Sector XI

APPENDIX 2  INTRODUCTION OF FLOOD FIGHTING IN OTHER
COUNTRIES

1. INTRODUCTION

Flood fighting is an essential and final flood protection measure, which can be made
tocally during flooding times. This importance of this measure is broadly understood,
and it is applied in all countries. It is very much usefut to know how flood fighting is
carried out in foreign countrics. In this sense, flood fighting activities in six countries,
Japan, China, USA, the Netherlands, Germany and the United Kingdom are
summarized hereinafter and compared in Table 7.4.4 in Vol. 2, Main Report. Becausc
flood fighting is much related to the govemment framework, social and natural
condition of the country, such conditions are also discussed as basic information.

2. FL,LOOD FIGHTING IN OTHER COUNTRIES
2.1  Japan
2.1.1 Background

Japan is the most developed country in Asia with a population of over 120 million in
its 370 thousand km? archipelago temitory. Japan is a constitutional monarchy like
Thailand. Many powers are given to the central govemment, which gives subsidies
and delegates some powers to local governments. Decentralization is now being
discussed towards realization of a smaller government.

Japanese people have been fighting against floods for a tong time. Due to its
archipelago topography, Japanese rivers are so short and steep that a flash flood is
likely to be caused by heavy rainfall triggered by a typhoon or a monsoon. Flood
inundation is also usually short and localized, but flood damage is significant because
flood plains have been developed as urban areas. At present 50% of the national
population and 70% of the nationat total assets are situated in flood plains which
occupy only 10% of the national territory.

2.1.2 Flood Fighting Activity

Flood Fighting Law which is a basic law for the flood fighting operation in Japan,
stipulates flood fighting organizations and operations, cost allocations and
compensation for injuries duzing flood fighting activities. A flood fighting managing
body which is usually a municipal government is primarily responsible for flood
fighting. The prefecture government has responsibility to ensure an appropriate flood
fighting operation by the managing body.

An actual field operation of flood fighting is done by flood fighting brigades, fire
brigades and/or contractors. Flood fighting brigades and fire brigades are organized in
local communities votuntarily. If requested by the governor of the prefecture, Self
Defense Force participate in the flood fighting operation. The cost of the flood
fighting is almost all financed by the flood fighting managing body. According to the
1996 fiscal year revenue for the flood fighting cost in the whole nation, subsidies
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from the prefectures and the central government accounted for onty 0.9% and 0.4% of
the total cost.

2,2 China (Yangtze River)
2.2.1 Background

China is the most poputated country in the world with a population of 1.2 billion in its
9.6 miflion km’ territory. China is a socialist state and used to close its door to the
world for a long time. Since the aflermath of the Great Proletarian Cultural
Revolution settled down in 1979, China has been implementing a Reform and
Opening Policy towards the establishment of a socialist market economy.

China is still maintaining a strong centralized system in spite of its huge population
and vast territory. Al activities in local areas are conducted under the command of the
central govemnment which operates in one body with the Communist Party.

Yangtze River is the biggest river in China with a catchment area of 1.8 million km?
extending to 18 provinces. The river basin has been much developed as agriculturat
areas for a long time. In the middle and downstream areas, manufacture industries are
also well developed. Giant citics such as Shanghai, Nanjing, Wuhan and Yichang are
also located in the riversides.

Yangtze River Basin has been highly vulnerable to a flood disaster. Particularly the
middle and downstream areas have been affected by a flood once in 10 years on an
average since the era of Han Dynasly. Afler the establishment of the People’s
Republic, the government has been making great efforts to mitigate flood damage in
the river basin. Construction and reinforcement of dikes, designation of retarding
areas, construction of dam reservoirs have been major works. However, the protection
level is still as tow as 10 to 20-year retum period.

2.2.2 Flood Fighting Activity

In China, parlicipation in a flood fighting operation is a duty. Flood Defense Law
stipulates that every individual and body mwst paricipate in a flood fighting
operation. It is based on the philosophy that a benefit of the whele prevails over that
of a part. It is said that flood fighting operation is more vigorously and effectively
made in China under this law than the other countries. During the 1998 flood in the
Yangtze River Basin, 8 million ordinary people and public servants, 0.27 million
soldiers and 5 million militiamen were engaged in flood fighting operations, including
reinforcement of dikes, construction of temporary dikes, urgent restoration of
breached dikes and guidance of people for evacuation.

Concrete systems necessary for flood fighting operations are stipulated in Flood
Fighting Law. Department of Statc organizes the National Flood Fighting Command
Office which is responsible for the lcadership for flood fighting in the whole country.
People’s governments of prefectures and higher levels organize flood fighting
command offices which prepare flood fighting plans and supervise field flood fighting
operations. Heads of such people’s governments are responsible for flood fighting in
their jurisdictions. For the Yangize River Basin, in addition, a river basin flood
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fighting command office can also be organized by people’s govemments of related
provinces, cities and the river basin management organization.

The Pcople’s Liberation Army and armed police corps play a main role for a field
flood fighting operation. On the other hand, local people’s governments organize
fleod fighting brigades mainly composed of militiamen and ordinary people. Costs for
flood fighting are gencratly financed by cach local government. In case of a large
flood, they are specially dealt with in accordance with related national regulations.

2.3 United States of America (Mississippi River)
2.3.1 Background

USA is one of the most developed countries with a population of 260 million in the
9.4 million km? territory. USA is consisting of 50 states and characterized by its
diversily of human race, culture, ccenomic situation, natural condition, etc.
Decentralization of powers is a basic philosophy for the government structure. Each
state functions almost like an independent nation.

Mississippi River is the largest river in North America. The river basin has a
catchment ateas of 3.2 million kin® and extends over 31 states and paris of Canada.
The Mississippi River and ils tributaries form valleys along the river courses. The
valleys, namely flood plains are mainly swamp aceas and farm lands, but 7.7 million
people are living in such flood plains.

Main causes of floods in the Mississippi River Basin are a long duratton rainfall in
spring and summer, a local thunderstorm, a snow melting flood, and so on. A flood
duration of the main coursc is generally as long as 3 or 4 months. The worst flood in
the 20™ century took place in 1993 due to an occurrence of three factors, the wet
condition of the basin caused by much rainfall and cool summer in the previous year,
the snow-melting and heavy rainfall from April to July. The total area of 41,000 km
- were submerged, and the total flood damage (o assels exceeded 135 billion dollars.

Flood miitigation works used to be implemented by local people to protect their own
areas by constructing dikes. Large scale works by the federal goverament began afier
Flood Control Act was revised in 1928, Since then, dikes, dam reservoirs, diversion
channels, retarding basins have been constructed under the Mississippi River &
Tributaries Project. Recently flood plain management including flood insurance has
been widely introduced.

2.3.2 Flood Fighting Activity

Federal Response Plan, of which concept is that the federal government plays a
positive rolc for the implementation of a disaster response by providing states and
municipalities with necessary manpower, cquipment, expertise, and other resources
was promulgated in 1992. Basically flooding fighting is primarily made by a
municipal government with volunteer organizations. If the disaster exceeds its
capacily, the municipal government can request supports from the state govemment,
The state governor can further request the President of the United States to declare
Emergency Major Disaster if he decides that the disaster is still too big for the state
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and the local govermments. If declared, the federal govemnment positively participate
in the disaster response.

Ficld flood fighting operations are mainly conducted by municipal governments.
Emergency Operation Centers are set up in the municipal govermnments to collect
information and direct the fighting operations by NGOs, police, fire scrvices, civil
work organizations, and government staffs. The statc govemment coordinates the
flood fighting operations in the state. State police, state soldiers, and civil work
sectors of the state government are also incorporated into the operations. U.S. Corps
of Engineers supports state and municipal govemments by providing equipment and
materials for flood fighting eperations, protection works of dikes, etc. if Emergency
Major Disaster Declaration has been made by the President.

24 The Netherlands
24.1 Background

Netherlands is a constitutional monarchy and onc of the most densely Populated
countries in Europe with about 15 miltion inhabitants in the 42 thousand km” territory.
The administration government structure is divided into three layers, the central,
provincial and municipal governments. Administrative powers arc decentralized and
local autonomy is well ensured.

The couniry is located in the delta of three major European rivers, the Rhine, Meuse
and Schelde. It means that water has always played a dominant role in the course of
history. About 25% of the temitory is situated below the sea level as a result of tand
reclamation, polder development and land subsidence. The most important primary
measures protecting the country against tidat and river floods are dikes. Dikes have
been almost completed with scales of 4000 or 10,000 year return period for sea dikes,
and 2,000 or 4,000 year return period for river dikes in tidal arcas and 1,250 year
return period for river dikes in non-tidal areas.

In 1995 Western Europe, including Netherlands, was hit by the worst flooding of the
rivers Rhine and Meuse and their tributaries by heavy rainfalt and snow-melting since
flood registration began over 100 years ago. High water levels continued for about 10
days along the rivers. Although 250,000 people living in dike-protected areas nceded
to be evacuated because of the potential threat of dike collapse, fortunatcly the dikes
were protected without any dike breaks by flood fighting operations.

2.4.2 Flood Fighting Activity

The juridical/administrative framework of disaster response in case of national
disasters is given in Disaster Act. This law also gives the mayor and alderman of
municipalities the main responsibility for disaster management. Fire Scrvice Act
stipulates that fire services are the major pivot within the structurc of disaster
response.

The constitution of the Netherlands gives all levels of government their own
responsibilitics. The organization of flood fighting is decentralized and starts at the
levels of municipalitics. In principle the mayor of a municipality is in charge. If a
flood is limited, it is handled by the municipalities themselves. If it is larger and
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affects more municipalities, it is coordinated on a regional scale. If the flood aflect a
larger area crossing the borders of the regions, provincial coordination is made with a
responsibility of the Royal Commissioner of the Province as the maia person. If the
flood exceeds the provincial coordination, national level coordination is made with
the Minister of Home AfYairs as the final person responsible.

Fire services, police, health services, ambulance services and  other municipal
govermnment services and water boards are involved in flood fighting operation. Water
Boards which have becn organized for cvery polder-to manage the pelder, are
engaged in the protection of the dikes. Dcfense Forces, Red Cross, Ministry of
Transport, Public Works and Water Management and Disaster Relief Association are
also involved on request from the municipalities. Coordination Centers are set up at
the regional, provincial and national levels depending on the magnitude of the floods.

2.5  Germany
2.5.1 Background

Germany is a federal system country with about 77 million inhabitasts in the
357 thousand km? territory. The administration govemment structure is divided inlo
four layers, the federal government, 16 provinces and 3 urban provinces, 114 special
cilics and 426 counties, and 13,031 municipalities. A province functions as a state,
and administrative powers are decentralized and local autonomy is well ensured.

Generally the risk of flooding is not so high in Genmany mainly duc to its hilly
topography except for areas along the Rhine River and ils tributaries. Flood mitigation
has been under the responsibility of local people in the siversides. The Federal
Govemment is not involved in the flood mitigation work.

In the downstream of the Rhine River, dikes have been built and managed by waler
boards as Nethettands. Movable walls have been provided in Kemn against a flood
with a magnitude of 40-year retumn period. In the upstream of the Rhine River a
retarding basin project is underway (o raisc the present safety level of about 50 year
return period to 200 year return period. In other areas, a flood warning system is a
main facility for flood mitigation.

2.5.2 Flood Fighting Activity

A disaster response council generally headed by the mayor of the municipality is sct
up to direct flood fighting operations. Concrete operations are undertaken under the
name of the head of the fire service. Fice services, police, soldiers and volunteers from
non-govemment rescue associations, Red Cross, fire brigades, church organizations
are engaged in the operations. In the downstream of the Rhine where dikes have been
provided, water boards are responsible for flood mitigation and protect their dikes
during floods.

