B 1710
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Table 13.3 Sub-district Statistics Produced by GIS Data Manipulation (2)

P_Density | [ Density \ F_Lhensity
Phsiniet Suh-Disricy Code Area Dhiild Area Gross Pt Inurease Rale Open Build-up Cvsas K _Density Soi Rt
ikimd}) thond) | lpei Kmd) | (pm kanl) (*s) | Space (%) | Rate(%) imfHa) Pt (e lay %1
Mong O hok Khileag Sip 103502 30 0.29 T4 X4 323 913 WY D 44 1] 1068 2154
Khlong Sip Sang 10350} .3 1.08 193 Ly 439 UT W 261 7 e 0
khok Fact 103505 L% 0.93 Ta 1 1379 45 Al 417 10 et} NE_
kv Fargg Mua 103504 B0 0.4 444 35493 10.0% Wy 0 En 2 2,802 1157
Rorathum Tai 103501 40,39 0.77 557 19,048 1.0 YHH 1.91 7 6% 0,00
Lam Plak Chi 103507 10 Lo 286 9.3 10,53 wh.9a AT L 245 =402
Lam Tai Ting 10350% M9 052 299 14,438 L] el a7 5 247 000
ong Chok 101508 3082 1.3 412 9372 9.54 4559 d.41 ] 158 000
MWong Khaem | sk Song 103403 17.83 584 3109 9497 8.43 6727 XTI i 2 5199
Mong ¥ hnem 103402 14.68 521 193 G467 1.27 G454 LT L] 1o 100,00
Mamy Khang Phiu 103401 1444 529 3,809 10,¥546 14.74 63,36 LT 57 155 8959
Paihumwan Pl an 102607 21 150 32,184 42,700 13.88 347 75.37 iy il 1945
Foong hMuaimy 102003 1.25 121 68873 T1.072 12.23 0.00 69 104 & nn
Suin Lusnphisn 1 D200 140 2.7 25171 0878 17.5% 0,00 §1.53 T 0d 4147
Wany Mai 102001 131 11 18,952 46,547 12.63 0.00 B350 128 153 fil 11
Phasi Charoen Bany Chak 102504 140 0.39 5,730 20,563 417 7213 2187 21 ] 08 45
Banyg Duan 102307 4.13 119 B904 31974 .3 T1.97 28.03 40 143 H2.67
Bang Khae 102505 £.00 4.04 5,150 12,123 4.9 49 51 5044 A [ 67.19
Bang khas Nua . 102506 13.52 545 5259 13051 £33 1271 40.29 + 1= #2072
Dy Phai 102508 159 514 2,125 LE 591 67.81 a7 #H 136 75
Dang Wa 102501 353 179 8405 16 Bdh 182 49.50 5050 M 67 5.
Bang Wask 102309 190 1.20 7859 12,983 4.48 $6.03 4140 50 121 T260
Khlang Kwang 102302 263 087 3486 10,484 4.74 6574 1328 4 73 #0130
K hubnsawan 102503 ot 047 11.%81 19,694 1.24 3081 6591 54 B o 11
Pak Khlang Pasicharoen 102510 1.72 1.62 15,583 16,350 016 135 417 B0 B3 TH 1T
Phayu T hai Sanzen Mm 10230 207 887 27,097 28,644 1 oo 174 a7 10% 740
Plhra Khanong Hang (hak 1240 1519 14.84 8,751 AR G218 1.45 9576 132 138 B092
HBang Na 102402 18.7% 14.74 6,680 5,501 5,04 18,75 TH.5H 12 141 1808
Phira Makhon Ban Plaan Tham 100106 LR R 12,382 33,534 0,49 0.00 b0 144 140 7535
Bang khuan Phoom 100103 045 044 438 0,837 059 0.00 YE.09 74 76 57,13
Bowon Niwel 1104 49 [T 23051 2454 153 0.00 911 14 148 5.1
Chana Songhkhrann 10002 a3s 078 14024 17,529 Bk 0.0 01 14 142 46,10
Phra Borom Maha Raiclawang (D7 1.53 08l 4.0%| 11,460 0,98 0.00 ¥LHO ] 128 15,86
Sam Ran Ral RN 0722 014 0 850 43,285 =0, %0 0.00 T34 a1 14 g1
San Chao Fhor Sua 1000 10 ols A E] 41 504 44,118 0.56 0.00 0 e 11 1n? 6500
Sao Chingcha 100112 0.6 013 13 508 41,710 0,32 0.00 B1.27 130 180 5916
Talad Yo 100103 019 0.17 34,001 174348 0,12 0,00 90.37 122 134 79,19
Wang Burapha Philom 100108 070 0.57 19,94 17 008 1.51 0.00 B0.92 135 164 24,20
Wt Ranchabaphic 100109 0.2 0. 28,757 31 4000 1.36 0 92.76 142 175 2
Wai Sam Plemya 100101 0.52 038 11,758 16,028 -1.00 0,00 7338 ] 7 ol
Ifem Prap Suttruphe Ban Babr 102204 040 0,38 79,786 84,544 19.87 (] a4 37 1 g 1161
klumy Mahanark 10202 058 054 B4,842 91,297 2131 T HT 9203 ar 14 BE.12
Pomypral Satrupihe 107305 039 0.39 94,052 94,065 1557 .00 ol G 185 165 5593
Wal Debision 103203 043 b.43 7004 770146 1141 ] o4 K1 168 168 fil &7
Wal Soanunand 1a22ia1 n4s LR 65443 67,100 19.27 1.0 9752 144 |50 8.8y
Frawen Dok Mai 102 102 14.9% 467 1 ADD 4,483 1241 LE. T8 ilm 65 207 8507
Mony Bon 102103 1289 BI0 1M 4,650 5.4 M.l B2 ) 8 141 B Gl
Prawen 1oz 3764 1351 2,558 7.128 7.01 62.4] ELE ] (3 154 9225
Rathurana B Mo 102904 1141 130 4778 16,511 10.65 T0.17 28594 25 | 61,74
Ranp Pakak 102903 8.04 459 11,771 M1 181 16.20 5701 i1 fid 66,18
Ratharmng 102901 561 4.02 15,583 21,780 -4 29 B4 41 71.55 54 T b6.14
Thung K hn 102902 21.66 n 1119 14.2a7 10 30 444 15,55 & 52 AT.14
Ratchuthewi Mnkkasan lo2sod| 147 139 21,893 AN ) 1335 0 0 06,53 92 ys T
‘Thunem Phaya Thai 102801 1.25 1.25 17152 17151 19.55 (] a9 64 116 114 Filb il
Thanun Pheichn Ruri 102802 0.99 0.85 49,46 57,013 13.26 9.8l HA 55 79 0l il 58
Thiumy Fhayn Thai 102803 .51 L 47,900 50,70 b8 T4 a4 41 2 i 6516
Samphunthuwong | hakkrvens 103202 0.5 0,44 42,914 50,064 1129 (] 83555 124 145 5420
Som Phanthawang 103203 0.9 0.4 39,792 43,508 1L 0o angl 130 143 4.0
Talni Maoi 103201 041 0,35 TH.EA0 90,408 15.14 0 iH1 A7.00 72 Wi 1233
Satbyn Thumg Mahanek 103302 2.9 P2 | 10,582 10,582 1.36 [.on 10H0 0 147 mwr T4 61
sy, Watdim 10 252 142 25,501 26511 .53 181 LTRE 7% % 5574
Y aniawa 113301 1.43 I.68 1ms 25055 <012 11.0H3 ol &6 £ 95 i 5
San Luang Suam Luang IR 20.74 14.2% 7,806 11,358 745 1050 fHT2 1] 123 BT fifs
* [ Taling Chan Dag Cliassk Mang 100K 5 409 0.71 1,453 14,167 B.20 B1.00 1027 1% 149 15K
Dang Phroni [N 513 0 4 1,267 24,006 1.00 867 1294 1 168 AL
Bang Ramal 00RO 1534 i 1 444 6,916 837 TH.58 M) RY 26 126 1545
Chim Phil 10HH02 1549 .00 2631 6,704 10,77 allal W7 45 (L] (TR
ko hlaig Chak Plia 10H01 254 142 5453 0,751 a14 ELE ] 5595 k' m 54,51
Sala Thanmmasop [LHLIEES 1% 9% 154 1,146 1601 14,31 TR 2018 kL1 149 7.5
Taling Chan (LIRS Gl 1K1 5429 &40 463 3320 6372 7 s 66,33
Thawi Watthana (LR 1,60 142 TE7 s, i1 912 BH.42 11.58 25 6 67,54
Ihunburi Bang Yirua lagaag 119 117 47 978 LERAL oo7 0.00 8.1k T Kk b 54
Bukkhala 100905 4.30 140 .58 KES L 1R 1.61 a0,79 77 25 T4
Hizunruchi (LIRS 0.4 045 40,244 41,079 142 0,00 a7 87 Uil 97 %337
Talm Milu 10002 1.24 1.4 IzL0? 1129 0 (i) H7.52 B4 71 LT
War b sinlerya 10004 0,75 065 aro4z M TH iH 1.0 87.11 56 1 17 44
Yan Nuwa Py Phoaygs Prig 102702 &, 174 12,220 16204 WA ] 750 57 T 2 417
{"hump Mewsa 16201 7.4 6,54 12,284 14083 949 o1 w74 7l H1 590
Lirumal “Taral [ETE 157891 54102
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13.3 Secondary Data Analysis

Geographic analysis allows users to study real-world processes by developing and applying,
models, Such models illustrate underlying trends in the geographic data and thus make new
information available. A GIS enhances this process by providing tools which can be
combined in meaningful sequences to develop new models. There are two kinds of
analytical models, qualitative and quantitative, coupled with the GIS database. In stage of
the secondary data analysis, the basis for the model calculation is a polygon overlay with a
qualitative model for the urban development suitability and potentiality evaluation. The
process of model consists of the following elements.

1) Select criteria;
2) Give different weights to the criteria selected (optional); and
3) Combine different criteria.

First, criteria were selected in terms of physical constraint, urban environment service,
transportation service and living facilities service as shown on Table 13.4, and then the
weigl}':t score was given to each item of thematic map manipulated by GIS.

Next step is to perform the spatial overlay of the plural man according to the assigned
score of each item, and sum up the total score value for four different evaluation maps. The
results are shown in the relevant part of this report. The importance from the viewpoint of
GIS is to assess the spatial distribution of problems and establish an objective before stating
any analysis. To review the problem, the potential area for the urban development in future
is being identified within an environmental regime. On this process, the score itself is merely
estimated relative value for discriminating a specific site to meet with the planning
requirements.

Table 13.4 Criteria and Weighted Score for Urban Development Potential Evaluation

Ivaluation Condition Score -3 -2 -1 [1]
Mrysical Constraint M1 | Ground Subsidence =|.5m 1.0-1.5m 0-1.0m O
M2 lnundation by 1983 Flood Ycs Mo
M| Inundation by 1995 Flood Yes Mo
M4 Flood Frotection Zone *1) A zone 13 zone C zone Others
Evaluation Condition Score I 0
Urban Environment LI Waler Services Yes Mo
Services U2 |Sewerage Services Yes Mo
Iivalualion Condition Score 5 q 3 2 ]
Transporation T1|Aceessibility to Trunk Roads | 05km ol RIR2] Tkm of RIMZ | 0.5km ol 13 lkm of B3 Monz
Serviees T2 | Accessibility 1o Railways 0.5km feom STH| Tkm from STM [|.5km from STH| Zkm from STN Mone
T3 | Accessibility to [Jus Services 500m zone 1000m zone Mone
t-:u-nluuliunm:tilinn Score 5 4 i 2 ]
Living Facililics F1 | Aceessibility o Hospilals T <hkm I -2km zone | 2-3kmzone | 3 - Skm cone =>5km
Yervices 12 | Accessibility to Commercial =2km 2 - Skm zune 5-10km zone 10-15km zone =1 Sk
1) A - Lastern King's Dike *2) 11 Primary Road
13 ; Inmer Dike - King's Dike k2 . Secondary Road
C: Tonburd Lowlands R3: Trough Road
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13.4 Tertiary Data Analysis

In this stage, simulation modeling analysis for the future urban potentiality in BMA is
conducted. The objective of GIS is to provide the means to carry out the analysis which
relate specially to the geographic component of the data. The analysis may be more complex
and sophisticated. At the advanced level, GIS can allow statistical calculations of the
relationship between data sets to be computed or distances between entities may be used to
determine the route that must be followed to move as quickly as possible from one location
to another. The most sophisticated analysis occurs when modeling is introduced. It is
possible, for example, to use atmospheric modeling techniques to discover which area might
be affected by pollution resulting from an explosion at a particular hazardous installation,
given certain criteria. The traffic conditions were also restored by the simulation method
according to the several alternative scenarios of lransportation planning.

Finally, various indicators for the future urbanization were combined and analyzed through
the mathematical model. Data manipulation capability of the BEIP-GIS is fully applied for
the calculation and output mapping of the simulation modeling. The above digital
procedures and simulation results are described in each section for land use plan,
transportation plan and air pollution mitigation plan.
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CHAPTER 14: RECOMMENDATIONS OF INFORMATION
SYSTEM DEVELOPMENT

14.1 Development of Mapping System

Experts of BEIP study team have been working for more than one year and have conducted
large volume of data collection through the counterpart staff of DFW of BMA. In the course
of these efforts, study team have confronted many unseen difficulties such as availability of
existing data, accuracy, date of data generation, accessibility to the new and original data,
and institutional constraints for informatization etc.,. Those problems are mentioned in the
following paragraphs.

(1) Necessity of Large Scale Topographical Map as a Base of Urban Planning

In BEIP study area, those base maps are available for urban planning works such as
1:4,000, 1:10,000, 1:20,000, 1:50,000. In these maps, 1:4,000 and 1:10,000 maps were
prepared by JICA as a technical cooperation program in 1987. Royal Thai Survey
Department (RTSD) is basically a responsible agency for national survey and mapping.
This agency has been made an effort to the preparation and compilation for the
national topographical mapping. 1:20,000 and 1:50,000 scale topographical maps are
prepared by RTSD as a national base map in 1970's , 1980’s, and early 1990's. As we
recognize clearly that the urbanization and development activities are so fast in
Bangkok that the basic data preparation for land use control or urban planning is
totally late. The contents of those maps are now out of date already and updating
works of these maps are relatively limited. ;

For the urban development and management planning of Bangkok as a modern and
huge city, fast preparation of large scale topographical map is an essential investment.
According to the result of BEIP study, built-up area of Bangkok in 1993 is calculated at
54,000 ha (540 square km), and land use changes are mainly taken place both in
business district in the city and fringe area of Bangkok. Fastern agricultural area and
south-western marsh land area of BMA are still less developed.

For the economy of mapping cost and time, the new topographical map should be
prepared in two scale. In those area where the urbanization is highly expected, 1:2,000
or 1:2,500 scale map should be prepared and rest of area where the development and
urbanization is not so high, 1:4,000 to 1:10,000 scale would be acceptable.
Administrative boundaries such as district, sub-district or related statistic unit etc.,
should be drawn clearly in these maps. In case of Japan as a reference, base map scale
for urban planning area is regulated at 1:2,500, 1:5,000, and 1:1,0000. All of
municipalities are prepared 1:500 or 1:1,000 scale topographical map for taxation and
management of urban facilities or utilities in Japan.

(2) Urban Land Use Mapping

In addition to new topographical mapping, it is necessary lo grasp the dynamics of
urban land use correctly. For this purpose, existing urban land use mapping should be
conducted based on the new base map. Preparation of the most updated data for
urbanization is a basic responsibility of the urban planning agency, therefore, necessary
budget and human resources should be invested in this sector. In this study, existing
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land use map which is compiled in 1995 by Mapping Division of City Planning
Department, BMA is provided to the Study Team, however, the basic scale of this map
is 1: 40000 and aerial photographs used for land use interpretation was taken in 1993.
Therefore we are able to have only a macro level understanding on the land use pattern
in BMA at 1993 from this map. Many buildings and sub-division development have
been taking place in these three years, so the necessary updating of this map should be
also conducted. New classification system and definition for urban land use mapping
based on the large scale topographical map should be discussed so that the final land
use map well shows the reality of existing urban conditions.

(3) Preparation of Aerial photograph in BMA

Preparation of the aerial photograph is also very significant to monitor the change of
Jand use in BMA. In order to check the land use change efficiently in urbanized area,
basic scale of aerial photograph should be set at 1:5,000 to 1:1,0000 and preferably,
aerial photograph should be taken once a year or once every two years.

(4) Involvement of Private Sector for Mapping Service

It is not easy to mention something about the institutional system on mapping and
surveying in this country, however, flexibility of various scale of map supply seems to
be limited. Existing mapping service capability should be improved in short or middle
term point of view. Because of the fast growing of the Thai economy, many kinds of
infrastructures have been developed and started to operate. For the efficient operation
and maintenance of urban facilities, quick supply of large scale map is an essential
thing. Traditionally, survey and mapping functions are managed by military agency in
general due to the requirement of national security. Aerial photograph can be taken
under the permission of relevant military agency still in many countries, however, even
in ASEAN countries like Philippines, Indonesia, or Malaysia,

14.2 Utilization of GIS for Administrative Purposes

(1) Problems for Introduction of GIS Technology

In BMA, many computer systems are installed and used for various data processing.
GIS is not an exception. Many EWS or PC based mapping systems including GIS are
using mainly in planning agencies. The largest and most critical constraints for the
promotion of geographic database development is the supply of basic map data. In
case of BLIS, due to the lack of most up-dated map data, old map which was compiled
in 1985 had to be input into the most updated computer systems. Clear purpose and
long term perspectives are the most necessary things for the development of the
geographic database. The meaning of geographic information is to have the newest
coordinate data ( or geographic boundary data) and related attribute data at the same
time. For the urban planning purposes, such data as existing urban land use, location
of buildings, type of guilding use, land use zoning and so on, should be input beside the
topographical data. In case of the development of tax assessment system, many
factors for tax evaluation must be input together with land ownership data and also
the systems for evaluation must be developed as a subsystem. It is very easy fo
purchase the most updated and sophisticated computer systems, but it is not easy to
best use of the system efficiently without the plenty supply of the necessary data.
Basic and accurate data preparation should be accelerated for the future
informatization in BMA.

(2) Establishment of the System Information Center for BMA

In BMA, GIS has introduced and operated in several departments independently and
package software on those systems are either ARC/INFO or MapInfo. Each system
seems to be operated and maintained by a few engineers. Although GIS has installed in
planning related agencies, application system development is still limited and the
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system is not fully utilized for planning works. Specific know-how such as
urban/regional planning, transportation planning, urban facility management or tax
assessment etc., should be well combined with the application of GIS technique.
Without those know-how or methodology, so called GIS expert can only reproduce the
input map again through the sophisticated computer systems. The most significant
purpose to introduce and develop the geographic database is to conduct the spatial
data analysis to support the various planning works or to support the various
management works. In order to avoid the duplicated investment and to best use of the
existing GIS equipment, data and human resources, establishment of the System
Information Center based on GIS technique shall be one option. In this Center,
systematic training for the GIS operation, application system development, necessary
data generation and information production could be conducted as a basic service for
the whole BMA. Necessary discussion on this matter shall be waited.
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APPENDIX1: THE BEIP TRANSPORT SIMULATION
MODEL

1. Back Ground

1.1 Introduction

The simulation model used for BEIP has been developed for the whole of the
Bangkok Metropolitan Region, BMA plus the five adjacent provinces of Nonthaburi,
Samut Prakarn , Pathun Thani, Nakorn Pathom and Samut Sakorn .However the
presentation of the results will concentrate on the BMA .

This appendix describes the development of the simulation model. The appendix is
divided into an additional 6 sections. The overall model development structure is
shown in Fig AP-1.1.

DATA COLLECTION
Demand
Demographic
Travel Surveys —
Supply
Metwork Characteristics
Traffic Courts
Trip Generation
and Maodal Split
Trip Distribution
Commercials _ i
s —”Trafﬁc Assignment
Externals l s
CALIBRATION

Fig. AP-1.1 Model Development Process
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Section 2 describes the data collection procedure including the development of the
traffic zone system, and the trip generation and attraction madel including the initial
production based modal split are detailed in Section 3.

The trip distribution for this model is discussed in Section 4. Seclion 5 describes the
development of the commercial vehicle and external trip tables. The final model
calibration / validation is given in Section 6.

In Section 7 the procedure for running the model to test different transport scenarios
is documented for reference including the interface with GIS for presentation and
environmental analysis. This section also describes the 10 cases analyzed in the
development of the Transport Vision for BEIP. The final post distribution modal split
for new network analysis is also described in this section .
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2.  Data Collechon

2.1 Overview

The data collection for this study was jointly done with the Urban Transport Database
Madel (UTDM), a national government project being undertaken for OCMRT. In the
past, transport studies in Bangkok have developed their own databases and zoning
systems. Now for the first time a common approach is being used by two different
major studies. Although some details are different the models developed in each
project use a common database.

The UTDM project is designed to develop a model that will form the basis of
transport modeling in Bangkok for some time, the BEIP simulation model is
developed to evaluate overall transport strategies in Bangkok, rather than at the
individual project level. In many respects the BEIP simulation model can be
considered a sub model of UTDM.

2.2 Traffic Zoning System

For the first time in Bangkok ,the zone boundary is developed directly from the
census boundaries. Each traffic zone was designed to consist as an aggregation of
Census Enumeration Districts. The BMA is divided into over 4,000 enumeration
districts each with approximately 500 households.

In the case of the BMA, it was divided into 332 zones with an average of 6,000
households per traffic zone. The whole BMR is divided into 505 zones. There are
further 15 zones which are the external stations representing the locations where the
major roads cross the study area boundary for the transport simulation model. The
roads represented by the external stations are given in Table AP-1.1.

Table AP-1.1 External Stations

External Road Location
Zones
D9 Highiay Rovute # 3
207 Highway Route # 4
508 Highway Route # 348
509 Highway Route # i 4 |
510 Highway Route # 340
511 Highway Route # 3111
sz Highway Route # 3309
513 Highway Route # 1
514 Highway Route # 32
515 Highway Route # 3261
a6 Highway Route # 305
517 Highway Route # 3312
318 Highway Route # 304
520 Highway Routs # 3

In the development of the zone boundaries within the BMR, three principles were
adhered to namely:

* azone boundary does not cross a district or sub-district boundary ;
* azoneis designaled lo be homogeneous in nature; and
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. a zone is designated to represent a fransport catlchment area .

However overall the guiding control was that a zone is an amalgamation of census
enumeration districts.

2.3 Home Interview Survey

The major data collection exercise for the transport model was the home interview
survey. This was a joint survey with UTDM. UTDM undertook the first 4,000
surveys followed by an additional 4,000 by BEIP. The same survey staff was used in
both sets of data together with a consistent technique for survey sample development.
The survey sample expansion factors were developed for a combined sample. The
sample selected from each province is given in Table AP-1.2

Table AP-1.2 Sample Distribution

Total Households

Pravince Sample (x1000)
Bangkok 3gan 2,037
Samut Prakam 1,458 242
Monthaburi 1,02 163
Fathun Thani 723 147
Makhon Pathon 25 172
Samut Sakhon 478 94
TOTAL 7,879 2857

On the completion of the zoning system a zone to enumeration district equivalence
table was prepared for use by NSO . NSO then reprocessed the census data and
summarized selected census data on the basis of the 505 internal traffic zones for the

BMR.
Other survey data collected by the UTDM project used in BEIP included:

* Roadside Interview Surveys

=  Midblock Traffic Counts

*  Turning Movement Counts

*  Public Transport Passenger Interview Surveys
= Travel Time Delay Surveys

= TaxiSurveys

2.4 Demographic Dala

The base year demographic data for 1995 was developed jointly with UTDM and has
been thoroughly documented by that project data. The home interview data
provided an additional check on the consistency of the base year. A summary of the
planning data is given in TableAP-1.3 for the base year 1995 and the trend forecast
year of 2011. The districts boundaries are shown in Fig. AP-1.2
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District Paopulation ___ _HH size Avg HH Income A Employment Student
. 1995 2011 1995 2011 | 1985 2011 1995 2011 1965 2011

Phra Makhaon 106,334 107,180 449 403 27 580 44,048 158,370 301,924 68,542 71,075
Fam Prap Sattruphai 198,733 181,747 454 417 17,248 27 620 99,345 143291 30,872 28,15
Samphanthawong 73,478 67 422 480 411 36,783 58,834 s2,092 8323 16,610 15,241
Bangluok Moi 251,535 308,985 422 39d 15487 24,819 41,509 58,873 50,818 B0519
Bang Phiat 247,004 301,047 418 381 18,802 31,448 77430 125,853 39577 49,097
Khlong San 144 402 167 473 4681 4.13 18,581 28738 /7,786 105,743 15,749 18,254
Thonburi 286,430 343,068 442 385 15,074 24114 85,862 M513 48 637 56,143
Bangkok Yai 103,861 127170 427 389 17,725 28,353 45886 66,204 44 65T 54,631
Dusit 263 042 282,910 399 3.67 22671 36,260 84,911 124,543 115,323 115,296
Bang Rak 164,413 130,669 409 373 14,885 23,955 298,238 451 530 50,214 46,028
Bang Kho Leam 144,223 168,481 428 3.84 13,215 21,134 84,883 116020 11,246 13,052
Bang Sue 338,730 404,385 3.93 358 23138 Izzz 85458 109689 40,185 50,403
Fathumwan 280,839 266 851 448 402 16,388 26214 1836812 250,044 &1,673 83,844
Phaya Thai 254,027 307 874 207 357 18,561 30,018 73,320 127,029 23,517 42,367
Yan Nawa 152,804 180,088 408 378 14,636 23324 118,285 175,90 23,445 27472
Ratchathewi 258,641 241 388 377 38§ 17,935 28,591 249832 454 BE1 80,120 74478
Sathan 136,983 181,532 412 373 17,351 27,784 113,728 206,504 57,427 67,280
Klang Toei 306,564 338,142 a4 368 1712 27,457 394,508 522341 101,313 111,377
Chatu Chak 237700 289,689 378 367 31,188 49,158 125,881 175,880 126719 148518
Don Muang 248 654 520,213 61 347 22,681 37,330 137,784 217 654 77,796 131,843
Bang Kapi 388,381 538 462 344 339 24141 36 444 220,334 221,074 132,524 154,555
Bang Khen AT 420,802 A58 3.42 24217 37 406 70325  B8.540 58,268 64,553
Bung Kum 251,243 486,983 362 3/ 23,000 35,230 80863 122523 Zr a7 ST e
Phra Khanang 258,079 310499| 386 353 35,226 55,468 152,774 154,347 67,285 £5,766
Suan Luang 161,910 282,459 386 353 26,416 45,022 62,365 80,631 22 036 44,83
Prawet 163,345 340,258 440 381 23528 38,732 64,788 88405 21,416 126
Huai Khwang 83,576 156,008 390 24 16,382 25,908 150,046 228, 307 33165 65,659
Lal Phrao 164,073 297 852 382 357 23,624 35170 42,007 52964 12,706 715
Din Dzeng 261,227 242 BER 385 357 16,546 26 607 123923 118,320 72077 66 973
Minburi 185,830 268,491 412 3.70 25343 43,820 74282 61,404 30,085 45,325
Latkrabang 123886 160,370 396 2374 14,890 23,638 B3gz2 42813 34,081 42148
MNang Chok 93,244 835,465 457 410 12,687 20,262 2734 16,154 13,342 13,652
Cham Thong 199,282 06,122 421 380 15,502 24,7329 68,117 i1 863 22,082 35,963
Taling Chan 171,708 282,862 403 37T 28,703 44,352 44 541 33,524 19,648 39,696
Bang Khun Thian 229,975 477,453 403 373 21,219 32167 123,788 111,165 34,881 72,670
Phasl Charoen 314,880 438338 415 3.74 12,607 19,897 173,720 168,421 - 77,883 128,752
Ratburana 284,724 325,158 432 384 24,738 40,327 75,270 53,834 40,968 48 B&E
Mong Khaem 144,123 186,520 3s2 364 28,041 44872 122,102 81,834 36,160 41,408

BMA TOTAL 8,126,125 10,495,953 398 3.66 21,032 33,802 4338335 5767 B 1,871,458 2319369
OTHER
PROVICES
Samut Prakarn 882,794 1,258,387 405 373 15,232 23154 661,040 932 209 61,355 106,162
Monthaburi 668,926 1,007,608 403 3T 27,093 43,788 278,857 341,683 103,033 122,661
Pathun Thani 504,283 919,464 2497 3eg 17,733 32,949 363,844 302 407 123879 164,451
Makhon Pathon 721,917 1,071,249 419  3.TH 15,088 23,722 411,003 555,504 153,107 266,344
Samut Sakhon 367 6AG 473,211 392 3.64 12587 21,323 298,550 430,044 42,793 30,374
GRAND TOTAL 11,451,734 15,205,872 401 36 20,094 32452 6,349,718 8320754 2355625 3,008,360
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Fig. AP-1.2 Districts within the BMA

2.5 Network Development

The road network is a computerized simulation of the road system located within the
study area. The network consists of numerous links (road segments) and nodes
(intersection points), with each link being embedded with a unique set of indexes
describing its operating capabilities. Two of the most important measures in this
regard are speed and capacily.

There does not, at present, exist a manual in Thailand which quantitatively describes
the relationship between speed, volume and capacity and road inventory under local
conditions. In the past, these relationships have been developed in an ad hoc manner.

To adopt a scientific approach ,sources exlernal to Bangkok and Thailand must
therefore be employed for this purpose. Itis the opinion of this project that link speed
and capacity can adequalely be developed based on recent findings of investigations
conducted by UTDM and Indonesian Highway Capacity Manual.

It is judged that the application of these findings in a Bangkok context is more
appropriate than the more traditional highway capacity manuals prepared for use in
American , Japanese or Australian highway capacily techniques.

The use of a Thailand highway capacity manual is, of course, preferred once such a
document is available and adopted on a uniform national scale. Since on the master
inventory file there are data about road inventory such as localily, number of lanes
and side friction new relationships derived in Thailand can readily be used in the
future. This inventory to date has been based on the records of the BMA.
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The study area road system, including all national, province, district roads and major
through sois, a total of some 1,700 kilometers within the BMA. The level of detail
with which the zone structure and highway network are built must be in balance;
thus, not all existing roads need be included. Indeed, to provide linkage between all
zones, a highway network embracing all nationally-owned, and principal BMA- and
DOH-owned roads, is adequate.

The base-year (1995) network was therefore built via three steps:

* Digitization of the network, using the capabilities of ARC/INFO software,
zome boundaries and relevant road network elements depicted on maps
developed by Royal Thai Survey. Within the study area, base map scales
varied between 1:20,000 for BMA and 1:50,000 for outside BMA ;

* Integration of field surveys and inventory data available via previous
studies and our field survey conducted within the study area. This included
a review of all inventory data held at the BMA within the Department of
Public Works.; and

* Calculation of link parameters , the link parameters were calculated via a
series of linked spreadsheets. (In retrospect if this procedure is used again it
is strongly recommended that this procedure be redeveloped in a database
framework.)