2.6  United Kingdom
2.6.1 Background

The United Kingdom of Great Britain is composed of four kingdoms, Englandg,
Scottand, Wales, and North Ireland with a total population of 57 miltion in the 244
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km? territory. 577. Each kingdom has a character as a state but England alonc has a
legistative power. The four kingdoms have their own local government systems. In
England After the Thatcher Government, privatization has been positively promoted
towards the rcalization of a small govemment.

Generally the risk of flooding is not so high in UK due to its hilly topography. Flood
plains are limited to riverside areas which remain mainly as useless wet lands. Land
development in the flood plains has just began recently.,

2,52 Flood Fighting Activity

In principle, local people is responsible for flood mitigation. Flood fighting opcrations
are undertaken voluntarily by local pcople under the direction by the municipal
government. BA (Eavironmental Agency) conducts flood forecasting and issues flood
wamings.
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APPENDIX 3  INTRODUCTION OF LAND USE CONTROL IN OTHER
COUNTRIES

In this annex, laws and regulations related to land use control and guidance for flood
niitigation in other countries arc reviewed. The purpose for the review is to get
familiar with what other countries are doing for flood mitigation by means of land use
control and guidance and to form the basis to analyze what type of land use control
and guidance can be applied to the floodplain in Thailand.

(1} Japan
(@) General View

The whole picture of the overall structure of Japan’s land usc-rlated
major laws is given in Fig. 3.1.1. The laws related to land use control
and guidance arc Urban Planning Act, Agricultural Land Act with Act
for Agricultural Promotion Areas, Forest Act, Natural Park Act, and
Environmental Conservation Act as shown in Fig. 3.1.2. On top of
these, there is National Land use Planning Act with which cach of them
should comply.

Although Fig.3.1.1 shows five laws, excluding National Land use
Planning Act, by which land use ¢an be controlled, only three laws such
as Urban Planning Act, Agricultural Land Act with Act for Agricultural
Promotion Areas, and Forest Act are the ones that are operated in
consideration of flood mitigation. In general, Natural Pack Act and
Envitonmental Conservation Act arc not cencerned about technical
aspects on hydrology or floods.

(b) National Land Usc Planning Act

In this law, a Prime Minister formulates a national plan that must be
approved by the cabinet decision. Then complying with it, govemors
formulate prefectural plans that must be approved by prefectural
assemblies. Governors must ask for consulfations and have discussions
with regionat national development planning councils as well as mayors
concermned in the course of formulating prefectural plans. Similarly,
mayors formulate their city or town plans as governors do,

After all plans in all territorial levels are formulated, govemors are
responsible to formulate general land use plans in their prefectures.
Again thosc plans must be approved by a Prime Minister after
consuliations and discussions with councils and mayors concemed.

In those land use plans, lands are demarcated into five categories: urban
area, agricultural arca, forest area, natural park area, and natural
conservation arca. In each of thosc areas, different land use strategies
with different laws are applied.
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The rules described above are stipulated by National Land use Planning
Act.

(¢) Urban Planning Act

This act is enfosced in urban areas designated by the general and use
plans. When designating urban areas, govemors must make hearings
with concermed mayors and regional councils of urban planning, then
their plans must be approved by a Minister of the Ministry of
Construction.

Urban arcas are demaicated into three: urbanization areas, controlled
urbanization areas, and others. Urban Planning Act stipulates different
rules and regulations on each of three areas.

Urbanization arcas are the ones that are already urbanized or should be
urbanized under good control. Urbanization areas are demarcated into
I3 categories in terms of land use, from high quality residential area to
commercial to exclusive industrial acca. Among them, seven categories
are related to residential areas.

For example, in a class onc low-rise resideatial area, a floor space is
index should be between 50 to 200% and only those public facititics
such as schools and clinics are allowed to build except for residential
houses. That is, no large factory or departinent stoze is allowed to build
50 as to keep the residents comfortable for living there. With rules and
regulations pertaining to land use types designated, each area of 13
categories is controlled and directed to a desirable shape of land use.

In the urbanization arca, any development activily with a size of more
than 1,000 square meter should be reported to a prefectural government
and approved by a governor. Each prefectural government has a right to
change this minimum value between 300 to 1,000 square meter.

A controlled urbanization area is the one wherc development is to be
controlled and confained. One of the criteria to demarcate a urbanization
area and a controiled urbanization area is that the area where uscful
natural functions such as water cultivation function and sediment control
function should be preserved is designated as a controlled urbanization
area. In this way, mitigating natural disasters is explicitly considered in
Urban Planning Act. Development activitics are strictly conteolled in a
controlled urbanization area.

An area that docs not belong to either an urbanization areca or a
controlled urbanization area in an urban area is classified into others.
Even in such an area, similar rules and regulations as those in an
urbanization area are (o be applied and a permission from a govemnor is
required to do any development activities. Basically, any development
with a size of more than 3,000 square meter should be reported and
pennitted by a governor in others.
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(d) Agricultural Land Act and Act for Agricultucal Promotion Arcas

Since the above two acls go along together to control land usc in
agricultural lands, they are regarded as a single act in this chapter for
convenience. In fact, Agricultural Land Act was enforced fisst, then Act
for Agricultural Promotion Areas was enforced to cover such issues that
Agricultural Land Act could not handle well.

Agricultural Land Act is to control acquisition and transfer of property
rights over agricultural tands; to prevent speculators from acquiring
agricultural lands without an intention of cultivating those lands and to
promote the efficient use of agricultural lands. Once agricultural lands
arc convertcd inte other types of land use, it would cost enormously to
get them back for agriculture, thus this act is to control disorderly
development of agricultural lands by means of a pemmit system of
transactions of property rights.

When an ownership of an agricultural land is transferred or its property
rights are changed, such a move should be permitted by a local
agricultural committee, even though its type of use, i.e., agricultural use,
remains the same.

When an agricultural land is converted into other use, such a nmove
should be pemmilted by a govemor if it is less than or equal to 2 ha, or by
a Minister of the Ministry of Agriculture, Forest and Fishery if it is more
than 2 ha. Howcver, in case that that agricultural land is located in an
urbanizatlion arca designated by Urban Planning Act, it is not required to
receive a pemmit, only a reporting to a local agricultural committee is
enough to change the fand use type from agriculture to other.

Act for Agricultural Promotion Areas is to designate the lands to be used
for agriculture. Such lands are called the agricultusal land use areas.
Those lands are strategically selected in consideration of securing and
conserving clusters of efficient agricultural lands in coordination with
other usc of lands ncarby. Once thosc lands are designated as the
agricultural use, all transactions of rights over them and types of use are
strictly restricted.  Basically, any change in land use type is not
permiited in the agricultural land use area by this act.

{¢) Forest Act

‘The purposes in this act are, by mcans of sciting up forest plans as well
as rules and regulations, to conserve forests and to enhance forest
productions so as to conserve the national land and contribute to the
national economic growth. Basically, forests owned by the country can
be controlted at its disposal. The point is how to control private forests.

In the act, a Minister of the Ministry of Agriculture, Forestry and Fishery
must formulate a national forest plan every five yecars. Based on this
national plan, governors must formulate regional forest plans in their
prefectures every five years. Unlike the nationat forest plan, regional
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plans are formulated only on those private forests that are designated as
forest planning arcas by a Ministey of Agriculture, Forest, and Fishery.
In this way, part of private forests is controlled by Forest Act.
Development in such a private forest that belongs to a forest planning
area is not altowed unless a governor gives a perit for it.

With regard to national forests, a director at a regional forestry office
must formulate a forest plan over nationat forests in cach forest planning
arca every five year. Thus, national forcsts are fully controlled by Forest
Act.

Most noticeable point in Forest Act in terms of flood mitigation is that
the act can designate preserved areas for the purpose of natural disaster
mitigation. In case a certain forest area has one of functions of; water
cultivation; sedimeat control; landslide protection; wind damage
mitigation; and so on, that forest area can be designated as a preserved
forest and all activitics there are strictly prohibited except for those
activities that arc permitted by a governor,

() Other Laws and Regulations Related to Land use

There are several others that are able to control and guide land wse
indirectly. For example, Building Control Act supports Urban Planning
Act and contains disorderly construction. In this way, Building Control
Act can indirecily control land use.

River Law is a fundamental law for managing rivers. This can, in a
sense, control land use in and around rivers where river managers
expropriate under River Law. Coast Law can control the land use of
coasts and neighbors. Preserved forests are ofien observed along coastal
lines and they are sirictly controlled by Coast Law. And there arc many
other laws and regulations that are supplement to major laws and that are
indirectly control land use.

Most of them, however, are in principle not intended to control land usc
for flood mitigation, Each law has its own purpose; Urban Planning Act
is for controlling as well as promoting uiban land usc¢ developments,
Agricultural Land Act is for making cfficient use of agriculturat lands
and controlling buying and selling lands, Act for Agriculiural Promotion
Areas is for designating productive agricultural lands, Forest Act is for
securing public functions of forest, and so on.

Although there is no specific land use faw intended to mitigate floods in
Japan, concerned agencies in charge of the laws described above
cooperate each other and make use of their laws to control land use for
flood mitigation.
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(g) Problems and Concems

From the viewpoint of flood mitigation, there are several problems or
concerns with respect to land use control and guidance in Japan that are
summarized as follows:

¢ Since technical Rood analyses such as flood risk maps are not
publicized, there may be some damages unexpected by devetopers
and others when a flood happens.

s Technical flood analyses are done by appointed river nyanagers
and river basin commiitees, not enough communication and
cooperation with concerned agencics such as the Urban Planning
Division of the Ministry of Construction and with the people are
exchanged and provided. Thercfore, there is no proof of its
rationality and equity about flood mitigation measures formulated
by river managers.

e At present, while flood control is taken care of by river managers,
fand use contro! is carried out by different agencics on different
atcas. However, there is no well-established system to coordinate
them on¢ another.

Other Countries
{a) France

In France, there is a specific land use law for flood mitigation. France is
actively controlling land use in floodplains POS (Le Plan d’Occupation
des Sols: in English transtation, Land Possession Planning Act) is to plan
and control land use. POS is practiced in uiban areas in line with SD
(Schemas Directeurs: in English translation, Basic Design) and in rural
arcas in linc with CIDA (in Eaglish translation, Municipal Union
Charter).

POS was merely a law for efficient land use and not originally intended
to mitigate flood damage by means of land use control. Based on the
recognition that POS was effective to mitigate natural and man-made
disastess, the function of mitigating those disasters was stipulated in
POS in 1987.

In addition to POS, there are some other laws related to tand use control
indirectly or supplementary to POS. Before POS has been promulgated,
PSS (Le Plan de Surface Submersible: in English translation, Floodplain

Plan) existed and still exits now. PSS demarcates areas with high flood .

potential and clarifics responsibilitics about land use. Clause Ri11-3 in
Urban Planning Act is also able to control land use in urban areas for
flood miitigation. Flood risk maps are to be open to the public by law,
that is, PER (f.a Plan d’Exposition aux Risque: in English translation,
Exposition Plan of Natural Disaster Risks). The relationship among
POS, PSS, PER, and Clause R111-3 in Urban Planning Act is shown in
Fig. 3.1.2.
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() USA

In the Unitcd States, there is no specific land use control taw for flood
miligation. Fach local government has a master plan with land use
zoning, but in general, there is no land use plan or control law over
agricultural ands.

With state laws, urban planning is designated to be done by local
government such as counties and districts, they arc the ones that make
land use plans in urban areas,

The flood insurance can indirectly controt land use in floodplains in the
United States. For the people to buy the flood insurance supported by
the Federal government, a local govemmeat where they live must clear
some strict rules. Y means of those rules, land use is indirectly guided
and become in good shape. A schematic picture of the siructure is
shown in Fig. 3.1.3.