For the purpose of the development of a transport model ,the transport modeling
software in this case, TRANPLAN', highway network simulation programs require
following parameters for each link:nodes, link distancelink capacity,and an
assignment group code (capacity index in some software).

The A and B nodes are numeric values thal identify the “from” and “to” ends of a
link. Node locations are defined by their X and Y coordinates, which are derived from
the digitizing process, and thus permit displays of network content, performance and
operation via a graphical network editor in this case , NIS.

The Link distance defining the length of a link in kilometers ,this is measured directly
from the GIS software,

Free flow speed, which is defined as the safe speed at which a vehicle would travel on
a link in the absence of other traffic. The average free flow speeds are calculated
based on equations used in the Indonesian Highway Capacity Manual, augmentead
by speed studies conducted throughout the study area.

Link capacity is defined in terms of practical capacity and assignment capacity.
Practical capacity represents an absolute limit regarding the number of vehicles
(peu’s) which can be accommodated on a given road section under realistic
operational and terrain conditions.

Assignment capacity represents a trip-making threshold for modeling purposes at
which alternative route choices (as possible) are likely. This is generally adopted as
being synonymous with a Level of Service C/D® and uninterrupted flow condition®,

' TRANPLAN (Transport Planning ) and MIS (Mebwork Infarmation Systems)is an integrated set of computer pragrams
offering , witin a single package , comprehensive planning and forecasting capabilities for both highway and transit systems.
TRANPLANINIS ks proprietary software distributed by the Lirban Analysis Group , Danville , California ,USA and licensad for
use by Pacific Conzultants International.

* Lecel of Service as delined by the Highway Capacity Manual , Spedial Report 209 Transportation Research Board |, USA
13835 (with subsaquant updates)
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Assignment capacity, free flow speed and traffic loadings are integrated via speed-
decay curves which dynamically decrease link attractiveness (speed) as the volume to
capacity ratio (V/C) increases.

Practical capacity is calculated in terms of hourly peu’s per lane or section,
assignment capacity (about 80 percent of practical capacity) is generally expressed as
daily link pcu’s based on a specified percent peak hour factor.

Assignment group (ASG) code is used to identify links to which a common capacity
restraint function is to be applied, that is, link speed is reduced by a pre-determined
function as the link volume to capacity ratio increases.

Speed decay functions mirror the IHCM speed-flow relationships and depict speed
decreasing from free-flow status as the V/C ratio increases. The change is
particularly pronounced for narrow roads due to numerous avoidance maneuvers
between directional traffic streams, as well as between traffic streams and roadside
activities

Link type groupings are developed in accordance with relationship with the database
and represent inventory items such as the agency ownership of the road.




3.
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TRIF GENERATION

Overview

Two concepls require definition when describing the structure of trip generation
models. The first is the concept of trip productions and trip attractions; the second is
trip stratification.

In this model also the initial modal split is applied at the generation stage. This stage
focuses on predicting the absolute number of daily person trips generated by each of
the study area’s 505 zones by purpose by mode .

a2

Definilions

(1) Trip Production / Attraction

(2)

In modeling terms there are two types of trip ends - productions and attractions.
Trip productions are located at the trip maker’s home (the majority of all urban
trips begin or end at home). Trip ends ‘produced’ by the home are linked with
the characteristics of the household producing the trips - the number of persons,
workers and students in the household, the household income and the number
and ty pe of private vehicles available to household members.

Trip attractions on the other hand are trip ends located away from the trip
maker’s home and are estimated as a function of variables that ‘attract’ trips
(persons) to that location (for example, the availability of jobs or educational
places).

T'he 1995 household survey yields information describing the socioeconomic
characteristics of potential tripmakers in a given zone. This information
(household income, number of persons, workers and students in the household
and the availability of privale vehicles) is related to the number of trips produced
by members of individual households.

Irip productions therefore are estimated as a function of a zone's residential
development. The attraction, or non-home, end of trips is estimated as a function
of the socioeconomic variables that tend to “attract” trips. Variables used for this
purpese include employment (number of jobs) and school enrollment.

It is generally accepted that trip productions are estimated with more accuracy
than trip attractions. Therefore, total trip productions are used to define a control
total for aggregate travel in the study area. As the final step in the trip generation
modeling procedure, trip altraclions are therefore factored to equal trip
produclions.

Trip Stratification

Trip makers travel to satisfy different objectives. In the study of travel behavior it
has been found that it is possible to more accurately estimate the different kinds
of trips separately than in total. In addition, the purpose for which a trip is made
is often related to differences in several characteristics of the trip (the time of day,

APl -9
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the mode of travel and the dislance one is willing to travel to satisfy one’s travel
objective).

Trip characteristics, particularly vehicle ownership patterns, are strongly
correlated with household income. Therefore, stratifying total trips by trip
purpose, levels of income as well as vehicle ownership improves the accuracy of
model components addressing these Lrip characteristics.

In the BEIP models four major trip purposes are used:

« Home-based Work (HBW) - Trips between residence and primary work
location.

=  Home-based FEducational (IHBE) - Trips between residence and school
location.

«  Home-based Other (HBO) - Trips between residence and all other locations
(shopping, recreational, religious and personal business locations).

= Non-home-based (NHB) - Trips with neither end at home (for example, a
trip between work place and restaurant).

In addition to these major trip purposes, two important characteristics of the
tripmaker have been used to further stratify trip purpose; namely, vehicle
ownership patterns and household income. Review of the 1995 home interview
survey data found that trips made by different vehicle availability groups had
different characteristics of trip length and mode choice.

To represent these differences in the model (and improve the accuracy of the
forecasts) A total of sixteen purpose/vehicle availability group designations are
used to represent these differences in the model (and improve the accuracy of the
forecasts). These sixteen different categories of trips are processed separately by
the Lrip generation and (later) trip distribution model components. For each ol
the four Lrip purposes listed above, four different levels of vehicle ownership are
adopted; namely, households which own:

+  Group 1: No vehicles;

= Group 2: At least one motorcycle (but no cars);

»  Group 3: At least one car (and possibly a motorcycle); and
«  Group 4: Two or more cars (and possibly a motorcycle).

As discussed in the following paragraph, household income is the single most
important determinant of vehicle ownership. Results of the home interview
survey yield typical household incomes; these were combined into four major
groupings, with each grouping containing roughly one-fourth of study area
households. These four groupings represent households with low, medium-low,
medium-high and high incomes (Table AP-1.4)

AP1 - 10
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Table AP-1.4 1995 Household Income Distribution: BEIP STUDY AREA

Income Group Income Range Number of Percent In
MNumber Name ___(BahtMonth] Households Range Graup
1 Low Less than 5,000 125,786 4.4 265
- 5,000 - &8989 gagey  zd
P Low-Medium 10,000 - 14,560 754714 26.4 25.4
3 Medium-High 15,000 - 16,959 431,674 1581 227
“aF 20,000 - 24999 217 266 76 _
4 High 235,000 - 29,259 214, 407 75 24.4
30,000 - 39,999 174,385 6.1
40,000 - 49,999 117,208 4.1
50,000 - 99 999 160,09 58
100,000 and up 3 448 57 ey D
- Total 2,858,766 1000 100.0

Source: 1995 BEIP Household Survey

3.3 Generation Model Development

Further review of home interview survey results confirmed, in addition to the
previously defined stratification’s, that considerable differences in vehicle ownership
and trip making propensily exist between residents of the Bangkok Metropolitan
Area (BMA) and persons residing outside of the BMA but within the Bangkok
Metropolitan Region (BMR).

In terms of monthly household income (year 1995 Baht), differences are not overly
pronounced. The BMA average is, for example, 20,600 Baht, and outside of BMA,
18,500 Baht . However, a BM A resident is more likely to own a vehicle than a person
residing outside of Bangkok if incomes are reasonably similar. For example, some 60
percent of BMA households with an income of between 10,000 and 15,000 Baht are
likely to own no vehicles, and slightly over 10 percent own a car (Fig. AP-1.3). In the
case of households outside of the BMA with similar incomes, only some 40 percent
own no vehicles and about 25 percent own one car (Fig. AP-1.4),

Thus , one additional stratification hierarchy by geographic entity (BMA, outside of
BMA) was maintained throughout the production modeling process.

I'wo different mathematical techniques are used to construct the trip production and
attraction models. The trip production models cross-classify households by income
and vehicle availability category. Within each income/ vehicle availability group an
average rate of trip making for each of the household cross classifications is derived
from the findings of the home interview survey .

These averages are then plotted and smooth curves are fitted to the individual points.
The trip rate curves represent trips per worker for homebased work trips, trips per
student for homebased school trips and trips per person for homebased other and
non homebased trips. In some cases, aggregations in vehicle ownership categories

proved possible due to similarities in trip making patterns. The adopted trip rates
confirm that (Table AP-1.5):
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Fig. AP-1.3 Vehicle Ownership within BMA
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Fig. AP-1.4 Vehicle Ownership within BMR ,but outside BMA

The unit trip production rate of BMA residents is higher for all trip purposes
than the rate exhibited by persons residing outside of the BMA. These data
confirm that urban study area residents travel away from the home more
often than their rural compatriots.

Trip production rates are, in the case of HBE trips, largely insensitive to
income or vehicle ownership levels. The same pattern, although to a less
pronounced degree, is observed for HBW trip productions by BMA
residents. This suggests that non-discretionary trips (work, school) are
accomplished regardless of the household’s social strata.
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* HBO and NHB trip production rates, two calegories which can be viewed as
being more discretionary in nature, exhibit marked increases (particularly so
for persons residing outside of the BMA) as household income and/or
relative levels of vehicle ownership increases . From the original home
Interview surveys lhere was a significant level of underreporting in these
two calegories . These trip rates were adjusted by cross checking against the
larger sample frame of the SIMR home interview survey.

Table AP-1.5 Person Trip Rates

WITHIN BAMGROR. METHOBG] TTAN AREA
i __| 1RIFS TAIPE [ TRIFS
IMCOME[ TR | WEM _!'.B!-' YEH PER | TRIP | WEH _ TRIF ]
LERUE L PURRP | OSHIP URP | orshe [ STURNT] PURE | OrsHip | W= Féﬁsm
1 HEYY 12 170 HBE 2 £15 | HEQ 1 HHF: R
34 1.50 K- N T O (T ) z 015
EX] 34 g
i HEW i2 180 HOC F] FF ) HHD 1 MHF. 4 0.
34 15 T34 2.08 ] 2 0 17]
: 34 24 g2
3 HEW 12 180 | HeE ] .30 HED 1 MHA 3 0.04
34 1803 1 134 2.09 2 2 (]
a4 34 i} QH
4 HEW | 1.2 1.60 HEE 2 230 HED 1 HED 1 0.1
3id =] 1,34 209 2 - [ 0.
34 34 [i] 5
OUTSIDE BANGROR e THCTr ITAN AR A [T LESS BlAL
_| TRIES i TRIFE I TRIPS
INCOME[_ThIP | VEb PER YEH PER | TA® WEH TRIP VEH g
| GRour | PURD cw:ﬁ% CrSHiiE sTuHﬂ BURE | OEHIE | PURE | CIEHIP ﬁ
1 HENY 12 1.30 HEE [ 1234 187 | Fi 1 ooy HHE 1 oo
34 0.85 ] GRL) R P
i | _32a - id {1
F HEWY id 157 HEE [ 1234 170 | HBo | 1 g hiHE 1 [Tk |
3.4 1.00 F L) : z Q
e 24 037 34 o1
3 HENY 1.2 1.43 j234] 170 HES 1 0,10 NHE 1 [+]
a4 14 2 018 < RN
EX] [¥1l 34 [1]
4| hHew 17 1,45 HEE [ 1284 170 | HBG | 1 | 013 HHE 1 )
A4 1.43 2 [VRL] : T T T
34 ¥ 34 1

Mates: (1) Incame group definitions{all Bahtmonthhousehaold)
1-less than10,000
2-10,000-15,000
3-15,000-25 000
4 -more than 25,000
(2} Vehicla Ownership definitions
1-households with no vehicles
2 - households cwning at [sast ane matorcycle
J-households awning at least one car
4-household own at least twe cars

3.4 'Irip Attraction Model Development

The trip attraction models employ linear regression analysis to calibrate the
coefficients as shown in the following equation:

A; =a, +bx, +byx, +b,x,

where:

A = Trip attractions in zone |j;

Xin = Socioeconomic variables describing zone j (employment, school
enrollment, ete.); and,

arb;, = Constants and cocfficients determined through calibration.

Results are presented in graphical form for homebased work trips (Fig. AP-1.5) and
homebased educational trips (Fig. AP-1.6). In each plot, a comparison of observed
and modeled attractions on a zonal basis is presented, as is the equalion form and
correlation coefficient (r2). It is noted that all r? values are extremely high thus
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confirming (as expected) the strong correlation between [IBW trips and employment,
as well as between HBE trips and student places.

However, the regression analyses for homebased other trips and nonhomebased trips
proved more problematic. These type of trip attractions are typically related to
landuses such as commercial aclivity, retail development and religious institutions.
Regretfully, zonal information which quantifies these data (such as square meters of
retail /commercial activity, number of restaurant seats, number of theater seals, size
of religious institutions) are not available from governmental sources, nor do the
resource and temporal constraints of the current study permit development of such a
database.

In light of this limitation, a series of regression runs were undertaken to evaluate the
statistical relationship of available zonal variables with ITBO and NHE trips. It was
found that tertiary employment is the most appropriate surrogate indicator;
unfortunately, the correlation coefficient is less than hoped for (Fig. AP-1.7 and AP-
1.8).

To partially compensate for this shortcoming, the generalion process was structured
to maintain sensitivity toward both observed and empirical levels of demand. In
other words, the application of base (1995) and future zonal socioeconomic variables
resulted in the calculation of a relative rate of growth vis-a-vis observed conditions;
that is,

T
Tr = Tax 25
RA

where, for each zone,

Tk Estimated future - year trips
Te = Base - year trips

Trr = Regression trip estimate derived from
future socioeconomic variables
Tra = Regression trip estimate derived from

base - year socioeconomic variables

The final calculated attractions are, as indicated previously, balanced to calculated
praductions for the BMA and areas outside of the BMA.
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DAILY TRIPS = TOTAL EMPLOYMENT * 1 54835
MODELED ZONAL TRIPS
GDRFIEL-‘\TI'DN DDEFFICIEHT 0.92?
1A ) s

OBSERVED ZOMAL TRIPES

Fig. AP-1.5 Regression for Home Based Work (HBW)

DALY TRIPS = TOTAL STUDENT PLACES * 1 83573
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Fig. AP-1.6 Regression for Home Based Education (HBE)
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DAILY TRIPS = 3518.99+ (TERTIARY JOBS = 1.26085)
CORRELATION COEFFICIENT = 0.55
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Fig. AP-1.7 Regression for Home Based Others (HBO)
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Fig. Ap-1.8 Regression for Non llome Based (NHB)
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3.5 Pre Distribution Maodal Split

A pre distribution modal split approach was adopted in this study for the base year
analysis . In fulure years this was complimented with the modal split diversion
curves derived during the SIMR study .(This is discussed further in Section 7 . ) The
modal split proportion factors were derived for each trip purpose and each vehicle
ownership group from the 1995 home interview survey . These proportions are
shown in Tables AP-1.6-AP-1.9 for each trip purpose .