{c) Germany

Based on land use plans (F Plan) detailed area plans (B Plan) arc
formulated and practiced in Gesmany. There is no specific land usc law
for flood mitigation.

F Plan is formulated by each municipality and approved by a slate
governmeat, F Plan covers a whole territory of a municipality and basic
land usc plaa is formutated. In conformity with F Plan, detailed land use
plans and building codes arc specificd in B Plan. Thus a structure that
will be constructed should conform to B Plan, otherwise the Mayor will
not permit the construction of that structure. A schematic picture of the
structure is shown in Fig. 3.1.4.
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LAWS RELATED TO LANDUSE

IN JAPAN

STUDY ON INTEGRATED PLAN FOR FLOOD | Fig.3.1.1
MITIGATION IN CHAOPHRAYA RIVER BASIN

CTIENGINEERING CO., LTD. AND INA CORFORATION
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LAWS RELATED TO LANDUSE

IN FRANCE
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STUDY ON INTEGRATED PLAN FOR FLOOD

MITIGATION IN CITAOPHRAYA RIVER BASIN
CTl ENG]NEER[NG CO., L.TD. AND INA CORPORATION
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State Governments

Master Plans

*Long-term plans are formulated for urban

devctopment.
*Plans are made of tanduse, public facilities,

road neiwork plans, elc.

Transfer of Authority

Y

-—t Counties and Districts

Zoning

+(ounties and districts make detailed plans
with landusc zoning, building codes, etc.

Development and Construction
Permission

STUDY ON INTEGRATED PLAN FOR FLGOD Fig.3.1.3
MITIGATION IN CHAOPHRAYA RIVER BASIN URBAN PLANNING IN USA

"G ENGINEERING CO. , LTD & INA CORPORATION
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State Governments

F Plan (Landuse Plan)

*Municipalities are target arcas .
*General landuse divisions in larget areas
are dsignated.

Y

et Municipalities

B Plan (Detailed Area Development Plan)

#Target arcas are devided into small areas in
cach of which detaield arca development
plans are formutated.

*¥Detailed building codes are designated.

Permission of Construction by Mayors

* Structures should comply with B Plan,
otherwise its construction is not permitted.
*Those structures that have direct relations
with agricultural activities are permitted to
construct cven in the area where there is
no B plan formulated.

STUDY ON ON INTEGRATED PLAN FOR FLOOD
MITIGATION IN CE{AOPHRAYA RIVER BASIN

CT1 ENGINEERING CO. , LTD & iNA CORPORATION

Fig.3.14
FEDERAL CONSTRUCTION ACT IN GERMANY
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Sector X

1. GENERAL
1.1 Caontents

This supporting repoit, Sector X1I, Preliminary Design, Cost Estimatc and
Construction Plan, is divided into three (3) parts. Part 1 deals with the preliminary
design (Section 2), Part 2 deals with the construction plan (Section 3 and 4), and
Part 3 deals with the cost cstimates for the measures in the master plan and the river
improvement project in the feastbilily study (Section 5).

1.2 Project Components
1.2.1 Structural Measures of the Master Plan

In this study, the Master Plan is formulated in three options: Alternative 1, Partial
Protection of Pathum Thani and Nonthaburi; Alternative 2-1, Heightening of Flood
Barrier at Bangkok; and Alternative 2-2, Construction of Diversion Channel.

Among the project components, preliminary design, construction plan and cost
estimate are prepared for the following measures:

(1) Heightening of Fleod Barrier in Bangkok
(2) Diversion Chanuel
(3) Distribution System Improvement
{4) Drainage Improvement
(5) River lmprovement
1.2.2 Structural Measures of the Feasibility Study

In the Master Plan Study, several project components and measures consisting of
structural and nonstructural ones are proposed and studied for flood mitigation in the
Chao Phraya River Basin. Among several structural measures, the River
Improvement for Protection of Agricultural Area, which is sclected for the Feasibility
Study, is studied in this Sector.

From the economical point of view and the EIA survey, the most suitable measure of
river improvement in the Feasibility Study is Alternative 1, Heightening of Existing
Dike. Therefore, the construction plan and cost estimate is executed on the objective
of Alternative 1 only.
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Sector Xl

2,
2.1

PRELIMINARY DESIGN

Conlents

2.1.1 Heightening of Flood Protection Barricr at Bangkok

(1) Conditions
(a) Hcightening

As discussed in Sector 1, Hydrology and Flood Simulation, the required
raising heights of design water level at Memorial Bridge and Samscn are
approximately 30 cm and 40 cm, respectively, when Alternative 2-1 is
applied as a measure in the Master Plan. Thercfore, it is necessary (o
sustain the safely level in Bangkok by heightening the ongeing flood
protection barrier for 30 cm up to 40 ¢m duc to raising of the design
water level.

(b) Existing and Future Dike Condition

BMA is undertaking the construction of flood barrier, which is madé of
concrete. Fig. 2.3.3 in Sector VII, River Improvement Plan shows the
typical types of dike in Bangkok. '

(2) Study on the Bend of Foundation Pile

Heightening of the existing dike may cause the extreme bending of foundation
piles as adverse influence. Therefore, the amount of bending is studied and
the results are given below.

Heightening J0em 56 cm 100 cm

Amount of Additional Bend 0.5 mm 0.9 mm 1.9 mm

In practice, the heightening of dike is proposed at only about 30 cm.
Therefore, it is not necessary to seinforce the foundation.

(3) Measure of leightening

The structure and design are illustrated in Fig.2.1.1.  The method of
heightening is to add concrete on top of the flood barrier. After chipping of
the existing concrete dike, it is raised up with reinforced concrete.

(4) Hcightening of Existing Regulators

Top of gates of existing regulators are set up according to the former plan.
Therefore, it is also nccessary to heighten the gates. The imprevement of
regulators is done with the replacement of gates. However, most of the
regulators have a control deck with elevations having enough freeboard for
navigation. Hence, it is not necessary to improve the gate pole and deck. (See
Fig.2.1.2.)
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Sector XU

2.1.2 Fleod Diversion Channel
(1) Conditions
(a) Route and Alignment

The objective route of the diversion channel is the Ayuthaya-Last-Sca
Diversion Rouiec which has some questionable alignments (refer to
Fig. 2.1.3.). One passcs through the greenbelt arca and the other passes
between the gieenbelt area and Bang Pa Kong River. Details of
atignment of diversion channel are summarized in Table2.1.1.
Hereinafter, atignment of the diversion passing through the greenbelt
arca is applied and studied because the length of the channel is shorter.
(See Fig. 2.1.4 for the detailed alignment of diversion channel.)

(b) Discharge

In Altemnative 2-2 of the Master Plan, the flood diversion channel will be
constructed with 800 m*/s in the first stage. In Sta%e 2, the capacity of
the channel will be increased by 300 mY/s to 1,100 m*/s.

(c) Water Level at River Mouth

MSL+1.6m is adopted as the water level at the river mouth, which is the
high tide in flood season. (Refer to Scctor I, Hydrology and Flood
Simutation.)

(d) Water Level at Diversion Point

The diversion point is located belween Bang Sai and Bang Pa Ing.
Considering the 1995’s flood water level and the existing dike elevation,
water tevel at the diversion point is set at MSL43.8m.

() Roughness Coclficient

The roughness cocfficient of 0.025, which is generally applied to
artificial channels in Japan, is adopted.

{2) Longitudinal Profile

Fig. 2.1.5 shows the longitudinal profile of the Ayuthaya-East-Sea Diversion
Route.

(3) Standard Cross Section

Fig. 2.1.6 presents the standard cross-section,
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2.13

2.14

215

Distribution System Improvement
(1) Canal Improvement

Canals in the flood plain arc improved to increase the flow capacity by
widening of channel, dredging of canal bed and excavation of channel slope,
and heightening of canal dike. In addition, new canals are constructed to
distribute the floodwater. Fig. 2.1.7 shows the improvement measutes for
canals. From the irrigation system and hydrological points of vicw, the most
suitable measure is widening of channel.

(2) [Instaliation of Distribution Regulator

Regulators are installed or rchabilitated at suitable points to distribute
floodwater. Fig. 2.1.8 illustrates the structural drawing of a typical regulator.

(3) Appurtenant Work

Some facilities, such as siphon, drainage canal and smatl pumping station, are
crcated for distribution of floodwater.

Drainage Emprovement
(1) Condilions

There arc about ten (10) drainage canals in the east and west banks of the
lower delta which directly drain into the Bangkok Bay. The condition of
representative canals are shown in Table 2.1.2.

(2) Measure of Improvement

There are three (3) measures to increasc the drainage capacily of existing
canals as mentioned below:

¢ Small Improvement of Existing Canal by Dredging

e Major. Improvemeat of Existing Canal by Dredging and Construction of
Retaining Concrete Wall of Canal

¢ Construction of New Drainage Canal

Figs. 2.1.9 and 2.1.10 show the structural drawings for small and major
improvement of drainage in the east and west banks.

River Improvement
(1) Alignment

Fig. 2.1.11 iltustrates the alignment of river improvement at 25-year retum
period with improvement of the distribution system.

(2) Longitudinal Profile

Fig. 2.1.12 shows the longitudinal profile of river improvement.
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{3) Cross Scction

As an example, a design cross section is drawn in Fig. 2.1.13.

2.2 River Improvement in the Feasibility Study

2.2.1 Basis of Preliwinary Design

Sector Xi¥

The numerical value of each material for preliminary structural design is shown in

Table 2.2.1.

2.2.2 Structural Design

Standard cross sections for alternatives are shown in Fig. 2.2.1.

{1) Altemative 1

As illustrated in Fig. 2.2.1 (1/3), the existing condition of dike siructure is
maintained except the elevation of dike crown. When the crown of dike is
utilized as asphalt road, the general foundation for roads in Thailand is
applied. On the other hand, the surface of slope is covered with sod. For dike

material, laterite is mixed with sand for easier compaction and workability.

(2) Altemative 2-1

The structures of dike arc presented in Fig. 2.2.1 (2/3). PC pile is utilized for
foundation; dike is made of concrete.

(3) Altemative 2-2

Material of dike is the same as Alternative 1. However, the width of crown of
dike can be fixed at 3.0 m because new dikes are construcled. The crown of
dike is paved as laterite road. [See Fig. 2.2.1 (3/3)]

2.2.3 Detailed Alignment and Cross Section

Fig. 2.2.2 shows the alignment of river improvement. Detail designs of alignment and
section are complied in the Data Book. As examples, Figs. 2.2.3 and 2.2.4 show the
detail design of alignment and cross-section. The features of river improvement are

summarized below.

Location

Length

Heightening

Width of Crown

Type

Chao Phraya
Lop Buri

Noi

Bang Bal
Bang Phra Mo

67 km

I0cm~ 70 em

6m~2lm

Asphalt Road

2.2.4 Installationr of New Regulators

Fig. 2.2.2 also shows the locations of new regulators. The features of new regulators

are tabulated below.
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Regulator No. River Gale Dimension
Width (m) Number Height
Reg.-1 Chao Phraya 4 B 1 4
Rep.-2 Chao Phraya 6 2 3
Reg.-3 Chao Phraya 6 2 5
Reg.-4 Chao Phraya 6 4 6
Reg.-3 Chao Phraya 4 } 4
Reg.-6 Chao Phraya 6 2 5
Reg.-7 Chae Phraya 6 2 5
Reg.-8 Chae Phraya 5 4 6
Reg.-9 Chao Phraya 6 6 6
Reg.-10 Chao Phraya 6 2 5
Reg.-11 Lop Buri 5 2 5
Reg.-12 Lop Buri 6 2 5
Reg.-13 Lop Buri 4 1 4

Typical structural design is drawn in Fig. 2.2.5.