Table AP-1.6 Modal Proportions for Home Based Work

| Classification Area  |Income Group |Walk MG Car Public

HEW - 0 Wah BMA 17.7% B.0% 0.8% 73.5%
17 5% 7.5% 1.3% T7i.6%
15.5% 5.2% 0.8% 78.4%
7.0% 3.2% 3.3% 86 5%

BMR 10 6% 7.8% 2.2% 79.4%
84% | 83% | 05% | 828% |
11 0% BB 0.5% TG6.7%
6.5% 1.8% 3.8% 87 8%
HBWW - MIC EMA B.0% 82.5% 0.3% 2.3%
13.1% | 67.8% 1.1% 18 0%
8.1% 548% | 08% 35 35
7.B% 42.7% 16% | 48.1% |
A BMR 4.0% BB.2% | 08% 5.8%
7 8% 77 8% 2.1% 12.5%
5.5% EE8% | 36% 34.1%
53% 57 8% 03% | 384%
HEW - CAR BMA 62% 121% | 61.6% | 20.1% |
5 41% 3.8% | 748% | 17.2%
E 5.2% 56% 664% | 22.8%
31% | 68% 62.2% | 28.1%
BMR 0.2% 11.4% | 812% 7 2%

J.7% 15.1% BY 4% 11.7%
54% | 12.8% | 63.3% | 18.6%
37% | 12.3% | 68.6% | 155%
14% | 21% | 83.5% | 129%
14% | 21% | H3.5% | 12.9%
14% | 2.1% | 83.5% | 129%
1.4% 2.1% 3. 5% 12 8%
50% | 42% | 7182% | 125%
50% | 42% | TR2% | 125%
50% | 42% | 782% | 12.5%
50% | 42% | 78.2% | 125% |

HEW -CARZ+| BMA

BMR

TR AR ETRE S U RN DN PR S U NI 6N FREE] B I SRET [1E BPN P ) P F R R B P e e
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Table AP-1.7 Modal Proportions for Home Based Education

Classication | Area  [Income Group |Walk MiC Car |Public |
HEE-0Vah | BMA A 33.3% | 5.8% 0.8% | B0.2%
2 285% | 34% D2% | 67.8%
. 3 21.9% 19% | 20% | 742% |
| 4 144% | 59% 18% | 780%
|_BMR 1 297% | 53% | 20% | 63.0%
W b 2 285% | 59% 45% | 61.1%
3 157% | 1.1% 3% | 748%
. 157% | 1.1% B3% | 749%
HBE - MIG BMA 1 246% | 216% | O7% | 53.1%
2 248% | 218% | 07% | 531%
3 202% | 186% | 0B% | 50.5%
T 4 292% | 196% | 08% | 505%
BMR 1 146% | 365% | 15% | 47.4%
EL % 2 232% | 237% | 40% | 49.1%
3 222% | 228% | 09% | 541%
B i 4 22% | 28% | 09% | 541%
HBE - CAR BMA i 104% | 158% | 300% | 438%
i 2 218% | 109% | 74% | 599%
a 157% | 79% | 178% | 58.7%
| 4 2% | 44% | 209% | 660u
BMR 1 202% | 39% | 154% | 805%
2 135% | 161% | 184% | 51.0%
T AR 3 183% | 49% | 139% | 629%
4 125% | 163% | 156% | 556%
HBE-CAR 2 +| BMA 1 B7% | 24% | 455% | 4549
s - Bi% | 24% | 455% | 454%
3 _67% | 24% | 455% | 45.4%
4 6.7% 24% | 455% | 454%
BMR T 25% 30% | 724% | 222%
2 25% 0% | 724% | 222%
FE.C 3 131% | 89% | 270% | 530%
AR L 4 9.2% 33% | 420% | 456%

Table AP-1.8 Modal Proportions for Home Based Other

| Classification Area  Income Group |Walk MWC Car Public |
|HRD - 0 Veh B, 1 34.0% | 5.0% 1.0 G0 0%
¥ H4.0%] 50 1.0 60.0%

] H.0%] 50% 1.0 60.0%

4 15.4% G.5% 14.8%]  63.3%

B ) H4.0% 50 10%| 600

2 34.0% S50% 1.0% 60.0%

E] 24.0% 50% 1.0%|  60.0%

4 15.5% 4.5%) 8.9% T1.1%

HBO - WiC WA i 0% S00%]  10%| 200%
2 29.0% S0.0% 1.0% 20.0%

3 200%| S00%[  1.0%  200%

4 29.0% 50.0% 1.0% 200%

~_ | _BMR i 29.0%| 50.0% 10%|  200%

2 | 200%W| 500%|  10%| 200%

158 200%|  500%|  1.0%  20.0%

4 29.0% 50.0% 1.0% 20.0%

HBED - CAR EMA 1 35.0% 150%) 300%) 200%
z 35.0% 15.0%]) 300%) 200%

3 35.0% 15.0%| 300% 200%

4 a5 0% 15.0%] 300%| 20.0%

e i BMR 1 350%| 150% a0.0%| 200%
] 35.0% 15.0% 30.0% 20.0%

3 a5 0% 15 0 A0 Ok T 0%

_ 4 0% 150%] An0w[ 20.0%

HBO - CARZ = | BMA frt 300%| 100% 500%| 10.0%
2 A0 0% 10 0% A0 0% 10,05

R e oy e 3 30.0% 100%| 500% 100%
4 | 300% 100% 500% 10.0%)

BMR | 1 30.0%| 100%| 500% 10.0%

T HT NN 0% 00%  S00%  100%
o Ve i 30 0% 10 1% s00%  10.0%
4 300%|  100%|  s00%)  I0.0%
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Table AP-1.9 Modal Proportions for Non Home Based

Classification Area [Income Group [Walk = [Car [Public
MHE - 0 Vih BMA 184%|  93%| 244%| 479%

31.0% 15.6%/ 11.4% 41.8%

200%|  100%  600%  10.0%)
200%| 100% 600%  10.0%
200%|  100%  60.0%  10.0%
200%| 100%  600%  10.0%
200%|  100%  &ow  100%
200%| 100% 80.0%| 10.0%
200%| 100%|  soow[ 100%

BMR

1
2
¥ 232%| 3696%  58%  316%
4 127%)  45%| 229%| 509%
0 BMR 1 B9%  663%  77% 191%
2 482%  59%| 11.7%| 34.2%)
3 00% 100%  100% 40.0%
; 4 40.0%|  100%| 100%| 40.0%
[reE - WIS BMA 1 20.0%|  200%  100%  40.0%
2 200%|  200%  100% 40.0%
3 00%|  200% 10.0%| 40.0%
e 4 0% 200%  100%]  40.0%
BMR 1 300% 200%  wow|  40.0%
2 300%  200%  100%|  40.0%)
3 300%|  200%|  100%| 40.0%
[*- 4 300%  200%  100%| 400%
MHE - CAR BMA 1 20.0% 10.0%| S0.0%| 20.0%
2 200%| 100% 500%  20.0%
3 200%|  100%  500%  20.0%
R 4 20.0% 10.0% 50.0% 20,0%
BMR il _20.0% 10.0% S0.0%| 2009
2 200%| _100%| 500%| 20.0%
3 200%| 100%| s00%| 200%
4 200%| 100%| 50.0%| 20.0%
MHE CARZ+ | BMA 1 200%|  100% 60.0%| 10.0%
2
3
4
1
2
3
4

3.6 Adjustment for Under Reporting

In all home interview surveys there is a general tendency to under report non regular
trips, trips that are made on the day of the survey but are trips that the interviewee
does not normally make on that day. These trips are mosl likely to be non work or
non educational trips. The trips that are typically under reported are therefore
Homebased Other and Non Homebased trips. The home interview survey , can thus
be biased lowards work and educational trips from the home .

However in this project roadside interviews were also conducted at fourteen sites
within the study area. These surveys which resulted in a random sample of vehicles
being stopped are unlikely to be biased towards any trip purpose. The difference in
the different percenlage distribution of the four trip purpose was used to estimate
purpose expansion factors. The purpose expansion factors were developed for
Homebased Other and Nonhome Based. These factors were used in the trip
generation analysis and appended to the home interview survey files. The values
derived in this way are 2.8 and 3.2 for Homebased Other and Nonhome Based
respectively. (Trip Rales presented in Table 5 includes these factors)
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4. Trip Distribution

The trip distribution models take zonal productions and attractions produced in
earlier phases of the model, and link them to form a trip matrix of zone-to-zone
movements. A total of 16 models were built; 12 for private vehicle modes (four
purposes by three vehicle availability groups) and four for public transport modes
(four purposes) .

The public transport distribution has basically been developed in detail as part of the
UTDM process and is documented in their Interim Report (Sept. ,1996) and is not
discudssed in detail further, The basic reason for this is the detail development of the
public transport network was undertaken by UTDM whilst the major development of
the road network was prepared by BEIP.

4.1 Overview

A gravity model is used to achieve the trip distribution and is expressed as:

oo = R A )
vel) iy S A, K
PRl T (o)
Where e a0 trips produced in zone i and attracted to zone
" = trips produced in zone 1
A; = trips attracted to zone j
i) = travel time between zone i and zone j
F‘r{_ ) - empirically derived travel time factor that expresses the
L]

average arca-wide effect of spatial separation on trip interchange
between zones that are t(i,)) apart

K[i i) specific zone-lo-zone adjustment factor to allow for the

incorporation of spatial/ geographic influences upon travel patterns

Distribution functions for each zone pair are prepared using as input public and
private vehicle generalized cost skims and the calibrated distribution function.
Subsequently, these distribution function values and an observed modal split matrix
are applied lo zonal trip productions and trip attrachons lo generate private and
public person trip matrices. These two steps are conducted separately for each of the
four trip purposes - home-based work, home-based school, home-based other and
non-home-based.
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4.2 Details of the Model

For private vehicle trips, generalized cost is calculated usin g the following equation:

GC = 'ij"' [Rxdii}f\f] F(C/V)
Where GC = Generalized cost expressed in minutes
Lj = access/ trip time for movement from zone i to zone
I - cost per kilomeler, taken as 0.72 Baht
dij = distance from zone i to zone j
v = value of time, which is different for each mode of public
transport, related to the average income of the user by
mode. Itis taken as 57 Baht/hour for the private person
trip by private vehicle,
c ;! out-of-pocket trip cost (parking, tolls)

For public transport trips, generalized cost is calculated as:

Where,
GC = Generalized cost expressed in minutes
¥ = Access/wait/ trip time for movement from zone [ to
zone j
Fij - fare for movement from zone | to zone ]
Vv - Value of time, taken as 28 Baht/hour (Average over all

public transport modes)

For both private and public transport trips, intrazonal generalized costs were
estimated by taking half the value of the cost to the nearest three zones. For private
transport trips, terminal times were also added at each and of the trip. The terminal
times estimated for the base year are five minutes for CBD zones, two minutes for all
other zones.

The criteria used in defining the distribution function is that, when applied, it should
return a trip length distribution (TLD) as close as possible to the observed TLD. The
TLD gives for each cost increment the percentage of Lrips occurring at that cost. The
observed TLD was created by taking the observed trip matrix, together with the
associated generalized cost, and tabulating the number of trips, and thus the
percentage, for each cell with a given cost.

Typically, a TLD rises quickly from zero to a peak and then drips off gradually,
finally becoming ragged as observations become sparse. All trips with both trip-ends
within the study area (zones 1-505) were included in the observed trip matrix (and
trip length distribution). The resultant TLD is then inpul to the gravity model
calibration program together with an initial estimate of the distribution function.
TRANPLAN uses an iterative technique to adjust the input distribution function in an
effort to match the observed TLD: this is generally achieved after about five or ten
iterations.
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The iterative procedure uses a weighting factor of the percentage of trips for each
interval thereby ensuring that the curves are fitted closest for the intervals which
contain the greatest number of trips. The use of such an approval yields trip
distribution functions which are reasonably free from irregularities caused by
sampling errors and other errors inherent in survey data.

Models were calibrated for private vehicle trips by purpose (HIBW, HBE, HBO, NHE)
by vehicle availability group (none, motorcycle, car); for pu blic transport trips,
models were calibrated for each purpose. Resultant frequency curves (F - factors) for
the Hone Based Work private person trip are depicted in Table AP-1.10 as an
example.

Average trip lengths vary, as expected, with longest trips typically increased by
public transport trips, and shortest trips being, those mode by households not owning
a vehicle.(see Table AP-1.11)

As a final check , person trip matrixes derived by the distribution model were
converted to vehicle trips, assigned to the road network, and compared lo observed
traffic counts for private person trips . At this stage a set of K factors or geographical
refinement factors were also developed to fine tune the trip tables and to correctly
replicate the travel patterns as a result ol geographical barriers such as the river .(This
is discussed furher in model calibration.)
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Table AP-1.10 F Factors for Home Base Work

PRIVATE TRIPS (2) BY PRIVATE TRIPS (2) BY
TIME (1) VEHICLE OWNERSHIP GROUP || TIME (1)| VEHICLE OWNERSHIP GROUP
(minuTEs) NONE M'CYCLE CAR | (MINUTES| NONE M'CYC LE CAR
1 640116 1454017 130553 51 331 3205 3629
a3 393620 1092557 112962 63 304 2794 3297
5 247221 B26629 97935 65 280 2444 2998
7 168507 629667 85072 67 260 2143 2730
g 103689 482822 74041 69 242 1884 2489
11 69168 3726833 64563 71 226 1661 2271
13 47025 288426 58403 73 21 1468 2076
15 32567 226202 45367 75 198 1300 1899
17 22062 177869 43287 77 187 1163 1739
19 16474 140689 38024 79 176 1025 1584
21 12020 111947 33461 B1 166 913 1463
23 8915 89579 2949 83 156 815 1344
25 8717 72080 28047 85 147 728 1236
27 5139 58315 23040 87 138 652 1137
23 3589 47429 20415 as 130 584 1048
3 3141 38774 18118 91 122 524 966
33 2507 31859 16106 93 114 471 892
35 2028 26305 14341 95 106 423 824
v 1661 21824 12789 97 99 381 762
39 1377 18189 11423 89 82 343 705
41 1154 15229 10219 101 84 309 653
43 978 12806 9155 103 77 278 605
45 838 10814 8215 105 70 251 561
47 725 9169 7381 107 G4 226 521
49 633 7806 6642 109 57 204 484
51 557 8670 5985 111 51 184 450
53 495 5721 5401 113 45 165 418
55 443 4925 4880 115 40 149 389
57 389 4254 4418 117 35 134 363
59 363 3688 4001 119 30 121 338
60 346 3436 3810 120 28 114 326

(1) Includes costs associated with trip time, trip distance and out-of-pocket costs converted ta equivalent minutes.
(2} Trips made by private means of mechanized transport (car, motorcycla). Vahicle ownership group relates 1o

household characteristics . Maxmum trip lengths by housshald ownership grouping: Mane - 146 minutes:
Matarcycle -177 Minutes ; Car - 218 minutes.
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‘Table AP-1.11 Average Trip Length Distribution

TRIP HOUSEHOLD | “Average Trip Length
PURPOSE  VEHICLE | (Equivalent Minutes)
| owNERSHIP |  PRIVATE
HBW None 29.6
Motorcycle 31.5
Car 43.9
HBE None 40.5
Motoreyele 423
Car J8.8
HEBO None 27.8
Motoreyele 25.0
Car ) 37.7
NHB None 26.7
Motorcycle 30.5
Car 41.6

The final calibration process is discussed in Section 6 .
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5. Non-Person I'ri ps

In any city there are other types of trips being made at any one time besides internal
person trips . In particular there are two major categories namely external trips and
commercial vehicle trips . The development of the trip tables for these two categories
of trips is presented in this section.