3. CONSTRUCTION PLAN OF STRUCTURAL MEASURES OF THE
MASTER PLAN

3.1 Flood Diversion Channel for the Study

As described in Section 2, there are three (3) cases of diversion channel, namely,
Case A, 1,500 m3ls; Case B, 1,000 m’!s, and Case C, 500 m’/s. These are also studied
in this Seclion 3.

3.1 Work Item
(1) Diverston Channel

The following items of work are nccessary for the construction of channel
(refes to Fig. 3.1.1):

(a) Dredging/Excavation

(b) Embankment

(¢) Smoothing of Channel Stope and Bed
{2) Appurtenant Works

Installation of the following appurtenant siructures is necessary for the
diversion project:

(a) Diverse Point Weir
(b) Weir with Navigation Lock for Compensation of Irrigation
(¢) Small Regutator for Compensation of Irrigation

(d) Bridge for road that channel is intersected
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Sector X1f

(3) Land Acquisition and House Relocation

Among the major factors to decide the construction plan and the project cost
are land acquisition and house relocation.

3.1.2 Work Yolume

The volumes of work of each work item for the construction of diversion channel are
tabutated below.

(1) Diverston Channel

(8) Dredging/Excavation

Summary of Dredging/Excavation Volume of Diversion Channel

Case Diversion Roule Cost {in million m3)
Case-A Case-B Case-C

1 | Tachin River Diversion 344 196 57
(Mouth to 319 km)

2 | Chainat-Pasak-Rahpipat-Sea 230 149 69
Diversion (Mouth ta 260 km)

1 | Chainat-Pasak-Rahpipat-Ban Pakong 561 369 191
Diversion (Mouth to 362 km)

4 | Pasak-Raphipat-Sea Diversion 118 20 42
(Mouthto 27 km)

5 | Pasak-Raphipat-Ban Pakong 449 299 164
Diversion (Mouth to 229 km)

6 | Ayutaya-West Bank-Sea Diversion 216 148 78
{Mouth to 105 km)

7 { Ayuthaya-West Bank-Tha Chin 314 192 924
Diversion {Mouth to 160 km)

8 | Ayuthaya-East Bank-Sea Divession | 172 17 6l
{(Mouth to 96 km)

9 | Ayuthaya-East Bank-Sea Diversion 2 193 131 59
{Mouth ¢0 %4 km)

10 | Chao Phraya I Diversion 138 94 50
(Mouth to 57 km)

11 | Greenbelt Diversion (Mouth to 78 km) 193 131 68
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(b)Y Ewmbankment

Summary of Embankment Volume of Diversion Channel

Case Diversion Route Cost (in million m3)
Casc-A Case-8 Case-C

1 | TaChin River Diversion 22 25 28
{Mouth to 319 km)

2 | Chainat-Pasak-Raphipat-Sea 24 25 25
Diversion (Mouth to 260 km)

3 | Chainat-Pasak-Raphipat-Ban Pakong 33 31 31
Diversion (Mouth to 362 km)

4 | Pasak-Raphipal-Sea Diversion 13 13 13
{Mouth to 127 km)

5 | Pasak-Raphipat-Ban Pakong 22 19 20
Diversion (Mouth to 229 km)

6 | Ayuthaya-West Bank-Sea Diversion 3 3 3

fouth to 105 km)

7 | Ayuthaya-West Bank~Tha Chin 13 15 22
Diversion (Mouth to 160 km)

8 | Ayuthaya-East Bank-Sea Diversion 1 4 4 4
(Mouth t0 96 km)

9 | Ayuthaya-East Bank-Sea Diversion 2 3 3 4
(Mouth to 94 km})

10 | Chao Phraya I Diversion 1 1 1
{Mouth to 57 km)

11 | Greenbelt Diversion (Mouth to 78 km) 3 3 3

(¢) Smoothing of Channel Slope and Bed

Summary of Embankment Volume of Diversion Channel

Case Diversion Roule Cost (in million m2)
Case A Case B Case C

! | Ta Chin River Diversion 65 50 30
(Mouth to 319 km)

2 | Chainat-Pasak-Raphipat-Sea 65 45 27
Diversion {Mouth ta 260 km)

3 | Chainat-Pasak-Raphipat-Ban Pakong 122 90 63
Diversion {Mouth to 362 km)

4 | Pasak-Raphipat-Sea Diversion 32 25 i7
(Mouth to 127 kun)

5 | Pasak-Raphipat-Ban Pakong 33 70 53
Diversion (Mouth to 229 km)

6 | Ayutaya-West Bank-Sea Diversion 33 25 15
(Mouth to 105 km)

7 | Ayuthaya-West Bank—Tha Chin 53 39 25
Diversion (Mouth to 160 km)

8 | Ayuthaya-East Bank-Sea Diversicon | 31 25 6
(Mouth to 96 km)

9 | Ayuthayz-East Bank-Sea Diversion 2 32 24 14
(Mouth to 94 km)

10 { Chaa Phraya Il Diversion 20 15 9
{Mouth to 57 km)

11} Greenbeli Diversion (Mouth (o 78 km) 32 24 14
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(2) Appurtenant Works

The number of appurtenant works for all cases is as follows:

&)

Diverse Point Weir: 1

{b) Woeir with Navigation, Small Regulator and Bridge

Number of Work Volume of Appurtenant Work

Sector X

Caso Diversion Route Number of Quantity
Weic | Regulator Bridpe
Large Medium Small

1 | Tachin River Diversion 5 100 3 i7 9
{Mouth to 319 km)

2 | Chainat-Pasak-Rahpipat-Sea 9 100 7 61 65
Diversion (Mouth to 260 km)

3 | Chainat-Pasak-Rahpipat-Ban Pakong 7 30 5 67 60
Diversion (Mouth to 362 km)

4 | Pasak-Rahpipal-Sea Diversion 4 50 4 22 62
(Mouth to 127 km)

5 | Pasak-Rahpipat-Ban Pakong 3 30 2 28 57
Diversion (Mouth to 229 ki)

6 Ayutaya-West Bank-Sea Diversion 2 40 8 10 63
{Mouth to 105 km)

7 ] Ayuthaya-West Bank-Tha Chin 2 40 5 11 5
Diversion (Mouth to 160 km)

& ] Ayuthaya-Easl Bank-Sea Diversion-1 2 40 7 16 66
{(Mouthto 96 km)

9 ] Ayuthaya-East Bank-Sea Diversion-2 2 40 7 i6 66
{Mouth 1o 94 km)

10 | Chao Phraya Il Diversion 2 30 3 i5 35
(Mouth 1o 57 km)

11 | Greenbelt Diversion (Mouth to 78 km) i 30 4 12 66
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{3) Arcaof Land Acquisition

Arza of Land Acquisition
Case Diversion Route Area of Land Acquisition (ha)
Case-A Case-B Case-C

I | TaChin River Diversion 3017 1883 835
{Mouth o 319 km)

2 | Chainat-Pasak-Raphipat-Sea Diversion 5484 1532 1886
{Mouth (o 260 km)

3 Chalnat-Pasak-Raphipat-Ban Pakeng 7609 4917 2412
Divession (Mouth ta 362 km)

4 Pasak-Raphipat-Sea Diversion 27104 1998 1232
(Mouth to 127 km)

5 Pasak-Raphipat-Ban Pakong Diversion 4830 i 1808
{Mouth 10229 km)

6 | Ayutaya-West Bank-Sea Diversion 3269 2312 1377
Mouth to 105 km)

7 | Ayuthaya-West Bank-Tha Chin Diversion 3260 2091 1259
{Mouth to 160 km)

8 | Ayuthaya-East Bank-S¢a Diversion 1 2985 2123 1259
{Mouth 15 96 km)

9 | Ayuthaya-East Bank-Sea Diversion 2 3024 2129 1213
{Mouth {0 34 km)

10 | Chao Phraya 11 Diversion 1853 1290 7226 .
{Mouth o 57 km)

1% | Greenbelt Diversion (Mouth fo 78 km) 3024 2129 1230

(4) Number of House Relocation

The number of house relocation is summarized in the following table.

Number of House Retocation

Case Diversion Route No. of House Relocation
Case-A Case-B Case-C

i Ta Chin River Diversion 6,500 4,000 1,500
(Mouth 10319 km)

2 Chainat-Paszak-Raphipat-Sea Diversion 2,400 2,200 1,700
(Mouth 10 260 km)

3 | Chainat-Pasak-Raphipat-Ban Pakong 3.000 2,800 2,000
Diversion (Mowth to 362 km)

4 Pasak-Raphipat-Sea Diversion 1,400 1,200 1,000
{Mouth to 127 km)

5 Pasak-Raphipat-Ban Pakong Diversion 2,000 1,900 1,300
(Mouth 10 229 km)

6 | Ayutaya-West Bank-Sea Diversion 3,200 2,900 2,200
(Mouth o 105 km)

7 Ayuthaya-West Bank—Tha Chin Diversion 3.600 2,500 1,500
{(Mouth to 160 km)

8 Ayuthaya-East Bank-$S2a Diversion 1 1,600 £,500 1,400
{Mouth to 96 km)

9 | Ayuthaya-East Bank-Sea Diversion 2 $,600 1,500 1,400
{Mouth to 94 km)

10 | Chao Phraya I Diversion 11,000 8,000 5,700
(Mouth to 57 km)

11| Greenbelt Diversion (Mouth to 78 km) 2,500 2,300 2,300
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3.2 Flood Diversion Channel in the Master Plan

Sector X1

In the Master Plan, diversion channel, of which Ayuthaya-Fast-Sea Diversion 1 and
Diversion 2 are proposed as the most suitable routes, is considered only in case of
Alternative 2-2.  In this case, diversion channel is also undeitaken in two stages;
namely, Stage @ is implemented to absorb the adverse influence by protection works
in the urban areas of Phathum Thani and Nonthaburi, and Stage 2 is to cope with the
adverse influence due to river improvement for protection of agricultural arcas. In
this section, the construction plan of Alternative 2-2 of the Master Plaa is studied.

321 Work Item

Work items are the same as in Section 3.1.

3.2.2 Work Volume

Work volume of each work item is as follows:

(1) Diversion Channel

{a) Dredging/Excavation

Summary of Dredging/Excavalion Volume of Diversion Channel

Diversion Route

Yolwne (inm3)

Stage 1 Stage 2 Case C
{800m%s) | (add 300m*s) | (Total 1,100m’/s)
Ayuthaya-East Bank-Sea Diversion 1 65,210,400 24,400,000 89,610,460
(Mouth to 96 km)
Ayuthaya-East Bank-Sea Diversion 2 63,087,300 23,657,700 86,745,000
(Mouth to 94 km)
(b) Embankment
Summary of Embankment Volume of Diversion Channel
Diversion Route Volume {in m3)
Stage § Stage 2 Case C
(800m*s) | (add 300m'/s) | (Votal 1,100m’s)
Ayuthaya-East Bank-Sea Diversion | 2,806,300 0 2,806,800
(Mouth to 96 km)
Ayuthaya-East Bank-Sea Diversion 2 2,772,000 0 2,772,000

{(Mouth to 94 km)
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(c) Smoothing of Channel Slope and Bed

Summary of Smoothing of Slope and Bed Volume of Diversion Channel

Diversion Route Volume (inm’)
Stage 1 Stage 2 Case C
(800m*/s) | (add 300ms) | (Total 1,100m’s)
Ayuthaya-East Bank-Sea Diversion 1 13,278,200 4,979,300 18,257,500
{Mouth {0 96 km)
Ayuthaya-East Bank-Sca Diversion2 | 12,365,800 4,637,200 $7.003,000
{Mouth to 94 km)

(2) Appurtenant Works
The number of appurienant works for all cascs is as follows:
(a) Diverse Point Weir: 1

(b) Weir with Navigation, Small Regutator and Bridge

Number of Work Volume of Appurienant Work

Diversion Route Number of Works
Weir | Regulator Bridge
Large Medium Smail
Ayuthaya-Easl Bank-Sea Diversion-| 2 40 7 té &6
{Mouth to 96 km)
Ayuthaya-East Bank-Sea Diversion-2 2 40 7 16 66
{Mouth to 94 km)

(3) Area of Land Acquisition

Area of Land Acquisition of Diversion Channel

Diversion Route Yolume {in ha)
Stage | Stage 2 Case C
(800m’/s) | (add 300m¥s) | (Total 1,100m’s)
Ayuthaya-East Bank-Sea Diversion 1 1,956 0 1,956
(Mouth to 96 km}
Ayuthaya-East Bank-Sea Diversion 2 1,759 ] 1,159
(Mouth to 94 kun)

{(4) Number of House Relocation

The number of house relocation is summarized in the following table.
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House Relocation of Diversion Channel

Driversion Route Number
Stage | Stage 2 Case C
(800m’fs) | (add 300ms) | (total 1,100ms)
Ayuthaya-East Bank-Sea Diversion | 1,500 o 1,500
(Mouth to 96 km)
Ayuthaya-East Bank-Sea Diversion 2 1,400 0 1,400
(Mouth to 94 km)

3.2.3  Assumed Work Schedule

In the Master Plan Study, the construction stage is divided into two stages. The

diversion channel aims at flow capacity of 800 m’/s in the fisst stage from 2005 to

2013, which is going to be raised up to 1,100 m’/s for the proteclion of agricultural

area in the second stage from 2014 to 2016. It takes sixteen (16) ycars to implement
the diversion channel project inclusive of the detail design stage. The intcgrated
implementation schedule is shown in Table 3.2.1.

3.3  Hecightening of Flood Protection Barrier at Bangkok
3.3.1 WorkItem
(1) Heightening of Concrete Barrier

Fig. 2.1.1 shows the structure and design of heightening of flood barrier. The
detail items for heightening of concrete barrier are as follows (see Fig. 2.1.1):

(a) Concrete: ok = more than 210 kgfem®
(b) Reinforced Bar: SD295 D13~D16
(c} Epoxy Injection
(d) PDemolition of Conciete
(¢) Chipping
(2) Replacement of Gate

Due to raising of elevation of top of all gates at 30 cm to 40 cm, it is necessary
to replace all gates of all regulators along the Chao Phraya River in Bangkek.
{Sce Fig. 2.1.2)

3.3.2 Work Volume
(1) Heightening of Flood Barrier

The total length of the flood protection barrier planned by BMA is
approximately 60 km.
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{2) Replacement of Gate

There are forty-six (46) seis of gates installed in regulators or pumps along the
Chao Phraya River in Bangkok. Most of the gates have almost beea replaced.
The dimensions are assumed as follows:

Height of Gate: 10m; Width of Gate: 10m ; Number of Gates per Set: 2
3.3.3 Assumed Work Schedule

The Mtood barrier project of BMA in the Bangkok area is ongoing and it is to be
completed in the year 2002, Thercfore, further heightening (Alternative 2-1 in the
Master Plan) should be undertaken considering the progress of the present flood
barrier project at Bangkok. The assumned work schedule is shown in Table 3.3.1.

34  Distribution System Improvement and Axtificial Retarding Basin

Two types of retarding basin are studied in the master plan study. One is the
“Distribution System Improvement” which is proposed as one of the projects in the
Master Plan and the other is the “Artificial Retarding Basin” which is not suitable for
the Master Plan. The study on these two types of retacding basin is as follows.

34.1 Workltem

{1) Distribution System Improvement

The following items are necessary for the distribution system improvement: é;
(2) Connection Canal and Expansion of Main Canal
(b) Construction of New Gate or Rehabilitation of Existing Gate
(c) Construction or Rehabilitation of Regulator
(d) Construction of New Siphon

{2) Auntificial Retarding Basin

The items required for construction of artificial retarding basin are as follows:
(@) Enclosure Dike Construction
(b) Construction of Small Sluice Gate
(c) Pumping Station for Drainage in Relarding Basin 8
{(d) Oveiflow Weir
(¢} Road Improvement and Rehabilitation

() Housc Relocation
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3.4.2 Work Yolume

{1} Distribution System Improvement

The quaniity of cach item is shown in the table below:

ltem Unit Quantily
Conneclion Canal and Expansion of km 40
Main Canal
Gate place 5
Regulator (Small Sluice Gate) place 15
Siphon - place 3

(2) Artificial Retarding Basin

Sector XTI

In the Master Plan Study stage, three alternatives, namely, Case ! {3,000 kmz},
Case 2 (2,000 km?) and Case 3 (1,000 km?) are siudicd as applicable areas.
The work volume of ecach altemative is estimated and calculated, as given

below.
(@) Casel
Item Deseription Unit Quantity
Enclosure Dike Km 220
Construction
Pumping Station 5m3fs Place 10
Smali Sluice Gate BxH=2x2m Place 10
Over Flow Weir 2km wide Place 2
Road Improvement Heighl¢ning of 0.6m Km 4,700
House Relocation houses | 105,000
(b) Case2
ftem Description Unit Quantity
Enclosure Dike Km 169
Construction
Pumping Station Sm3fs Place 7
Small Sluice Gate BxH=2x2m Place 7
Over Flow Weir Tkm wide Place 2
Road Improvement Heightening of 0.6m Km 2,100
House Relocation houses | 76,000
(c) Casel
Item Deseriplion Unit Quantity
Enclosure Dike Km 20
Construction
Pumping Stalion Sm3/s Place 5
Small Slvice Gate Bxil=2x2m Place 5
Over Flow Weir 2km wide Place t
Road Improvement Heightening of 0.6m Km 1,500
House Relocation houses | 35,000
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3.4.3 Assumed Work Schedule

In the Master Plan, only the Distribution System Improvement is proposed as one of
the structural measures. In addition, the Natural Retarding Basin with distribution
system is given high priority for ftood mitigation in the agricuitural area with less
cost, Therefore, this measure should be implemented as soon as possible. (Sce
Table 3.4.1)

3.5  Drainage Improvement

351 WorkItem

Work items for the Drainage Improvement (the Canal Improvement) are as follows:
(1) Earth Work (Dredging, Embankment)
(2) Concrete Work
{3) Foundation Work

3,52 Work Yolume

Work volumes for the Drainage Improvement Project are as follows:

Case * Area Stretch * Distance (km) | Required Canal Area (m’)
Bi Last Bank A 25 : 165
B 30 240
Wesl Bank A 40 115
B 40 180

* Refes to Supponting Report “Secior 1, Hydrelogy and Flood Simulation.”

3,53 Woerk Schedule

As in the Distribution System Improvement, this project will not adversely aflect the
lower urban area. Therefore, it should be started as soon as possible. (See
Table 3.5.1.)

3.6 Tidal Barrage with Pump

As shown in Figs. 3.6.1 and 3.6.2, the tidal barrage with pump project consists of
many works to sustain its function and to improve navigation.

3.6.1 Work Item
(1) Wecir
(a) Eath Work
(b) Foundation Work: PC Pile
(c) Concrete Work

(d) Gate Manufacture
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(c) Llcctrical and Mechanical Works

(f) Consteuction Works of Control Building
{2) Pumping Station

(a) PBarth Works

(b) Foundation Works: PC Pile

(c) Concrete Works

(d)  Manufacture and Installation of Pump with the Appurtenant
Facilitics

(3) Short Diversion for Discharge of Pump Drainage
(a) Earth Works
(b) Foundation Works
(¢) Concrete Works
{4) Navigation Lock
(a) Earth Works
(b) Foundation Works
{c) Concrete Works
(d) Worksof Lock
(e) Elecirical and Mechanical Works
(5) Construction of Operation Building and Others
{a) Opcration Building
(b) Warchouse
{¢} Truck for Pump
{(d) Boat for Maintenancc
(¢) Land for Buildings and Truck

(D Transfer Substation
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3.6.2 Work Volume
(1) Weir

Hem Uil Quantity
Weir m’ (ton) 5,400 (12,000)
Motor and Mechanical unit (ton) 10 (2,600}
Facilitics
Reinforced Concrete m 306,000
Foundation m? 50,000

{2) Pumping Facilitics, Warchouse, Automobile (Truck, Sedan and Boat),

&)

)

(%)

OGffices and Elecirical Transfer Substation

ftem Unit Quantity
Pump with Column unit 1,500
Cable, Steel Pipe, Scrcen unit 1,500
and Crane
Control Panel, Gauging unit 1,500
System and Other
Mechanical Facihties
Control Office m? 300 x 3 stories
Warchouse with Crane m? 120,000
Truck, 4t No. 50
| Sedan No. 10
Boat No. T2
Transfer Substation + L.S. 1
Electrical Wire
Land Acquisition m 125,000
Pumping Station
Item Unif Quantity
Concrele m’ 360,000
Foundation m’ 60,000
Short Diversion for Pump
Item Unilt Quantity
Concrele m’ 600,000
Foundation m’ 25,600

Navigation Channel with Lock

1 unit
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3.7

3.7.1

Sector Xt

River Improvement

Work Item

The works for the River Improvement Project arc as follows:

3.7.2

4.1

(1} Heightening of Existing Dike
(2) Installation of New Regulator
Work Velume

{1) Heightening of Existing Dike

Location Length
All Rivers 200 km, Approx.

(2) Instatlation of New Regulator

Location Number of Regulators
All Rivess 20

CONSTRUCTION PLAN OF STRUCTURAL MEASURES OF THE
FEASIBILITY STUDY

River Improvement

4.1.1 Work Item

The following items are necessary for the river improvement project:

(1} Heightening of Road
(a) Prime Coat
(b) Asphalt, 0.1m thick
(¢) Cap Seal
(d} Apggregate
(¢) Embankment
(D Removing existing A.C. Surface
{g) Sodding
(2) Instatlation of Regulator
(a) Earth Works

{b) Pile Works
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(c) (Reinforced) Concrete Works
(d) Steel Works

(c) Revetment

() Mcchanical Works

4,12 Work YVolume

Details of work volume for each work item of the river improvement project are given
in Tables 4.1.1 and 4.1.2. Work volumes are summarized below.

Summarization of River Improvement Project

improved Length Installation of House Relocation | Land Acquisition
(km) Regulator (No.) (No.) {m")

Chao Phraya 418 10 4 12,590
Noi 6.6 0 0 0

Lop Buri 14.0 3 I 6,100
Bang Bal 2.5 0 o 0

Bang Phra Mo 2.1 0 0 o

lofal 61.0 13 5 18.650

4.2 Construction Schedule

4.2.1 General

In the Master Plan Study, it is proposed to complete the river improvement by the
year 2005. It is assumed that the river improvement project will start within 1999 as
soon as this stedy is completed. In this connection, it is possible to execute the
aforementioned work volume within approximately six (6) years.

42,2 Construction Plan and Schedule
(1) Detail Design and Procurement Stage

Immediately after the completion of this study in 1999, detail design of the
project is to be implemented. It will take about one (1) year for the detail
design. Especially, investment and survey work will take the longest time in
this stage. Afler the detail design stage, the project will move to the
procurement stage. Firstly, the responsible agency will procure consulling
firm(s) and begin to negotiate purchasing of land with residents. Secondly, the
agency and the consultant will prepare for procurement of contractor(s) for the
project, including tendering and contracling.