5.1 External Trip Table

The major home interview surveys undertaken du ring this project does not record
trips being made by people from outside the study area to inside the study area or
those trips that pass through the study area . This is termed the external cordon and
the crossing points or external station locations are described in Section 2.

This external trip table was developed in three stages :

* Development of External-Internal Trip Table ;
* Development of External-Internal Trip Table ; and
*  Allocation of Buses (Bus Passengers were nol interviewed at the Cordons).

A flowchart depicting the process is given in Fig. AP-1.9

1. External - Intarnal

-Ruadside =
i [t A PO}
Data Factor

Add External Eliminata
Station Intarnal Trips:
MNumber i =

2. External - Extamnal

; Estimate Froportion
E;“;jiﬁ’mh of External Entries
to External Station

Develop Look up
bebwoen Exernal Zone

Tuotal Oneway
and External Statlon External
Allocate Busaes

Trip Table
External -Extarnal ; -
Trip Table
ol External Station

to Internal Bus Terminals

L J

3, Bus Trips

Fig. AP-1.9 External Trip Table Development

The development of the External to Internal Table is relatively simple . [t is the
observed external station (506-520) to the internal zone (1-505),
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The external to external trip table involves linking the external zones (up to 812) as
defined for the roadside interview . The procedure was as follows :

+  Build the full trip table from the roadside surveys (zones 1-812).

=  Allocate each combination of External Station to External Zone to have a
temporary destination zone i.e. matrix expansion procedure.

+  These temporary destinalion zones are then associated with an external
station,

»  The matrix is then squeezed back to a 520 X 520 matrix .

The buses was then allocated to the three intercity bus terminals.
This external matrix was developed from the beginning as an all day pcu

matrix .

5.2 Commercial Vehicles

The commercial vehicle model for the study area was developed for truck movements
within the BMR . The external matrix discussed above includes the external truck
movements. There is little data available on commercial vehicle movements in
Banglok . The best source of data is from traffic count information. For that reason a
matrix estimation technique was used in the development of the commercial vehicle
matrix . Fig. AP-1.10 depicts this in a flowchart .

Truck Trp
Generation
Obsearved Calibration of -
Truck Trip Length ——— Truck Gravity Truck Gravity
Distribution Mod el Model Run
L — Staring Matrix
Partial Observed ::M‘:‘:
s Matiic stirmartiod
Estimation |
Observed —
Truck Counts sl
o hibraal el
Truck Matrix

Fig. AP-1.10 Commercial Vehicle Trip Table

The goods vehicle (commercial ) matrix was developed in three steps namely :

*  Trip Generation
«  Trip Distribution
= Trip calibration , Matrix Estimation.

It is important to note that the generation and distribution used in the development
are really used simply to improve the starting matrix for the matrix estimation
procedure .The truck trip generation equations have been adopled from the earlier
SPURT study namely:
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Truck Trip Generation in a zone
= (0.009*Zonal Employment) + (0.01*Zonal Househo lds)

The gravily model for trip distribution is calibrated against the observed truck trip
length distribution from the internal roadside interview locations . In this ca se the [

factors derived from the gravity model take the form of a Gamma function as
described below :

F(Cij)=Cij* X1*exp(X2*Cij)
where
F(Cij) 1s the F factor curve
Cij  is the generalized cost of Lravel
X1 and X2 are calibration constants with the value of
X1=-1.5
X2=0.00163

This results gives good correspondence between the observed and the estimated
mean trip length of 176.8 for the observed and 180.1 for the estimated . These F Factors
are the used in a full run of the gravity with the trip generations discussed above to
produce a starting matrix for matrix estimation .

The matrix estimation uses as input traffic count data from over 150 sites to produce
the best estimate of a goods vehicle matrix.
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6. Traffic Assignment and Calibration

6.1 Overview

Prior to the assignment of the trip tables to the network it is necessary to develop the
peak hour peu trip table from the total daily person trip tables and from the external
trip table and the commercial vehicle trip table. This will then able the assignment of
the vehicle peak hour trip table to the road network.

6.2 Development of Peak Hour Private Trip Table

The person trip tables as output from the gravity models are notin a suitable format
for traffic assignment . These tables need to be converted to a peak hour origin
destination matrix from the production / atlraction format as output from the gravity
model . The following formula is used in the first step :

ODij = a*PAij + b*TR{PAj}
where ODij is the matrix in origin destination format
PAij is the matrix in production attraction format
TR{} is the mathematical matrix transpose function

a,b are constants used to develop the morning peak hour
(see Table AP-1.12)

Table 12 Peak Hour Factors
Factor Trip Purpose
HBW HEE HBO NHE
a 0.15 0.15 0.04 0.02
b 0.01 0.01 0.04 0.02

This is still in the form of a person trip table , these are then converted to vehicle
format with two sets of lactors namely :

= Passenger Car Unit (pcu) factor
*  Vehicle Occupancy Factor

These are presented in Table AP--113. The peak factors for goods vehicles and
external vehicles are also presented in this table .

Table AP-1.13 Vehicle Occupancy and PCU factor

Vehicle Type  [Peak  [PCU | Trip Purpose Occupancy Faclor
Hour Factor |Factor | HBW | HBE | HBO | NHB
Car - 1 1.73 2.32 2.08 1.97
Malorcycle & 4 0.25 1.38 1.8 1.22 | 1.47
Goods Vehicle 0.03 23 . e £
External Vehicle | 0.05 = : - ; :
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I'he peak hour trip table for traffic assignment is the addition of the three pecu tables
namely person , external and commercial trip tables.

6.3 Traffic Assignment

The purpose of the trip assignment process is to replicate the amount of traffic on the
road system. Thus, the content of Lrip matrixes (peak hour trips) is “loaded” onto the
roadway network where trip origin-destinalion patterns are permitled to interact
with embedded network paramelers (distance, time, speed, capacity and other user-
specified criteria such as road toll).

Since roule choice, travel time and congestion impacts are important considerations,
an equilibrium assignment algorithm is considered appropriate, Equilibrium, in the
context of transportation assignments, occurs when no trip can be made by an
alternative path without increasing the total travel time of all trips in the network.
Equilibrium  assignment consists of an iterative series of all-or-nothing traffic
assignments with an adjustment of link capacity/speed reflecting congestion
encountered in each associated iteration.

The load from each assignment after the first iteration is combined with the previous
load mn such a way as to minimize the impedance of each trip and thus reducing the
number of iterations to find the equilibrium loads. Equilibrium assignment is
multipath because the final loads are a linear combination of the all-or-no thing loads
of each iteration. These loads may be assigned to different paths because of the time
adjustments after each iteration.

For the BEIF project these assignment paths are bases on a generalized cost derived in
equivalent minutes for the path between each zone pair and takes the form of:

GCij = a*Tij + b*Dij +c* Ajj
where GCij s defined as generalized cost in equivalent minutes
Ty  is the travel time
Dij  is the distance
A1l 1s the additional cost such as expressway tolls in units of 10 Baht
a,b,c are constants defined as: a=1.0, b= 0.76 and ¢ = 6.58

The other paramelers input into the road traffic assignment include the preload
volumes developed in the bus passenger assignments which as discussed in previous
sections are not discussed in this technical appendix .

6.4 Calibration/ Validation

When the Lraffic assignment procedure is complele , the results are then compared
with the on ground counts . If there is a good comparison then there is no need to do
any review of the parameters . This is not usually the case . Indeed this is now
considered an important step in model development , the calibration or validation
procedure .(See Fig. AP-1.11)
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Deveiop K Factors? Private Persan \‘
— ]

Trip Distributeo

Bus Preloads
External Vehigle —————®#

Commearcials

Road Network |————"
¥

l Traffic Assignmeant J

¥

Does  Assignmeant
Match Counds 7

”D/ \YES ,CALIBRATED

Fig. AP-1.11 Model Validation Procedure

Indeed during the BEIP to calibrate the model it was necessary to both make
modification lo the network , change the initial speed coded on links or in some cases
make network correclions as well as develop K Factors or geographical calibration

factors . The relationship of these factors to the gravity model is presented in Section
4.

The model was considered calibration in the final validation against screenlines (see
Table 14 ) and in detail along the river screenline for the morning peak hour in Table
AP-1.15.

Table AP-1.14 Screenline Calibration

T SCREENLINE | NUMBEROF | DAILYPRIVATETRIPS |
| sTaTiONS [ Obseed | Estmated |  Ratio
Rellwey | 19 365,233 985573 A0S
River Bridges 12 735,391 774722 1.05
CAD 25 1,584,884 1,725,085 1.08
East 17 811,826 548,296 0.90
Narth 10 251,758 248 659 n8s
West 9 171,108 184 380 114
Total 52 4,319,980 4486725 | 104
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Table AP-1.15 River Screenline Morning Peak PCU Com parison

Link Location Name Direction | COUNT gﬁlGNMEN['_-_
R PATITUMTHANI BRIDGE EB 1,513 1,147
R2 NONTHARURI BRIDGE 3] 1,643 1,69
R3 PIIRA NANG KLAQ BRIDGE FR 2,629 1,017
R4 RAMA VII BRIDGE NB 2,067 2,260
RS KRUNG THON BRTIDGE FR 2,759 4,592
Ré PIRA PIN KLAO BRIDGE FR 6,492 5,328
R7 MEMORIAL BRIDGE NR 2937 2,829
Rs PHRA POK_KIAD BRIDGE(New Memorial) NB 3,556 4,505
RY TAKSIN RRIDGE FR 4,512 6,325
RI0 KRUNGTHFP BRIDGE FR 2,522 3,226
R11 ' RAMA IX BRIDGE ED 2055 3,120
R12 PUO CHAQ SAMING PRA] FERRY ED 430 ]
TOTAL ¢ 34018 5418 |
% Dillerence = | 4.1% i
Rl PATHUMTHANI BRIDGEL WE 1,519 1,588
RZ NONTHABURI BRIDGE WE 1,500 866
R3 PHRA NANG KIAD BRIDGE WH 2,397 1,305
R4 RAMA VI RRIDGE 5B 3,111 2443 -
RS KRUNG THON BRIDGE wh 1,508 i 1,677
R PSRA PIN KLAO DRIDGE WE 3015 2,204
RT MEMORIAL BRIDGE SR 280 1,721
RE PHRA POK KLAO BRIDGE 5B 2,601 3,180
RG _ TAKSIN BRIDGE WhH 2185 2715
R0 KRUNGTIEP BRIDGE WD 1,831 341 =]
R11 __RAMA IX DRIDGE WB 2,610 1,178
R12 PO CHAD SAMING PRA] FERRY wB 279
TUTAL 22864 19,818
% Diflerence = 1338 |
GRAND TOTAL 56,552 55236
% Dilference = -2.9% |
| ] K
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7. Model Runs - 10 Simulation Cases

7.1 Overview

A full model run requires that the starting point is the demographic spreadsheets
established for the trip production and attraction sub models. In most cases the model
run is started after the production and attraction development . The flowchart for a
full future model run is shown in Fig. AP-1.12 . For BEIP ten full simulation cases
were run in the development of the BEIP Transport Vision for Bangkolk .

The major paramelers in these case are network changes and demographic changes .
Two future year demand scenarios are tested each with a different set of demographic
data . Various networks are tested including changes in public transport which in
some cases is reflected tested by modifying the road network . The changes are
applied to the private person triptable which is then used to perform a new highway
assignment. The basis of the analysis is thal the initial private person trip table is
changed as a result of modifications in the networks .

7.2 Person Trip Table

There are three base demand trip tables namely :

= Calibrated 1995 Person Trip Table ;

e 2011 Trend Person Trip Table ;

= 2011 New (Sub-Center Led) Person Trip Table
The demographic data used in the first two is tabulated by district in Table AP-1.2. The
demographic data for the New 2011 changes only within the BMA as a result of the three

sub-center developments at Lat Krabang/Minburi , Taling Chan and Bang Kungthian (sce
Tabhle AP-1.16) .

7.3 Post Distribution Modal Split

The pre distribution mode splits were sulficient for the base year where the modal
choice is not necessarily sensitive to changes in travel limes belween private and
public modes . This is not sufficient to test major changes in either the public or
private sector . For this reason modal diversion curves needed to be produced for this
study . The previous modal diversion curves of SIMR were reviewed and accepted for
BEIP .

The modal distribution curves used take the fellowing format :
p= 1/(1+exp(A + B*AT + C*A + D*N))
where p is the share of private mode
AT is the Travel Time Difference(Public-Private in minutes)
AC is the Travel Cost Difference([Public-Private in minutes)
N is the number of Interchanges

The parameler values are given in Table AP-1.17 and examples of the curves
themselves are given in Fig. AP-1.13 & 1.14.
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Fig, AP-1.12 BEIP Similation Model Run
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Table AP-1.16 Demographic Differences between trend-2011 and new-2011