(2) Construction Stage
(a) Order of Construction

Heightening of existing dike is undertaken from the lower portion.
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{b) Construction Period

Construction period is six (6) years. However, the net duration will be
three (3) years due to impossibility of compaction of dike in the rainy
scason from the beginning of June to the end of December. Hence, it is
difticult for one work group to complete the river improvement within
the target year. Therefore, after completion of the Chao Phraya River
improvement, the construction of upper parts will overlap with cach
other. The tentative progress of construction is to be the improvement of
25m in one week by one group. Basically, two work groups are
required for the construction.

{c} Construction Schedule

Fig. 4.2.1 shows the construction schedule of river improvement.
(3) Special Considerations for the Construction Plan

{a) Bomow Pit

Canals along the heightened road or areas in the right of way are
generally utilized as borrow pit. o addition, swampy areas near the
conslruciion sites are also utitized as borrow pit. Swampy areas play the
role of retarding area in flood time and the excavation of swampy areas
will increase the retarding effect. The price of soil is frce. Table 4.2.1
shows the considered locations of swampy areas.

{(b) Heightening Method

Meost of the heightened roads are 2-lane and utilized as main roads in the
local areas. Therefore, construclion is to be implemented one-way, and
for the whole width when detour near the road is constructed.

4.23 Integrated Construction Schedule including the Master Plan

Table 4.2.2 shows the integrated construction schedule of alternatives in the Master
Plan.

4,24 Organization of Censtruction

The river improvement is to be undertaken by RID. For RID projects, two
implementation methods are followed. One method is to carry out the construction
through a firm contracted by RID. The other method is for RID fo camy oul the
construction entirely by RID personne! without a private contractor.

Many project offices of RID, such as Rangsit Tai and Phrapimol, have becen
established to carry ouf construction works. If RID will decide to undertake
construction by itself, a new preject office is to be established to carry out the river
improvement project. :

The project field office will generally comprise the following personnel:
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The total number of staff varies depending on the size of the project. It may be from a
few hundred to several thousand. The other factor goveming the number of stafl is
the time frame of the project. The shorter is the lime for project implementation, the

Projcet Engineer

Assistant Project Engineer
Structural Engincer / Civit Engincer
Hydraulic Engineer

Irrigation Engineer

Survey Techaician

Hydrogeologist

Environmentalist

Project Economist

Public Relations Offscer
Procurement Officer

Finance Officer

Mechanical Engineer

General Service and Administrative Ofticer
Storekeeper

Earth Moving Equipment Operators
Dredging Crew

Drivers

Boat Operators

Secretary

Office Clerks and Typists

Skilled labour of various disciplines
Unskilted Labour

greater is the number of staff required.

If the construction works are done with the supervision of RID, the staffing of the
Project Field Office will be lcss than the above. Normally, the number of staff may
be around 20 to 35 persons. However, the number also depends on size of the project.

There is no rigid rule on this arrangement,

Table 4.2.3 is an example of seiting up of project personniel in the Chaochet-Bang

Yihon Project Oflice.
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5. COST ESTIMATE

5.1 General

5.1.1 DBasis of Cost Estimate

To estimate the cost of the project, the work volume for the major tems is obtained
from the preliminary or feasibility design of main structures and major appusiciant
struclures, and minor items are counted as a percentage of major items, as discussed
below (see Fig. 5.1.1).

(1)

)

Major Items

(a) Construction Cost of Main Structures and Major Appurtenant
Works in Each Project (Major Works)

The major works of main structures include carth works, concrete works,
foundation works, steel works and pavement works. The quantities of
major works are calculated from the preliminary or feasibilily design
drawings for which results of cross-section data and topographical map
with a scale of 1:50,000 or 1:10,000 are utilized. The costs of major
works are obtained by summing-up of the costs derived by multiplying
the unit cost of each work item with the total quantity. (Refer to
Subsection 5.1.2, Unit Price, Rate and Cost.)

(b) Pucchase of Land

For the purchase of land required for river improvements and so on,
work volume is obtained from the results of cross-section survey and
topographic map with a scale of 1/10,000 or others. Unit Jand price is
based on the survey resulls in the field through the EIA study or the data
books of the land department in each agency concerned.

Minor Items
(a) Preparatory Works

The building including office, residence, warehouse, laboratory, ete. for
the supervisory body of RID or other agencies, the Consultant and the
Contractor will be constructed by the Contractor at the beginning stage
of construction and maintained during the construction period by the
Contractor. The costs of preparatory works are estitnated as 5% of the
major works in the feasibility study and as 5~10% of the miajor works in
the master plan study.

(b) Temporary Works

Contraclor’s camp and office, access road, stripping at the borrow arca,
temporary transmission line for eleciricity, water supply system, ete.,
will be constructed or provided by the Contractor al his own expense.
The costs of temporary works are estimated as 10% of the major works
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in the feasibility study and as 10~20% of the major works in the master
plan study.

(c) Survey and Investigation

The cost of survey and geological investigation works are estimated as
2% of the construction cost of the major works in the feasibility study
and as 2~10 % of construction cost in the master plan study.

(d) [Enginecring Scrvices for Detailed Desiga and Supervision

The cost of consulting services for the detailed design is estimated as 5%
of the construction cost of the major works, and the cost of construction
supervision by RID and the Consultant is estimated as 5% of the
construction cost of the major works in the feasibility study. The cost of
consulling services for the detailed design with construction supervision
is estimated as 5~10% of the construction cost of the major works in the
master plan study.

(¢) Administration/Miscellancous Cost

The administration cost consists of allowances, salaries for temporary
personnel, costs for transportation, and miscellancous costs, except the
cost of building, project office and residence. It is estimated as 5% of
the construction cost of the major works.

(3} BaseCost

The basc cost is the sum of costs of major werks and the costs of the
above-listed items (a) to ().

(4) Physical Contingency

In both the feasibility and master plan studies, the physical contingency is
estimated as 10% of the base cost considering that the preliminary design is
based only on the topographical map with scale of less than 1/10,000.

{5) Price Contingency

Al costs and prices are eslimated as of 1998. Therefore, the price contingency
is estimated by assuming that the annual price escalation rate is 3% and the
weighted disbursement period is 3 years. [(l+0.03)3 — 1 =0.093; pamely, 10%
of price conlingency is applied in the project of the Feasibility Study.]

(6) O/M Cost

The cost of equipment, administration and G/M is estimated as 4% of the
construction cost of major works after the completion of the project.
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£1.2 Unit Price, Rate and Cost

The unit rates used for costing the river improvement project are given in Tables 5.1.1
to 5.1.6. These rates are based on recently constructed projects of RID, some projects
of similar scalc of agencies concerned, and questionnaire with private firms, with
adjustments (o reflect escalation of costs of construction matcrials and of wages. The
segregation of cost into Local Currency Component (L/C) and Foreign Currency
Component (F/C) is also based on fecent projects of RID and agencies concerned.
F/C costs for the river improvement project are made up primarily from direct forcign
costs for plant and fuel. Indirect F/C costs in items such as cement, aggregate and
transport, which include fuel cost, make up a smaller part of the total forcign
exchange cost.

Assuming that local contractors ate employed, it is estimated that the overall F/C
component for the projcct will be about 40% to about 60%.

5.2  Cost Estimate in the Master Plan Study
5.2.1 Flood Diversion Channel

Tables 5.2.1, 5.2.2 and 5.2.3 show the financial construction/project cost of the
diversion channel project at three capacitics, 1,500 m’/s, 1,000 m'/s and 500 m*/s. In
the Master Plan, the capacity of the diversion channel is proposed at 800 m¥s in the
first stage and 300 m’/s will be added in the sccond stage. Therefore, the capacity
will be increased to 1,100 m*s. Table 5.2.4 shows the project cost of the proposed
diversion in the Master Plan.

5.2.2 Heightening of Flood Protection Barrier at Bangkok

Table 5.2.5 presents the construction cost of the heightening of flood barrier at
Bangkok. This cost is in addition to the previous flood protection project of BMA
(BMA Project). Hence, the total cost of the BMA project is 13,573.4 million baht.

5.2.3 Distribution System Improvement

The project cost of Distribution System Improvement has been roughly estimated due
to the large area for the study. The cost is given in Table 5.2.6.

5.2.4 Drainage Improvement

Table 5.2.7 shows the project cost of Drainage Improvement in the lower delfa in
accordance with work volume and construction plan.

5.2.5 Retarding Basin for Reference

The project cost of artificial retarding basin has been very roughly estimated due to
huge area for the study. The project cost of “Artificial Retarding Basin™ is given in
Table 5.2.8.
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5.2.6 Tidal Barrage with Pump for Reference

The project cost of the tidal barrage with pump is estimated at 131,020 mitlion baht as

itemized in Table 5.2.9.

583  Cost Estimate of River Improvement in the Feasibitity Study

From the preliminary design, construction plan including calculation of work volume
and unit cost, the financial cost of river improvement project is estimated. Table 5.3.1
gives the financial project cost, and the cost of the project is summarized below.

Summary of Financial Cost of River Improvement Project

Unit: mitlion baht

ftem Chao Lop Buri Noi Bang Bang Total
Phraya Bal Phra
Mo
Totat Length of Dike 41.8 14.0 6.6 25 2.1 67.0
1eightening Stretches (km)
Regulators (places) 10 3 - - - 13
Land Acquisition (m’) 15,500 6,200 2,000 800 300 24,800
House Relocation (houses) 4 1 - - - 5
Financial Cost {mil. Baht) 1,652 284 55 21 10 1,425

54  Integrated Cost of River Improvement Project

Table 5.4.1 shows the integrated cost of the river improvement project, including

improvement at 25-year retumn period in the Master Plan.
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Table 2.2.1  NUMERICAL VALUES OF MATERIAL FOR DESIGN CRITERIA

Material Umt Weight Application Remarks
(tFm3)
Sand ‘ 1.8]wet
2.0|saturation
Latcrite 1.6]wet
1.8[saturation
E@]forccd Concrete 25
Material Angle of shearing  [Cohesion N-vatug
resistance (0) (deg.) [(1m?2)
Sand 30.0 0.0
Laterite value will be estimated based on results of test near locations
Other Soils (Sce Table.  in "Geology™ of Supporting Report)
Material Allowable Stress Application Remarks
(kgllem?)
Reinforced Concrele 70|Comgpression fca=210kgf/cm?2
Reinforced Bar 1800|Tension (Genaral)  |SD295
1600| Tension (wet)
PC-pile sce Table.
Material Slope Stability Application Remarks
{(1:N)=(Vert.:llonz.)
timbankment Gentler than 1:2.0 |[Mixed Soil
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Table 4.2.1 SWAMPY AREAS WHICH HAVE POSSIBILITY OF
BORROW PIT FOR HEIGHTENING MATERIAL

No. Name Location
1 |[Nong Chorakhe Khlong Noi Sub-district Maharaj district
2|Nong Lad Sa Uen  [Khlong Noi Sub-district Maharaj district
3|Nong E-Vit Phit Phian sub-district Maharaj district
4|Nong Khluk Phit Phian sub-district Maharaj district
5|Nong Lad Sa Kaco {Ban Na sub-district Maharaj district
6|Nong Long Ban Khwang sub-district Mabharaj district
7|Nong llang Sing Rong Chang sub-district Maharaj district
3|Nong E-Pi Bang Phlocng sub-district Ban Pa Han district
9|Nong Lad Ban Khlo sub-district Ban Pa Han district
10§Nong Wong Phat Ban I’a Han sub-district Ban Pa Han district
L1Bung Wang Dacng  |Wang Daeng sub-district Tha Rua district
12{Bung Suan Phiik Tha Chao Sanuk sub-district |Tha Rua district
13|Bung Ban Chung Nakhon Luang sub-district  |Nakhon Luang district
14|Bung O Bang Sung sub-district Nakhon Luang district
15|Nong l.ad Chang Wat Yom sub-district Ban Bal district
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Table 4.2.3 EXAMPLE OF SETUP OF PROJECT PERSONNEL