DISTRICT | __Populstion : HH Size Ayg HH Income Employment Flaces | Sludent Dfémes
Trend 2011 | Mew 7011 [Trend 2011 Mew 2011 [Trend 201 Mew 2011 [Trend 201§ Mew 2011 [Trend 2011 New 2011
Fhra Nakhan 107, 180 107,008 4.02 4.01 44048 | 44,114 | 301,928 | 274754 | 71076 | 65884
Pom Prap Satliuphai | 161,747 182,207 417 417 27620 | 27820 | 143201 [ 130385 | 28215 | 28,287
Samphanthawong a7 472 BT 560 111 411 EaA3q | 5AAR4 | E3236 | 75745 | 15.241 [ 15279
Hangkok Moi 308,589 anG¥21 | 390 380 24819 | 2a@n | 59973 | S66%3 | 80,510 | BO056H
[Bang Phist 01,047 301,808 38 381 | 31448 | 31,448 | 125852 | 123083 | 40067 | 49231
hiong San 167,473 167,898 4132 a1z | 29795 | 29738 | 105743 | w3417 | 168,254 | 15300
T hanbun 343,088 343 938 185 395 24914 | 24114 | 115151 | 112617 | 56143 | 58285
Bangkok Yai 127,170 127 493 385 185 7H353 | 28353 | 66200 [ 64,752 | 54831 | 54770
Dusd 282,910 283,800 367 A67 36,260 | 35260 | 124,540 | 177808 | 115,280 115.549 |
Hang Fak 150,689 151,057 N 379 | 23955 | 23955 | 451030 | 410692 | 46020 | 48145
Bang kho Leam 164 A1 168,807 164 384 21134 | 21134 | 116020 [ 193,468 | 13,052 | 13.085
Bang Sur 404,365 405,301 3 5 358 37 222 | ar.222 | 106889 | 107276 | 50403 | S0.531
Pathismwan 256,851 287 520 402 402 2214 | R4 | 956048 | 235734 | B3840 [ 24087
[Phaya Thai A7 474 304, 758 357 357 annie | 30018 | 127,006 | 124,232 | 4237 | 42474
‘fan Nawa 160, 066 172.052 378 37H 23324 | 23324 | 175901 | y7ana1 | 27472 | 27418
Rahshathew 241,399 247,003 365 _AG5 26,801 | 7a501 | 4nqH61 | 444,054 | 74479 | T4 568
Sathon 181,537 161, 842 372 if2 2064 | 27764 | 06506 | 201963 | BT 280 | A7 451
Klong Tom 338,142 338,987 3568 4 Fid 37457 | 27457 | 522341 | si0Hs0 | 191,377 | 111,655
Chatu Chak 285 AR 270,356 1.67 367 40,156 | om 168 | 17580 | 172110 | 145,513 | 143 8498
|Dan Muang 50,213 521,373 3.47 A 47 37430 | 37333 | 217,654 | 212885 | 131,643 | 131,808
Hang Kapi 538,452 539 K31 38 1¥ 35444 | R 4qa | 721,074 | 316,210 | 154,555 | 134,958
Bang Knen 420 BT 421,873 342 .42 37406 | 37406 | 60640 | 67,130 | 84563 | BATJ
Buny) Kuin T 478, 653 151 3,50 35230 | 35232 | 122823 | 110025 | S7872 | SO.477
Fhra Khanang 310,458 311,077 asd 383 nh4ea | 6542 | 154317 | 150922 | 667858 | BAOIR
Suan L uiarsg 782 453 283,174 3 65 3:55 a5002 | 45022 | 80,631 | 7BEST | 44 Ea1 | 44744
Prawet 340,256 326,217 agl | 38 36,732 | 38453 | AA4nh | BEAGO | 34126 | 33505
Husi Khwang 156,008 156,405 240 220 PH00R | 25808 | 330,307 | 233384 | 66,650 | 66830
Lat Phrao 207 852 208 10 ahf 457 35170 | 35170 | s20688 | s1602 | 28715 | 29791
Din Deeng 747 HAR 243506 | 357 3.57 JREN7 | 26607 | 116,320 | 113961 | &s073 | A7 143
Mintuari 266,491 260,174 370 370 | 43920 | 43920 | 1,408 | 112764 | 45325 | 45,440
|Latkrabang 180,370 222 BHY 376 18 31638 | Pam; | 42813 | 75144 | 42949 | 52188
Hong Chak 5405 | 95708 410 410 262 | 20262 | 16156 | 15801 | 13853 | 13,667
Chom Thong 308,122 5,512 T 24730 | 2a717 | misaz | BOOGT | 35963 | 35549
Taling Chan 242, B62 793,665 a7l 371 48352 | 48382 | 33,524 | 71842 | 30856 | 40E06
Hang Khun Thian 477.459 4Bd 575 315 F ] 32,157 | 22348 [ 111,185 | 178078 | 72670 | 91,219
Phesl Charoen 434 HHH 407, 263 T8 378 ig,Ee7 | 20024 | 199421 | 201,693 | 128752 | 08507
Ratburana 325,148 2R, 958 385 EET] 40327 | 38450 | 53830 | 6P Enh | 4ABBG6 | 44,900 |
Fong Khaem 166,520 | 160,240 368 168 WdBfZ | 43978 | 91034 | 2662 | 41408 | 42791
|__TOTAL 10495053 [ 10406008 [ 366 366 13807 | 533738 |5 77 EE5]5767,101] 2,319,363 2,315,330

Table AP-1.17 Parameters for Modal Split Diversion Curves

Household Type FPurpose A B C D
Vehicle Available HBW -1.689 -0.073 -0.120 -0.215
HBE -0.070 -0.162 -0.382 o

HEO -2.601 -0.008 -0.189 -0.701
NHB -1.103 -0.093 -0.302 -0.254

NO Vehicle Availabl HEW 1.148 -0.082 -0.284 -
HBE 2.2684 -0.056 -0.366 -
HBO -1.101 -0.010 -0.165 -

NHE 1.378 -0.046 -0.114 -
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These modal diversion curves which are basically exponential curves had to be
programmed into the transport modeling software package TRANPLAN .

The basic formula was of the following form for each lest case:
T{Test}ij = T {Base}ij * [MS{Test}ij] / [MS(Base}ij]
where
T{Test)ij is the resulting number of private person trips for the test case.

T [Base}ij is the resulting number of private person trips for the base i.e.
without major network changes.

MS(Testlij is the modal split of private trips derived from using the private
and  public transport skims in the formula described above for modal diversion.

MS{Baselij is the modal split of private trips derived from using the private
and public transport skims in the formula described above for modal
diversion.

7.4 Commercial and External Trip Growth

The future external and commercial vehicle trip tables were developed from the base
year using the mathematical growth model known as Fratar . A set of expansion
factors were developed for each trip type . In the case of the external stations these
growth factors were developed from a review of trends in Department of Highway
counts . The final factors are presented in Table AP-1.18

Table AP-1.18 External Growth Factors

External Zone Road Location Annual Growth Factor
{ % Per Annum}
506 Highway Route Number 35 5.0 %
607 Highway Routa Mumber 4 6.0 %
508 Highway Route Mumber 348 6.0 %
509 Highway Route Mumber 321 3.0 %
510 Highway Route Mumber 340 30%
511 Highway Route Number 3111 6.0 %
512 Highway Route Number 3303 6.0 %
513 Highway Route Mumber 1 3.0 %
514 Highway Route Number 32 6.0 %
515 Highway Route Numbar 3261 3.0%
516 Highway Route Mumber 305 4.0 %
517 Highway Route Mumber 3312 & 0 %
518 Highway Routa Mumber 304 6.0 %
519 Highway Route Numbar 34 6.0%
520 ___Highway Route Number 3 6.0 %

For commercial vehicles trips the growth factors were developed from the trip
generation equations described in earlier sections of the appendix with an overall
growth of 5 % per annum. This compares with a growth rate of 3 % per annum for
mechanized trips (public plus private ). Ilowever in the so called do nothing scenario
with no improvements to public transport and continual congestion there is expected
to be a growth in private pcu vehicle trips of 54 % per annum in the morning peak

hour .
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It should also be remembered that the controlling number of trips in the peak hour
assignment are the private vehicle trips which make up some 90% of all peak hour
vehicle trips excluding public transport vehicles .

7.5 Ten Simulation Cases

For this project ten simulation cases were prepared in an attempt to cla rify and refine
the BEIP transport vision for Bangkok . The simulation cases haye been devised to
analyze policies rather than evaluate any of the individual road project put forward
by individual agencies in the formulation of the 8 th national plan . The 10 cases are
described in Table 19.

Table AP-1.19 Ten Simulation Cases

DEMAND BUPPLY SPECIAL POLICY
1996 |TREND|NEW | 1995 | 8th | MRT
2011 | 2011 plan
road
CASE 1 . .
"CASE 2 - 5 .
CASE 3 - . N .
"CASE 4 . =
CASE S - - .
CASE B8 . - . -
CASE 7 1 IREE . - = BUS PRIORITY
CASE 8 ¥ a . T ROAD CAPACITY
INCREASE
CASE 9 = - . & AREA RESTRAINT
CASE 10 ™ ™ . - SUE CENTER
DEVELOPMENT

The difference between the two demographic projections is presented earlier in this
appendix . The different trip making characteristics between 1995 and 2011 are shown
in Table 20. The 8 th National Plan is described in detail in the main report. The MRT
referred to in the above table is the mass transit master plan prepared by the CMIF
team .

In all ten cases the simulation is done as in Fig. AP-1.14. The only exception being
case 10 which also includes the redevelopment of trip generaltion with the New 2011
demographic data .
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Table AP-1.20 Demographic Assumptions

BMA BMR
Year 1095 2011 1895 2011
Population (x 1,000) 8,126 10,495 11,463 | 15.227
‘Househelds (x 1,000) 2,037 2,870 2858 | 4145
'HH Size 3.99 366 4.01 367
‘Mechanized Trip per 679 7.80 6.29 687
household
Average HH Income 21,032 33,802 20,081 | 32,437
{Bahts / Month)
Housshald Vehicle Ownership
NONE 425 % 25.3 % 380% |229%
Mic 21.8 % 12.9 % 235% | 15.3%
1 CAR 20.4 % 44 5 % 31.1% | 457 %
2 CAR 6.3% 172% | 66% | 161%

For Cases 6-9 the simulation is based on cerlain assumptions to estimate the effect of
particular policies . The mathematical assumptions to test the policies are as follows :

Case7- The effect of increasing bus priority by giving over more road space
to buses will increase private vehicle travel time.The simulation is Lo increase
private travel time by 20 % . This is equivalent to decreasing the road space
available to the private vehicle by 20%.

Case 8- The effect of increasing road space by 20% is achieved by increasing
the capacity of all non expressway links by 20%.

Case 9- The policy of area restraint is tesled by adding a toll on all links
crossing the area bounded by the MRR on the east and the river on the west,
equivalent lo the toll on the First Stage Expressway toll .

The results from the analysis of the ten cases is presented in Table 21 in the form of
the road congestion index by case whilst the major findings are summarized in Table
ADP-1.22. The interpretation of these results has helped in the clarification of the BEIP
transport vision for BMA which can be summarized as follows:

People movement is the Priority -Even if all the new roads are built with
MRT by2011(Case 6) this will not be sufficient without bus priority (Case 7)
or Area Restraint (Case 9) or Structural Change (Case 1).

Many more roads are not the Answer Alone -In Case 8 , where additional
road space is added without additional supporting public transport , the
shift to the private mode does not malch the increase in supply.

New Road Development with Mass Transit and Improved Public Transport
(All the analysis support this,to encourage the use of public

Transport it may require area restraint in the form of central area restraint or
changes in parking in the center(Case 9).

AP1 - 38




BEIP-STUDY. FINAL REPORT: APPENDIX 1

Table AP-1.21 Results of Simulation Analysis: Congestion Ranking for Roads
within BMA (% distribution of roads in morning peak hour)

LEVEL

2 4 5 8
SATURATED 34 622 355 320
HEAWVILY 8.0 132 148 132
CONGESTED
CONGESTED 55 58 B4 72
Sub -Total 14.9 TR T 524
{km) (354) (1408)  (1389) (1246)
C.l. 39 212 162 137
ACCEPTABLE 101 _68 104 0.8
UNDER 750 130 311 378
CAPACITY P,
TOTAL 100 100 100 _ 100
LENGTH L. 2376 338 1732 2376 83 2376 2376

Note C.1. : Congestion Edcx (Bascd on l'f;l;l:tﬂlagc of Congesled Roads in 1995=100)

Table AP-1.22 Major Findings from the Simulation Analysis

CASE [ C.I. % PT COMMENTS ]

1 100 56 The Existing Situation o

2 39 50 If all the roads of the 8th plan were to built in 1995 the C.|.
decreases to 39

3 24 60 If Mass Transit were in place in 1995, the G | drops further as
the modal chsre of public transport increases,

4 212 55 The "Da Nathing Case” by 2011 ==
If nothing is done, the C | increases significantry

5 152 43 The roads of the 8th plan in place by 2011, the C.|. decieases

but not below 1885 level. Mmore road construction leads to
decrease of public transport {(FT) share.

[ 121 58 B Case 5 with the Mass Transit, C.| decreases but still above 1995
level,

7 87 | 83 In addition, "BUS PRIORITY" s added, C.|. becomes close to
the existing level

8 137 48 It was assumed mora road space could be created at the |ocal

street level, This leads to a decrease of public transport (PT)
share and increase af C.|1,

9 1086 a1 With central area restraint (the Middle Ring Road in this case),
publie transport (PT) share and C.| decreases,
10 106 58 With the sub-center development case, C.|. decreases in

comparison with casa 6.
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7.6 Down Loading to G1S and Environmental Analysis

For additional analysis and environmental simulation , the outpul from the transport
assignment program was dumped into an ASCII format and combined with selected
items from the road inventory network databases to produce input data files into GIS
software and the environmental package .

For further GIS analysis the link volume,volume capacity ratio ,the link rank (a
function of the volume capacity ratio) were merged into a database file.

For input into the environmental program the link volume and link speeds from the
peak hour pcu assignments broken down into several vehicle type by different time
periods . The factors used in this process were developed from existing traffic counts
and route choice speed surveys undertaken as part of UTDM.
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7.7 Sample Run Procedure

BEIP-STUDY: FINAL REFORT: APPENDIX 1

A full run procedure with file names and instructions is presented in Table 23

Table AP-1.23 Model Run Procedure for Case 7

10 cases for
accessibility analysis

PROGRAM NAME | TASK DESCRIFTION INPUT FILES DESCRIPTION QUTPLUT FILES
FUT12CAT.IN Run Gravity Madeal FUTSKIM.BIN Future Shim hatrix HEW11CAT.BIM
(TRANPLAMN) GFUTS DAT Future production & HBE11CAT.BIN
GFUT10.DAT attraction files derived HBO11CAT.BIN
from madal spiit MHB11CAT.BIN
spreadsheets,
y MOD2011X.XLS il
CATHEW11.IN Madal Split Run for 4 PRSKMNEW MAT | Old & new private skims HEW11NEW.CAT
CATHBE11.IN purposes (MNote | PRSEMOLD. MAT HBE11MEW CAT
CATHBO11.IN program is currently set | PTSKMNEW MAT | Ol & new public skims HBOVTINEW.CAT
CATHHB11.IN lo use Case @ as starting | PTSKMMEW . MAT MHB11MEW CAT
(TRANPLAN) paint. To change edit HEW11CAT.BIN Output matrices fram
‘mew.mip’ to ‘cat bin' HBE11CAT.BIN Gravity
HBCO11CAT.BIM Model Run
MHB11CAT BIN !
CAT14MEW.IN Develop Dally Trips FRATHBW . DAT Private person sl factors | DAY11MEW CAY
(TRANPLAN) ~Split private trips FRATHBE.DAT for car and motarcycle
habwean car and mic . FRATHBO DAT
FRATHHB.DAT
HBW11MEW . CAT | Trip lables as output fram
HBE11NEW CAT the modal split procedurs
HBO11NEW.CAT
MHE11MEW CAT
CATISNEW IM Peak hour PCL matrix CAY1INEW MAT | Daily private matrix as HR11MEW CAT
(TRANPLAN) for traffic assignment | output fram previcus step )
CT 11 01N Case 7 Assignmeant HR1111MEW CAT | Peak Hour Private-2011 CAT11_01.L0OD
(TRAMPLAN) Loads 2011 riptable 2001 HW NET Mebwork - 2001 {Loaded netwark
anta 2001 network BEIEX11AMAT Externals - 2011 for Casa 7]
TRUCKI1T.MAT Commercials - 2011
TRANSIT DAT Bus Preloads
TURN_BAM.TXT Turn ban file
METCARD Dump far GIS CAT11_01.LOD L oaded network for Caso CATI1_ 01 TXT
(TRAMPLAN) Options: Dump 2 way i
Rounded speeds
Spead Factor-1
Output Capl incap 2
figld-na , with last
teration . %
TRAMLOD.PRG Procedure for GIS CATI1_D1.TXT Cumped network in text CAT11_D1.DBF
(FOXPROY) Program requires ediling farmat (database file far
of input and autput input inte
filenames. Edit CAT to ARCINFO)
new case numbar
ENVIROM.PRG Converts to Lz this text file TRAN_FIN.DBF
(FOXPRO) anwvironmental format dumped from {Dump this file to
Qurmp to text format loaded network | teut to transfer to
using NETCARD but Cpen fila environmental
choose 1 way option. TRAN_LCD.DBF, group for analysis)
then zap Append
text file, Then run
| program
FR_SKIM.IN Develops slart private
skim
PU_SKIM.IN Develops start public
skim
PR_MEW.IM Develops new private
skim
PU_MNEW.IN Develops new public
skim
ACC SKIM.IN Develops time skims for
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APPENDIX2: THE BEIP SIMULATION MODEL FOR AIR
POLLUTION

1. Objectives of the BEIP Simulation Model for Air Pollution

The BEIP Simulation Model for Air Pollution is a simulation model modified to emulate the air
pollution of Bangkok, as the BEIF Study Team developed it by checking the simulation results
with the actual ambient monitoring results.

The targets of the model are as follows;

Simulated air pollutants are PM-10, CO, SO,, NO,, and NO,;

Computerized value is annual arithmetic mean concentration;

Pollutant sources are motor vehicles, thermal power plants, and households; and
Target area of concentration calculation is BMA.

AP2 -1
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2. Methodology

The outline of the model is as follows:

¢ Meteorological data observed at ONEB Station in 1988 by JICA;
* CONCAWE Equation (CONCAWE, 1966) and Briggs Equation (Briggs, 1969) for the
height of the plume rise;
Gaussian Plume Equation and Gaussian Puff Equation for the dispersion model; and
*  Monitoring results of CO were used for model improvement.

The simulation procedure is shown in Fig. AP-2.1.

Monitoring Data

[ Ambient Air Quality | [ Metearology || [ PollutantSource Data |
'
[ Metcorological Model | | Pollutant Source Model |
Air Quality Standards | il
Diffusion Model |
k
Feed Back NOx — NOz Reaction Model I
E. !
Comparing Diffusion Results with Monitoring Data I
W
[ Ranking Definibion Compared o Standards I I Comeentration Data (Simulation Result) I

| Ground Level Concentration Map |

Fig. AP-21 Flow Chart of Diffusion Simulation
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3. Target of the BEIP Simulation Model for Air Pollution

3.1 Target Years

The target year of present case is 1995, and 2011 for future case.

3.2 Air Pollutants Covered

Recently, PM-10 and CO are said to be important problems in Bangkok. SO, and NO, are
polential important problems according to other countries experiences. So, concentration of
primary PM-10, CO, 50,, NOx and NO, are targets of this simulation model.

PM-10 consists of Primary PM-10 and Secondary PM-10. Primary PM-10 means PM-10
emitted originally from sfacks and exhaust pipes. Secondary PM-10 means formulated
FM-10in the air from other air pollutants after emission from stack or exhaust pipe. Only
primary PM-10 was simulated because PM-10 mainly consists of primary PM-10. Secondary
PM-10 model also should be included to the simulation model if there are more available data
enough to establish secondary PM-10 formulating model.

The quantity of SPM emitted from stack or exhaust |pipe is assumed to be the amount of PM-10
although the definition of SPM somelimes may include larger particulate.

3.3 Averaging Time of Concentration

Long-term average (one year arithmetic mean) of concentration is calculated to omit hourly,
daily and seasonally drifts and errors.

To simulate concentration of annual average, first, the meleorological information are grouped
by matrix of 16 wind-directions, 8 ranks of wind-speed and 11 stability classifications, as
described in Section AP2-4.4 for each matrix of three (3) seasons and four (4) time zones.
Second, dispersion of pollutants per source is calculated for average condition of each matrix.
Third, it is summarized to average concentration by each season-time zone. Finally, one (1)
year arithmetic mean is calculated.

c, - E(g(gft‘@,ﬁm-fm] -f,]

where
Cy: Yearly average of concentration
t: Malrix of Season and Time zone
5 Pollutant source

rm: Representative meteorology

F (): Dispersion equation

Qs:  Quantity of pollutant from each source

Wrm: Meteorological information of each representative meteorology

frm:  Frequency of each representative meteorology compared with each season and
time zone

ft: © Ratio of each time zone compared with one year
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On the other hand, Simulation for short term, e.g., 1 hour average of concentration, is also
necessary for the simulation under specified condition, e.g., analysis of high TSP concentration
at Saphan Kwai monitored at temporally station in 1995. For this purpose, further study is
required.

3.4 Pollutants Sources

Pollutants from motor vehicles and household were originally simulated because the study
focuses the air pollution of Bangkok City. After the analysis of air pollutant sources in and
around EanngL, pollutants from thermal power plants in and near from Bangkok are found to
be much important than those from household.  So, emission from vehicles, household and
power plants (South Bangkok Power Plant and North Bangkok Power Plant) are taken into
account in this study.

3.5 Area of simulation

Area of simulation is whole area inside BMA (66 km in east-west direction and 52 km in
north-south direction). Calculated points are nearly 4000, which are;

e 2m high at PCD’'s Monitoring Points;

* 1.5m high at 500m x 500m grid centers of inner Bangkok (Westend is nearly Thanon
Wongwan Rob Nok and east end is nearly Thanon Sinakarin, 2988 points); and

« 1.5m high at 1 km x 1 km grid centers of outer Bangkok (961 points).

The area of 500m grid cells is hatched area in Fig. AP-2.2, and the area of 1 km grid cells is other
enclosed area.
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3.6 Season and Time Zoning

Season was defined in order to consider the seasonal variation of effectual factors for
diffusion, e.g., primary wind direction. One (1) year is divided into three (3) seasons as same
as season definition of JICA, 1991.

There is also daily variation of effective factors, e.g., solar and net radiation, tratfic volume
variation. To take them into account, One (1) year is divided into four (4) time zones by the
variation of traffic volume and the concentration variation of air pollutant (Fig. AP-2.3 and Fig,.
AP-2.4).

The zonings are shown in Table AP-2.1.

Table AP-2.1 Season Zoning and Time Zoning

Season Month “Time zone Time
Wet Season May to October Morning | 6:01 ~ 10:00
Dry Season | November to January Afternoon { 10:(01 ~ 16:00
Intermediate ! February to April Night | 16:01 ~23:00

Source.  BEIP Study Team Midniﬁht i 23:01 ~ 6:00

Source;  BEIP Sludy Team
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Fig. AP-2.4 Variations of Air Quality Concentration, 1994 (2537), Roadside Stations
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4. Meteorological Modeling

4.1 Applied Meteorological Data

Meteorological difference effective for dispersion is only a little in whole area of BMR because
the tupc-graEhic characteristic in BMR is very flat, although there is small scale difference
induced by buildings. So, meteorological characteristic of BMR is modeled as uniform. An
air pollution study whose larget was Samut Prakan Province (JICA, 1991) supported this
idea by data of 3 meteorological stations, as follows; “it is understood that meleorological
conditions in the target area are nearly uniform.”

Data of (M51) ONEB Station, measured in 1988 by JICA, was applied for the simulation
model. The reasons are as follows;

*  The meteorological data of Meteorological Station in Bang Na has certain errors under
weak wind condition (wind speed from 0 to 2 knots), which cause certain error in
simulation.

*  The meteorological data at PCD’s monitoring stations have not reached 1 year round

el.

. %he meteorological data at DPH's monitoring station haveerror that the frequency of
north wind is 0%, although the other stations described above show that the
frequency of north wind is 5 to 10 %.

* (MS1) ONEB Station does not have problems such as described above. Although it
is 7-year-old data, change of natural condition is very slow so that the differences
between 1995 and 1988 would be very little.

The Wind Rose Diagram at (MS1) ONEB Station is shown in Fig. AP-2.5.
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Wet Season Dry Season Intermidiate

(MS1) ONEB Station

= Freguency of Wind Direction
====== Average of Vind Speed

Calm meany less iham 0 5 mfsec

U= megas ave. of wind speed {n/szec)
N= means mumber ol sample

Mate:  This diagram is processed by BEIP Stucly Team with the hourly / daily monitoring data of JICA, 1991

Fig. AP-2.5 Wind Rose Diagrams of Applied Meteorological Data
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4.2 Atmospheric Stability

Pasquill’s Stability Classification is generally prevalent to evaluate the atmospheric stability.
Pasquill’s Stability Classification redefined by Gen-an-kyo, 1982, as shown in Boxed Item, is
adopted in this BEIP study because the available data were solar radiation, net radiation and
wind speed.

Appearance frequency of atmospheric stability at (M51) ONEB Stalion is shown in Fig. AP-
2.6.

Boxed Item: Definitions of Pasquill’s Stability Classification

1. Pasquill's Stability Classification (Original)

Atmospheric stability was originally classified by the vertical profile of atmospheric
temperature. However, it is difficult to make continuous measurements (up to an
altitude of 1000 m above the ground) of the vertical distribution of atmospheric
temperature. Also, smoke plume diffusion is greatly influenced not only by the vertical
distribution of atmospheric temperature, but also by wind velocity, and is related to
other factors as well. Therefore, Pasquill proposed a method of classifying the
atmospheric stability into A through F, from simple meleorological observations, with
respect lo wind velocity, solar radiation and cloud amount, and this method had been
adopted by the Meteorological Agency of England. Pasquill’s stability classificationis
shown in Table 1.

Table 1 Pasquill’s Stability Classification, Pasquill, 1961

o A T —
Surface wind Insolation Thinly overcast R
Speed (m/sec)| Strong Mﬂdé{ﬁil&? Slight | or >=4/8 cloudiness | <= 3/ 8 cloudiness
<2 A A-B ! g - -
2-3 A-B B E e E F
3-5 Bl i B Sl @ D E
5-6 & D ol D D D
~6 R s T D D

Mote:  Strong insclation corresponds to sunny midday in midsummer in England, slight insclation to similar
conditions in midwinter. MNight refers to the period from 1 hour before sunset to 1 hour after dawn.
The: neutral category D should also be used, repardless of wind spewd, for overcast conditions during
day or night, and for any sky conditions during the hour preceding or following night as defined above.
Source:  Pasguall, 1961

Gifford added the G rank for blank area of the original Pasquill's classification.

2. Types of Redefined Pasquill’s Stability Classification

Solar radiation was not given quanlitatively and nighttime classifications were
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dependent on the cloud volume in these classifications. Butdue to the progress of the
measuring instrument, solar radiation and nel radiation flux are easily obtainable, and
Pasquill's stability classifications are redefined with available data. Many
classifications have been proposed.

Three major classifications are mainly used nowadays, depending on the available
data, shownin Table 2. The datamade by three methods should not be equal because
the using data are different. So, the Pasquill’s classification data should be treated
with the method information.

Table 2 Major Pasquill's classifications in related with the data

______ _..Day time b SHENG

Method Table| Solar radiation | Net radiation | Cloudiness {Net radiation
JEA, 1993 3 O 3O g @ :
Senshu, 1977 5 - O - O
Gen-an-kyo, 1982 6 O - - ]

Source:  JEA, 1993 and JEA, 1982

3. Redefined Pasquill’s Stability Classification (JEA, 1993)
Table 3 shows the Pasquill’s stability classificationsof JEA, 1993, which is used when

solar radiation and decimal cloudiness dala are available. This classilication can be
used for the Meteorological Station’s data in Bangkok.

Table 3 Pasquill's Stability Classification, JEA, 1993

Daytime Nightlime
Solar radiation (1, kw/m’) | Cloudiness (0 T
Surface wind | T TO60ST O30T 0.155T | 1 ol A

Speed (m/sec) |>=0.60: >=0.30{ >=0.15 8~10: 5~7 i 04
=2 A R R R L nb | G PG
2<=U<3 AB L ¥B 4 @ PP g oA E i ep
3<=U<4 B i BeC 1 @ E b iz R P
4<==1U=<6 c leb | dab ;7 db nb! 1-ap [YE
fe=U o dp. L db i..dl phit-oph. L VR

Moibe: F)a:lrtimg means the ime when the solar radiation s plus. Thes fist and the last hour of the Mighttime
are defined as [, even if the cloudinessis less than 8/ 10.
Source:  [EA, 1993 and JEA, 1982

4. Redefined Pasquill’s Stability Classification (Senshu, 1977)

Table 4 shows the Pasquill's stability classifications of Senshu, 1977, which is used
when net radiation data is available and solar radiation data is nol available. This
classification can be applied for the PCI)'s Rangsit Station data.
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Table 4 Pasquill's Stability Classification, Senshu, 1977

calfem /by T
Surface wind £ 30>y | 155y | 755y O>y & -1.85y | “3b>y
Speed (m/sec) [==30 >=15 i >=75i >=0 >=-1.8 I »>=-36 i

U<2 ALAB T B | db i G G
2=U<3 |ABi! B | C | dD nb i E F
3<=U<4 B : BC i C dD nD § nD E
4==1J=p C i P i dD db 12 S ! 1 S L
6<=U € ! 4D i db- | dl 1 B | s IR

Source: [EA, 1982

5. Redefined Pasquill’s Stability Classification (Gen-an-kyo, 1982)
Table 5shows the Pasquill’s stability classifications of GEﬂ-ﬁn-%f, 1982, which is used
5

when both of solar and nel radiation data are available. classification was
applied for the (MS1) ONEB Station in this BEIP Study.

Table 5 Pasquill's Stability Classification, Gen-an-kyo, 1982

________________ Dayime TN —

| Solar radiation (T) " (kW/m* | "Nei radiation (Q) (kKW/m"y
Surface wind | T 10.60=T030=TT0.15>T |78 F-0.020-Q1 -0.040-0
Speed (m/sec) | >=0.60{>=0.30 >=0.15 i >=-0.020; >=-0.040 !

U<2 A | A-B B 1 4h w | G | G
2<=U<3 A-B | B cC | 4B nD i E { F
3<=U<4 B { BC C 1 d nD | nD E
4==U<6 C | CD dD : dD ARl aD E

6<=U C. Li=ay dD : dD o Tl E

Source: JEA, 1993
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4.3 Vertical Zoning and Estimation of Upper Layer Wind

Generally, the wind speed tends to increase with height from the ground surface. The
diffusion field was divided into three fields in the vertical direction as shown in Table AP-2.2.

Table AP-2.2 Vertical Zoning

Di ffusion? Type of Source Height of Source Representative Height

Zone X of Diffusion Field
1 Surface Vehicle 5~ 15m 3m
2  Lower | Household 30m 30m
3 Upper { Power Plants 70 ~110m 100m

i
Source: BEIP Stiuly Team

The data at (MS1) ONEB were observed at 30m high and directly used for the simulation of air

pollutants from household. Equation of G. A. De Marais, 1959, was applied to estimate the
wind speed of other fields. The equation is;

2- "
S et
F J(ZS)
where:

Uz: Estimaled wind speed at height Z{m)
Us: Measured wind speed at height Zs(m)
p: Factor, as shown in Table AP-2.3.

Table AP-2.3 Factor p

Stabilily A AB-B BC-C  CD-D E F&G
e 0.15 0.2 0.25 0.25 0.3
Source: G, A. De Marais, 1959

4.4 Meteorological Classification
The original classificationof wind direction (16 direction and calm) and atmospheric stability
(11 rank, A Lo G) was also utlized for simulation modeling.

Wind speed data were classified as Table AP-2.4 and the average speed of each rank is used
as representative wind speed.
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Table AP-24 Wind Speed Classification

Rank | Wind Velocity T Representative Wind Velocity

AL O A RIT
“Windy-ii 05~ 09m/s | j

Windy-2;{ 1.0 ~ 19m/s |

Windy-3{ 20 ~ 29m/s

Windy-4: 3.0 ~ 39m/s ! Yearly Average of each Rank
Windy-5: 40 =~ 59m/s |

Windy-6: 6.0 ~ 79m/s |

Windy-7 | 8.0m/s~
Source: BELP Study Team
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5. Source Modeling

5.1 Source Type

Sources with quantitative air pollutants were modeled as point or line source individually.
Sources with small pollutants were compiled to area sources. The definition of modeling is
shown in Table AP-2.5,

Table AP-2.5 Source Type

Source Type
* Freeway
* Fly over
* Vehicle * Other major road from which SPM is emitted more thani Line
or equal 10 kg/km/h (cases using emission factor for
1992) or 2 kg/km/h (cases using emission factor for
g iuture) S——
................................... * Other minor road ..Area
¢ Thermal Power Plant ™™™ """ ..ot ™
* Household St Area

Source:  BEIF Study Team

5.2 Variation of Emission

The daily and seasonally variation of emission amount from each source are estimated as

follows;

Vehicle: The daily variation of traffic volume and travel speed was taken into
account. These variation data are output of the transport analysis of this BEIP
Study Team;

[hermal Power Plant: It is assumed that emission volume is constant; and
Household: Fuel consumption ratio by time zone was summarized by the field survey
as shown in Table AP-2.6.