Name of Project Office: Chaochet-Bang-Yihon Project Office

No. |Organization and Designation Number of Personnct
Official  |Employee {Total
i [Chiclof Project Office 1 !
2 |Administrative Section
Support Staff 1 24 25
3 |Engincering Section
Enginecr (Isrigation and Civil) 3 3
Surveying Technician 2 2
Construction Technician { i
Support Staff 25 25
4 |Management and Maintenance Section
Irrigation Engineer { 1
Agricultural Engincer H 1
Support Staff 7 7
5 |Mechanical Section
Mechanical Engineer 1 [
Support Staft 17 17
6 |Operation and Maintenance Section}
{Site at Amphoe Sena)
Irrigation Engincer 2 2
Support Staff 1 80 8i
7  |Operation and Maintenance Section2
{Site at Amphoe Bang Sai - Lad Bua Luang)
Irrigation Engincer 2 2
Construction Technician 1 i
Support Stalf 59 59
8 |Operation and Maintenance Sectionl
(Site at Amphoe Bang P'la Ma - Song Pi Nong)
Irrigation Engineer 2 2
Support Staff 62 62
Total 15 2178 293

Xl-T-11

Note: | Support Stafl including Financial Clerk, Typist, Store Keeper, Driver, Boat
Operator, Skilled Labour, Unskilled Labour etc.
2 The above example is just Lo give some idea how RID organizes the Field Office.




o,
@ @ @®
001 8L°6E LA 8€°L TT09 TL'vl rq 4t LETT 101 Yo eI
qegsooy 44! 6Pl e ELLT gL9 86°S £01 LO'S w [e1eL
0c T 1 30 LA 80 8t 6 ¢ T Suppog
cuoQis09r 219l (AR 9T £6'6 B6'S 8L0 £1 L8 Jut SUMPOOWS 20YoTg
Te0L 0L SUDBW| [RUNBW 8101, 2UiUde]A| [EURE| PI[[LSUN) PIIINS
Sprensy pueIn uB12104 12907 uuf !
wauNURquy ul SUNROoWS puey
weg|ie [zz°61 ZI'91  {U'€ 8L11 £1°L £6°0 £6'0 6L°T ITIoL
cwo0ile 761 T1'91 '€ 8L°11 £lL 260 £6°0 6L'T A Junpoows 0wyded
1210l 0L SUIYIEN | [EUABN [e10L UGB | TRURIEN | PR[IDISULN) | PI(IINS
SyIRway] pueID 503 0T pitifal PTG
UOTIRABINT Ut FUIIO0WS puer]
001 99 g5 I 123 24 € 1 9 Y ABBIUNLI
ey |£T 811 S9°TL £6°T 8L &8°5 6970 €20 €1 €10
£Z 8151 §9°71 £5'T 8L 766 69°0 £20 8¢'1 W] luduyuequIy Jazop(ing
[El0L [RI0L umgoeN | [BUSIEIN [C10], QU | [CUMNCIN | PIIISUN) | PIMNS
Spremad puRID w3210 2207 nen Wl
JUSUINUBQUIT
001 99 £1'8p L8°LY tE 56°0C ves 6T°€ 'l %o BEIUNIJ
weglLe 09 69'9Y el 86°LE 70T 608 6I'¢ 2¢°1 cu _Imel
Uy O'§ivs ¥3' 8% PO'PE 8Tl 91'6C 8v] L 96'C 0 g Yoru dwngg SurauQ
¢T SIS 59°T1 £8°C 8L T8'§ 690 £C0 3¢t gl TOUBABINT S0UHoEE
'L [E10L QUIGIEIN | [BHSRN [el0] QUIUSEN | Teude]y | PR[Isuf) | PRNS
SHITWIDY DURIn Bl ] Uy Wy
UOUTARING
MYOM DISVE 40 LSOO LIN  T'I'SIqel

Xit-T-12



001 44 L LE 95 T a4 £ L o I3ejuddaag
Weg SPTIE  |€99€T  (9vTT LIPTY 7T8SLL 889 £O9ET 1266 6£7Z £Wol 63101
T 0°S|#56°9 I8¢y L1 v96'E £LS'T 6E1 699'1 60 95§ BYp0s| o JEQ-pacIoyuIsy
0009 088°C 0 088°C QT1°E 0 0C0'1 Q09 005" THOE HIOM Suleld
16781 JT0¥'S 628'1 ELS'Y 688'11 60§ pL6'0T  (£81 £81 gl 212IDU0T)
} {01 {P10L | SUIYSEIN | [BUAEW || (€30 | SWUORIN | [BUNBIN | PI[IINSUN | PILIS .
syTwey PURID US1210,] [e20] 0 fans!
e ) 2ImoTulg AAIVUOYD
uoRdwnssy |00 1 £9 £T oy LE £ 43 1 I aanidjor, 120
B0L [©I0L| ST  [RLISIEA (210 ] SUIGOTIALL IBUREIN| P[ISUA]  PINDNS
SHEWsE puEIo AT %) 12007 el wl
UOISIBALJ MR 1]QANY
uonAWnSS Y001 6 17 8C 1s v 3 z 4 w10, 10
10l [30] | SUIIBA| [CUNEN [e10]| SUIYORIA| [BURABIN| PSIINSTN)  PINS
PR pueid (%) 13103 (%) ©o0] win ol
(321§ [[ewS) UOISIAALY 1ED) (3918
uoRAWNSSY|001 ZL x4 14 82 4 +Z L I aoeidsey, 1€30.1,
[2101L (201! SUIYOEN| [PLAEN (00| U] [CUNEW! PIIINNSULL|  PRIINS
PpEwey pueId (%) u919303 %) 90T 0 e
(321§ 35I8T) UOISISALCT 91D [9A1F
uondwnssy Q01 75 44 0€ 8t € Tr I [4 aomd/es, 1810,
e [EI0L} SUIYOTN| [EUNEW 12101, SWIYOTA| [BUSIEN| POISUN!  PIIIMS
it pueID) AR | %) 207 0 R
a3pug
STAALINYLS A0 NOLLONQYLSNOD 40 LSOD 1IN TTI'$9IqeL
® ® -

Xi1-T-13



- @ @
002 002 000°1 000'01 000'0T §T1 005"LE wreyesdinuwes "W
0$Z 10T 000'1 000'Z 005'¢ 052 000°S ig J0YOSUON V¥
0§ 0§ 000°1 000'S 000'01 $T 00591 NOABUWIONEN ‘A
0 0 00§ 008 000’1 8 005'1 NOAEN] UONEN eng SUCN Y
0 0§ 005 000°1 000°C 01 0$2'T UNQeIes STIUON VY
0§ 08 005 0001 008’1 0! 000°T CATYIMAAY eIyl v
08 0§ 005 005 000'1 8 008'1 LnGRItS lqowuey v
0§ 0% 00$ 000'1 000'C S 008°C nngdoT W
0§ 0$ 005 00§ 000"t S 0$Z'1 unqaoT nuveg v
0§ 0 008 000°1 000°¢ 8 05L'€ ) BEL VY
0§ 05 005 0001 000'¢ 8 0SL°¢ e WOOUEIN Y
SIYD | [RMNOLEY | [BLUIPISYY S190Y0) dn-ng uA XeN
ety ueqin 3UIADLJ [Huticeleg |
50 PR PRI 1S07) PURT PRAAING
ZWAYRd | ju)
a9ud pueq 3o 9jdureg

NOILISIAODV ANVT 0 LSOO LIN €T1°521q8L

Xi-T- 4



JUENSUOL) TRy [ AQ SHOddY JO BIR(T 2 WU SJISNBIA 314 01 SnBuuonIngd | 2In0§

U 2[1d 103 101J JO SAIST[OUL AIE $301Id PAUOCLIUSWIIOTY ¢

1IN Jod asuadyg WAL = (T T

IR 2d sosuadxg (uonewodsuely 4+ [BUSIBIA) = L+ "I © x 910N

G = TWOASN000°00Y + ZWoASN000'Z =3 I =1

oy NP

§'Sem="F FEST-="F

(Zwo5Y) $33N§ 3up JISU3 ], SWPUIE S[qMO[Y

XUl -T- 15

SZZ="F XSt 0="4

{Zwog3y) ssens wu} saIssAdwo) Suipueg qemolly

005 =" (zwagSY) a1e1ou0)) JO NEuang sassaidwo)) udisaq
%7 ot T |87 [4% oy (w075 $5onsdId 2ANIP T
T9T'8TS'T  {O¥90IS 06£°65T 918'901 LI9'vE C6TLI (FWI9) BILIAUT JO JUDWOIN

668’1 z80°1 V8L 81§ L0g LT 801
337 0T 161 001 6s (a4 “qi (wayeq)
9911 8L . £eo 187 8v €81 - L+ N
C1~L () U]
008 © 009 ¢ 005 ¢ 00% ¢ 00€ @ YAY () Jsurerq
AHd-Dd 40 SULSIHILOVAVHD ANV I0RId  #T°53Iq8L

i o L




545050 0s

Table 5.1.5 UNIT COST IN HIGHWAY DEPARTMENT IN 1993
Ko Subjovt Unit vice of Labor Frice of Material JToial Prce [Note
1 |Forest Way
Fic'ld m? [LB33]
Forest m2 1.1G
o TYhick Forest, Mountain m2 120 |
NSurveying Lo Design
Flaia im 11,300
Bfwntain km 38,200,
3]Sunying for Constction
Pinin m 10.600
Mountain km 16500
4]Road
Flain km 22,100
__ Mountain Lm 24,900 _
5| Eapth Work
Excavation ml 3150
¥|Compacted
Side Bogrow m3 30.00
Onhey Cornpawiad by Track Roller s} 1 83
T eftatenic by g m L7m
T|Spread and Compacian
Sand ml 1100
Lateritic Sodl |54 ] 25.00
I I . et . 31.50
BiSuipparg O3 Swface
Thickowss Som m2 1
Thickness 10cm rm} £.00
] Thickeess more than iGm m2 _ .00
SiSofi Rock ml $re0f Yy
10f11ard Rock
Sand Stone m3 120.00
ime Stone m3 150.00
Granit mi 120.00 N
11| Prieme Coat in2 500 10.00] 15 Procending B
N m2 16| Waze
12| Tack Coat 'm2 2.50 5.50 &l Procecding
o _r_-__,___ . m2 e Vv BlWage
T 1 Burfce -
58T, m2 .50 195¢ 3 Stone /2" Procending
m} 15 Wage
ST m 1500 35.00 53[Stone/4~AR Pioceoding
m2 56, Wage
PM m? 4400 2600 130 Procending
m2 115 Wage
Asphaltic Concrcte (1ol Mind e 2550
Asphaltic Concrete {Cold Mix) m} 2,250
Slurry Seal Typwe? m2 M|
Shigry Scal Typed m2 56
Cap Seal m2 65
141 aying Concrcte Pipes
0.30 m §35--200
040 m 170-25%
0.6) m 225-34%
08) m 283435
1.00 m 435-62)
129 m 745
150 m 8H
13] Temsporary Trafic Sign km 7,900
1638%kpe Frolection
Strip m? 3|
Black m2 1250
Ferro Coment M2 630
Concrcte m2 525
Mtar Rip Rap m2 470
1Hraianoge 2 sikes ] - - T
Concreie (v 420
Motar Rip Rap m2 370
§8 |Construction of Temporary Offce Place 1,050,000} S0km/place
1,526,000
(8] Analysis aned Rescrch
20 Maintepance Wark
{ ateritic (51 18,000
Asphalt Lm 15,000
Asphelt Lm 30,000
2H{Traflc Conuvnadity J—
Terma Hastic Color | m} 250
Tevmo Mastic Colur 1 - jm2 35
Bend of Landmark ural 315
Ihghway Landmark unil 160
Frlonclor Landmark wnit 1,400
Durgerous Eine m 1,200
Chatler Har unit 1.000
Teallic Sign without Frame mZ 2300
Teaflic Sign with Frame i 2,400
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Table 5.2.6 CONSTURUCTION COST OF DISTRIBUTION
OF INUNDATION WATER

ltem unit Quantity 1.111.il cost . QOS[
(milfion baht} (million baht})
Connection Canal km 40 0.8 32
Expansion of Main Canal
Gate place 5 18 90
Regulator (Small Sluice) place 15 3 45
Siphon place 3 20 60
Administeation LS. 3
Engincering L..S. i8
Physical Conlingency 1.S. il
Price Contingency Yo 26
Total 285
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Table £,2.8 CONSTRUCTION COST OF ARTIFICIAL RETARDING BASIN

Case-T 1000im}
E‘m!osme ke Construction
Distance { bmpeovweawent| Type fkeighteaing Theigh Unit Cost Cost
No } (m) | Leogh(m) () (Brifm) (iltion boti)
1 22,000 2,500 Al 3 15,000 33
2 10,000 W0eod | A2 1 6,000 &0
3 15,00 5,504 Al 3 13700 100
1 1,500 2,503 Ci 1 5.8 39
3 23,000 23,600 Ccl ] 5,200 ()]
$ 54,000 54,000 C1 1 5200 221
? F A ] 23,500 Cl ] 5,200 43
L} 13,800 13,500 Cl 1 5,200 )
3 M0 LS N SN L I W & 1\, . . |
Total 215,500 1,128
Senalt Sluice Gate Imx2mx2 x 10 [ mullion bahifn? 80
{Pumping Station Smi¥%sx 10 12 miition haht'ml G0
Oner thow Weir | 2bm wide x 2m high x Eph-x‘; 6400
Read Improvwment 42hm x 112 x 0 6m heightcning x € wide 7,109
fitoose Rlecation . 2000km2 x 35 o mill. bahthouse 16250
housekm? - ]
Toial 56,666
miltion haht
{Running Cost il lioa baht £ year 620
Case-2  2.0000km?
[enctosuce Drte Constrntion
Iistance | lmprovemcnt| Twpe JHeightening Heigh Unit Cost Cost
No. {m) Length (m) (m) (Bat/m} {rultion hohi)
1 5,000 $.000 [y | 1 3200 LL
2 7,500 7500 | €1 1 3,200 19
3 2,000 73,000 Cl1 1 3,200 55
1 54,000 34,000 <l S 3200 iy
$ 11,300 27500 €1 H 5,200 103
6 11,50 H 500 [y} i 3,200 &0
? 19.000 L2500 DL T N N D . 4 _»
Totad 157,500 819
Small Sluice Gate 2mx2mx2x 7 10 56
mallioa boht'ind miion baht
JPomping Station 5misx 7 12 20
___miltica toht/m3
Cherflow Weir Phro wide x 2onhigh x 2 places 3,200
Rood Improverment. 42km x 30 x 0 6m heightening x 6m wide 9870
1 botise Relocation 2,000km? x 35 a5 mill belithouse 17,500
N house bl
ol 11865
mitlion baht
Running Cost | nllon baht Fycar 190
Case-3  1000Vm)
[rnclosure Dike Constnction _
Distance | Improvement| Type  [Hcightening Heighd Uit Cost Cost
No. {m) Length (m) (m) (Bortim} (mithon batin}
1 wio|  wsm| € 1 s 3,000 6t
Tond | 20500 1 61
Small Sluice Gate ax2mx2x $ 10 40
willion batit'm? mibhon batd
JPumping Stzlion Smsx 5 i2 306G
maflion bahi Fmd
Chuerflow Weie 1bmwide x 2m high x § places 1,600
Hoad improvepent 43k x 33 x 0.6m heightoning x 6m wide 6,909
iouse Relocation 1,0004m2 x 35 0.35 mit, bahtthouse 8,750
________ houschm?
fotzl 17,663
miition baht
Running Cosl maillion baht / year §50

Nute ¥ : Aforemcationed Costis Financial Cost
2 - Exclusive of Price Contingency
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"able 5.2.9 PROJECT COST OF TIDAL BARRAGE WITH PUMD

Item Unit [Quantity Unit Cost {Cost ]
{mil. Baht)}(inil. Baht)
Pump unit 1500 20 30,000
Pump
Pump Colunwm
Cable
Steel Pipe
Screen
Cranc ]
Mechanical & Eleclrical Facilily unit 1500 10 15,000
Control Panel
(Gauging Systein
Others
Offices
Control Office m2  [300x3storics 0.1 90
Truck Space {land) m2 2700] 0.0005 i
Warchouse
 Warchouse with Crane m2 120000 0.1 12,000
lLand m2 1200001 0.0005 60
Vcehicle
Truck cars 50 1 50
Sedan cars 10 1 10
Boat boat 2 50 100
Electrical Transformer & Electrical Wire| L.S ] 20000 20,000
Pumping Station
Concrete Work m3 360000 0.003 2,880
Foundation Work .S 1 1440 1,440
Short Diversion
Concrete Work m3 600000 0.006 3,600
Foundation Work L.S I 720 720
Weir
Gate (Steel) ton  {1200x10unit 0.5 6,000
200x2set
Winch in general (steel) | ton |x1Qunils 0.5 2,000
Concrete Work m3 304000 0.008 2,400
Foundation Work .S | 1200 1,200
Navigation Channel with Lock LS I 5000 5,000
Concrete Work '
Foundatton Work
Others
Temporary and Additional Work .S i 3000 3,000
L.and acquisition excluding offices and
warchouse and 1fouse Relocation L.S | 4200 4,200
Sub-total 109,751
Pricc Contingency % 10 10,975
Tax Y% 15 18,109
Total Cost 127,860
O&NM Cost . % 2 2,557
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Table 5.3.1 FINANCIAL COST OF HEIGHTENING
FOR RIVER IMPROVEMENT PROJECT

Cost {million baht)
ltem Unit| Quantity Local Forcign
Skilled Unskilled Material Machine| Skilled Material Machine
Direct Cost
Preparatory
Work % 5 | 0.8 2 4.3 1.8 9.8
ChaoPraya L.S. 1 12.1 9.68 242 5324 21.78 121
Noi L.S. I 1.63 1.3 325 7.16 293 1627
LopBuri 1.S. | 4.82 3.85 9.63 21.19 8.67 48.16
Bang Bal LS. 1}  0.67 0.54 1.35 2.96 1.21 6.7
Bang Phra Mo |L.S. 1 0.32 0.26 0.04 1.41 0.58 3.21
Other Cone.St. | m2 140 0007 0006 0015 0.033 0.013  0.075
[ndirect Cost
Temporary
Woik Y 10 2 1.6 3.9 86 35 19.5
Miscellancous | % 5 | 0.8 2 43 1.8 98
Physical
Contingency % 10 24 1.9 4.7 10.3 4.2 23.5
Subtotal (1) 25947 20.736 51.685 113493 46.483 258.055
tlouse
Relocation Nos. 1 0.07
Land Acquisitionfm2{ 24100 16.5
Subtotal (2) 228.431 304.538
Enginccring
Service
D/D
Investigation % 2t 002 0.01 0.16 0.26 0.16 1.37
D/D
Ingincering % 5 2.6 232
S/V Stage Yo 5 26 232
Subtotal (3) 234.081 352 468
Price
Conlingeacy Y% 3 7 10.6
Subtotal (4) 241.081 363.068
Tax | % | 10 24.1 36.3
265.181 399.368
Grand Total 664.549
O&M Cost % 4 15.6 million baht/ycar
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Table 5.3.2 FINANCIAL COST OF REGULATOR
FOR RIVER IMPROVEMENT PROJECT

Cost (million baht)

Item Unit|Quantity Local Foreign ]
Skilled Unskilled Material MachineiSkilled Material Machine
Direct Cost
Preparatory
Wark % 5 0.5 0.5 9.9 0.9 64 4.3
Reg.-1 LS. 1 0.3 03 6.45 0.6 4.2 3.15
Reg.-2 L.S. 1 0.7 0.7 1505 1.4 98 735
Reg.-3 L.S. 1 0.7 0.7 1505 1.4 93 71.35
Reg.-4 L.S. i 1.1 1.1 2365 22 154  11.55
Reg.-5 L.S. H 0.3 03 6.45 0.6 42 3.15
Reg.-6 L.S. H 0.7 0.7 1505 14 9.3 7.35
Reg.-7. L.S. i 0.7 0.7 1505 1.4 93 7.35
Rep.-8 LS. i 1 1 215 2 14 10.5
Reg.-9 L.S. { 1.5 1.5 3225 3 21 1575
Reg.-10 LS. 1 0.7 0.7 1505 1.4 93 7.35
Reg.-11 L.S. 1 0.6 0.6 12.9 1.2 34 6.3
Reg.-12 1.S. l 0.7 0.7 1505 1.4 9.8 7.35
Reg-13 L.S. I 0.2 0.2 4.3 0.4 2.8 2.1
Indirect Cost
Temporary
Work % 10 0.9 09 19.8 1.8 12.9 9.7
Miscellancous | % 5 0.5 0.5 9.9 0.9 64 4.8
Physical
Contingency | % 10 1.1 i.1 2317 22 15.5 11.6
Subtotal (1) 12.2 122 2611 24.2 170 1275
House
Relocation 10S. 4 0.3
Land Acquisilion] m2 700 0.656
Subtotal {2) 311.156 2917.5
Engincering
Service
D/D
Investigation | % 2 0.01 0 0.79 0.06 0.59 0.68
b/D
Engincering % 5 3 273
S/V Stage % 5 3 273
Subtotatl (3) 318.016 353.37
Price
Contingency % 3 9.5 10.6
Subtotal (4) 327.516 363.97
Tax %o 10 32.8 36.4
360.316 400.37
Grand Total 760.686
O&M Cost % 4 18.4 million baht/year
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Table 5.4.1 COST ESTIMATION OF RIVER IMPROVEMENT
PROIJECT IN TIHE MASTER PLAN

River Improvement 10-year (Chainat-Pathum Thani : Thai (Finaacial}

Classification of cost 1.C. FC Totat
Conslniclioin cost 507 602 1,109
1) Material and Equipmeint 432 £02 1,034
2)a) Skifled Labor 40 .40
{b) Unskitled Labor 35 35
Land acquisilion 20 20
Administration 22 22
t)Engineering service D/D 8 59 66
2)Engincering service S/V 6 56 62
Physical contingency 45 60 105
Sub-total 667 Ti6 1,384
Price Contingency i3 23 41
Grand total 625 800 1,425
OM Cost 34

River hinprovement 25-year (Chainat~Pathum Thani : Thai (Financial)

Classification of cost LC, F.C Total
Censtructioin cost 652 775 1,427
1) Mateaial and Equipment 556 775 1,330
2){a) Skilled Labor 52 V) 52
(b) Unskilled Labor 45 0 45
Land acquisition 26 i ¢ 26
Administration ' 28 0 28
1}Engineening seevice DID 10 75 85
Dingincering service S/V 8 71 79
Physical centingency 58 78 135
Sub-fotal 782 999 1,781 .
Price Conlingency 23 30 53
Grand total 805 1,029 1,834
OM Cost 44
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