Table AP-2.6 LPG Consumption Ratio of Household

Time Zone| Morning _Afternoon Night  Midnight
Ratio : 0.366 0.066 0.568 0.000
Source:  Questionnaire survey of fuel consumption, BEIP Study Team
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6. Diffusional Modeling

6.1 Effective Stack Height

Effective Stack Height was set or calculated as shown in Table AP-2.7.

Table AP-2.7 Effective Stack Height

Source Source Type Windy Calm
Expressway :  1im 20m
Vehide  _Hivoyee o Jom. ol
........................... Sl S R U AL
'''''' Households 20m 20m
Power Plants FCONCAWE Briggs

(T
Seurce: BEIF Study Team

The CONCAWE equation (CONCAWE, 1966) is

3

H, =H,+0175:Q,%-u *
where;

He: Effeclive stack height (m).
Hy: Actual stack height (m)
(Qy;: Released heat (cal/s)
QH = p":..lp 'Q' (TG e TJ‘ )

where;
p: Air density at 0°C (1.293 x 10°g/m’)
C,: Isopiestic specific heat (0.24 cal/K/g)
Q: Volume of emitted gas (m°N/s)
Te: Temperature of exhaust gas (°C)
Ta: Temperature of atmosphere (28 °C)
w Wind speed at stack top (m/s)

The Briggs equation (Briggs, 1969) is

=38

H, =H,+14-0," (d0 | dz)
where;
df/dz: Temperature gradient (Daytime: 0.005 °C/m, Nighttime: 0.010 "C:/m)

Stack information for calculation of effective height of the thermal power plants are shown in
Table AP-2.8.
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Table AP-2.8 Stack Information of the Thermal Power Plants

Stack Height  Temperature . Exhaust gas

Stack ' (m) (C9) (10°'m’N/h)
j 76 140.0 4493
2 | 76 140.0 493
South Bangkok P.P. 3 | 84 135.0 740
4 | 110 135.0 740
5 | 110 150.0 740
70 140.0 207
Morth Bangkok P.P. 2 i 70 140.0 207
3 70 140.0 241

Source:  JICA, 1991 (Stack Height and Temperature of Sauth Bangkok F. )
Estimated by BEIT Study Team (Stack Height and Temperature of North Bangkok P. )
PCD, 1994 (Fuel Consumption)
Exhaust gas volume was estimated as
V=WxEK /8760
where;
V: Exhaust gas valume (m®M/h)
W: Fuel Consumption (ton/ y)
K: Exhaust gas factor for heavy fuel oil (12,000 m*MN / ton)

6.2 Diffusion Formulas

Gaussian plume model equation and gaussian puff model equation are selected for diffusion
formulas, as shown in Table AP-2.9,

Table AP-29 Diffusion Formulas

Source Windy = Calm
Point i Simplified Gaussian Plume Equation  Simplified Gaussian Puff Equation
Line | Simplified Gaussian Plume Equation  Simplified Gaussian Puff Equation

Area | Simplified Gaussian Plume Equation  Simplified Gaussian Puff Equation
Source:  BEIP Study Team

(1) Gaussian Plume Equation
Original formula of gaussian plume madel is as follows:

Clx, 12) =i—-*txp(— 4 ]’F

: ]
no o u 20,

where;
2 2
F= *Exp [_ .(E—_Lf)“ b e?(p[_ w}
2o, 2o,

C: Concentration at calculation point.

x: Distance from source to calculation point along wind direction (m).

y: Distance from source to calculation point upright to wind direction (m).
z: Height of calculation point (m).
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: Emission rate of pollutant (m’N/sec).
u: Wind speed (m/sec).
He: Effective stack height
o,: Diffusion width upright to wind direction (m)
a,: Vertical diffusion width (m)

Because the original formula is time consuming in the practical use, this formula was
simplified by Holland 1953 with the assumption that frequency inside each 16 wind
direction rank is constant, which is applied for the BEIP simulation model.

C(R,2) = i) % 7
£ % Eer I
S a

where;

R: Distance from source to calculation point (m)

(2) Gaussian Puff Equation

On the other hand, Formula of original gaussian puff model is as follows:

e, z

{En}}fzcrxuyr.r, 20, 2a,’

where;

t: Time from stack or exhaust gas pipe (sec)
Others: same as the Plume Equation Section

It is also time consuming in the practical use and simplified equation, which was usedin
BEIPP simulation model, 1s as follows;

| |
4

] K]
Y | R? +j—z(He - z)?' R? +i:—l-{He +z)2

M2

C(R,z) = Q‘“
29

where;

a=o,/t=0,/t(t: 3600 sec)
y = a,/t (t: 3600 sec)

6.3 Diffusion Width

(1) Diffusion Width for Plume Equation

JEA Equation which simulating Pasquill - Gifford Chart (Fig. AP-2.7) was used for plume
equation. The equation is;

o (x) =y, X% +0y
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where:

Yo 12 Constants depending atmospheric stability (Table AP-2.10).
x: Distance from source along wind direction (m).
oyt Original Diffusion Width
Line source of vehicle: Road width for each direction (m)
Power Plant: Om
Area sources: 5m

Fig. AP-2.7 Pasquill - Gifford Chart

1. D0l FE= i sz
r v -
.-'{ "Hr il d
L
100 i /H: jd L]
- s
E = o .#r:{" ) =111
= A AT IBE i
B L7, ML= LT
Ty e Eatel T
.‘. TLr
J”J
-
. T
b |
i 1 ﬂ
1 | | 11
7] 1,100 0, o0 T, o0

Distance from the Pallutant Source
along the Wind Direction (m)
Source:  JEA, 1993

(2) Diffusion Width for Puff Equation
JEA Table leaded from Turner Chart was used for puff equation (Table AP-2.11).
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Table AP-2.10 Constant for o, Table AP-2.11 JEA Table
for Puff Equation
Stability | a, Y: X (m) Stabilityi  « Y
T 1.122 00800 0 ~ 300 A 10948 1569
A i 1514 000855 300 - SO0 AB i 0859 0.862
L 2109 0.000212 500 ~ B U081 0474
P24 TEI66TTT0  ~ 300 TTBC 0702 0.314
AB | 1278 0.0259 300 ~ 500 €. .1 Obdd> 0206
i 1601 000347 500 -~ YA 500D T UNBST 0181
............. e S T
! 1.094 0.0570 500 -~ TEDD 10506 0.133
"""""" BETTTE648 00139 0~ 500 A P SR
i 1.000 00800 500 -~ "UDE T 0.455  0.090
C . b D018 ORUES - S E 1 0439 0.067
CeD 0BT s e | EF V043970058
CUORF0TTTTOAZEETTTTOTT - 2,000 F 0.439770.048
cCD | 0756 0236 2000 ~10.060 = FG 1 0439 0.039
! 0816 0.1367 10,000 ~ TGy 0438 T 0029
IU0.808 01355 0 ~ 1,000  Source:  JEA, 1993
cDD | 0737 0222 1,000 ~ 4,000

0.637 0.507 4,000 -

i 0.826  0.1046 0

D i 0.632 0.400 1,000 ~ 10,000
j 0.555 0.811 10,000 ~

!
~
=
o
=

TTO7TTOATIE T =T 2000
DE | 0572 0529 2,000 ~10,000

0.78b 0.0928 0 ~ 1,000

EF | 0547 0395 1,000 ~10,000
i 0.366 209 10,000 ~
0784 0.0621 0 ~1,000
F 0.526 0370 1,000 ~ 10,000
0.323 2.41 10,000 ~
0.78970.0481 0~ 1,000
FG | 0582 0202 1,000 ~ 2,000
! 0479  0.442 2,000 ~ 10,000
0273 2954 10,000 ~

e
ittt s
(=
4
o
&
: L
=
=
=2
o
=
i
=
=
=
=
=

27 S X1 c v/ S I W1 11
G i 0637 01105 1,000 ~ 2,000

© 0431 0529 2,000 ~ 10,000
0222 362 10,000 ~
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6.4 Atmospheric Stability and Stability for Diffusion Width

Table AP-2.12 is showing the relationship setting in the BEIP Simulation Model, between
Pasquill’s Atmospheric Stability Classification and the stability for Diffusion Width table.

Table AP-2.12 Relationship between Atmospheric Stability
and Stability for Diffusion Width

Season _ 1ime Zone Source [A~B BC~CCD~dD nD E-G
Wet Season Morning  Surface & Lower A A B c CD
TR i st AP

‘Afternoon Su:fal:e & Lower A 5 B o b
RSN O BC .0 €D B D
Night  Surface & Lower i A B BC C CD
. Upper o« e o« SR~ > M ~
MidnightSurface & Lower 7B C o et
P Upper BC cD CD D E
Dry Season Morning  Surface & Lower i A BB B = S =
Nov. ~ Jan. Upper i BC CD > B © S D
Afterncon” Surface & Lower i A B BC c D
Upper 50 o W o ch D
"""" Night Surface & Lower i A B . C CcD CD
R e — e s o5 e
Midnight _Surface & Tower : B """"C cD D _.E
Upper 1B cD CD D E
Intermediate Morning Surface& Lower 1 A B [ cp . D
Feb. ~ Apr.. NIRG "~ ONENE O~ = o SN < » T I D
Surface & Lower ;| A B BC o ED
"""""" Upper: - § B L B e D
Surface & Lower | A" C...CD b
i Upper_ | BT ¢ B
Midnight ™ Surface & Tower |8 S I B
Upper BC CD CD D E

6.5 Reaction Model from NOx to NO,

Reaction Model from NOx to NO, follows the model of Yamamoto, Yokoyama, et al. (1978).
The equation is;

[NCI._,_]:- [Nﬂx]] ‘11—

o : -
i+ P {exp{—ﬁr}+ﬂ}]
where;
K =0208-u-[0,], % : Vehicle and Household

K =00062-u-[0,],-k :Power Plants
[NO,], [NOx]y: Concentration of NO, and NOx
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a: Factor (=0.9)

p: Factor (=0.3)

u; Wind Speed (m/s)

t: Time from stack/ exhaust gas pipe (sec)

[O,]y: Back Ground Concentration of O,, shown in Table AP-2.13
k: O, Back Ground Factor, shown in Table AP-2.13

Table AP-2.13 Back Ground Concentration of O, (MS1: ONEB Station in 1988)

and O, Back Ground Factor
Time Zone;  Daytime Nighttime
Stability] A~CD T DT D E~G
[Os]a II'D'D]LL 0.010 0.005 0.005
k (Parailel wind to fine source);  0.55 0.55 033 | 0.8
k (other cases) | i} 1 1 1
Mote: TF the source 18 line source and the azimuth between the direction of line and the wind direction is less than

ar equal 30 degree, k is 0.55 at daytime and 15033 in nighttime, kis 1.0 in other cases.
Source:  JICA, 1991
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7. Reproducibility of the BEIP Simulation Model for Air Pollution

Reproducibility of the diffusion simulation model was checked through regression analysis
using the actual monitored data of CO.

The Scatter Diagram of estimated and actual CO concentration (annual) is shown in Fig.
AP-28. The model is considered to have sufficient reproducibility as the gradient of
regression line is near to 1.0 and the coefficient of correlation is more than 0.9.

Station hotuaEstimata
Fotunl A OEPP (OFFI%4 { 856. 1344. )
PP E D Pansomdej 94 [ 1142. 1025. }
[ C Ratburana %4 [ 596. 553, )
wean D Smcwabha (94 [ 1369, 1103, )
E MOSTE (Mingd (| 5669, 3533. )
viog — F LTD (Land 94 ( 2808. 1986, )
! ’ G Chulalongk?d ( 1632, 1486. )
- H Odien Circea ( 2701. 1221. }
| Wad
0B -
2 G
I8 [} A He B Wa Wi
| 3 ACT=1.TINERT-- 917
at 2 i i il
laws  goma ETT anan Seed  gEup
Estimate

Fig. AP-2.8 Scatter Diagram Comparing the Simulation Result (Estimate) and the
Monitoring Result in 1994 (Actual) (CO, ppb)
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8. Comparison of Simulated Annual Average to Air Standards

There are various ambient air standards, that is 1 hour, 8 hours, 24 hours, monthly and
geometric annual mean. To evaluate the simulated annual average concentration by these
standard, ranking table compared to the ambient air standards were prepared, as shown in
Table AP-2.14.

Table AP-2.14 Ranking of Annual Arithmetic Average of Air Pollutant Concentration,

PM-10 o= 50, NO,

(ug/m’) (ppb) (ppb) (ppb

Much Lower than the Standard; < 20 =722 =9 <9
Lower than the Standard = =40 <1445 =19 <17

Possibly Lower than the Standardi <52 <2131 =24 =21
Possibly Higher than the Standard; <88 <4748 =36 =30
Higher than the Standard: <177 = 9496 =72 < 60

Extremely Higher than the Standard: 177< 9496 72< 60<

Source: BEIP Study Team

Fig. AP-2.9 shows the flow chart of the process to define the ranking.

First, maximum of 1 hour data, maximum of 8 hours, 24 hours and monthly average and
geometric annual mean (hereinafter, refereed as Mi), and arithmetic mean (hereinafter, Ma)
were calculated for each station. JICA’s monitoring results in 1988 in 5amut Prakan area were
included to this process because the PCD’s monitoring stations in 1994 din’t have a station to

monilor SO2 and NO2.
Second, the ratios (hereinafter, Ri) of Ma/Mi are calculated for each station.

Third, the standards are converted to equivalent annual means (hereinafter, Ei) by Ri and
Ambient Air Standards (Si).

Forth, the most strict value among the standards were selected (hereinafter, Es), which are the
lowest value of Ei.

Fifth, the most strict value among the stations (Es.min) is defined as the limit of “Lower than
the Standard” and “Possibly Lower than the Standard,” while the halfof Es.minis the limit of
#|_ower than the Standard” and “Much Lower than the Standard."

The average of Es(j) is defined as the limit of “Possibly Lower than the Standard” and
“Possibly Higher than the Standard.”

The highest value of Es(j) (hereinafter, Es.max) is the limit of “Higher than the Standard” and
“Possibly Higher than the Standard.” Double of Es.max is the limit of “Higher than the
Standard” and “Extremely Higher than the Standard.”
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Monitoring Data (PCD,

1944 and JICA, 1988) \

Point 1 l_

Maximum of Several Time Span (Mi);

Arithmetic Annual Mean (Ma)

Maximum of 1 hour data (M1), Maximum of
Average of B hours (M2), 24 hours (M3) andl
Month (M4), and Geometric Annual Mean (M5)

L

Ri=Ma/Mi (i=1 = 5)

Standards: Si (i=1 ~ 5)

g

:

Equivalent Annual Average to Standards: Ei = Si x Ri

Equivalent Annual Average to Standards (Es):

The Most Strict one out of Ei

Point 2 to N: As same as Point 1
Es(j) (j=2 ~ N)

Cp: Simulation Result of Each Poinl

Es.max: Maximum of Es(j) (j =1 ~ 5)
Es.min: Minimum of Es(j) (j =1 ~ 5)

-

I

Cp=Maxmum of Es.max: “Higher
Cp<Minimum of Es.min: “Lower

than the Standard”
than the Standard”

Fig. AP-2.9 Flow Chart of Comparison of Simulated Annual Average to Air Standards
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